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Head,  Wounds  of  the. — In  beginning  the  con- 
sideration of  the  injuries  to  the  head,  there  are  certain 
anatomical  and  physiological  conditions  which  are 
worth  recalling  to  mind  on  account  of  their  immediate 
bearing  on  the  effects  of  the  injuries,  and  in  their 
treatment.  We  leave  to  the  domain  of  the  other 
special  regions  the  consideration  of  the  wounds  of  the 
eye,  ear,  nose,  and  oral  cavity,  and  also  the  brain, 
except  as  they  are  intimately  associated  with  injuries 
of  the  head  in  general. 

Anatomy  and  Physiology. — In  the  superficial  soft 
tissues  of  the  other  parts  we  note  first  the  extensive 
attachment  of  the  skin  of  the  scalp  by  numerous 
fibrous  bands  to  the  musculo-aponeurotic  layer  of  the 
occipitofrontalis  muscle  so  that  when  traction  is  made 
on  the  skin  over  a  large  area,  as  when  the  mass  of  a 
woman's  long  hair  is  caught  in  a  wheel  belt,  the  skin,  fat, 
and  occipitofrontalis  muscle  are  pulled  off  atone  time, 
scalping  the  person  down  to  the  pericranium.  For  the 
same  reason  deep  hemorrhage  and  deep  suppuration 
tend  to  spread  over  a  larger  area  than  the  superficial 
abscess  or  hemorrhage.  The  deep  fluid  undermines 
the  entire  scalp  because  of  the  slight  adhesions,  while 
the  superficial  condition  is  much  more  limited  on 
account  of  the  attachment  between  the  skin  and  the 
muscle  aponeurosis. 

The  pericranium  is  adherent  to  the  bones  at  the  lines 
of  suture  so  that  subpericranial  hemorrhage  is  limited 
by  the  outline  of  one  bone.  The  pericranium  also  is 
very  poor  in  its  ability  to  produce  new  bone,  so  that 
after  fracture  or  bone  defect,  there  is  very  little  new 
callus  formed  and  very  little  new  bone,  and  the 
bony  defect  is  liable  to  be  permanent. 

The  blood  supply  to  the  scalp  is  by  the  occipital, 
temporal,  and  supraorbital  arteries  on  each  side,  all  of 
which  run  from  the  periphery  of  the  vault  of  the  skull 
toward  the  vertex  near  which  they  anastomose  freely. 
Hence  it  is  wise  always  to  make  any  operative  skin  flap 
with  its  attachment  toward  the  base  of  the  skull  and 
so  located,  if  possible,  as  to  center  around  one  of  these 
arteries.  Hence  also  the  free  bleeding  from  scalp 
wounds  may  be  controlled  surely  by  a  tourniquet  that 
surrounds  the  head  and  compresses  all  of  these 
vessels  against  the  skull,  while  ligation  of  one  of  the 
external  carotid  vessels  may  fail  to  control  the  bleed- 
ing. The  free  anastomosis  between  the  extracranial 
and  intracranial  veins  is  also  of  great  importance  in 
partially  compensating  for  increase  of  intracranial 
pressure,  and  equally  important  in  a  less  comforting 
way  by  making  possible  or  probable  the  spread  of 
infection  from  the  extracranial  regions  to  the  interior 
of  the  cranium,  as  is  seen  in  the  extension  of  the 
thrombus  from  the  mastoid  vessels  into  the  cavernous 
sinus  and  then  down  into  the  internal  jugular  vein. 
Hence  also  we  look  for  meningitis  and  brain  abscess  as 
sequela?  of  the  extracranial  infections  especially  facial 
erysipelas. 

The  lymphatic  vessels  inside  the  cranium  follow  the 
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main  blood-vessels  and  terminate  in  the  upper  deep 
cervical  glands.  Some  of  the  meningeal  vessels 
empty  into  the  zygomatic  lymph  nodes  on  the  buc- 
cinator muscle  and  anterior  part  of  the  wall  of  the 
pharynx.  The  superficial  lymph  vessels  from  the  an- 
terior parts  of  the  scalp  join  the  temporal  vessels  to 
the  parotid  nodes  or  the  facial  vessels  to  the  buccal 
nodes.  From  the  temporoparietal  regions  they  go  to 
the  preauricular  parotid  nodes  or  to  the  post  auricular 
mastoid  nodes.  From  the  occipital  parts  of  the  scalp 
the  lymph  vessels  lead  to  the  occipital  nodes  over  the 
upper  part  of  the  trapezius  muscle. 

In  the  bones  of  the  skull  we  note  primarily  that  we 
have  a  rigid  slightly  elastic  brain  box  so  that  if  for 
any  reason  we  get  increased  pressure  inside  the  cranium 


Fio.  2999 .—Sagittal  Section  of  the  Skull  through  the  Foramen 
Magnum.  Uniformly  curved  thick  vertex,  irregularly  thickened, 
almost  flat  base;  diploe  with  external  and  internal  plates  in  the 
vertex. 

there  will  be  an  attempt  to  press  the  cranial  contents 
out  at  the  large  foramina  notably  at  the  foramen 
magnum  and  the  optic  foramina.  A  section  of  the 
skull  either  sagittal  or  coronal  shows  the  evenly 
curved  more  or  less  uniformly  thick  bones  of  the  vertex 
as  compared  with  the  almost  flat  base  where  there  are 
great  irregularities  in  thickness.  In  the  base  there  are 
some  very  thin  portions,  many  foramina  and  some  very 
thick  regions.  There  are  certain  thick-edged  foramina, 
for  example  the  foramen  magnum  where  the  thick 
edge  fortunately  tends  to  protect  the  foramen  against 
fracture  and  there  are  other  foramina  with  thin  edges 
for  example  the  foramen  ovale  and  the  posterior 
lacerated  foramen  which  are  frequently  involved  in  the 
course  of  the  line  of  fracture.  The  thin  portions  of  the 
base  which  lend  themselves  to  directing  the  line  of 
fracture  can  easily  be  seen  by  holding  a  dried  skull  to 
the  light.  In  the  anterior  fossa  we  note  the  thin  parts 
of  the  orbital  plates  of  the  frontal  bone  toward  the 
median  line,  and  the  cribriform  plates  of  the  ethmoid 
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bones.  In  the  middle  fossa  we  note  the  greater  wings 
of  the  sphenoid  and  the  glenoid  fossa  and  squamous 
portion  of  the  temporal  bone.  In  the  posterior  fossa 
we  remark  the  very  thin  floor  of  the  cerebellar  fossa  in 
the  occipital  bone,  the  jugular  fossa  and  the  tympanic 
cavity  in  the  petrous  portion  of  the  temporal  bone. 
In  cutting  through  the  bones  we  note  the  two  layers  of 
dense  bone  on  the  outsideseparated  by  a  layer  of  cancel- 
lous tissue  which  makes  possible  the  fracture  of  either 
table  of  dense  bone  without  any  change  in  form  of  tin- 
other  table.  In  certain  regions  of  the  skull  this 
cancellous  structure  is  developed  into  large  air  (ills 
from  which  we  may  get  air  into  the  tissues  after  a  frac- 
ture of  the  overlying  dense  bone,  accounting  thus  for 
the  emphysema  of  the  subcutaneous  tissues  occasion- 
ally seen  after  fracture  of  the  mastoid  or  frontal  bone. 

Of  the  intracranial  soft  parts  we  note  the  adherence 
of  the  dura  to  the  bones  at  the  sutures  and  along  the 
venous  sinuses  which  is  important  in  limiting  the 
extent  of  the  extradural  hemorrhages  as  distinguished 
from  the  subdural  hemorrhages  which  have  no  such 
fascial  limitation.  The  mesh-like  structure  of  the 
arachnoid  tends  to  hold  lightly  in  one  region  the  blood 
or  serous  fluid  that  may  accumulate  beneath  the  dura 
after  an  injury  and  to  interfere  with  free  drainage. 

The  brain  "itself  by  its  semifluid  consistency  is 
responsible  for  the  hydrodynamic  bursting  effect  of 
the  high-speed  bullet  that  passes  through  the  cranial 
cavity.  The  great  value  of  the  special  recognized 
areas  of  the  brain  as  a  help  in  localizing  both  bony 
and  intracranial  injuries  and  determining  the  site  of 
operative  treatment  is  most  important.  The  local- 
izing of  brain  injuries  is  fully  considered  in  connec- 
tion with  the  brain  diseases. 

The  presence  of  the  cerebral  fluid  which  bathes 
the  brain  and  communicates  freely  with  the  fluid 
around  the  spinal  cord  makes  possible  the  diagnosis 
of  pus  or  blood  in  the  coverings  of  the  brain  through 
a  diagnostic  lumbar  puncture  when  the  fluid  obtained 
will  show  the  character  of  the  fluid  in  the  skull.  At 
times  too  we  get  traumatic  meningocele  where  the 
pulsations  of  circulatory  and  respiratory  pressure  are 
indicated  in  the  swelling  through  the  transference  of 
the  wave  by  the  cerebrospinal  fluid. 

The  anatomical  relations  of  the  blood-vessels  in- 
side the  head  are  of  surgical  interest  from  the  fre- 
quency with  which  the  meningeal  arteries  that  are 
embedded  in  part  of  their  course  in  the  bones  are  in- 
volved in  injuries  thus  causing  intracranial  hemor- 
rhage which  is  primarily  extradural.  The  immediate 
proximity  of  the  cavernous  sinus  and  the  carotid 
artery  inside  the  skull  at  the  back  of  the  orbit  give 
rise  to  the  possibility  of  arteriovenous  aneurysm  with 
pulsating  exophthalmos.  The  intimate  association  of 
the  venous  sinuses  with  the  veins  leads  to  the  fre- 
quency of  intracranial  venous  hemorrhage. 

The  intracranial  nerves  are  of  interest  principally 
in  diagnosis  of  the  location  of  lesions.  The  branch- 
ing of  the  facial  nerve  as  it  courses  through  the 
temporal  bone  affords  opportunity  to  localize  the 
fractures  of  that  bone  much  more  accurately  than 
would  be  possible  if  the  nerve  had  no  branches  in 
this  part  of  its  course. 

One  or  two  developmental  changes  are  also  worthy 
of  note  as  modifying  the  effects  of  injuries  to  the 
head.  In  the  child  the  bones  of  the  skull  are  soft, 
bend  easily  and  are  apt  to  give  the  same  type  of  green- 
stick  fracture  as  in  other  parts  of  the  body.  The 
bones  in  childhood  also  have  no  diploe  so  that  there 
would  be  no  fracture  of  the  internal  table  without 
fracture  of  the  external  table  nor  would  there  be  a 
chance  of  subcutaneous  emphysema.  The  dura  at 
this  stage  is  adherent  to  the  bone  so  that  extradural 
hemorrhage  would  be  limited.  In  old  age  the  brittle 
skull  increases  the  probability  of  fracture  and  the 
rigid  arteries  increase  the  probability  of  hemorrhage. 
The  air  spaces  in  the  bones  arc  absorbed  with  ad- 
vancing years  with  the  same  effect  as  in  childhood. 


Wounds  of  the  Scalp. — Wounds  of  the  superficial 
soft  parts  of  tin-  Inad  arc  very  similar  in  all  respects 
to  those  of  the  skin  and  subcutaneous  tissues  in  the 
other  parts  of  the  body.  On  account  <>l  tin-  vascu- 
larity of  tin-  tissues,  however,  there  is  greater  evidence 

i,l  lil ling.      When  the  skin  is  not.  broken  there  forms 

a  large  hematoma  made  more  evident  than  in  other 
parts  of  the  body  by  the  hard  bone  just  beneath 
The  marked  prominence  of  the  hematoma  is  well 
known  to  every  small  boy.  In  some  cases  the  deep 
hematoma  gives  rise  to  the  suspicion  of  fracture  of 
the  skull  because  the  center  of  the  hematoma  softens, 
while  the  hard  edges  assume  almost  a  bony  hardm 
suggesting  on  palpation  a  depressed  fracture  of  the 
skull,  but  in  these  hematomata  the  hard  edge  of  the 
clot  is  not  bony  hard,  and  it  is  raised  above  the  level 
of  the  rest  of  the  bone.  The  center  of  the  area  is 
smooth  with  no  angular  deformity.  Such  hemato- 
mata usually  clear  up  in  a  few  days  with  the  appli- 
cation of  some  cooling  lotion  such  as  aluminum  ace- 
tate. At  times  they  may  need  to  be  aspirated  or  if 
the  clot  is  very  slow  in  absorption  the  swelling  may 
need  to  be  incised  and  sutured.  When  infected 
they  need  incision  and  drainage. 

If  the  skin  is  broken  by  the  contusion  the  straight 
line  of  the  broken  skin  may  suggest  that  the  injury 
was  inflicted  by  some  cutting  instrument  when  it 
really  has  been  inflicted  by  some  blunt  instrument, 
a  point  noteworthy  in  certain  medicolegal  cases. 
It  is  of  interest  that  the  wounds  of  the  scalp  do  not 
gape  wide  open  as  wounds  elsewhere  tend  to  do,  and 
yet  the  wounds  bleed  very  freely  on  account  of  the 
generous  blood  supply.  The  facts  that  the  wounds 
do  not  stand  open,  and  that  they  are  frequently 
through  a  hairy,  more  or  less  dirty,  scalp  increase  the 
probability  of  infection  which  is  counteracted  in  part 
by  the  free  bleeding.  In  such  scalp  wounds  surgi- 
cal cleanliness  is  of  the  utmost  importance  in  pre- 
venting infection  of  deeper  tissues;  cutting  off  the  hair 
or  shaving  the  scalp  if  there  is  much  laceration,  cut- 
ting away  any  ragged  tissue,  disinfecting  the  region 
best  with  a  solution  of  iodine  three  per  cent,  in  alcohol 
(a  mixture  of  equal  parts  of  alcohol  and  tincture  of 
iodine  may  be  more  convenient  to  make  and  is 
practically  the  same,  but  the  additional  potassium 
iodide  adds  to  the  expense  and  not  to  the  value), 
and  closing  the  wound  if  possible  by  suture,  preferably 
catgut.  A  dry  sterile  dressing  is  applied  if  any  at  all 
is  necessary.  Many  small  scalp  wounds  may  be  left 
with  no  protective  dressing. 

Avulsion  of  the  entire  scalp  is  not  an  uncommon 
injury  when  the  coils  of  a  woman's  hair  are  caught 
as  a  whole  and  suddenly  and  forcibly  wrenched  as 
when  the  hair  is  entangled  in  machinery  belting. 
In  such  instances  the  tissues  down  to  and  including 
the  occipitofrontalis  musculoaponeurosis  are  torn 
away.  In  such  cases  if  there  is  any  pedicle  holding 
the  loosened  scalp  to  the  other  skin  and  subcutaneous 
tissues,  it  should  be  carefully  saved  as  even  the 
smallest  pedicle  may  carry  one  of  the  vessels,  which 
thanks  to  the  free  anastomosis  possibly  will  give 
life  to  the  entire  scalp.  Even  if  there  is  no  pedicle 
and  the  scalp  is  fresh  and  clean  it  may  be  worth  while 
attempting  to  use  the  entirely  free  scalp  as  a  skin 
graft.  Suture  it  in  place  and  apply  a  dressing  bandage 
which  will  hold  the  scalp  in  close  apposition  to 
the  pericranium.  Careful  watching  of  the  scalp 
will  enable  one  to  remove  any  necrotic  portions  be- 
fore they  do  the  patient  any  harm  and  to  retain  any 
living  portions  to  cover  the  almost  denuded  bone. 
If  the  scalp  graft  is  not  available  or  fails  to  grow,  re- 
course must  be  had  to  skin  grafting  to  shorten  the 
tedious  period  required  for  the  wound  to  epitheliate 
over  from  the  edges  of  the  wound.  In  all  the  dressing 
great  care  must  be  taken  to  avoid  the  application  of 
the  strong  antiseptics  which  at  the  same  time  that 
they  inhibit  the  growth  of  the  infectious  agents  also 
inhibit  the  growth  of  the  normal  tissue  cells.     Phenol 
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and  bichloride  of  mercury  are  to  be  carefully  avoided; 
and  potassium  permanganate,  one  per  cent,  solution; 
or  boric  acid,  saturated  solution,  preferred.  In  all 
wounds  of  the  head,  and  face  especially,  the  cosmetic 
results  are  kept  in  mind  and  the  best  possible  scar 
obtained.  With  this  in  mind  also  we  must  try  to 
obtain  union  of  the  muscles  that  are  so  important  in 
the  expression  of  the  face,  and  also  of  the  nerves  that 
supply  those  muscles. 

In  the  injuries  to  the  head  infection  must  always  be 
guarded  against  as  far  as  possible  on  account  of  the 
chance  of  the  spread  of  the  infection  through  the  blood- 
vessels into  the  interior  of  the  brain  leading  to  the 
intracranial  infections,  meningitis,  brain  abscess, 
and  phlebitis.  Disinfection  with  iodine  should  be 
thoroughly  carried  out. 

Injuries  to  the  Bones. — The  injuries  to  the  bones 
of  the  skull  are  practically  limited  to  fractures.  These 
are  important  not  on  account  of  the  injury  to  the  bone 
itself  or  to  the  muscle  attachments,  as  in  the  long 
bones,  but  to  the  cranial  contents.  Fractures  of 
the  skull,  like  fractures  in  other  parts  of  the  body, 
may  be  simple  or  compound  and  as  such  differ  in 
their  treatment  and  in  their  symptoms.  In  one 
respect  the  simple  fracture  may  be  much  more 
dangerous  to  life  than  the  compound  for  in  the 
compound  there  is  often  an  avenue  of  escape  for 
intracranial  contents  which  is  not  present  in  the 
simple  fracture,  and  by  the  escape  of  this  intracranial 
contents  whether  cerebrospinal  fluid,  blood,  or  even 
brain  tissue  the  greatest  danger  of  excessive  intra- 
cranial pressure  may  be  avoided.  The  compound 
fracture,  however,  opens  the  chance  for  intracranial 
infection  which  is  always  a  very  serious  complication. 
The  possibility  of  a  compound  fracture  of  the  base  of 
the  skull  where  the  opening  in  the  bone  coverings  to 
the  outside  infection  is  in  the  nose,  ear,  mouth  or 
some  other  place  inaccessible  to  examination  and  to 
treatment  makes  the  question  of  compound  fracture 
always  one  needing  careful  consideration. 

In  fracture  of  the  bones  of  the  face  as  perfect  align- 
ment as  possible  should  be  obtained  and  in  cases  of 
marked  deformity  suture  with  chromicized  catgut 
should  be  considered. 

The  classification  of  fractures  of  the  skull  into  those 
of  the  vertex  and  those  of  the  base  is  a  very  conven- 
ient grouping  because  of  the  difference  in  the  type  of 
fracture  most  commonly  found  in  the  two  situations, 
and  in  the  causation  of  the  fracture  in  the  two  regions. 
Though  the  types  are  not  limited  to  the  two  localities, 
the  more  common  type  of  fracture  in  the  vertex  of  the 
skull  is  due  to  direct  violence  applied  over  a  compara- 
tively small  area,  bending  the  bone  sharply  inward 
at  one  point.  Such  fractures  follow  blows  on  the 
head.  On  the  other  hand,  at  the  base  of  the  skull  the 
more  common  type  of  fracture  is  due  to  bursting  of  the 
skull  from  compression  between  two  large  surfaces  or 
against  a  single  large  surface  when  the  skull  as  a  whole 
is  flattened.  The  mechanism  of  these  bursting  frac- 
tures is  readily  appreciated  if  we  watch  the  cracking, 
not  complete  crushing,  of  an  English  walnut  in  a  pair 
of  nut  crackers.  We  note  the  opening  of  the  crack  in 
the  meridian  connecting  the  two  poles  at  which  pres- 
sure is  applied.  The  fissure  will  open  widest  on  the 
eqviator  midway  between  the  poles  and  least  at  the 
poles.  Similarly  in  the  skull  the  result  of  general 
compression  is  a  fissure  extending  from  pole  to  pole 
and  going  through  the  weakest  and  least  elastic  me- 
ridian connecting  the  two  poles  at  which  pressure  is 
applied.  Such  fractures  occur  when  the  head  is  run 
over  by  a  wagon  wheel  or  caught  between  two  boxes, 
or  in  the  more  common  single  pole  compression  that 
follows  when  one  slips  and  falls  striking  the  head  on 
the  ground.  Here  we  anticipate  the  fissured  fracture 
extending  from  the  point  of  contact  through  the  base 
because  the  base  is  less  elastic  than  the  vertex.  An 
entirely  different  type  of  bursting  fracture  of  the  skull 


is  seen  in  (he  perforating  gunshot  wounds  where  the 
brain  box,  filled  with  semifluid  brains,  is  burst  like  the 
barrel  filled  with  water  when  perforated  by  a.  bullet. 
Instead  of  Hie  clean-cul  perforations  at  the  point  of 
entrance  and  exit  of  the  empty  barrel  there  is  a  com- 
minution of  the  brain  box,  or  barrel,  from  the  sudden 
increase  in  pressure  in  all  directions  from  the  inside 
giving  fissures  in  both  meridians  of  longitude  between 
tin'  poles,  and  in  circles  of  latitude  around  the  poles  of 
entrance  and  exit  of  the  bullet.  The  fissures  follow  to 
a  certain  extent  again  the  lines  of  least  elasticity. 

In  other  less  common  cases  we  may  find  the  uni- 
formly elastic  vertex  of  the  skull  involved  in  the 
fissured  bursting  fractures  from  compression;  while 
the  base  of  the  skull  is  accessible  also  to  the  bending 
fracture  of  direct  violence,  applied  for  instance  through 


Fn:.  3000. — Fracture  of  the  Base  of  the  Skull;  head  run  over 
by  wagon  wheel.  Broken  line  shows  result  of  lateral  compression 
on  shape  of  skull.  Lateral  compression  bursting  skull  through  less 
elastic  base.  Dotted  area  shows  widening  of  fissure  greatest  mid- 
way between  poles  of  pressure. 

the  lower  jaw  bone  to  the  glenoid  fossa  by  a  blow  on  the 
point  of  the  chin,  to  the  occipital  bone  by  a  fall  land- 
ing on  the  feet  or  the  buttocks  with  the  spine  rigid,  or 
what  is  similar  by  a  fall  landing  on  the  vertex  and  hav- 
ing the  spine  driven  by  its  own  momentum  against 
the  base  of  the  skull. 

The  symptoms  of  fracture  of  the  skull  may  be  divided 
into  those  dependent  on  solution  of  bony  continuity; 
blood-vessel  injury;  nerve  injury;  brain  injury. 

Dependent  on  the  solution  of  bony  continuity  the 
loss  of  the  normal  contour  of  the  bone  may  be  seen 
in  some  of  the  compound  fractures  or  extensive  frac- 
tures that  are  not  compound.  In  less  extensive  frac- 
tures the  deviation  from  normal  contour  of  the  bones 
may  be  palpated.  On  the  other  hand,  the  normal 
bony  contour  without  any  change  in  outline  is  ex- 
pected in  all  the  fissures  which  occur  in  the  majority 
of  skull  fractures  either  as  part  of  a  bending  fracture 
or  as  the  sole  bony  lesion  in  the  bursting  fractures. 
In  determining  the  change  in  bony  contour  one  must 
bear  in  mind  the  possibility  of  the  apparent  change  in 
contour  frequently  seen  in  the  deep  extracranial 
hematoma  where  the  elevated  firm  edge  of  the  clot 
with  a  softened  center  has  not  infrequently  been  the 
indication  for  an  operation  on  a  supposed  depressed 
fracture.  On  palpation  of  the  skull  we  can  rarely 
get  bony  crepitus  except  in  the  comminuted  fractures. 
In  some  cases  there  may  be  found  emphysematous 
crepitus  after  subcutaneous  fracture  of  the  bones  with 
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large  air  cells  like  the  mastoid  and  frontal  bones. 
The  local  tenderness,  however,  is  determinable  in 
practically  all  of  the  conscious  cases  and  is  of  inesti- 
mable vaiue  in  the  linear  fissures  where  it  may  be  the 
sole  diagnostic  sign.  If  one  goes  over  the  field  of  in- 
jury and  finds  a  sharply  defined  line  of  extreme  tender- 
ness on  pressure  made  with  a  small  hard  pointer  such 
as  the  blunt  end  of  a  lead-pencil,  unless  that  tenderness 
can  be  accounted  for  by  the  course  of  a  nerve  or  some 
other  equally  potent  cause  for  sensitiveness,  the  diag- 
nosis of  fracture  can  be  considered  as  reasonably  es- 
tablished. Naturally  one  looks  for  such  lines  of 
tenderness  in  the  most  common  lines  of  fracture  that 
are  accessible  to  palpation,  such  as  the  temporal  fossa 
and  the  mastoid  region,  and  we  anticipate  that  the 
line  will  run  from  the  base  toward  the  vertex.  On 
percussion  of  the  skull  we  may  get  a  cracked  pot 
sound.  An  x-ray  examination  should  be  made  in 
every  doubtful  or  suspicious  case.  Good  x-ray  plates 
appreciatively  interpreted  will  throw  a  great  deal  of 
light  on  the  question  of  fracture  in  the  unconscious 
patient  where  few  other  signs  of  fracture  can  be 
elicited.  And  not  only  does  the  Rontgen  examina- 
tion make  the  diagnosis,  but  it  locates  the  fracture 
and  determines  the  site  of  operation,  if  such  should  be 
necessary,  more  quickly  and  with  less  disturbance  to 
the  patient  than  most  other  forms  of  examination. 
Such  an  examination  should  include  plates  taken  of 
frontal,  occipital,  and  each  lateral  region  of  the  skull. 

Dependent  on  vessel  injury  we  have  to  consider 
the  hemorrhage  external  to  the  skull  and  that  internal 
to  the  skull.  External  to  the  skull  we  may  have 
hemorrhage  from  an  open  wound  in  the  scalp.  This 
will  be  directly  at  the  site  of  injury.  But  in  fracture 
of  the  base  the  hemorrhage  may  travel  over  one  of 
several  mucous  membrane  channels  before  it  becomes 
evident.  It  may  come  from  the  external  auditory 
canal  in  fracture  of  the  temporal  bone  with  laceration 
of  the  drum  membrane.  The  bleeding  may  come 
from  the  nose  after  fracture  of  the  cribriform  plate 
of  the  ethmoid  or  from  nose  and  mouth  after  fracture 
of  the  body  of  the  sphenoid  directly  through  the 
pharyngeal  mucosa;  or  from  nose  and  mouth  after 
fracture  of  the  temporal  bone  without  laceration  of  the 
drum  membrane  so  that  the  blood  flows  down  the 
Eustachian  tube  into  the  nasopharynx.  Again  the 
blood  may  be  vomited  after  being  swallowed. 

If  there  is  no  break  in  the  superficial  soft  parts  so 
that  the  blood  can  escape,  it  follows  the  lines  of  least 
resistance  and  appears  under  the  skin  either  im- 
mediately over  the  fracture,  or  directed  by  the 
fascial  planes,  the  ecchymoses  appear  at  a  distance 
from  the  fracture.  In  the  occipital  region  the  distant 
ecchymosis  appears  in  the  muscles  of  the  neck;  after 
fracture  of  the  temporal  bone  one  looks  for  the  ec- 
chymosis over  the  mastoid  or  along  the  sterno- 
mastoid  muscle,  in  the  frontal  region  one  expects  the 
distant  ecchymoses  in  the  orbit,  eyelids,  and  malar 
region  or  one  sees  subconjunctival  hemorrhage.  In 
fractures  of  the  base  one  may  find  a  submucous  hema- 
toma in  the  roof  of  the  pharynx.  When  the  carotid 
artery  is  injured  as  it  passes  through  the  cavernous 
sinus  there  may  develop  an  arteriovenous  aneurysm 
which  communicates  the  arterial  pulsation  to  the 
protruded  eyeball,  a  pulsating  exophthalmos. 

From  injuries  to  the  nerves  we  get  symptoms  of 
irritation  or  more  commonly  of  paralysis  of  the  nerve 
that  is  injured.  The  injury  most  frequently  occurs 
at  the  point  of  exit  of  the  nerve  from  the  skull  and  so  is 
almost  limited  to  fractures  of  the  base.  Any  of  the 
cranial  nerves  are  liable  to  injury.  The  one  most 
commonly  affected  is  the  seventh  giving  paralysis  of 
the  muscles  of  the  face.  In  most  of  these  cases  we  have 
a  fracture  of  the  temporal  bone  usually  through  the 
stylomastoid  foramen.  Perhaps  it  is  on  account  of 
the  case  with  which  this  paralysis  of  the  seventh  nerve 
is  determined  that  it.  is  the  most  frequently  found. 
It   takes   a   more   careful   examination   to   elicit   the 


paralysis  of  some  of  the  other  cranial  nerves.  Asso- 
ciated with  the  paralysis  of  the  seventh  nerve  not 
infrequently  we  find  paralysis  of  the  eighth  nerve 
determined  by  the  loss  of  hearing  in  one  ear.  Paraly- 
sis of  the  motor  nerves  of  the  eyes  is  also  frequently 
noted.  If  the  third,  fourth,  and  sixth  nerves  are  all 
paralyzed  a  not  uncommon  grouping,  we  expect  to 
find  the  fracture  through  the  sphenoidal  fissure. 
Paralysis  of  the  third  and  fifth  nerves  together  is  not 
infrequent,  giving  anesthesia  of  part  or  all  of  one 
side  of  the  face  and  interference  with  the  motion  of 
one  eye.  Such  paralysis  occurs  in  fracture  through 
the  middle  fossa  of  the  base  of  the  skull.  Paralysis 
of  the  ninth,  tenth,  and  eleventh  nerves  another  fairly 
common  grouping  is  found  in  fracture  through  the 
posterior  fossa  and  gives  interference  with  taste,  swal- 
lowing, and  to  some  extent  to  the  motions  of  the  head. 
The  mobility  of  the  pupil  of  the  eye  is  dependent 
on  the  innervation  and  on  the  blood  supply  to  the  iris. 
These  are  frequently  disturbed  in  fractures  of  the  skull 
to  such  an  extent  that  the  condition  of  the  pupil  is  well 
taken  as  one  of  the  most  significant  prognostic  signs. 
If  the  pupil  is  dilated  and  immobile  in  one  eye  only  the 
cranial  lesion  is  probably  on  that  side.  If  both  pupils 
are  dilated  and  immobile  the  cranial  condition  is  such 
as  to  make  one  extremely  anxious  as  to  life  of  the 
patient  irrespective  of  what  other  symptoms  may  be 
present.  Perhaps  ten  per  cent,  of  those  with  dilated 
and  immobile  pupils  recover. 

Injury  to  the  brain  is  present  in  practically  every 
fracture  of  the  skull.  The  slightest  brain  injury  is 
concussion  which  in  its  lightest  form  is  merely  a 
stunning  or  loss  of  consciousness  for  a  few  moments. 
On  the  other  hand,  the  concussion  may  be  severe  enough 
to  cause  a  prolonged  unconsciousness  lasting  many 
days. 

Concussion  is  probably  due  to  the  minute  hemor- 
rhages or  intracellular  changes  determined  by  micro- 
scopic examination  and  not  by  gross  lesions.  The 
symptoms  are  analogous  to  those  of  shock.  There 
is  unconsciousness  more  or  less  profound  during 
which  the  temperature  is  subnormal  and  the  pulse 
and  respiration  slowed,  the  blood  pressure  low. 
The  muscles  are  relaxed  and  sensitiveness  of  the  skin 
diminished.  As  the  patient  recovers  consciousness 
there  is  headache,  dizziness,  nausea,  vomiting,  and 
convulsions  appear  in  some  of  the  cases.  There  is  no 
memory  of  the  accident.  In  the  severest  cases  there 
is  no  response  whatever  to  external  stimulation,  the 
pupils  of  the  eyes  are  contracted,  the  conjunctival 
reflexes  are  absent.  There  are  involuntary  urination 
and  defecation.  In  some  cases  there  is  excitement 
rather  than  mental  depression.  The  concussion  is  to 
be  treated  like  shock  by  quiet,  external  warmth, 
artificial  pressure  to  the  limbs  and  the  abdomen,  the 
head  kept  low  and  an  ice  cap  applied  to  the  head. 
Morphine  and  atropine  should  be  given  hypoder- 
mically.  Careful  watch  should  be  kept  for  the 
development  of  brain  pressure  which  is  so  common 
a  sequel  in  cases  of  concussion  and  if  the  compression 
appears  it  should  be  treated  appropriately. 

There  may  be  serious  and  prolonged  brain 
symptoms  due  to  compression  of  the  brain  by  a  de- 
pressed fragment  of  bone  in  which  case  we  expect 
more  or  less  localization  from  the  symptoms  dependent 
on  the  portion  of  the  brain  compressed ;  or  there  may 
be  the  more  usual  type  of  compression  from  post- 
traumatic edema  or  from  intracranial  hemorrhage. 
We  do  not  find  the  signs  of  compression  when  there 
has  been  destruction  of  the  bony  skull  sufficient  to 
allow  the  escape  of  fluids,  or  brain  tissue  enough  to 
compensate  for  the  increased  cranial  contents  caused 
by  the  injury  and  prevent  the  cerebral  anemia  which 
is  the  direct  effect  of  the  increased  intracranial 
pressure  and  the  direct  cause  of  the  compression  symp- 
toms. The  symptoms  of  compression  further  than 
headache  and  mental  dulness  do  not  develop  until 
the  escape  of  cerebrospinal  fluid,  the  narrowing  of  the 
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venous  channels  and  the  extrusion  of  the  brain  cease 
to  compensate  for  the  increase  in  the  intracranial 
contents.  As  seen  with  fracture  of  the  skull  the 
symptoms  of  compression  are  apt  to  begin  with 
localizing  symptoms  dependent  on  the  site  of  the 
irritation  and  suggesting  the  site  for  any  operative 
treatment.  The  localizing  symptoms  are  soon 
masked  by  headache  deepening  into  unconsciousness. 
The  unconsciousness  may  come  on  very  early  if  the 
intracranial  pressure  increases  rapidly.  The  uncon- 
sciousness of  compression  may  be  superimposed  on 
the  unconsciousness  due  to  concussion  or  there  may  be 
a  period  of  consciousness  described  as  the  lucid  interval, 
between  the  unconsciousness  due  to  concussion  and 
that  due  to  compression.  It  is  during  this  lucid 
interval  that  we  look  for  the  localizing  symptoms  that 
indicate  the  region  of  the  injury.  The  time  between 
the  injury  and  the  onset  of  the  compression  symptoms 
as  well  as  the  rate  of  development  of  the  symptoms, 
suggest  the  cause  of  the  compression  whether  hemor- 
rhage or  edema,  and  the  source  of  the  hemorrhage 
whether  arterial  or  venous.  The  beginning  manifest 
stage  of  compression  is  indicated  by  the  distended 
superficial  veins  of  the  head  and  neck,  distended  veins 
of  the  retina,  edema  of  the  optic  nerve  found  on 
ophthalmoscopic  examination,  a  slow  pulse  beating 
fifty  to  sixty  times  a  minute,  a  blood  pressure  from 
100  to  200  millimeters  of  mercury,  a  disturbed  sen- 
sorium  with  unconsciousness  or  at  times  restlessness 
and  delirium.  At  the  height  of  compression  stage,  the 
blood  pressure  reaches  its  maximum,  perhaps  300 
millimeters  of  mercury.  The  face  becomes  cyanotic, 
the  veins  prominent,  the  pulse  slow,  forty  to  fifty,  full, 
bounding,  with  marked  rhythmic  variations  of  the 
Traube-Herring  type.  The  respiration  also  shows 
rhythmic  changes  of  the  Cheyne  Stokes  type  and  is 
probably  snoring.  The  size  of  the  pupils  of  the  eye  is 
also  subject  to  rhythmical  change.  The  ophthalmo- 
scope shows  a  choked  disc.  The  stupor  deepens  or 
alternates  with  delirium  varying  with  the  pressure. 
The  reflexes  disappear.  If  the  compression  continues 
beyond  the  point  of  physiological  tolerance  there  fol- 
lows the  stage  of  bulbar  paralysis  with  marked  oscilla- 
tions in  blood  pressure,  irregular  heart  action,  rapid 
pulse,  marked  irregularities  in  respiration,  deep  coma, 
complete  muscular  relaxation  and  finally  the  blood 
pressure  drops  and  respiration  ceases.  If  the  intra- 
cranial pressure  can  be  relieved  by  appropriate  cranial 
operation  before  the  stage  of  paralysis,  the  earlier  the 
better,  recovery  can  be  hoped  for. 

Laceration  of  the  brain  tissue  also  may  be  caused  by 
the  fracture.  This  is  sometimes  described,  in  order  to 
make  a  euphonious  triad  with  compression  and  con- 
cussion, as  contusion  of  the  brain.  The  laceration 
of  the  brain  may  be  of  very  mild  degree  or  crushing  of 
large  portions  of  the  brain.  The  symptoms  of  the 
laceration  depend  on  the  region  of  the  brain  destroyed. 
Large  masses  of  the  brain  tissue  may  be  destroyed  with 
extremely  slight  disturbance  of  cerebral  function 
either  at  the  time  of  the  injury  or  subsequently. 
One  of  the  most  remarkable  of  such  cases  was  de- 
scribed by  Dr.  Bigelow,  professor  of  surgery  at 
Harvard  University  in  1850,  and  has  become  a  classic 
in  medical  case  reports.  A  tamping  iron  over  three 
feet  long  and  an  inch  and  a  quarter  in  diameter  was 
driven  through  a  man's  skull  entering  under  the  left 
zygoma  passing  through  the  orbit  ami  emerging  al- 
most in  the  median  line  of  the  skull  just  in  front  of  the 
coronal  suture,  so  that  a  considerable  portion  of  the 
brain  was  carried  away.  Immediately  after  the  in- 
jury the  patient  had  a  slight  convulsion  but  in  a 
few  minutes  he  answered  questions.  He  was  carried 
sitting  erect,  in  an  ox  cart,  some  three-quarters  of  a 
mile,  got  out  of  the  cart  himself,  walked  up  a  long 
flight  of  stairs  into  the  hall  where  his  wounds  were 
dressed.  He  retained  his  senses  and  memory  per- 
fectly and  gave  an  intelligent  and  connected  account 
of  the  accident.     The  blindness  in  the  left  eye  from 


destruction  of  the  optic  nerve,  and  some  slight  irri- 
tability of  temper  were  the  only  evidences  of  menta I 
derangement  in  the  subsequent  years  of  his  life. 
On  the  other  hand  it  is  well  known  tli.it  :i  needle  prick 
in  the  medulla,  if  it  passes  through  the  respiratory 
center  will  cause  instant  death.  Such  a  brain  injury 
is  demonstrated  in  the  laboratory  in  the  common 
pithing  of  the  frog.  Aside  from  the  brain  symptoms 
dependent  on  the  particular  nerve  tracts  destroyed 
there  is  always  an  associated  edema  which  may  be 
sufficient  to  lead  to  compression  symptoms  if  there  is 
no  channel  of  escape  for  the  edematous  fluid.     Such 


Fig.  3001. — A  Tamping  Iron  (43  inches  long  and  li  inches  in 
ili.'iini-ter)  Driven  Upward  through  the  Skull.  (Case  of  Dr. 
Bigelow.) 

symptoms  would  come  on  late,  several  days  after  the 
injury;  develop  rapidly,  and  tend  to  clear  up  of  them- 
selves if  there  were  no  other  factors  to  modify  the 
course  of  the  edema  compression.  The  portion  of  the 
brain  that  is  most  liable  to  laceration,  independent 
of  the  lacerations  at  the  seat  of  fracture,  is  the  tip  of 
the  temporal  lobe  and  base  of  the  frontal  lobes.  In 
fractures  of  the  vault  there  is  also  not  infrequently  a 
contusion  of  the  brain  in  the  region  diametrically 
opposite  to  the  point  of  external  injury  the  laceration 
being  described  as  due  to  contrecoup.  The  lacera- 
tions give  the  same  type  of  symptoms  as  concussion 
but  are  more  marked  and  more  prolonged.  The 
nervous  irritability  is  greater,  the  mental  depression 
pronounced,  the  headache  more  persistent  The 
treatment  is  primarily  rest  in  bed  until  the  headache 
is  entirely  gone,  the  pulse  and  the  eyegrounds  normal. 
It  will  probably  be  wise  in  the  decided  cases  to  do  a  sub- 
temporal decompression  to  shorten  the  period  of  post- 
traumatic edema,  and  thus  decrease  the  chances  of  late 
psychoses  and  neuroses. 

The  treat  linn  I  of  fracture  of  the  skull  is  determined 
by    the   symptoms    which   occur   in    certain   general 
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clinical  classes.  But  at  the  outset  it  is  wise  to  slut 
with  the  intention  of  treating  all  severe  injuries  to  the 
head  as  though  a  fracture  were  present  until  t  he- 
presence  of  fracture  has  been  excluded  because  many  of 
the  cases  with  apparently  trivial  symptoms  following 
an  injury  to  the  head  terminate  in  a  most  unexpected 
sudden  death  from  late  effects  that  have  cast  no  warn- 
ing shadow  before  their  coming. 

Clinically  we  divide  the  fractures  of  the  skull  into 
tin-  two  classes:  fracture  of  the  vertex  and  fracture  of 
the  base.  The  cases  where  both  vertex  and  base  are 
markedly  involved  are  much  more  apt  to  go  to  the 
coroner  than  to  the  clinician.  The  extension  of 
fissures  from  vertex  to  base  are  common  and  are 
classed  as  fractures  of  the  base  which  is  the  more 
serious  element. 

In  fractures  of  the  vertex  the  simple,  non-depressed 
fractures  as  a  rule  give  the  slightest  symptoms.  There 
is  apt  to  be  a  history  of  a  blow  on  the  head  following 
which  there  was  a  short  period  of  unconsciousness: 
the  patient  regained  consciousness  and  aside  from 
headache  had  very  little  suggestion  of  trouble. 
Examination  shows  no  loss  of  bony  contour  but 
distinct  tenderness  at  the  site  of  injury  that  can  be 
sharply  outlined  in  definite  lines  by  pencil-point  pres- 
sure. If  there  are  several  small  fragments  of  bone 
there  may  be  crepitus.  An  x-ray  examination  will 
usually  outline  the  bony  fragments.  In  the  course  of 
a  few  flays  there  will  show  up  ecchymoses  at  the  site 
of  the  injury.  There  are  no  evidences  of  injury  to  the 
cranial  nerves  or  to  the  brain  as  a  whole.  These 
patients  we  keep  in  bed  and  watch  for  development  of 
symptoms  of  compression,  recording  the  pulse  and 
respiration  rates  at  short  intervals,  and  repeatedly 
examining  the  fundus  of  the  eye.  If  no  more  symp- 
toms develop  at  the  end  of  a  week  or  ten  days,  the 
patient  can  be  let  out  of  bed,  watched  for  another 
week  and  discharged.  If  compression  or  irritative 
symptoms  do  develop  an  exploratory  trephine  is 
made  at  the  site  of  injury  or  at  the  site  of  the  irritative 
lesion,  or  if  there  are  only  symptoms  of  general  com- 
pression a  subtemporal  decompression  operation  may 
become  necessary. 

If  in  the  simple  vertex  fractures  there  is  a  depression 
in  the  bony  contour,  or  if  the  x-ray  plates  clearly  show 
a  depressed  fragment  of  bone  whether  of  one  plate  or 
of  both,  then  whether  there  are  symptoms  of  brain 
irritation  or  not  the  bone  over  the  depressed  area 
should  be  exposed  and  the  depressed  fragment  ele- 
vated or  removed.  Such  an  operation  of  itself  tends 
to  relieve  any  intracranial  pressure. 

In  the  compound  fractures  of  the  vertex  there  is 
the  history  of  a  more  severe  direct  violence  to  the  skull 
and  usually  a  definite  period  of  concussion  uncon- 
sciousness, examination  shows  the  loss  of  bony  con- 
tour, and  the  large  area  of  tenderness.  There  is  apt  to 
be  bone  crepitus  and  there  may  be  fragments  of  bone 
evident  in  the  wound.  The  wound  bleeds  pretty 
freely  and  if  there  has  been  a  laceration  of  the  dura 
also  there  is  an  escape  of  cerebrospinal  fluid  from  the 
wound.  If  the  brain  has  been  badly  lacerated  there 
will  probably  be  some  brain  tissue  in  the  wound.  In 
treatment  of  every  such  case  the  wound  is  rendered 
as  nearly  surgically  clean  as  possible.  The  hair  is 
shaved  well  away  from  the  wound  preferably  all 
over  the  skull,  and  the  skin  painted  with  three  per 
cent,  iodine  solution  in  alcohol.  The  brain  tissue  had 
best  be  treated  with  some  milder  antiseptic  possibly 
boric  acid.  If  it  is  possible  to  close  the  scalp  over  the 
brain  and  protect  it  from  further  exposure  it  will  be 
wise  to  do  so  in  order  to  prevent  the  chance  of  later 
infect  ion.  A  drain  down  to  but  not  through  the  dura 
i-  desirable.  Open  wounds  leading  to  the  brain  are 
very  ap1  to  end  in  brain  infection,  abscess,  or  menin- 
gitis with  a  fatal  outcome.  Vaccine  treatment  for  the 
infection  is  most  strongly  indicated. 

Fractures  of  the  base  as  a  rule  are  much  more  serious 
than   fractures  of  the   vertex.     They   are   apt   to  be 


found  in  patients  giving  a  history  of  general  comp] 
sion  of  the  skull,  a  fall  striking  the  head  on  the  ground, 
or  the  skull  having  been  run  over  by  a  wagon  or  caught 
between  two  cars.  Immediately  following  the  in- 
jury the  patient  probably  will  !«•  .tunned,  bul  will  re- 
cover consciousness  to  a  large  extent  after  a  few 
hours.  Then  during  the  lucid  interval  before  symp- 
toms of  total  compression  set  in  there  are  some  local- 
izing symptoms  from  irritation  of  the  special  portion  of 
the  brain  affected  by  the  injury.  These  will  soon  be 
more  or  less  masked  by  a  gradually  deepening  un- 
consciousness due  to  the  compression. 

If  the  fracture  is  in  the  anterior  fossa  the  :.ieris  de- 
pendent on    the   bony   changes   probably    cannot    be 


Fig.  3002. — Base  of  Skull.  On  the  right  side,  dura,  cranial 
nerves,  middle  meningeal  artery,  venous  sinuses;  on  the  left  side 
lines  of  most  common  fracture. 


elicited  except  for  the  x-ray  examination  which  may 
show  the  line  of  fracture  in  the  frontal  bone.  The 
blood-vessel  injury  is  likely  to  be  present  and  shown 
in  the  fractures  of  the  cribriform  plate  by  bleeding 
from  the  nose  or  mouth  or  vomiting  of  swallowed 
blood.  There  will  be  blood  in  the  back  of  the  orbit 
from  fracture  of  the  orbital  plate  of  the  frontal  bone 
and  this  will  show  as  an  ecchymosis  in  the  eyelids  or  as 
a  subconjunctival  hemorrhage.  It  may  be  sufficient 
to  cause  an  exophthalmos.  The  nerves  that  are 
liable  to  injury  are:  the  first  giving  impairment  of 
smell  and  the  second  giving  an  impairment  of  vision. 
The  only  other  sign  significant  of  anterior  fossa  frac- 
ture that  is  dependent  on  intracranial  injury  is  the 
escape  of  cerebrospinal  fluid  from  the  nose  and  mouth. 
If  the  fracture  is  in  the  middle  fossa  where  the  ma- 
jority of  the  fractures  of  the  base  are,  there  is  usually 
a  line  of  tenderness  in  the  temporal  fossa  just  in  front 
of  the  ear,  or  in  the  region  just  behind  the  mastoid 
process.  There  may  be  a  cracked  pot  sound  on  per- 
cussion. The  x-ray  almost  always  identifies  the  line 
of  fracture.  The  evidence  of  injury  to  the  blood- 
vessels  is  shown  in  the  ecchymosis  over  the  mastoid  or 
in  the  temporal  region,  and  hemorrhage  from  the 
mouth  and  nose  if  the  tympanic  membrane  is  not 
torn.  If  the  membrane  has  been  torn  there  will  be 
bleeding  from  the  external  auditory  canal.  This 
bleeding  is  typically  drop  by  drop  but  very  persistent 
for  hours  or  days  and  may  well  by  associated  with  a 
leakage  of  cerebrospinal  fluid.  There  may  be  intra- 
orbital hemorrhage  at  the  same  time  with  its  evidences 
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in  the  eyelids  and  beneath  the  conjunctiva.  In  rare 
instances  there  will  be  pulsating  exophthalmos. 
There  will  probably  be  irritation  of  some  of  the  cranial 
nerves  most  probably  the  facial  and  auditory  fre- 
quently also  the  motor  nerves  to  the  eye,  the  optic 
nerve,  and  some  part  of  the  trifacial. 

If  the  fracture  is  in  the  posterior  fossa  there  will 
probably  be  a  history  of  great  violence  perhaps  of  a 
fall  head  first,  or  feet  first  landing  with  a  rigid  spine. 
Many  of  the  cases  are  early  fatal  from  the  injury  to  the 
vital  portions  at  the  base  of  the  brain  in  the  posterior 
fossa.  The  unconsciousness  of  concussion  is  apt  to  go 
over  into  that  of  compression.  On  examination,  we 
may  elicit  tenderness  over  the  occiput.  Possibly  there 
will  be  a  palpatable  hematoma  in  the  pharynx  or  free 
bleeding  into  the  nose  and  mouth.  There  will  prob- 
ably be  a  late  ecchymosis  around  the  mastoid  or  along 
the  deep  muscles  of  the  neck.  The  ninth,  tenth,  and 
eleventh  cranial  nerves  are  apt  to  be  injured  with 
associated  interference  with  taste,  with  disturbances 
of  circulation  and  respiration  independent  of  com- 
pression symptoms,  and  of  interference  with  the 
motility  of  the  head. 

The  treatment  of  all  the  fractures  of  the  base  may  be 
grouped  together.  No  matter  what  the  condition  of 
the  patient,  if  fracture  of  the  base  is  suspected  he 
should  be  kept  in  bed  with  the  head  elevated  and  im- 
mobilized by  sandbags  the  room  kept  dark  and  quiet, 
and  an  ice  coil  applied  to  the  shaved  head.  A  cathartic 
preferably  calomel  should  be  given.  During  the  stage 
of  concussion  when  the  patient  is  in  shock  he  should  be 
wrapped  in  warm  blankets  hot  water  bottles  put  to 
his  feet,  and  careful  watch  kept  on  pulse,  respiration, 
temperature,  blood  pressure,  and  eyegrounds.  Focal 
symptoms  should  be  looked  for.  A  careful  x-ray 
examination  should  be  made  with  great  caution  not 
to  injure  the  brain  in  the  least.  If  it  is  feasible  to  roll 
the  patient's  bed  into  the  x-ray  room  have  the  exami- 
nation made  without  removing  the  patient  from  his 
bed.  Morphine  enough  to  keep  the  patient  quiet 
should  be  a  regular  part  of  the  treatment.  Catheter- 
ization will  probably  be  necessary.  By  such  care 
compression  may  be  avoided  or  lessened,  but  some 
degree  of  compression  is  almost  sure  to  develop.  If 
the  symptoms  of  compression  progress  beyond  the 
stage  of  compensation  as  shown  by  the  distended  and 
tortuous  veins  in  the  eyegrounds,  edema  of  the  optic 
nerve,  a  persistent  rise  in  blood  pressure  that  increases 
steadily  while  the  pulse  becomes  unduly  slow  and 
excitement  is  persistent  or  alternates  with  unnatural 
sleep;  if  these  develop  then  some  decompression 
operation  must  be  done  promptly.  If  the  fracture 
has  been  determined  to  be  one  of  the  anterior  or 
middle  fossa,  there  has  probably  been  laceration  of  the 
middle  meningeal  artery,  and  the  skull  should  be 
opened,  the  clot  removed  and  the  artery  secured.  It 
may  be  possible  to  do  this  through  a  trephine  opening 
with  its  center  above  the  middle  of  the  zygoma  on  a 
level  with  the  external  angle  of  the  orbit;  or  the  tre- 
phine opening  may  have  to  be  enlarged  by  rongeurs 
so  as  to  get  at  the  main  trunk  of  the  artery  nearer  to 
the  base  of  the  skull.  It  may  be  that  the  bleeding  is 
from  the  posterior  branch  of  the  middle  meningeal 
artery  and  then  the  trephine  should  be  centered  over 
a  point  above  the  posterior  border  of  the  mastoid  on  a 
line  between  the  glabella  and  the  occipital  prominence. 
If  such  exploration  fails  to  find  the  source  of  the  com- 
pression aspiration  through  the  dura  should  be  made 
looking  for  subdural  hemorrhage  and  a  decompres- 
sion opening  left.  If  the  compression  symptoms  per- 
sist operation  on  the  opposite  side  of  the  skull  should 
be  made  of  a  similar  type.  If  the  lesion  was  in  the 
posterior  fossa  the  operation  should  be  made  as  a 
primary  decompression  operation  in  the  occipital 
region.  If  no  bleeding  point  can  be  identified  gauze 
packing  will  control  any  venous  leak  or  capillary  oozing. 
If  there  is  a  compound  fracture  of  the  base  irrigation 
of  the  ear,  nose,  and  mouth  as  the  symptoms  indicate 


should  be  carried  out,  but  great  care  taken  not  to  irri- 
tate the  nose  and  make  the  patient  cough  or  sneeze  as 
such  a  sudden  action  might  be  instantly  fatal.  Physio- 
logical salt  solution  should  be  used  for  the  irrigation 
and  if  the  site  of  the  lesion  can  be  seen  a  local  appli- 
cation of  a  weak  iodine  Solution  in  water  might  well  he 
applied  and  then  the  nose  or  ear  lightly  packed  with 
cotton.  When  in  spite  of  this  care  taken  to  avoid 
infection  meningitis  develops  suboccipital  decompres- 
sion and  drainage  should  be  tried  ami  appropriate 
vaccine  injected.  The  late  developing  localized  brain 
abscess  should  of  course  be  opened  if  possible.  But 
any  infection  is  very  apt  to  be  fatal.  Another  type 
of  infection  that  is  fairly  likely  to  occur  and  makes  our 
prognosis  much  less  hopeful  is  a  pneumonia  which 
may  develop  when  the  patient  seems  to  be  doing  best . 

Certain  sequelr_e  of  skull  fractures  are  of  great  surgical 
interest.  Dependent  on  the  loss  of  bone  when  tin- 
soft  parts  are  intact  there  may  be  a  hernia,  of  the 
brain.  Such  a  condition  carries  no  danger  to  life 
and  aside  from  its  cosmetic  effect  is  of  little  interest 
except  that  if  the  intracranial  pressure  is  great  and 
persistent  there  may  be  compression  or  even  lacera- 
tion of  the  brain  at  the  hernial  ring.  Such  should 
be  treated  by  a  larger  decompression  opening  or  an- 
other opening.  When  the  soft  parts  over  the  bony  de- 
fect are  lacerated  or  gone  and  there  is  no  open  wound, 
the  brain  tissue  is  exposed  and  the  danger  of  infection 
is  great.  The  covering  in  of  such  an  exposed  brain 
area  by  a  soft  tissue  flap  should  be  done  whenever 
practicable. 

Dependent  on  the  persistent  irritation  of  the  brain 
cells  after  a  fracture  there  may  develop  nervoU3 
disturbances  that  take  the  form  of  epileptic  seizures 
of  a  great  variety  of  types,  either  motor  or  sensory 
or  psychic,  and  may  or  may  not  have  focal  symptom. 
Such  chronic  irritation  may  be  due  to  scars,  adhesions, 
cysts,  depressed  bone,  or  other  undetermined  causes. 
The  localization  must  take  into  consideration  the 
fact  that  all  such  reflex  symptoms  are  dependent  on 
a  complete  nerve  arc  and  the  lesion  in  a  sensory  path 
may  give  rise  to  a  motor  response.  Operative  treat- 
ment in  many  such  cases  is  justified  but  the  removal 
of  the  cause  cannot  be  promised  even  in  the  ap- 
parently clearest  cases.  And  even  after  the  cause  has 
been  found  and  removed  the  epileptic  seizures  may 
continue  on  account  of  the  heightened  sensibility  of 
those  particular  nerve  paths  to  all  stimulation.  In 
consequence  we  find  that  the  late  operations  are 
very  apt  to  be  disappointing.  Early  operation  to 
prevent  the  development  of  such  seizures  is  much 
more  desirable  and  a  good  argument  in  favor  of  ele- 
vating depressed  fragments  of  bone,  removal  of  blood 
clots,  and  accessible  foreign  bodies  immediately  after 
the  injury,  even  though  they  may  give  no  symptoms. 

Dependent  on  the  brain  injury  also  are  the  cases 
of  posttraumatic  insanity,  psychoses,  and  neuroses. 
These  may  come  on  within  a  day  or  two  of  the  injury 
as  an  acute  delirium  followed  by  complete  recovery 
after  a  very  short  period.  Such  cases  need  very 
little  treatment  more  than  gentle  restraint  so  as  to 
avoid  letting  the  patient  do  further  injury  to  his  al- 
ready irritated  brain.  The  late  neuroses  can  best 
be  prevented  by  prolonged  rest  and  quiet  to  over- 
come the  shock  of  the  injury.  Late  operations  in  such 
cases  also  are  very  likely  to  be  disappointing. 

Injuries  to  the  Skull  Contents. — With  or  with- 
out injury  to  the  bones  of  the  skull  there  may  be 
an  injury  to  the  cranial  contents.  The  injuries  to 
the  membranes  covering  the  brain  are  insignificant 
except  as  associated  with  fracture  of  the  skull  or 
injury  to  the  blood-vessels.  Injury  to  the  blood- 
vessels of  the  brain  will  produce  an  intracranial 
hemorrhage  which  may  lie  either  between  the  dura 
and  the  bone  called  extradural,  or  between  the  dura 
and  arachnoid  called  subdural  hemorrhage. 

The  extradural  hemorrhage  is  usually  arterial  from 
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the  middle  meningeal  artery  and  caused  by  a  fracture 
though  it  may  occur  after  an  injury  without  fracture. 
The  characteristic  common  symptoms  are  those  that 
appear  after  the  stunning  effect  of  the  injury  has  been 
recovered  from.  Then  in  the  free  interval  before 
compression  has  produced  unconsciousness  again  we 
look  for  the  irritative  effects  at  the  site  of  the  hemor- 
rhage. Most  commonly  the  artery  is  injured  to- 
ward the  base  of  the  brain  near  the  Rolandic  area 
causing  twitchings  of  the  forearm  and  then  later 
paralysis  beginning  in  the  forearm.  The  compression 
is  apt  to  extend  over  the  area  of  the  face  and  involve 
Broca's  center  giving  an  interference  with  speech. 
The  pupil  of  the  eye  on  the  side  of  the  hemorrhage  is 
contracted  in  the  early  stages.  As  the  compression 
from  the  hemorrhage  increases  there  develops  head- 
ache, vomiting,  a  deepening  stupor  with  paralysis 
of  the  arm  perhaps  a  hemiplegia.  The  pupil  of  the 
eye  on  the  affected  side  is  dilated  as  the  compression 
symptoms  increase.  The  treatment  consists  in 
locating  the  source  of  the  bleeding  and  controlling 
the  flow  of  the  blood. 

The  subdural  hemorrhage  is  more  common  after 
injury  to  the  brain  than  after  bony  laceration  of  a 
blood-vessel.  It  is  frequently  seen  with  basal  frac- 
ture due  to  the  associated  brain  injury,  and  has  its 
most  common  site  at  the  tip  of  the  temporal  lobe 
and  base  of  the  frontal  lobes.  It  is  usually  of  venous 
origin  more  generally  diffused  through  the  open  space 
between  the  dura  and  the  brain  and  extends  down 
the  spinal  canal  so  that  lumbar  puncture  shows  red 
blood  cells.  The  intracranial  pressure  rises  more 
rapidly  and  higher  than  in  the  extradural  hemorrhage. 
There  are  no  localizing  symptoms.  We  consider 
subdural  hemorrhage  to  be  taking  place  in  every 
case  in  which  the  unconsciousness  persists  without 
the  lucid  interval  and  compression  symptoms  follow 
directly  on  the  shock  of  concussion.  The  treatment 
is  primarily  that  of  fracture  of  the  base  of  the  skull 
and  as  soon  as  the  compression  symptoms  threaten 
compensation,  decompression  must  be  done,  seeking 
through  a  temporal  decompression  wound  and  open- 
ing of  the  dura  to  withdraw  the  bloody  cerebrospinal 
fluid  and  any  clots  that  may  be  around  the  tips  of 
the  temporal  lobes.  A  rubber  wick  drain  through  the 
dura  may  be  a  help,  but  a  bilateral  operation  is 
often  needed. 

Concussion,  compression,  and  laceration  of  the  brain 
independent  of  fracture  belong  to  the  subject  of  the 
surgery  of  the  brain. 

Gunshot  Wounds  of  the  head  when  involving  the 
scalp  alone  are  like  those  of  the  rest  of  the  body, 
and  such  we  get  fairly  frequently  in  civil  life  with  a 
soft  small  bullet  or  a  ball  with  spent  force.  Here  the 
bullet  is  apt  to  be  flattened  or  deflected  by  the  bone 
of  the  skull  and  cause  little  serious  injury.  In  some 
cases  there  may  be  just  enough  energy  in  the  bullet 
to  cause  a  depressed  fracture.  In  other  eases  the 
bullet  enters  the  skull  and  flattens  against  or  is  de- 
flected by  the  opposite  wall  of  the  skull  without  emerg- 
ing. There  are  many  instances  of  bullet  wounds  in- 
flicted with  suicidal  intent  where  the  bullet  penetrates 
the  skull  outside  of  the  brain  box.  One  common  type 
of  such  an  injury  is  that  starting  from  the  ear  and 
emerging  from  the  temporal  region  near  the  external 
angle  of  the  eye  or  in  the  orbit  of  the  opposite  side. 
.Such  an  injury  may  cut  the  optic  nerves  and  cause 
total  blindness.  The  patient  may  have  no  other 
permanent  injury  than  the  mental  instability  that 
is  s(j  common  after  such  accidents.  Hard  bullets 
with  tremendous  initial  velocity  from  the  modern 
army  rifle  inflicl  an  entirely  different  type  of  pene- 
trating  wound  of  the  skull.  At  close  range  the  skull 
and  tin'  scalp  will  lie  torn  to  bits  and  the  brain  com- 
pletely  disorganized.  Al  fifty  yards  the  bullet  pene- 
trates the  skull,  leaving  the  scalp  intact  except  for 

the    wounds    of    entrance    and    exit,    but    the    skull    is 
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comminuted  throughout  and  brain  tissue  oozes  from 
both  scalp  wounds.  At  100  yards  definite  lines  of 
fracture  in  the  skull  can  be  determined  as  occurring 
in  meridians  from  pole  of  entrance  to  pole  of  exit  and 
parallel  circles  of  latitude  with  the  poles  as  centers. 
At  1,000  yards  there  are  left  only  the  radial  fissures 
from  the  poles  of  entrance  and  exit  representing  the 
meridian  circles.  At  one  mile  there  will  be  only  the 
two  clean-cut  holes  of  entrance  and  exit  and  beyond 
a  mile  and  a  half  the  bullet  probably  fails  to  emerge 
from  the  skull.  The  wound  of  entrance  into  the 
skull  shows  a  greater  comminution  of  the  inner  table 
of  the  skull,  the  wound  of  exit  shows  greater  com- 
minution at  the  outer  table. 


Fio.  3003. — Gunshot  Fracture  of  the  Vertex;  wound  of  entrance 
more  comminuted,  wound  of  exit  more  chipping  of  external  plate; 
fissures  tending  to  run  meridionally  from  wound  to  wound  and  in 
circles  concentrically  around  wounds. 

The  symptoms  of  the  gunshot  wound  are  those  of 
the  bony  deformity  and  the  wounds  in  the  scalp,  the 
destruction  of  the  brain  and  nerve  tracts,  the  vessel 
injury  dependent  on  the  location  of  the  fractures  and 
the  path  of  the  bullet.  The  probability  of  sepsis  is 
not  as  great  as  one  would  anticipate.  The  treatment 
consists  in  cleaning  the  wounds  surgically,  removing 
the  fragments  of  bone,  controlling  the  hemorrhage 
as  far  as  possible,  but  making  no  effort  to  probe  for 
the  bullet  or  remove  it,  unless  it  is  easily  accessible. 
An  x-ray  examination  locates  the  bullet  or  its  parts. 
Aside  from  the  immediate  risks  from  the  wound  of 
the  bullet  there  is  a  special  liability  to  mental  in- 
stability for  the  rest  of  the  life  of  the  patient,  and 
not  infrequently  there  are  maniacal  tendencies. 

Injuries  to"  the  Head  in  the  New-born  Child 
have  a  few  points  of  particular  interest.  Of  the  soft 
parts  the  normal  edematous  caput  succedanum  is 
present  in  practically  every  case.  It  appears  on  the 
presenting  part  and  its  location  is  determined  by  the 
external  os  of  the  cervix  uteri.  It  is  a  soft  swelling, 
does  not  fluctuate  and  disappears  in  a  few  days.  In 
a  few  cases  there  is  a  cephalohematoma,  usually  a 
subpericranial  effusion  of  blood  the  shape  of  which  is 
determined  by  the  adhesions  of  the  pericranium  to  the 
underlying  bone  at  the  sutures.  It  usually  does  not 
appear  until  one  or  two  days  after  birth  and  may  be 
enlarged  by  the  increased  congestion  of  the  head  of 
crying  or  vomiting.  It  usually  persists  for  ten  to 
fourteen  days  before  being  absorbed.  Deep  fluctua- 
tion may  be  present.  It  needs  no  treatment  unless 
it  becomes  infected,  or  absorption  is  much  delayed. 
If  it  persists  unduly  long  it  may  be  desirable  to  make 
a  clean  incision  turn  out  the  blood  clot  and  suture. 
If  it  becomes  infected  incision  and  drainage  is  im- 
perative. In  some  infants  at  birth  we  see  broad 
lines  of  more  or  less  persistent  erythema  due  to  pres- 
sure of  the  head  either  on  the  pelvic  brim  or  possibly 
by  instruments  used  in  delivery.  These  are  rarely 
more  than  temporary  markings. 
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Injury  to  the  bones  of  the  skull  not  infrequently 
takes  the  form  of  an  indentation  rather  than  a  fracture, 
This  may  be  spontaneously  reduced  by  the  elasticity 
of  the  skull  in  the  course  of  a  few  days,  or  it  may  be 
reduced  by  manipulations.  In  some  instances  it 
may  be  desirable  to  correct  the  depression  by  operative 
measures  in  order  to  avoid  the  possible  effects  of 
persistent  irritation. 

Intracranial  injury  may  follow  a  difficult  labor 
whether  instrumental  or  spontaneous.  In  such  cases 
the  extreme  moulding  of  the  head  by  overlapping  the 
bones  of  the  vertex  not  only  causes  laceration  of  the 
brain  tissue  but  frequently  also  an  intracranial  hemor- 
rhage. By  the  overlapping  parietal  bones  the  tribu- 
taries to  the  great  longitudinal  sinus  are  torn  or  in 
some  cases  the  sinus  itself  is  lacerated.  Such  hemor- 
rhages are  most  frequent  near  the  fissure  of  Rolando 
and  limited  to  one  side  of  the  median  line.  The 
hemorrhage  accounts  for  the  retarded  spontaneous 
respiration  and  asphyxia.  Later  the  breathing  is 
irregular,  perhaps  rhythmically  so,  the  pulse  is  slow 
and  the  pupils  unequal.  Nursing  is  not  satisfactory 
so  that  the  infant  may  have  to  be  fed  by  hand.  The 
intracranial  pressure  is  shown  by  the  tense  fontanelles 
and  the  dilated  vessels  in  the  scalp  and  in  the  eye- 
grounds.  Twitchings  and  convulsions  may  be  present. 
The  treatment  as  in  the  other  case  of  intracranial 
hemorrhage  should  be  by  the  removal  of  the  clot  as 
soon  as  compression  shows  itself.  In  operating  on 
the  infant  especial  care  must  be  taken  to  maintain 
the  body  temperature  of  the  patient  and  to  sedulously 
avoid  all  blood  loss.  The  loss  of  an  ounce  in  an  infant 
corresponds  weight  for  weight  with  the  loss  of  more 
than  a  pint  in  an  adult.  If  the  blood  clot  is  not  re- 
moved and  the  infant  lives  the  chances  are  that  some 
late  effects  will  appear  from  the  adhesions,  thickened 
meninges,  or  unabsorbed  blood  clot.  It  has  been 
suggested  that  many  of  the  cases  of  apparently  idio- 
pathic epilepsy  are  due  to  a  birth  injury  that  escaped 
notice,  and  that  porencephalus  follows  a  brain  clot. 

Diagnosis  of  Head  Injuries. — When  we  see  for  the 
first  time  a  patient  suspected  of  having  had  an  injury 
to  the  head  we  have  to  determine  what  the  cause  of 
the  symptoms  is  and,  if  they  are  due  to  an  injury,  how 
far  the  condition  has  progressed.  If  the  patient  is  in 
coma  we  think  of  several  conditions  which  have  to  be 
differentiated:  First,  the  drug  effects  such  as  those 
from  alcohol  or  opium;  second,  the  toxemias  such 
as  those  from  uremia,  diabetes,  and  intestinal  auto- 
intoxication; third,  the  organic  conditions  from  in- 
flammation such  as  meningitis  in  its  many  forms, 
traumatism  with  its  concussion,  compression  or  lacera- 
tion of  the  brain;  and  then  abscess,  tumor,  and  apo 
plexy,  and  finally  we  must  think  of  hysteria.  The 
differential  diagnosis  between  these  conditions  is  not 
always  easy,  but  a  systematic  examination  will  help  us. 

In  a  systematic  examination  of  a  patient  suspected 
of  having  an  injury  to  the  head  we  get  first  of  all  a 
history  of  the  previous  health  of  the  patient  which 
might  account  for  toxemias  such  as  uremia,  diabetic 
or  intestinal  intoxication ;  we  inquire  for  the  possibili- 
ties of  drug  effects  such  as  those  of  alcohol  or  opium, 
and  other  functional  disturbances  such  as  hysteria. 
Then  in  the  organic  conditions  in  addition  to  those 
from  traumatism  we  seek  a  history  that  would  suggest 
apoplexy,  brain  abscess,  brain  tumor  or  some  of  the 
forms  of  meningitis.  In  the  cases  where  we  get  a 
history  of  trauma  we  wish  to  know  the  time  that  has 
elapsed  since  the  injury  and  the  nature  of  the  injury, 
whether  a  fall,  a  blow,  a  crush,  whether  the  injury 
followed  contact  over  a  large  surface  of  the  skull  or 
was  applied  at  a  small  point  and  what  the  degree  of 
pressure  was.  In  the  physical  examination  we 
note  primarily  the  age  of  the  patient;  if  a  child  the 
skull  is  apt  to  bend  rather  than  to  break,  there 
could  be  no  fractures  of  the  inner  table  alone,  and 
fractures  of  the   base    are    comparatively    rare.     On 


the  other  hand,  if  the  patient  is  advanced  in  years 
we  have  to  consider  the  greater  probability  of  athero- 
matous arteries  and  the  greater  chance  of  hemorrhage. 
We  note  in  the  general  condition  of  the  patient  the 
condition  of  the  arteries,  the  heart,  the  urine.  We 
pay  special  attention  to  the  question  of  unconscious- 
ness, noting  the  presence  of  mental  depression  and  its 
degree,  whether  it  appeared  immediately  after  the 
injury  or  developed  later  or  whether  it  appeared  early, 
cleared  up  and  after  a  lucid  interval  developed 
again.  Most  important  of  all  is  the  progress  of  the 
unconsciousness,  whether  it  is  increasing  in  depth 
toward  unrousable  coma,  or  becoming  lighter  toward  a 
mere  clouded  mentality.  We  next  note  the  degree  of 
shock,  the  temperature  of  the  skin,  and  the  presence  of 
perspiration.  A  subnormal  body  temperature  we 
expect  to  find  in  the  shock  of  concussion,  but  it  may 
also  be  due  to  other  causes  such  as  alcohol  or  opium 
poisoning;  an  elevated  body  temperature  to  99°  or 
100°  suggests  some  intracranial  lesion.  If  the  tem- 
perature rises  much  above  100°  laceration  of  the 
brain  is  very  probable.  Vomiting  not  infrequently  is 
present  and  the  material  vomited  may  suggest  the 
type  of  toxemia,  or  a  compound  fracture  of  the  base 
if  it  contains  biood.  The  dejections  and  urination 
may  be  absent  from  poisoning,  kidney  trouble,  or 
paralysis;  they  may  be  involuntary  from  great  de- 
pression of  the  nervous  system.  In  taking  the  pulse 
we  note  not  merely  the  rate  and  regularity  but  any 
rhythmical  changes,  especially  in  the  blood  pressure. 
A  careful  blood-pressure  study  is  of  the  greatest  value 
to  determine  the  progress  of  the  intracranial  condition. 
Blood-pressure  readings  recorded  every  fifteen  minutes 
for  the  first  few  hours  and  later  at  perhaps  longer 
intervals,  depending  on  the  progress  of  the  symptoms, 
will  be  most  helpful.  Records  of  the  respiration  are 
also  of  great  value  noting  depth,  rate,  and  rhythmic 
variations.  Repeated  observations  on  the  respiration 
are  about  as  valuable  as  those  of  the  blood  pressure 
and  pulse. 

The  local  examination  of  the  head  is  that  to  which  we 
give  great  attention.  On  inspection  we  note  the 
visible  wounds  of  the  scalp,  orbit,  ear,  nose,  and  mouth, 
the  blood  marks  from  the  wounds,  the  quantity  anil 
duration  of  any  bleeding.  We  seekecehymoses  at  the 
site  of  injury  and  at  distant  points  around  the  head 
and  neck,  in  the  eyelids  and  under  the  conjunctiva. 
We  note  the  dilatation  of  the  blood-vessels  of  the 
face,  neck,  and  eyelids.  We  look  for  evidences  of 
paralysis  of  the  muscles  of  the  eyes,  face,  neck,  and 
tongue.  We  note  the  size  of  the  pupils,  their  reaction 
to  light  and  accommodation,  and  their  variations  in 
size.  We  look  for  the  escape  of  cerebrospinal  fluid 
from  any  wound  about  the  head. 

On  palpation  we  seek  changes  in  the  bony  contour, 
tenderness  over  the  skull  both  at  the  vertex  and  at  the 
base  as  far  as  it  can  be  palpated,  over  the  face,  jaw  and 
temperomaxillary  joint.  We  feel  for  crepitus  be- 
tween bony  fragments. 

We  test  the  sensations  of  the  face  to  touch,  of  each 
nostril  for  smell,  of  each  eye  for  vision,  of  each  side  of 
the  tongue  for  taste  at  the  tip,  side,  and  base.  We 
test  each  ear  for  hearing.  We  examine  the  fundus  of 
the  eye  for  dilated  veins,  edema  of  the  papilla  or 
choked  disc.  We  make  an  z-ray  examination  of  the 
entire  skull.  We  make  a  lumbar  puncture  to  de- 
termine the  intraspinal  pressure  and  the  presence  of 
blood  or  pus  cells  in  the  cerebrospinal  fluid.  In 
case  of  an  infection  we  may  get  from  this  fluid  bac- 
teria for  an  autogenous  vaccine  for  the  treatment. 

We  examine  the  rest  of  the  body  for  evidences  of 
cerebral  disturbances  as  shown  by  muscular  twitch- 
ings, or  paralyses  in  arm,  leg,  and  trunk,  and  for  loss 
of  sensation.  We  note  the  condition  of  the  reflexes 
as  showing  the  general  control  from  the  brain. 

In  our  examination  of  the  rest  of  the  body  we  also 
keep  in  mind  other  injuries  that  have  been  associated 
with  those  to  the  head,  and  also  the  possibility  that 
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injuries  to  the  other  parts  of  the  bod}'  may  be  sufficienl 
to  account  for  some  of  the  symptoms  attributed  to  the 
head  injury.  For  instance,  a  blow  over  the  solar 
plexus  may  closely  simulate  concussion  of  the  brain. 
After  completing  our  primary  examination  we  must 
always  remember  that  further  careful  watching  is 
necessary  in  every  case.  The  condition  that  seems 
trivial  at  the  first  examination  may  be  entirely  changei  I 
in  a  few  hours  and  no  case  with  an  evident  cranial 
injury  should  be  allowed  out  of  observation  for  at  least 
ten  days  and  preferably  repeated  observations  should 
be  kept  up  for  a  month  or  more.  In  regard  to  prog- 
nosis, as  Hippocrates  taught,  no  injury  to  the  head  is 
too  slight  to  be  despised,  or  too  severe  to  be  despaired 
of.  Truman  Abbe. 

Headache. — Headache  is  a  frequent  manifestation 
of  the  most  varied  disorders  of  the  nervous  system 
and  of  other  organs.  Being  merely  a  symptom  of  so 
many  different  morbid  states,  it  cannot  be  con- 
sistently characterized  or  described  as  a  disease, 
although  it  is  occasionally  of  such  a  nature  as  to  possess 
the  significance  of  an  independent  affection. 

It  may  be  so  fleeting  or  transient  as  to  be  more  or 
less  ignored  by  the  patient,  or  it  may  attain  such  a 
degree  of  severity  or  persistency  as  to  lead  the  suf- 
ferer to  seek  medical  advice.  _  Familiarity  with  its 
various  forms  is  essential,  and  it  is  necessary  always 
to  bear  in  mind  that  headache  is  a  frequent  accom- 
paniment of  many  constitutional  diseases.  Hence  a 
description  and  classification  of  headache  with  sug- 
gestions as  to  the  means  of  determining  its  causation 
must  prove  of  great  practical  value.  According  to 
many  modern  observers,  we  know  almost  nothing 
of  the  structures  in  which  the  pain  of  headache 
is  felt  or  of  the  mechanism  of  its  production.  As  the 
meninges,  especially  the  dura  and  a  large  area  of  the 
cranium,  receive  their  sensory  supply  from  the  ter- 
minal sensory  branches  of  the  trigeminus,  and  as  the 
meninges  are  also  supplied  by  branches  of  the  sym- 
pathetic nerve,  it  is  reasonable  to  assume  that 
headache  is  the  result  of  direct  or  indirect  irritation  of 
these  nerves. 

Psychical  disturbances,  in  the  form  of  depressing 
emotions  such  as  grief,  worry,  fright,  etc.,  often  pro- 
duce headache;  in  such  instances  it  must  be  due  to  proc- 
esses originating  in  the  higher  cerebral  centers  through 
which  superficial  pain  is  perceived.  Headache  must 
not  be  confounded  with  true  neuralgia  affecting  the 
occipital  or  supraorbital  nerves  in  which  the  pain  is 
paroxysmal  in  character  and  directly  limited  to  the 
course  of  the  nerve  and  its  distribution.  The  idea 
that  the  location  of  the  pain  in  any  particular  region  of 
the  head  is  always  directly  related  to  some  special 
underlying  or  adjacent  pathological  process  (except- 
ing pericranial  inflammation),  has  not  been  substanti- 
ated by  clinical  experience.*  _ 

No  definite  rules  can  be  laid  down  in  regard  to  this 
matter  that  will  apply  in  every  case.  It  may  be  said, 
however,  after  perusal  of  the  histories  and  observation 
of  a  large  number  of  cases,  that  pain  located  at  certain 
parts  of  the  head  occurs  more  often  in  this  or  that  con- 
dition of  disease.  Such  information,  nevertheless, 
may  prove  valuable  in  suggesting  certain  lines  of  in- 
quiry when  found  associated  with  other  symptoms. 

The  headache  may  be  confined  to  the  forehead,  to 
the  vertex,  the  parietal,  temporal,  or  occipital  region 
on  one  or  both  sides;  it  may  be  unilateral  as  in  mi- 
graine, or  it  may  affect  the  entire  head,  and  is  then 
described  as  general  or  diffused,  or  it  may  occur  in 
various  combinations. 

Pal  ients  usually  describe  the  pain  in  the  head,  which 
frequently  dominates  all  other  symptoms,  as  acute, 
sharp,  throbbing,  darting,  dull  ache,  boring,  burning, 
stabbing,  etc.     It  may  be  transient,  paroxysmal,  peri- 

*  Head  in  his  work  on  "  Referred  Pain"  has  endeavored  to  prove 
the  existence  of  certain  sensitive  areas  on  the  Bcalp  in  their  rela- 
tion to  disease*  of  internal  organs. 


odical,  or  continuous,  and  may  vary  in  degree  and  lo- 
cation from  time  to  time.  As  pain  is  a  subjective 
,  mpton)  we  can  judge  of  its  degree  only  by  the  tout 
ensemble  of  the  individual  and  by  it  a  oi  iation  with 
unmistakable  physiognomical  expressions  and  phys- 
ical manifestation-. 

"Traditional  psychology  may  be  said  to  regard  pain 
as  a  feeling,  i.e.  a  purely  mental  state  or  condition, 
with  or  more  frequently  without  a  physical  basis  in  the 
nervous  system.  Physicians  do  not  place  much  con- 
fidence in  the  patient's  statement  of  the  quality  or 
character  of  the  pain,  largely  because  patients  have 
not  words,  nor  experience  to  prompt  the  words,  in 
which  to  describe  their  pains.  The  description  of  pain 
by  a  patient  seems  to  be  directly  proportional  to  (1) 
liveliness  of  imagination,  (2)  vocabulary,  (3)  experi- 
ence" (Witmer).  The  description  is  often  materially 
enhanced  by  the  patient's  gestures. 

Headache,  for  all  practical  purposes,  may  be  divided 
into  two  classes — functional  and  organic*  The  so- 
called  functional  forms  of  headache  are  by  far  the  more 
frequent,  and  include  those  resulting  from  various 
constitutional  or  psychical  disorders,  and  from  causes 
not  situated  in  the  skull  or  cranial  cavity,  excepting 
the  disturbances  of  special-sense  organs,  such  as  the 
eye,  ear,  and  nose,  and  dental  caries.  Some  special 
forms  of  disturbance  of  the  cerebral  circulation  may 
also  be  placed  in  this  category. 

The  organic  form  includes  all  types  of  intracranial 
disease,  whether  vascular,  meningeal,  or  cerebral,  and 
diseases  of  the  cranial  bones. 

The  functional  forms  of  headache  may  be  classified 
and  subdivided  as  follow: 


1. 

Retained    excrementitious    sub- 
stances. 

2. 

Products  of   defective    meta- 

Toxemic. 

bolism. 

3. 

Infectious  germs  or  their  toxins. 

4. 

Various  drugs. 

5. 

Graves'  disease. 

'  1. 

Neurasthenia. 

Neuropathic. 

2. 

Hysteria. 

.3. 

Epilepsy. 

'  1. 

Hyperemia. 

Circulatory. 

2. 

Anemia. 

'  1. 

Ocular. 

Headache 

2 

Auditory. 

Caused  by 

3. 

Nasopharygeal. 

or  Associated 

4. 

Dental. 

with  Various 

5. 

Gastric. 

Disorders. 

6. 

Uterine. 

7. 

Sexual. 

Migraine. 

Organic. 


1.  Intracranial  tumor. 

2.  Cerebral  abscess. 

3.  Leptomeningitis. 

4.  Pachymeningitis. 

5.  Syphilis. 

6.  Vascular  disease. 

7.  Encephalitis. 

8.  Mastoid    disease    and    sinus 
thrombosis. 

9.  Disease  of  the  cranial  bones. 

10.  Diseases  of  the  frontal  sinus. 

11.  Caries  of  the  cervical  vertebras. 

12.  Acromegaly. 

13.  Spinal-cord  disease. 

Toxemic  Headache. — In  which  the  blood  is  con- 
taminated by  various  deleterious  agents. 

1.  Hi  l<n  in, I  Excrementitious  Substances. —  (The 
absorption  of  decomposition  and  fermentation  prod- 

*  While  it  must  be  admitted  that  this  classifieation  is  somewha 
arbitrary  and  unscientific,  yet.  in  my  experience  and  that  of  many 
others,  it  has  proved  a  valuable  guide  and  working  basis  in  clinical 
observation. 
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uets  developed  in  the  alimentary  canal,  or  the  reab- 
sorption  of  retained  excrementitious  substances,) 
(a)  Constipation.  (b)  Intestinal  indigestion.  (<•) 
Gastric  indigestion,     (d)  Uremia. 

(a)  Constipation. — In  a  very  large  majority  of  in- 
stances in  which  headache  is  complained  of,  it  is  due 
to  toxemia  resulting  either  from  constipation,  or  from 
intestinal  or  gastric  indigestion.  The  clinical  fact  has 
long  been  established  that  autointoxication  of  intes- 
tinal origin  plays  an  important  role  in  the  production 
of  headache,  migraine,  and  vertigo,  but  such  symptoms 
are  evidently  more  or  less  dependent  upon  individual 
susceptibility.  Constipation  is  not  incompatible  with 
apparent  health,  for  some  persons  may  be  constipated 
for  a  week  or  more  at  a  time  without  any  complaint  of 
digestive  trouble  or  headache.  For  this  reason,  the 
objection  has  often  been  made  to  the  hypothesis  of 
autointoxication  of  fecal  origin.  On  the  other  hand, 
Bouchard,  who  has  made  a  special  study  of  this  sub- 
ject, believes  that  constipation  should  be  regarded  as  a 
protection  against  intoxication,  and  says:  "it  supposes 
that  all  that  is  absorbable  has  been  absorbed,  the 
aqueous  part  with  what  was  held  in  solution."  The 
lengthiest  argument,  however,  will  not  controvert  the 
familiar  fact  that  thorough  purgation  causes  the 
rapid  disappearance  of  the  headache  and  associated 
symptoms  in  most  cases  of  this  character. 

In  these  patients  the  headache  is  usually  located  in 
the  frontal  region,  but  is  often  diffused  over  the  entire 
head.  As  a  rule,  it  is  not  constant,  and  may  or  may 
not  be  associated  with  gaseous  eructations. 

In  some  it  is  accompanied  by  morbid  somnolence 
during  the  day  and  heavy  sleep  at  night,  while  in 
others  insomnia  is  complained  of.  Occasional  attacks 
of  vertigo  may  also  occur. 

(b)  Intestinal  indigestion,  with  or  without  consti- 
pation, is  more  frequently  productive  of  headache  from 
intestinal  toxemia  than  as  a  supposedly  reflex  cause. 
The  urine  is  often  of  high  specific  gravity  and  may 
contain  an  excess  of  indoxyl. 

(c)  Gastric  Indigestion. — It  would  seem  that  gas- 
tric indigestion,  on  the  other  hand  (although  in  some 
instances  occasioning  toxic  absorption),  is  more  likely 
to  produce  headache  by  reflex  irritation  through  the 
pneumogastric  nerve  from  fermentation  of  food  and 
gaseous  distention  of  the  stomach.  Thus,  headache, 
possibly  due  to  both  causes,  is  frequently  an  accom- 
paniment of  dilatation  of  the  stomach  on  account  of 
the  anomalous  fermentations  that  are  the  consequences 
of  it.  The  location  of  the  headache  is  usually  supra- 
orbital or  frontal. 

(d)  Uremia. — Headache  due  to  renal  disease  is  of 
very  common  occurrence.  Two  forms  are  found  in 
nephritic  subjects — uremic  and  congestive.  Either 
one  or  both  may  be  present  in  the  same  patient.  The 
uremic  form  is  due  to  the  retention  in  the  circulation  of 
excrementitious  products,  and  may  manifest  itself  in 
any  type  of  kidney  disease,  whether  acute  or  chronic. 
The  pain  is  ordinarily  situated  in  the  occipital  region, 
extending  to  the  neck.  It  may  or  may  not  be  ass.  jeiated 
with  somnolence,  nausea,  or  vomiting,  etc.,  according 
to  the  degree  of  damage  to  the  kidneys  and  arterial 
s\  stem.  In  some  cases  the  headache  may  be  accom- 
panied by  vomiting,  vertigo,  and  optic  neuritis,  thus 
simulating  the  general  cerebral  symptoms  of  brain 
tumor.  The  congestive  form  arises  in  consequence  of 
disturbed  cerebral  circulation  in  the  presence  of  cir- 
rhotic kidneys,  with  arteriosclerosis,  cardiac  hyper- 
trophy, and  increased  arterial  tension.  (See  "Circu- 
latory" form  of  headache.) 

Puerperal  Eclampsia. — Headache  which  is  at  times 
persistent  and  severe  is  often  a  premonitory  symptom 
of  a  convulsive  attack  in  this  affection,  and  may  be 
associated  with  delirium,  excessive  somnolence,  mental 
hebetude,  or  insomnia.  Edema  of  the  face  and  ex- 
tremities is  often  present.  This  condition  is  generally 
regarded  as  acute  renal  disease  of  pregnancy,  the  head- 
ache and  other  symptoms  being  ascribed  to  some  form 


of  toxemia  not  yet  determined.  Unless  the  urine  is 
carefully  analyzed,  and  the  functioning  power  of  the 
kidneys  ascertained  beyond  quest  ion,  the  uremic  form 
of  headache  will  often  pass  unrecognized,  thus  leading 
to  unexpected  and  serious  consequences. 

2.  Products  of  Defective  Meliitiohsm  -(«)  Rheuma- 
tism.     (6)    Gout,      (c)    Diabetes. 

(a)  Rheumatism. — There  are  three  forms  of  head- 
ache which  may  occur  in  rheumatic  subjects: 

1.  Due  to  some  form  of  defective  metabolism  or  in- 
testinal toxemia,  the  headache  generally  being  diffused 
and  similar  to  that  occurring  in  other  forms  of  tox- 
emia. 

2.  A  true  muscular  rheumatism  or  myositis  located 
in  the  scalp  and  affecting  principally  the  occipitofron- 
talis  muscle  and  its  aponeurosis.  The  pain  is  in- 
creased by  active  or  passive  movement  of  this  muscle, 
and  it  is  common  to  obtain  a  history  of  other  attacks 
of  muscular  rheumatism,  affecting  different  parts  of  the 
body.  These  patients  may  also  have  suffered  from 
acute  or  subacute  articular  rheumatism.  The  attack 
may  last  for  from  a  few  hours  to  several  weeks.  Like 
other  forms  of  muscular  rheumatism,  it  is  brought 
about  by  exposure  to  cold.  One  of  the  worst  cases 
seeti  bythe  writer  occurred  in  a  rheumatic  subject  after 
bathing  the  head  in  cold  water,  and  then  sitting  at  an 
open  window  for  a  half-hour  or  more. 

3.  Nodular  or  Induration  Headache. — This  form  of 
headache  has  not  been  sufficiently  recognized  by  the 
medical  profession.  It  is  more  common  in  women  of 
middle  age.  As  a  rule,  the  pain  is  severe  and  persis- 
tent, beginning  in  the  occiput  or  nape  of  the  neck,  at 
times  involving  the  entire  head,  and  often  radiating 
toward  the  back  and  shoulders.  Tender  nodules  or 
infiltrations  varying  from  the  size  of  a  millet  seed  to 
that  of  an  almond  are  found  distributed  in  the  sub- 
cutaneous connective  tissue  and  muscles  of  the  scalp. 
They  are  usually  demonstrable  in  the  tendinous  in- 
sertion of  the  occipitofrontalis  and  also  in  the  trape- 
zius and  sternocleidomastoid  muscles.  The  princi- 
pal treatment  which  ultimately  gives  complete  relief 
is  frequent  and  systematic  local  massage.  The  use  of 
the  sinusoidal  current  has  also  proved  efficacious. 

(b)  Gout. — Headache  is  frequent  in  gouty  subjects. 
It  may  be  due  to  toxic  products  of  defective  oxidation, 
or  the  result  of  vascular  disease  affecting  the  cerebral 
circulation.  It  is  not  unusually  accompanied  by  inter- 
stitial changes  in  the  kidneys.  Gout,  it  is  claimed,  is 
merely  a  hypothetical  condition  and  presupposes  an 
excess  of  uric  acid  in  the  general  circulation.  The 
headache  and  the  irregular  symptom-complex  often 
described  as  lithemia  is  an  atypical  form  of  gout. 
There  is  more  often  a  sense  of  pressure  and  fulness 
about  the  head  than  actual  pain.  Haig  has  called 
special  attention  to  the  association  of  such  symptoms 
with  retention  of  uric  acid  in  the  system.  It  is  now 
well  established  that  the  headache,  aberrant  neuralgic 
pains,  slight  stiffness  in  the  joints,  and  occasional 
attacks  of  acute  gout,  etc.,  arise  in  connection  with 
defective  metabolism.  The  most  essential  etiological 
factor  is  deficient  oxidation  resulting  from  overin- 
dulgence in  unsuitable  food  and  overdrinking,  and  the 
lack  of  sufficient  physical  exercise. 

(c)  Diabetes. — Headache  occurring  in  diabetics  is 
often  accompained  by  hebetude  and  depression  of 
spirits.  As  a  premonitory  symptom  of  diabetic  coma, 
it  is  soon  followed  by  delirium  and  dyspnea.  The 
prevailing  theory  is  that  the  latter  form  of  intoxica- 
tion is  due  to  the  presence  of  acetone  in  the  general 
circulation. 

3.  Infectious  Germs  or  their  Toxins. — (a)  Acute  in- 
fectious diseases.  Headache  is  frequently  a  promi- 
nent symptom  in  the  early  period  of  all  acute  infec- 
tious diseases.  It  is  usually  described  by  the  patient 
as  a  generalized  or  frontal  headache.  As  an  initial 
symptom  of  typhoid  fever,  it  is  sometimes  so  severe 
and  persistent  as  to  demand  special  attention.  The 
pain  is  often  located  in  the  occiput  and  back  of  the  neck. 
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It  may  be  accompanied  by  photophobia,  retraction 
of  the*  head,  and  muscular  twitching,  thus  simulating 
meningitis.  In  the  early  stage  of  smallpox,  the  in- 
tense frontal  headache  is  accompanied  by  pains  in 
the  back  and  limbs.  The  same  may  be  said  of  the 
grippe.  General  headache  also  occurs  in  the  early 
period  of  acute  croupous  pneumonia  and  may  simu- 
late meningitis  until  the  lung  trouble  has  clearly 
developed.  During  the  febrile  stage  of  malarial 
intermittent  or  remittent  fever,  violent  headache  Is 
often  present.  In  general,  it  may  be  said  that  head- 
ache occurs  in  all  conditions  accompanied  by  fever. 
As  a  routine  practice,  the  temperature  should  be 
taken  in  every  case  of  acute  headache.  The  character 
and  frequency  of  the  pulse,  and  the  presence  of  fever 
are  always  suggestive  of  the  probably  infectious  or 
inflammatory  origin  of  the  trouble. 

4.  Various  Drugs. — Nitrite  of  amyl  and  nitro- 
glycerin will  be  mentioned  under  the  head  of  "Dis- 
turbances of  the  Intracranial  Circulation." 

Alcohol. — Headache  is  often  due  to  acute  or  chronic 
alcoholic  poisoning.  The  nervous  system  is  at  times 
so  sensitive  that  a  small  dose  of  alcohol  may  produce 
violent  but  transient  general  headache  of  a  conges- 
tive type.  Very  frequently,  after  large  doses  suffi- 
cient to  produce  heavy  sleep,  the  individual  awakes 
with  a  severe  headache  the  result  of  such  indiscretion. 
This  picture  is  unfortunately  so  familiar  that  it 
requires  no  further  elaboration.  Chronic  alcoholic 
poisoning  is  often  the  cause  of  daily  or  constant  head- 
ache. The  headache  is  commonly  due  to  a  combina- 
tion of  causes,  such  as  toxemia,  interference  with  the 
digestive  processes,  and  cerebral  arteriosclerosis.  It- 
is  often  accompanied  by  cirrhotic  changes  in  the  liver 
and  kidneys,  and  by  many  of  the  attendant  phe- 
nomena of  these  conditions. 

Tobacco. — The  habitual  and  excessive  use  of  to- 
bacco may  be  the  indirect  cause  of  headache,  through 
its  deleterious  action  on  the  digestive  organs,  its  inter- 
ference with  the  cardiac  rhythm  and  the  cerebral 
circulation,  and  the  ultimate  production  of  neuras- 
thenia. 

Coffee. — In  some  individuals  the  injudicious  and 
excessive  use  of  coffee  is  productive  of  headache  and  a 
sense  of  fulness  in  the  head. 

Lead. — Headache  due  to  the  toxic  action  of  lead  is  a 
comparatively  rare  symptom.  In  some  cases  of 
chronic  lead  poisoning,  however,  headache  does  occur, 
and  its  cause  must  be  recognized.  It  is  probably  due 
to  the  direct  action  of  the  lead  on  the  cerebral  nerve 
centers,  or  indirectly  through  the  production  of  patho- 
logical conditions  in  the  liver  and  kidneys.  A  rare 
form  of  saturnism,  which  is  productive  of  serious 
cerebral  symptoms  and  which  may  terminate  fatally, 
is  known  as  "lead  encephalopathy."  In  this  condi- 
tion the  headache  is  usually  severe,  and  is  associated 
with  vertigo  and  bilateral  optic  neuritis  (which  may 
end  in  complete  blindness)  and  a  series  of  symptoms 
simulating  the  presence  of  an  intracranial  tumor. 
The  more  severe  forms  terminate  in  convulsions, 
delirium,  and  coma. 

5.  Graves'  Disease. — Recent  studies  regarding  the 
pathogeny  of  the  symptom  group  known  as  Graves1 
disease  lead  us  to  assume  that  the  condition  is  due  to 
hyperthyroidism  from  hypersecretion  of  the  thyroid 
gland,  which  is  often  preceded  by  sudden  or  prolonged 
depressing  emotions.  Headache  is  not  common  in 
this  affection,  but  it  is  sometimes  a  troublesome  symp- 
tom, and  may  be  confined  to  one  side.  It  is  'occa- 
sionally accompanied  by  a  sense  of  throbbing  in  the 
head,  a  pulsating  noise  in  the  ears,  and  transient 
vertigo.  The  rapid  action  of  the  heart  and  cardiac 
palpitation,  the  presence  of  thyroid  enlargement, 
exophthalmos,  tremor  and  excessive  perspiration, 
will  lead  to  a  correct  diagnosis. 

NEtmoPATHic:  Headache. — 1.  Neurasthenia. —  Head- 
ache is  often  mi  important  symptom  in  neurasthenia, 
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but  it  is  not  present  in  all  cases.  As  a  rule  it  is  no1 
general,  but  is  commonly  located  in  the  frontal  or 
occipital  region,  and  is  often  accompanied  by  occa- 
sional vertigo  and  museffi  volitantes.  The  headache, 
which  is  usually  slight  in  degree,  is  either  continuous 
or  occurs  at  brief  intervals.  In  the  majority  of 
neurasthenics  actual  pain  is  not  complained  of,  but 
the  sensations  in  the  head  are  described  as  the  feeling 
of  "a  constricting  band  about  the  forehead,''  "fulness 
in  the  head"  as  if  there  was  "something  pressing  from 
within  against  the  skull,"  etc.  Frequently  it  is  a 
sensation  of  weight  or  numbness,  and  occasionally  of 
throbbing.  The  headache  and  other  sensations 
increase  after  fatigue,  and  are  often  diminished  by  rest. 
Difficulty  in  concentrating  the  attention  is  often 
present.  As  a  result  of  these  varied  forms  of  cephalic 
paresthesia?,  such  patients  are  inclined  more  or  less 
to  indulge  in  excessive  introspection.  They  often 
become  morbid  and  apprehensive,  dreading  the  possi- 
bility of  a  brain  tumor  or  other  serious  cerebral  disease. 
All  of  these  symptoms  are  modified  in  proportion  to 
the  attention  given  them  by  the  patient.  The  pres- 
ence of  other  signs  of  neurasthenia,  their  development, 
or  increase  through  mental  effort  or  emotional  excite- 
ment, and  the  absence  of  evidence  of  organic  cerebral 
disease,  make  the  diagnosis  clear. 

2.  Hysteria. — Headache  that  is  confined  to  a  small 
spot,  which  has  for  many  years  been  described  as 
"clavus,"  is  comparatively  unusual  in  this  country, 
and  occurs  most  frequently  among  the  premonitory 
symptoms  of  convulsive  hysteria.  The  scalp  is  some- 
times so  sensitive  that  the  slightest  touch  is  not 
tolerated  without  wincing.  In  the  majority  of  cases 
of  hysteria,  however,  the  headache  corresponds  with 
that  of  neurasthenia.  It  may  be  limited  to  one  side 
and  thus  simulate  migraine.  In  some  instances,  it 
may  be  characterized  as  a  veritable  psychalgia.  The 
peculiar  character  of  the  headache,  its  dependence 
upon  the  momentary  psychical  condition  of  the  patient, 
its  rapid  disappearance  or  variation  in  degree,  the 
favorable  influence  of  suggestion  or  diversion,  and  its 
occasional  association  with  other  signs  of  hysteria 
(paralysis,  spasm,  convulsive  attacks,  disturbances  of 
sensibility,  etc.)  enable  us  to  make  a  correct  diagnosis. 
The  stigmata  of  hysteria  are  not  always  present. 

3.  Epilepsy. — While  headache  cannot  be  regarded 
as  a  symptom  of  epilepsy,  its  occurrence  is  at  times  of 
great  importance  in  the  diagnosis  of  obscure  cases. 
An  attack  of  grand  mal  is  often  followed  by  severe 
general  headache  which  may  last  for  several  hours  or 
days.  This  fact  is  of  value  in  interpreting  the  cause 
of  the  headache  when  it  is  mentioned  as  occurring  in 
the  earby  morning  on  awaking.  It  is  at  times  indica- 
tive of  a  nocturnal  epileptic  attack,  and  the  diagnosis 
is  positive  when  such  headache  is  associated  with 
soreness  of  the  muscles  and  joints  of  the  extremities, 
a  bitten  tongue  or  mucous  membrane  of  the  cheek, 
and  wetting  of  the  bed. 

Circulatory  Headache. — Headache  due  to  dis- 
turbance of  the  cerebral  circulation  in  the  absence  of 
organic  intracranial  disease. 

Hyperemia. — Headache  is  at  times  the  result  of 
hyperemia  or  congestion  of  the  intracranial  circula- 
tion. It  may  also  be  occasioned  by  cerebral  anemia. 
When  it  is  due  to  increased  arterial  supply  it  is  called 
active.  If  it  is  caused  by  obstruction  of  the  venous 
circulation,  it  is  termed  passive. 

(a)  Active  Hyperemia. — This  condition  has  been 
described  as  "cephalalgia  vasomotoria"  by  Eulen- 
burg,  and  is  due  to  paralysis  of  the  vasoconstrictors 
permitting  of  distention  of  the  vessels.  It  may  be 
either  acute  or  chronic,  but  it  is  most  frequently  acute. 
As  a  rule,  in  the  severe  cases,  it  is  accompanied  by 
throbbing  and  pulsating  general  headache,  vertigo, 
tinnitus,  muscse  volitantes,  photopsia,  insomnia, 
mental  confusion,  and  delirium,  all  of  which  are  made 
worse   by   lowering  the   head.     There  may   also   be 
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photophobia  and  general  hyperesthesia.  The  face 
and  scalp  are  red,  and  the  conjunctiva  injected. 
There  are  fulness  and  throbbing  of  the  temporal 
arteries,  and  contracted  pupils.  The  pulse  is  full, 
and  may  be  either  slow  or  increased  in  frequency,  with 
high  systolic  blood  pressure  as  measured  by  the 
sphygmomanometer.  Occasionally  there  is  a  slight 
rise  of  temperature.  In  some  individuals,  such 
attacks  occur  periodically.  The  severe  forms  of  this 
condition  are  fortunately  rare.  In  the  milder  degrees 
it  is  not  uncommon,  but  the  diagnosis  may  at  first 
be  doubtful.  Somewhat  similar  phenomena  occasion- 
ally occur  in  the  early  stage  of  acute  leptomeningitis 
of  the  convexity.  There  may  be  considerable  varia- 
tion in  the  intensity  of  the  process,  hence  the  above 
described  symptom-complex  is  manifested  in  varying 
degrees.  The  condition  is  usually  due  to  mental 
overwork,  emotional  disturbances,  alcoholism,  ex- 
cessive use  of  tobacco,  onanism,  and  injuries  to  the 
head.  It  occasionally  occurs  as  a  sequel  of  sunstroke, 
and  from  sudden  suppression  of  menstruation  in 
plethoric  women. 

The  writer  has  in  several  instances  witnessed  a  simi- 
lar but  slightly  modified  array  of  symptoms  occur 
periodically  in  young  women  after  removal  of  both 
ovaries.  A  prototype  of  this  group  of  symptoms  can 
be  produced  by  the  administration  of  various  drugs, 
such  as  nitrite  of  amyl,  nitroglycerin,  etc. 

(6)  Passive  Hyperemia. — Venous  hyperemia  of  the 
cerebral  vessels  is  an  important  cause  of  habitual 
headache.  It  may  be  either  acute  or  chronic,  but  is 
most  frequently  chronic.  The  pain  is  of  a  dull  char- 
acter, and  is  often  accompanied  by  a  sensation  of 
fulness  and  heaviness  in  the  head.  The  face  and  ears 
may  be  slightly  cyanotic  in  the  more  pronounced 
cases.  The  attacks  also  vary  in  degree,  the  minor 
forms  not  being  uncommon."  Passive  cerebral  con- 
gestion is  generally  caused  by  mechanical  hindrance 
to  the  return  of  blood  from  the  head.  Thus,  it  results 
from  growths  in  the  neck  making  pressure  on  the 
jugular  veins,  cardiac  disease,  pulmonary  emphysema, 
and  persistent  cough,  as  in  pertussis. '  It  may  also 
be  produced  by  a  tight  collar,  or  by  continuous 
flexion  of  the  head.  The  headache  and  other  symp- 
toms are  aggravated  by  straining  at  stool,  coughing, 
sneezing,  stooping,  or  muscular  effort. 

Anemia. — Anemia  of  the  brain,  as  a  rule,  is  a  part 
of  a  general  condition  of  anemia  and  malnutrition. 
It  may  be  the  result  of  arteriosclerosis  including  dis- 
ease of  the  coronary  arteries.  Whether  the  general 
anemia  be  of  a  chlorotic  nature  or  from  loss  of  blood, 
it  is  almost  always  accompanied  by  headache.  The 
condition  of  cerebral  anemia  in  which  headache 
occurs,  is  generally  of  the  chronic  form.  The  head- 
ache may  be  frontal,  vertical,  or  diffused,  and  is 
commonly  of  a  dull  character.  It  is  often  associated 
with  attacks  of  syncope,  tinnitus,  dizziness,  incapacitv 
for  mental  work,  depression,  and  irritabilitv.  The 
pupils  are  usually  dilated.  The  headache  often 
diminishes  or  subsides  when  the  patient  assumes  the 
recumbent  position  with  the  head  low. 

Headache  Caused  by,  oe  Associated  with,  Various 
Disorders:  (Ocular;  Auditory;  Nasopharyngeal;  Den- 
tal; Gastric;  Uterine;  or  Sexual).  1.  Ocular. — Ocular 
defects,  such  as  errors  of  refraction  and  insufficiency 
of  the  ocular  muscles,  are  a  common  source  of  head- 
ache. The  two  conditions  may  be  found  in  various 
combinations.  It  has  been  claimed  that  fully  sixty 
per  cent,  of  functional  headaches  due  to  errors  of 
refraction  are  caused  by  astigmatism  alone,  or  in 
conjunction  with  other  forms  of  ametropia  (De 
Schweinitz).  The  headache  is  produced  by  strain  on 
the  ciliary  muscles,  and  frequently  arises  in  connection 
with  hypermetropic  astigmatism.  The  pain  may  be 
situated  in  any  part  of  the  head,  but  it  is  most' fre- 
quently located  in  the  supraorbital  region.  It  mav 
be  persistent  in  character,  and  is  often  aggravated  by 


using  the  eyes.  It  is  relieved  temporarily  by  the 
instillation  of  atropine,  which  paralyzes  the  ciliary 
muscles,  or  permanently,  by  wearing  suitable  glasses. 

Headache  caused  by  insufficiency  of  the  ocular 
muscles  may  affect  any  portion  of  the  cranium,  but  is 
often  located  in  the  occipital  region.  It  may  immedi- 
ately follow  the  use  of  the  eyes,  but  usually  this  is  not 
the  case,  the  pain  occurring  at  irregular  intervals. 
At  times  it  may  develop  into  a  typical  attack  of  mi- 
graine, and  is  often  associated  with  symptoms  of 
neurasthenia.  The  claims  of  certain  writers,  that  the 
lack  of  balance  in  the  action  of  the  muscles  of  both 
eyes  is  a  prolific  cause  of  headache  and  various  forms 
of  nervous  disease,  have  certainly  been  much  exag- 
gerated. The  headache  arises  as  a  result  of  repeated 
or  continuous  efforts  to  obtain  and  preserve  binocular 
single  vision.  It  is  a  fact  well  known  to  all  ophthal- 
mologists that  so-called  ocular  headache  does  not 
occur  in  patients  in  whom  there  is  a  congenital  or 
acquired  absence  of  binocular  vision,  as  such  patients 
are  known  habitually  to  suppress  the  image  in  one  eye. 
Hence,  the  causative  element  of  "effort  at  binocular 
fixation"  is  negligible  under  such  circumstances. 
This  occurs  with  high  degrees  of  strabismus;  paralysis 
of  ocular  muscles;  when  vision  is  greatly  diminished 
or  lost  in  one  eye;  and  when  there  is  considerable 
difference  in  the  refraction  of  the  two  eyes.  When 
headache  occurs  in  such  people  it  is  invariably  due  to 
some  other  cause.  The  writer  knows  of  a  patient 
with  ocular  headache  from  muscular  trouble  in  whom 
the  pain  entirely  disappeared  after  the  accidental 
destruction  of  one  eye. 

The  improved  methods  in  the  examination  of  the 
power  and  action  of  the  ocular  muscles,  introduced 
within  recent  years,  have  led  to  a  more  accurate  and 
thorough  study  of  these  conditions.  Curiously 
enough,  the  muscular  troubles  which  occasion  the 
greatest  amount  of  discomfort  to  the  patient  at  times 
produce  no  evident  changes  in  the  gross  appearance 
of  the  eyes.  Hence  it  is  only  after  the  most  careful 
and  painstaking  investigation  that  they  can  be  dis- 
covered and  rectified.  This  is  accomplished  either 
by  the  use  of  suitable  lenses  to  neutralize  any  existing 
refractive  anomaly,  and  thus  indirectly  influence 
muscular  action,  or  by  surgical  operation,  or  both. 
There  must  be  a  peculiar  individual  predisposition 
to  headache,  for  there  are  persons  who  have  both 
muscular  and  refractive  anomalies  without  any  symp- 
toms of  headache. 

Headache  often  results  from  inflammatory  eye 
troubles  such  as  iritis,  glaucoma,  etc.  In  iritis,  the 
pain  is  generally  supraorbital,  but  may  extend  to 
the  whole  side  of  the  head.  Acute  inflammatory  glau- 
coma is  accompanied  by  violent  pain  radiating  through 
the  head  from  the  eye.  The  headache  occurring  in 
these  conditions  cannot  be  classified  as  of  reflex 
origin.  It  is  due  to  direct  inflammation  of  the  oph- 
thalmic division  of  the  trigeminus,  and  increased 
intraocular  tensions. 

2.  Auditory. — Impacted  cerumen  has  in  rare  in- 
stances been  the  supposed  cause  of  headache.  In 
middle-ear  disease,  the  headache  affects  the  vertex  or 
is  situated  in  the  temporal  or  mastoid  region  on  the 
same  side. 

3.  Nasopharyngeal. — Any  of  the  following  patho- 
logical processes  may  occasion  headache:  adenoids 
in  the  nasopharynx;  polypoid  obstruction  to  nasal 
breathing;  lesions  of  the  turbinated  bones,  especially 
of  the  middle  and  posterior  parts  of  the  inferior 
turbinate;  spurs  from  the  nasal  septum;  or  intra- 
nasal synechia?.  Hence,  headache  is  not  an  un- 
common condition  in  mouth-breathers.  The  pain  is 
ordinarily  located  in  the  temporal  region  or  the 
forehead.  When  such  abnormities  are  removed  the 
headache  has  often  been  known  to  disappear. 

4.  Denial. — Caries  of  the  teeth  in  the  upper  jaw 
is  an  occasional  cause  of  headache. 

5.  Gastric. — See  the  section  on  Gastric  Indigestion. 
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Headache  Superinduced  by  Hunger. — In  some  in- 
dividuals  headache  arises  as  a  result  of  hunger.  A 
delay  of  a  few  hours  in  the  time  of  the  customary  meal 
causes  general  discomfort  and  headache  which  dis- 
appear at  once  when  food  is  taken.  This  form  of 
headache  is  probably  produced  through  irritation 
reflected  from  the  gastric  mucosa  or  from  tempo]  ai 
impoverishment  of  the  blood  diminishing  the  nutri- 
tion of  the  cerebral  sensory  centers.  Such  individuals 
often  manifest  a  peculiar  susceptibility  to  headache 
from  other  causes   especially  migraine. 

6.  Uterine;  7.  Sexual. — Headache  occurring  in 
patients  with  uterine  or  ovarian  disease  should  not 
be  looked  upon  as  a  symptom  of  reflex  origin.  It  is 
merely  one  of  many  phenomena  associated  with  a 
neurasthenic  condition  which  so  frequently  accom- 
panies intrapelvic  disease  in  women.  The  head- 
ache frequently  affects  the  vertex  but  is  more 
often  general,  and  is  at  times  accompanied  by  tender- 
ness of  the  scalp.  Other  causes  are  usually  operative 
independently  of  any  local  uterine  lesion.  The  mor- 
bid self-consciousness  developed  in  many  women  who 
have  or  think  they  have  uterine  or  ovarian  disease, 
is  often  sufficient  in  itself  to  engender  a  depressive 
form  of  neurasthenia.  The  same  may  be  said, 
mutatis  mutandis,  of  affections  of  the  male  genito- 
urinary organs. 

According  to  Head  (Allbutt  and  Rolleston's  "Sys- 
tem of  Medicine,"  vol.  vii.,  p.  749)  headache  may  be 
secondary  to  disease  of  the  organs  within  the  thorax 
and  abdomen.  The  pains  in  the  head  may  be  very 
slight,  but  are  always  associated  with  scalp  tenderness 
in  certain  areas.  The  degree  to  which  these  pains 
in  the  head  intrude  on  the  patient's  consciousness 
varies  greatly.  Thus,  sometimes  he  is  quite  unaware 
that  the  scalp  is  tender,  and  the  associated  tenderness 
is  discovered  only  by  examination.  He  may,  however, 
complain  of  headache  which  leaves  behind  it  a  feeling 
of  intense  soreness. 

Migraine.  Definition. — This  affection  has  also 
been  termed  "sick  headache,"  "hemicrania,"  and 
"paroxysmal  headache."  It  is  a  periodical  neurosis 
occurring  most  frequently  in  women,  and  is  char- 
acterized by  paroxysmal  attacks  of  severe  pain  usually 
confined  to  one  side  of  the  head,  chiefly  in  the  course 
of  the  fifth  nerve.  At  times  it  is  preceded  by  a  variety 
of  transient  visual  disturbances  and  paresthesia?, 
and  followed  by  nausea  and  vomiting. 

Symptoms. — The  headache  does  not  arise  suddenly, 
but  is  generally  preceded  by  premoniton-  symptoms, 
such  as  vague  indisposition,  restless  sleep,  irritability, 
depression  of  spirits,  somnolence,  sensation  of  fulness 
in  the  head,  slight  dizziness,  etc.,  and,  later,  transient 
Ocular  symptoms  may  develop.  The  headache  is  dull 
and  slight  at  first,  but  gradually  reaches  such  intensity 
that  it  is  often  described  as  unendurable,  and  the 
patient  is  frequently  obliged  to  go  to  bed.  During 
the  attack  all  of  the  senses  become  more  acute,  and 
there  is  general  hyperesthesia,  the  sufferer  being  dis- 
turbed by  bright  light  or  the  slightest  sound.  The 
temperature  is  normal,  and  the  pulse  is  either  slightly 
accelerated  or  slow.  Sometimes,  on  the  affected  side, 
the  face  is  flushed  and  hot,  the  conjunctiva  injected, 
the  pupil  contracted,  and  there  is  strong  pulsation  of 
the  arteries;  or  the  face  is  pale  and  the  pupil  dilated. 
But  such  phenomena  are  by  no  means  constant:  in 
fact  they  are  quite  rare.  They  usually  alternate 
during  the  attack  and  are  most  frequently  bilateral. 
The  former  has  been  interpreted  as  due  to  sympathetic 
vasomotor  paralysis  (angioparalytic),  and  the  latter 
as  being  due  to  vasomotor  spasm  (angiospastic). 
Too  much  stress  has  been  laid  by  some  writers  upon 
the  value  of  such  manifestations.  They  are  so  uncer- 
tain and  variable  that  as  a  rule  they  are  of  no  special 
clinical  significance.  The  pain  is  usually  confined  to 
one  side  of  the  head.  It  may,  however,  affect  either 
side  alternately,  or  both  sides  may  become  involved 
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at  the  same  time,  the  pain  varying  in  degree  on  the 
two  sides.  The  left  side  ia  more  frequently  affected. 
At  one  time  it  may  have  its  greatest  intensity  in  the 
forehead,  and  at  another  time  it  may  be  situated  in  the 
occipital  region.  Nausea  and  vomiting  generally 
take  place  either  during  the  early  part  of  the  attack 
or  toward  the  end.  In  some  patients  vomiting  i- 
nt.  Polyuria  occasionally  occur-  at  tin-  termina- 
tion of  the  attack.  When  the  pain  subside  ,  sleep 
follows,  and  the  patient  awakes  free  from  discomfort. 
The  headache  may  last  for  from  several  hours  to  three 
or  four  days  or  longer.  Ocular  symptoms  constitute 
a  prominent  feature  in  a  certain  number  of  cases,  but 
they  do  not  occur  in  every  attack.  In  the  most  com- 
mon type  of  migraine  they  are  entirely  absent.  The 
visual  disturbances  occur  in  the  form  of  photophobia, 
blurring  of  vision,  bright  lights,  vibrating  or  luminous 
sensations  which  commence  over  a  small  area  and 
gradually  widen  out,  the  flashing  increasing  in  inten- 
sity and  often  assuming  a  zigzag  shape  like  the  outline 
of  fortifications  (scotoma  scintillans),  hemianopsia, 
and  transient  amblyopia  or  blindness.  This  type  has 
often  been  termed  "ophthalmic  migraine." 

Other  abnormal  sensations  are  also  complained  of, 
such  as  disturbed  sensation  in  the  extremities,  numb- 
ness and  tingling  in  the  skin,  as  well  as  partial  aphasia. 
The  eye  symptoms  and  paresthesia^  when  present 
almost  invariably  precede  the  headache  (just  as 
certain  aura?  precede  an  attack  of  epilepsy),  and  last 
for  from  a  few  minutes  to  half  an  hour.  In  rare 
instances,  such  sensory  phenomena  occur  paroxys- 
mally  without  the  headache. 

Etiology. — It  is  pre-eminently  an  inherited  disease. 
The  constitutional  peculiarity  which  predispose- 
certain  people  to  migraine  is  not  clearly  understood. 
That  some  persistent  pathological  condition  must 
exist  is  quite  evident.  Many  of  the  so-called  reflex 
causes,  such  as  uterine  and  menstrual  disorders,  eye- 
strain, dental  caries,  or  nasopharyngeal  disease,  are 
frequently  only  coincidental  conditions.  Ocular 
defects  are  more  frequently  the  cause  of  other  forms 
of  headache. 

Indigestion  and  intestinal  autotoxemia  are  the  most 
important  acquired  factors  in  the  causation  and  per- 
sistency of  the  affection.  Neurasthenia  and  hysteria, 
gout  and  various  lithemic  conditions  also  play  an 
important  role.  The  constitutional  substratum  varies 
in  different  individuals.  Among  the  exciting  causes 
of  attacks  may  be  mentioned  mental  overwork  and 
anxiety,  excessive  fatigue  or  exhaustion  from  any 
cause,  constipation,  errors  in  diet,  menstruation,  and 
emotional  excitement. 

Diagnosis. — It  is  differentiated  from  other  forms  of 
headache  by  its  periodical  and  paroxysmal  character, 
its  usual  limitation  to  one  side  of  the  head,  and  its 
association  with  transient  visual  disturbances  and 
other  evanescent  sensory  symptoms,  the  absence  of 
evidence  of  organic  intracranial  disease,  and  the  good 
health  of  the  individuals  during  the  intervals  between 
the  attacks. 

Course  and  Duration. — Migraine  usually  begins 
after  the  twentieth  year,  but  it  has  been  known  to 
commence  as  early  as  the  fifth  or  sixth  year  of  life. 
The  interval  between  the  attacks  varies  from  two 
weeks  to  several  months,  the  length  of  time  often 
being  modified  by  treatment.  During  these  inter- 
vening periods,  the  patient' may  appear  perfectly  well. 
In  women  the  attacks  seem  to  occur  more  frequently 
at  or  about  the  menstrual  period.  In  the  ordinary 
form  it  has  a  tendency  to  subside  spontaneously 
about  the  menopause  in  women,  and  after  the  age  of 
fifty  years  in  men.  This  is  not  the  rule,  for  it  some- 
times lasts  through  a  whole  lifetime.  When  the 
affection  has  persisted  for  several  years,  the  attacks 
being  frequent  and  severe,  it  usually  leads  to  a  general 
neurasthenic  condition.  It  is  thus  commonly  found 
in  association  with  neurasthenia  and  hysteria.  The 
ophthalmic  form  of  migraine  usually  appears  later  in 
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life,  occasionally  growing  progressively  worse,  and  it 
has  been  known  to  be  the  precursor  of  serious  organic 
brain  disease.  Migraine  has  occasionally  been  found 
in  conjunction  with  epilepsy.  In  such  cases,  the 
migraine  attacks  have  at  times  alternated  with  the 
epileptic  seizures  or  epilepsy  has  followed  migraine 
which  had  entirely  disappeared. 

In  rare  instances,  the  attack  of  migraine  is  compli- 
cated by  sudden  paresis  or  paralysis  of  the  third  nerve 
on  the  same  side.  The  ocular  paralysis  is  usually 
transient  and  recurs  in  varying  degrees  in  subsequent 
attacks  of  migraine.  In  many  of  the  reported  cases, 
the  patients  have  eventually  made  a  complete  recov- 
ery both  from  the  attacks  of  migraine  and  from  the 
accompanying  third-nerve  affection.  But  the  out- 
come is  not  always  so  fortunate,  for  in  some  cases  the 
paralysis  gradually  increases  during  the  intervals  and 
ultimately  becomes  permanent. 

Pathology. — The  pathology  is  still  obscure.  The 
prevailing  and  most  plausible  theory  is  that  the  at- 
tacks are  due  to  periodical  discharges  of  nerve  force 
originating  in  the  cerebral  cortex  or  in  the  sensory 
centers,  involving  principally  the  intracranial  branches 
of  the  trigeminus  and  the  pneumogastric  nerves. 
According  to  a  recent  "mechanical  theory,  the 
attack  is  produced  by  an  acute  transient  closure  of 
the  foramen  of  Munro  and  a  consecutive  swelling  of 
the  brain  (Spitzer). 

Treatment. —  Patients  with  migraine  should  lead  a 
regular  life  free  from  excesses  of  any  kind.  The 
avoidance  of  mental  overwork,  and  the  systematic 
practice  of  some  form  of  outdoor  exercise  are  always 
necessary.  All  sources  of  reflex  irritation  should  be 
investigated.  Refractive  errors  should  be  corrected 
by  suitable  lenses,  and  if  there  is  any  defect  in 
the  eye  muscles  it  should  be  remedied  if  practicable. 
This  does  not  necessarily  imply  that  every  patient 
with  migraine  must  be  subjected  to  operation  or  the 
wearing  of  spectacles  as  a  routine  method.  The  same 
rule  holds  good  in  regard  to  operation  for  deviation 
of  the  nasal  septum.  While  some  of  these  patients 
are  in  fairly  good  health  during  the  intervals  between 
t'he  attacks,  many  suffer  from  various  manifestations 
of  toxemia  due  to  gout  or  rheumatism,  such  as  stiff- 
ness and  pain  in  the  muscles  and  joints,  vague  and 
fleeting  neuralgic  pains,  etc.  The  neurasthenic  state 
also  requires  careful  management.  Certainly  such 
indications  are  to  be  met,  and  treatment  is  to  be  in- 
stituted accordingly.  Particular  attention  should  be 
given  to  the  regulation  of  the  action  of  the  bowels  and 
to  proper  diet.  Hydrotherapy  is  also  a  valuable 
adjunct  in  these  cases.  The  more  intelligent  patients 
usually  judge  from  personal  experience  when  the  at- 
tack is  approaching,  and  in  time  they  also  learn  to 
avoid  exciting  causes.  Various  drugs  have  been 
recommended  to  abort  the  attack  in  its  incipiency,  or 
to  relieve  the  pain  during  the  paroxysm,  and  as  a  rule 
they  are  more  effectual  the  earlier  they  are  adminis- 
tered. Among  these  may  be  mentioned:  R  Caffeine, 
gr.  ij.;  phenacetin,  gr.  x.,  with  or  without  potassium 
bromide,  gr.  xv.  R  Acetanilid,  gr.  ij.;  caffeine,  gr.  ij., 
to  lje  repeated  in  twenty  or  thirty  minutes  if  neces- 
sary; or  R  Codeine,  gr.  i;  acetanilid,  caffeine,  aa 
gr.  ij.  At  times  a  brisk  cathartic,  such  as  two  or 
three  ounces  of  Rubinat  water,  or  a  few  ounces  of  a 
strong  infusion  of  coffee,  or  a  moderate  dose  of  wine, 
whiskey,  or  champagne  will  abort  the  attack,  if  taken 
early.  If  the  paroxysm  is  very  severe  the  pain  will 
generally  be  relieved  by  the  hypodermatic  injection 
of  morphine,  or  morphine  or  codeine  may  be  given 
by  the  mouth  if  nausea  and  vomiting  are  absent. 
Some  patients  obtain  relief  from  applications,  to  the 
head,  of  hot-water  cloths  or  a  hot-water  bag,  while 
others  prefer  the  ice  bag.  This  is  purely  a  matter  of 
individual  susceptibility.  A  mustard  plaster  over 
the  nucha,  or  over  the  side  of  the  neck  in  the  course 
of  the  pneumogastric  nerve,  also  at  times  diminishes 
the  pain.      The  use  of  arsenous  acid  and  extract  of 


cannabis  indica  administered  for  a  prolonged  period  of 
time,  has  proved  that  they  are  must  serviceable  drugs. 
1$  Ext.  cannabis  indicae,  gr.  i;  acid,  arsenos.,  strych. 
sulph.,  aa  gr.  j*0;  quinin.  sulph.,  gr.  \;  extr.  taraxaci, 
q.  s.  M.  ft.  pil.  No.  i.  These  pills,  given  after  meal 
for  one  week — the  dose  of  the  various  ingredients 
being  gradually  increased  each  week — should  be  taken 
regularly  for  many  months  or  a  year. 

When  the  attacks  are  frequent  and  severe,  the  ad- 
ministration of  potassium  bromide  gr.  xv.,  and  fluid 
extract  of  ergot  ul  xv.  t.i.d.  proves  serviceable  during 
the  first  few  weeks  of  treatment. 

Organic  Headache. — Headache  is  commonly  a 
pronounced  symptom  in  all  inflammatory  proce  e 
which  affect  the  exterior  or  interior  of  the  skull.  It 
thus  occurs  in  disease  of  the  periosteum,  in  caries  of 
the  petrous  portion  of  the  temporal  bone,  in  inflam- 
mation in  the  cavities  situated  in  the  skull,  as  the 
frontal  and  sphenoidal  sinuses,  the  orbital  cavity  ami 
the  middle  ear,  and  in  diseases  of  the  brain  and 
meninges.  Headache  as  it  occurs  in  the  following 
conditions  will  be  briefly  described:  1.  Intracranial 
tumor.  2.  Cerebral  abscess.  3.  Leptomeningitis.  4. 
Pachymeningitis.  5.  Intracranial  syphilis.  6.  Vas- 
cular disease.  7.  Encephalitis.  8.  Mastoid  disease 
and  sinus  thrombosis.  9.  Disease  of  the  cranial  bones. 
10.  Diseases  of  the  frontal  sinus.  11.  Caries  of  the 
cervical  vertebra?.  12.  Acromegaly.  13.  Spinal-cord 
disease. 

1.  Intracranial  Tumor. — The  most  persistent  and 
distressing  form  of  headache  is  that  which  occurs  in 
patients  with  intracranial  tumor.  It  is  one  of  the 
most  constant  and  obtrusive  symptoms.  In  excep- 
tional instances,  headache  may  be  absent  during  the 
entire  course  of  the  disease.  But  such  a  condition  is 
very  rare,  the  headache  varying  in  intensity  in  differ- 
ent cases.  Occasionally  it  may  be  of  a  mild  character. 
As  a  rule  it  attains  great  severity,  preventing  sleep, 
and  at  times  becoming  so  unendurable  that  the  patient 
has  been  known  to  commit  suicide.  Sometimes  the 
pain  is  paroxysmal,  but  more  frequently  it  is  almost 
continuous  with  periods  of  great  exacerbation.  The 
headache  is  usually  diffuse,  but  it  may  be  limited  to 
the  forhead,  parietal  region,  or  occiput,  changing  its 
location  from  time  to  time.  The  seat  of  the  pain  in 
the  cranium  does  not  necessarily  imply  that  the  growth 
is  subjacent.  When  the  pain  is  confined  to  the  frontal 
region  it  by  no  means  indicates  that  the  frontal  lobes 
are  involved,  for  such  pain  often  occurs  in  cerebellar 
tumor.  The  presence  of  persistent  occipital  pain 
extending  to  the  neck  would  lead  us  to  assume  that 
the  growth  is  probably  situated  in  the  posterior  cranial 
fossa.  If  the  headache  is  limited  to  a  circumscribed 
area  it  most  frequently  corresponds  with  the  location 
of  the  growth  which  has  also  involved  the  under- 
lying meninges.  If  it  be  confined  to  one  side  of  the 
head,  the  probability  is  that  the  tumor  is  on  the  same 
side.  This  is  not  an  invariable  rule,  however.  The 
pain  is  aggravated  by  everything  that  interferes  with 
the  cerebral  circulation.  It  is  thus  made  worse  by, 
psychical  excitement,  alcohol,  coffee,  muscular  activity 
coughing,  straining  at  stool,  sneezing,  etc.  Head- 
ache can  be  considered  only  one  of  the  prominent 
general  symptoms  of  brain  tumor,  and  in  itself  it  is  of 
no  value  in  localization.  The  other  important  general 
symptoms  frequently  found  in  association  with  the 
headache  are  vomiting,  double  optic  neuritis  (choked 
disc),  and  vertigo.  Various  symptoms  indicating  the 
location  of  the  lesion  are  usually  present.  It  is  uni- 
versally assumed  that  the  headache  is  produced  by 
irritation  of  the  numerous  branches  of  the  trigeminus 
supplying  the  dura.  The  dura  may  also  be  stretched 
and  irritated  as  a  result  of  intracranial  pressure.  If 
this  be  true,  in  the  former  cond'tion  the  pain  would 
probably  be  circumscribed,  while  in  the  latter  we 
would  expect  it  to  be  diffused.  Clinical  facts,  how- 
ever, cannot  always  be  reconciled  with  this  view. 
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2.  Cerebral  Abscess.— In  cerebral  abscess  headache 
is  the  earliest  and  most  constant  general  symptom, 
just  as  it  is  in  brain  tumor.  It  is  generally  of  great 
severity,  but  often  manifests  itself  as  a  persistent  dull 
ache,  deeply  situated,  and  referred  mainly  to  the  seat 
of  the  abscess.  The  development  and  growth  of  the 
abscess  are  likely  to  produce  paroxysms  of  headache 
of  the  severest  type.  During  the  latent  stage  the  pain 
may  be  slight  and  occur  only  periodically.  The 
attacks  mav  last  for  from  several  hours  to  severa  days. 
As  in  brain  tumor,  the  pain  is  aggravated  by  every- 
thing that  causes  mechanical  congestion  or  increases 
the  intracranial  circulation.  The  headache  may  be 
general,  but  is  more  frequently  confined  to  the  same 
side  as  the  abscess.  In  otitic  abscess  it  may  be 
strictly  circumscribed  to  the  temporal  region,  the  pain 
being  "first  experienced  in  the  ear,  and  later  radiating 
over  the  entire  head.  Abscess  in  the  cerebellum  may 
begin  with  frontal  headache,  but  is  usually  accom- 
panied by  pain  in  the  occipital  region  and  neck.  In 
cerebral  abscess  the  headache  is  generally  associated 
with  other  svmptoms  of  intracranial  pressure,  as  optic 
neuritis  vomiting,  and  slowness  of  the  pulse. '  As  the 
disease  advances,  there  may  be  general  or  localized 
convulsions,  weakness  of  memory,  restlessness,  irrita- 
bility, or  mental  confusion.  Fever  is  generally  pres- 
ent, but  often  disappears  for  varying  periods,  only  to 
return  higher  than  before.  Frequently  the  tempera- 
ture is  normal  or  subnormal.  The  commonest  cause 
of  abscess  in  the  brain  is  middle-ear  disease.  In  such 
cases  the  temporal  lobe  or  cerebellum  is  most  fre- 
quently  involved. 

3.  Inflammation  of  the  Pia  or  Leptomeningitis.— 
This  is  always  due  to  an  infective  process.  The 
acute  form  is  often  purulent,  and  of  the  cerebrospinal 
type.  Extremely  severe  general  headache  is  a  per- 
sistent, prominent,  and  obtrusive  symptom.  It  may 
precede  or  follow  a  chill  and  rise  of  temperature. 
There  may  be  vertigo,  vomiting,  general  hyperesthe- 
sia, rigidity  of  the  neck  muscles,  inequality  of  the 
pupils,  and,  later,  mental  confusion  and  coma.  In 
chronic  leptomeningitis  persistent  headache  is  a  fre- 
quent svmptom,  but  it  is  not  present  in  every  case. 
Its  severity  is  probably  dependent  on  the  extent  of  the 
process.  It  is  usually  accompanied  by  signs  of  intra- 
cranial pressure,  such  as  vomiting  and  optic  neuritis. 
The  disease  may  attack  either  the  convexity  or  the 
base  of  the  brain.  In  the  former,  the  cranial  nerves 
escape,  there  is  more  delirium,  and  there  may  be  unilat- 
eral or  general  convulsions  and  hemiparesis.  In  the 
latter,  several  or  many  of  the  cranial  nerves  maybe 
involved,  and  there  is  more  marked  rigidity  of  the 
postcervical  muscles. 

4.  Inflammation  of  the  Dura  or  Pachymeningitis 
Externa. — The  headache  is  usually  circumscribed,  and 
is  often  accompanied  by  naiisea  or  vomiting  and  slight 
fever.  When  only  one  side  of  the  convexity  of  the 
brain  is  involved  the  pain  is  confined  to  the  same  side. 
In  severe  cases  the  disease  may  extend  to  the  pia,  and 
it  is  then  often  accompanied  by  typical  Jacksonian 
epileptic  attacks  and  hemiparesis  on  the  opposite 
side  of  the  body.  It  is  usually  the  result  of  trauma- 
tism to  the  skull,  of  caries  of  the  petrous  portion  of  the 
temporal  bone,  as  in  mastoid  disease,  of  syphilis,  and 
of  ethmoidal  caries.  Pachymeningitis  interna  or 
hematoma  of  the  dura  is  also  accompanied  by  headache 
and  somewhat  similar  symptoms.  This  disease  occurs 
most  frequently  in  old  people  with  chronic  alcoholism, 
syphilis,  or  dementia. 

"  5.  Intracranial  Syphilis. — Headache  may  antedate 
all  other  symptoms  of  intracranial  syphilis,  especially 
syphilitic  meningitis,  for  several  months  or  years.  As 
a  rule,  it  is  the  earliest  and  most  constant  symptom, 
and  often  occurs  in  paroxysms,  or  there  are  periodical 
exacerbations  in  which  it  becomes  intolerable.  Very 
frequently  such  exacerbations  occur  toward  evening 
or  at  night,  and  thus  prevent  sleep.  At  times  the 
attacks  are  periodical.     At  the  height  of  the  paroxysm 
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the  pain  often  becomes  excruciating,  while  during  the 
intervals  it  may  diminish  to  a  dull  aching  sensation 
or  entirely  disappear.  The  headache  is  rarely  circum- 
scribed (unless  there  is  disease  of  the  cranial  bones), 
but  is  usually  distributed  over  the  frontal,  temporal, 
or  parietal  regions,  and  eventually  over  the  occiput 
and  neck.  Extreme  tenderness  on  pressure  upon 
the  skull  occurs  only  when  the  periosteum  or  bones 
are  involved  at  the  same  time.  The  pathological 
process  affecting  the  intracranial  structures  is  that  of 
arteritis,  gumma,  or  gummatous  meningitis.  It  is 
not  uncommon  for  all  three  conditions  to  exist  at  the 
same  time.  The  meningitis  is  frequently  of  the  type 
of  a  meningoencephalitis,  and  may  be  confined  either 
to  the  convexity  or  to  the  base  of  the  brain.  In  the 
former,  there  are  more  delirium,  and  disturbance  of 
consciousness,  and  localized  or  general  epileptic 
seizures,  sometimes  followed  by  hemiparesis  or  hemi- 
plegia. In  the  latter,  the  cranial  nerves  at  the  base 
often  become  involved,  thus  producing  facial  or  ocular 
paralysis,  etc.  Chronic  syphilitic  meningitis  is 
generally  loeal,"and  occurs  chiefly  in  the  neighborhood 
of  a  gummatous  growth.  The  main  features  or  gen- 
eral symptoms  of  cerebral  syphilis  are  similar  to  those 
of  tumor.  Thus,  in  addition  to  headache,  there  are 
vomiting,  double  optic  neuritis,  and  various  paralyses. 
Mental  hebetude,  somnolence,  or  periods  of  uncon- 
sciousness are  often  characteristic  and  almost  pathog- 
nomonic symptoms  that  occur  in  association  with  the 
persistent  headache  of  intracranial  syphilis.  In 
addition,  there  often  are  alterations  in  character,  loss 
of  memory,  mental  dulness,  and  absence  of  the  pupil- 
lary light  reflex.  The  examination  of  the  cerebro- 
spinal fluid  obtained  by  lumbar  puncture  (not 
contaminated  by  blood)  is  imperative  in  doubtful 
cases.  The  presence  of  a  positive  Wassermann 
reaction,  together  with  an  excess  of  globulin  and 
lymphocytes  renders  the  diagnosis  of  cerebrospinal 
syphilis  beyond  question.  The  discovery  of  a  positive 
Wassermann  reaction  in  the  blood  serum,  however,  is 
insufficient. 

6.  Vascular  Disease. — Headache  due  to  arterio- 
sclerosis is  essentially  the  result  of  circulatory  dis- 
turbances in  the  brain  and  interference  with  nutrition. 
(See  above  in  the  sections  on  Cerebral  Hyperemia  and 
Anemia.)  In  syphilitic  endarteritis,  however,  the  head- 
ache is  not  due  to  the  arterial  changes  alone,  but  to  the 
associated  meningitis  or  gumma.  Vascular  disease, 
such  as  arteritis  and  sclerotic  degeneration,  frequently 
arises  in  conjunction  with  chronic  renal  disease,  chronic 
gout  and  rheumatism,  and  old  age. 

7.  Encephalitis. — This  is  an  acute  inflammatory 
affection  of  the  brain.  It  has  recently  been  well 
described  by  Oppenheim  as  "acute  primary  hemor- 
rhagic encephalitis."  The  headache  is  very  severe, 
and  generally  affects  the  entire  head,  or  the  pain  may 
be  greater  in  the  occipital  region  and  neck.  It  is 
accompanied  by  vertigo,  nausea  and  vomiting,  apathy 
and  general  depression.  These  symptoms  are  soon 
followed  by  somnolence,  which  rapidly  develops  into 
unconsciousness.  Later,  there  may  be  monoplegia, 
hemiplegia,  and  various  other  signs  indicating  involve- 
ment of  special  cerebral  centers.  Recovery  is  not 
infrequent.  The  disease  is  rare,  and  generally  affects 
young  people  between  fifteen  and  thirty  years  of  age. 
As  it  most  frequently  complicates  or  follows  acute 
influenza,  it  has  also  been  termed  "influenza  encepha- 
litis." It  is  acute  in  its  onset,  beginning  like  many  of 
the  acute  infectious  fevers. 

There  is  another  form  of  encephalitis  known  as 
"acute  polioencephalitis  superior."  After  several 
days  of  headache,  vertigo,  and  vomiting,  mental  con- 
fusion and  delirium  take  place.  At  about  the  same 
time  the  eyes  become  involved  in  paralysis  of  ocular 
muscles,  which  at  times  develops  into  complete 
ophthalmoplegia.  It  usually  terminates  in  death  in 
about  two  weeks.  Recovery  is  rare.  This  disease 
was  originally  described  by  Wernicke.     It  is  an  acute 
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hemorrhagic  encephalitis  confined  mainly  to  the  gray 
matter  in  the  floor  of  the  third  ventricle  and  that  of 
the  aqueduct  of  Sylvius.  Chronic  alcoholism  and  in- 
fection are  the  usual  causes. 

8.  Mastoid  Disease  and  Sinus  Thrombosis. — Head- 
ache occurring  in  these  conditions  is  usually  on  the 
same  side  as  the  lesion.  Beginning  in  the  ear  the 
pain  radiates  over  the  entire  side  of  the  head.  When 
severe,  it  generally  arises  in  consequence  of  the  exten- 
sion of  the  infective  process  to  the  dura.  As  the  local 
and  general  pyemic  infection  advances,  the  headache 
often  diminishes  pari  passu  with  the  obtunding  of  the 
sensorium.  Furthermore  it  may  be  complicated  by 
the  presence  of  a  dural,  temporal,  or  cerebellar  abscess, 
and  leptomeningitis  may  ultimately  develop  with  its 
usual  train  of  symptoms.  Mastoid  disease  and  sinus 
thrombosis  are  in  nearly  all  cases  due  to  middle-ear 
disease  and  caries  of  the  petrous  portion  of  the  tem- 
poral bone.  Sinus  thrombosis  is  also  a  complication 
of  facial  carbuncle  and  erysipelas  of  the  head. 

9.  Disease  of  the  Cranial  Bones;  Periostitis. — Bone 
disease  affecting  the  exterior  of  the  skull  is  the  result 
of  traumatism  in  the  majority  of  instances.  In  a 
large  proportion  of  cases,  however,  there  may  be 
periostitis  due  to  syphilis,  i.e.  periosteal  nodes  over 
the  cranium.  Circumscribed  gummata  of  the  skull 
arise  in  the  most  part  in  the  epicranial  periosteum. 
In  such  cases  headache  is  often  constant  and,  as  in  all 
forms  of  intracranial  syphilis,  is  liable  to  exacerbations 
during  the  night.  The  bone  affected  is  usually  tender 
and  painful  to  the  touch.  The  headache  accompany- 
ing cranial  periostitis  may  be  mistaken  for  the  form 
of  headache  due  to  musc\ilar  rheumatism,  or  vice  versa. 

10.  Disease  of  the  Frontal  Sinus.- — In  catarrh  or 
suppuration  in  the  frontal  sinus,  the  headache  is  con- 
fined to  the  frontal  region  as  a  rule,  but  may  become 
general,  with  the  greatest  intensity  over  the  affected 
sinus.  At  first  the  pain  is  dull  and  intermittent  in 
character.  It  may  gradually  or  suddenly  become 
persistent  and  severe  and  prevent  sleep._  Percussion 
over  the  sinus  usually  increases  the  pain.  Swelling 
and  tenderness  of  the  tissues  over  the  region  of  the 
affected  sinus  are  commonly  present,  and  ultimately 
all  of  the  symptoms  of  local  and  general  infection  may 
develop.  The  radiographic  picture  will  often  confirm 
the  diagnosis. 

11.  Caries  of  the  Cervical  Vertebra. — Occipital  head- 
ache is  commonly  present  in  caries  of  the  upper  cer- 
vical vertebra.  The  pain  may  extend  to  the  parietal 
and  temporal  regions,  and  is  increased  by  movement 
and  deep  pressure  over  the  vertebra?.  It  is  usually 
accompanied  by  rigidity  of  the  neck  muscles,  or  the 
head  may  be  partially  fixed  in  the  median  line. 

12.  Acromegaly. — The  headache  may  be  localized 
in  the  occiput  or  the  frontal  region,  or  be  confined  to 
one  side  of  the  head.  It  may  be  continuous  or  inter- 
mittent, and  is  often  persistent  and  severe,  usually 
being  worse  in  the  morning.  It  is  almost  always 
accompanied  by  ocular  symptoms,  such  as  impair- 
ment of  central  vision  or  bitemporal  hemianopsia, 
which  often  terminates  in  optic  atrophy  and  complete 
blindness.  Acromegaly  is  a  rare  disease,  and  was 
first  described  by  Pierre  Marie  of  Paris,  in  1886. 
Since  that  time  many  cases  have  been  observed  in 
this  country  and  elsewhere.  The  diagnosis  of  the 
cause  of  the  headache  can  be  made  only  by  a  recogni- 
tion of  the  associated  pathognomonic  physical  signs 
of  the  disease,  i.e.  enlargement  of  the  hands  and 
feet,  enlargement  of  the  cranial  and  facial  bones, 
hypertrophy  of  the  tongue,  and  of  the  muscular  and 
connective  tissues  of  the  extremities,  slow  but  pro- 
gressive weakness,  and  the  visual  defects  as  above 
described. 

The  headache  may  continue  for  years  or  persist 
during  the  progress  of  the  affection,  and  is  supposed 
to  be  due  to  the  enlargement  of  the  hypophysis 
(pituitary  body). 

13.  Spinal-cord  Disease. — Headache  cannot  be  con- 
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sidered  a  symptom  of  spinal-cord  disease.  When  it 
is  present,  it  is  merely  a  coincidental  clement  in  the 
genera]  constitutional  disturbance,  or  due  to  some  com- 
plication. The  characteristic  tabetic  neuralgic  pains 
occasionally  attack  the  scalp,  and  are  due  either  to 
involvement  of  the  spinal  or  cerebral  sensory  root 
of  the  trigeminus,  or  to  irritation  in  its  peripheral 
distribution. 

General  Diagnosis. — The  diagnosis  of  the  cause  of 
headache  depends  entirely  upon  the  patient's  history 
and  the  presence  or  absence  of  certain  associated  symp- 
toms. This  will  be  readily  appreciated  after  a  review 
of  the  conditions  in  which  headache  occurs,  either  as  a 
concomitant  or  as  a  pathognomonic  symptom.  The 
general  health  of  the  patient  must  always  be  care- 
fully investigated,  particularly  with  regard  to  the 
function  of  the  digestive  tract  and  the  action  of  the 
kidneys.  While  the  seat  of  the  pain  is  often  suggest- 
ive, too  much  stress  must  not  be  placed  on  this 
indication,  for  in  all  forms  of  headache  the  pain  may 
vary  in  its  location  from  time  to  time.  In  supra- 
orbital and  occipital  neuralgia,  the  pain  is  more  or  less 
paroxysmal  and  superficial  in  character,  being  usually 
confined  to  the  anatomical  distribution  of  the  nerve, 
and  is  therefore  not  a  true  cephalalgia.  Continuous 
headache  lasting  many  days,  with  nocturnal  exacer- 
bations, should  always  lead  to  the  suspicion  of  cere- 
bral syphilis,  and  the  diagnosis  may  often  be  con- 
firmed by  serological  and  cytological  examination 
of  the  blood  and  cerebrospinal  fluid.  It  is  always 
necessary  to  decide  whether  the  headache  is  due  to  a 
functional  disturbance,  or  is  the  result  of  organic 
intracranial  disease.  A  safe  rule  to  follow  in  all  cases 
of  persistent  headache  is  to  ascertain  if  any  signs  of 
cerebral  disease  are  present,  such  as  muscular  spasm; 
paresis  or  paralysis  affecting  the  face,  extremities, 
or  cranial  nerves.  A  constant  general  headache 
which  is  accompanied  by  optic  neuritis  and  frequent 
attacks  of  vomiting  invariably  points  to  intra- 
cranial disease.  The  examination  of  the  pupils 
should  never  be  omitted.  In  hyperemic  forms  of 
headache  the  pupils  are  usually  contracted,  while 
in  anemia  they  are  found  dilated.  When  the  pupils 
fail  to  react  to  light,  or  are  absolutely  rigid,  the  vision 
being  unaffected,  it  is  highly  suggestive  of  cerebral 
syphilis  or  some  other  form  of  cerebral  degeneration. 
The  ophthalmoscope  often  proves  extremely  valuable 
in  diagnosis.  Although  abnormities  of  the  cerebral 
circulation  may  exist  without  evidence  of  such  dis- 
turbance in  the  retina,  the  discovery  of  "choked 
disc"  or  optic  neuritis,  or  a  high  degree  of  hyper- 
metropia  or  myopia,  will  often  be  the  means  of  deter- 
mining the  cause  of  the  headache.  The  most  im- 
portant use  of  the  ophthalmoscope  in  cases  of  head- 
ache is  to  determine  the  presence  or  absence  of  optic 
neuritis.  While  its  absence  does  not  exclude  organic 
disease,  its  presence  is  presumptive  evidence  of  some 
form  of  intracranial  disease  (basal  meningitis,  in- 
creased brain  pressure  from  cerebral  tumor,  or  the 
vascular  degeneration  associated  with  renal  disease). 

Treatment. — A  careful  investigation  of  the  entire 
organism  is  essential  in  every  case,  the  most  important 
element  in  the  treatment  of  patients  with  headache 
being  the  recognition  of  the  cause,  as  the  pain  is 
oftener  dependent  upon  some  underlying  constitu- 
tional condition  than  upon  organic  intracranial  disease. 
The  discovery  and  correct  interpretation  of  such  facts 
should  be  the  principal  guide  in  the  adoption  of  thera- 
peutic measures.  In  the  toxemic  form  of  headache, 
as  well  as  in  all  other  forms,  it  is  absolutely  necessary 
that  the  intestine  be  kept  free  from  fecal  accumulation, 
and  that  the  action  of  the  digestive  organs  be  regulated 
by  suitable  diet.  Headache  from  constipation  is 
rapidly  relieved  by  a  brisk  cathartic.  All  supposedly 
reflex  causes  should  be  rectified,  but  too  much  stress 
must  not  be  laid  upon  the  paramount  importance 
of  such  disorders,  for  many  patients  seem  to  possess  an 
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inherited  or  inherent  predisposition  to  develop  head- 
ache upon  the  slightest  provocation.  It  is  generally 
desirable  and  universally  advocated  that  any  existing 
error  of  refraction  or  eye-muscle  defect  be  corrected. 
Even  when  such  conditions  are  discovered  and  reme- 
died, relief  from  the  headache  does  not  always  follow, 
for  several  causes  mav  be  operative  in  the  same  indi- 
vidual. Therefore,  before  saddling  a  patient  with 
spectacles  for  slight  refractive  errors,  or  cutting  the 
eye  muscles,  or  operating  upon  the  nose  for  deviated 
septum,  or  replacing  a  slightly  displaced  uterus,  or 
suturing  a  trifling  laceration  of  the  cervix,  etc.,  all 
other  probable  causes  of  the  headache  should  be 
systematically  eliminated.  Headache  due  to  cere- 
bral congestion  mav  be  relieved  by  the  avoidance  of  all 
forms  of  cerebral  stimulants  and  psychical  excitement, 
regulation  of  the  diet,  free  purgation  by  calomel  and 
salines,  and  the  administration  of  bromide  of  potassium 
gr.  xv..  and  fluid  extract  of  ergot  TUxv.,  every  three  or 
four  hours.  Severe  cases  require  cupping  or  blistering 
over  the  nucha,  and  local  blood-letting  or  venesection. 
It  would  appear  from  the  experiments  of  Leonard  Hill 
and  others  upon  dogs  that  the  application  of  ice-bags 
to  the  head  as  a  form  of  treatment  has  practically 
no  effect  upon  the  cerebral  circulation.  Hence  the 
time-honored  custom  of  using  the  ice-coil  and  ice-bag 
in  cases  of  meningitis  or  cerebral  congestion  is  without 
any  scientific  evidence  as  to  its  action.  Its  clinical 
value,  however,  is  still  an  open  question.  When  the 
ice-cap  is  used,  it  should  always  be  applied  to  the 
shaven  scalp.  In  headache  from  cerebral  anemia, 
rest  in  bed  with  the  head  low,  and  special  atten- 
tion to  the  cause  (which  is  usually  general  anemia) 
are  of  prime  importance.  The  administration  of 
cardiac  tonics,  and  the  use  of  iron  and  easily  as- 
similated food,  generally  prove  successful  when  or- 
ganic visceral  disease  is  absent.  In  every  form  of 
headache  we  are  often  forced  to  resort  to  the 
temporary  use  of  local  applications  of  dry  or  moist 
cold  or  heat,  or  some  form  of  anodyne  or  counter- 
irritant.  Antipyrin,  acetanilid,  phenacetin,  caffeine 
with  bromide  of  potassium,  etc.,  or  diffusible  stimu- 
lants such  as  aromatic  spirit  of  ammonia,  tincture 
of  valerianate  of  ammonia,  etc.,  often  prove  service- 
able as  symptomatic  remedies,  but  their  selec- 
tion must  be  left  to  the  judgment  of  the  physician. 
When  headache  accompanies  the  infectious  or 
malarial  fevers,  the  reduction  of  the  temperature 
by  hydriatric  or  other  appropriate  measures,  or 
the  use  of  quinine,  usually  proves  efficacious.  Head- 
ache due  to  syphilis  (gumma,  meningitis,  periostitis) 
is  rapidly  relieved  by  neosalvarsan,  mercury,  and 
iodide  of  potassium.  In  headache  due  to  cerebral 
tumor,  free  catharsis  from  time  to  time,  the  avoidance 
of  cerebral  stimulation  or  of  causes  known  to  produce 
interference  with  the  intracranial  circulation,  the 
administration  of  the  drugs  above  mentioned,  or 
morphine  if  necessary,  constitute  the  essential  features 
in  the  medical  treatment.  The  operation  of  either 
subtemporal  or  suboccipital  decompression,  depend- 
ing whether  the  tumor  producing  intracranial  pressure 
is  hemispheric  or  subtentorial,  is  the  best  means  of 
relieving  the  headache  and  other  general  symptoms 
such  as  vomiting,  vertigo,  and  optic  neuritis.  The 
latter,  whenever  accompanied  by  signs  of  interference 
with  either  central  or  peripheral  vision,  is  a  most 
significant  symptom  portending  blindness.  Decom- 
pression is  then  imperative.  It  not  only  relieves 
the  headache,  but,  when  performed  early,  it  saves 
the  patient  from  blindness.  Hence,  in  such  cases, 
delay  while  waiting  for  the  action  of  remedies  such 
as  mercury  and  potassium  iodide  is  unwarranted. 
Heretofore,  it  has  been  customary,  before  operating, 
to  institute  a  thorough  course  of  antisyphilitic  treat- 
ment in  order  to  give  the  patient  the  benefit  of  any 
doubt  as  to  the  possible  gummatous  character  of  the 
growth.  The  subsidence  of  headache  and  other 
general  symptoms  of  cerebral  tumor  during  the  ad- 
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ministration  of  mercury  and  the  iodides,  however, 
does  not  necessarily  imply  that  the  neoplasm  is 
syphilitic,  for  the  irritative  symptoms  of  sarcomat- 
ous and  other  intracranial  pathological  processes 
have  been  known  to  undergo  n  ion  under  this 

plan  of  treatment.  When  the  tumor  is  accessible 
to  -urgical  measures,  it  should  be  removed  as  soon  as 
its  location  is  established. 

In  headache  associated  with  cerebral  abscess,  correct 
localization  and  immediate  surgical  operation  con- 
stitute our  only  hope.  In  cases  of  doubt  as  to  the 
presence  of  otitic  temporosphenoidal  or  cerebellar 
abscess,  it  is  advisable  to  explore  the  middle  and  pos- 
terior cranial  fossa?  as  soon  as  possible  (as  death  may 
suddenly  occur  from  rupture  of  the  abscess  into  the 
ventricles)  rather  than  to  endanger  the  patient's  life 
by  prolonged  observation  for  the  purpose  of  making 
a  positive  diagnosis.  William  M.  Leszvnsky. 


Healing    Springs,     Alabama. 

Washington  County,  Alabama. 


-Healing  Springs, 


Post-office. 

<  '<  it  tuges. 


-Healing  Springs.     Hotel.     Numerous 


Access. — Via  the  Alabama,  Tennessee  and  Northern 
Railroad  to  Millry,  Alabama,  and  thence  one  mile  to 
Springs  and  Hotel.  Hacks  meet  all  trains.  The 
Springs  can  also  be  reached  via  Bucatunna,  Missis- 
sippi, on  the  Mobile  and  Ohio  Railroad,  seventy  miles 
north  of  Mobile,  and  fourteen  miles  east  of  the  Springs. 
These  springs  were  discovered  in  1S70,  and  have  since 
attained  considerable  prominence  as  a  health  resort. 
The  surface  of  the  country  about  the  springs  is  broken 
by  high  ridges  and  slopes,  and  covered  by  the  long- 
leaved  yellow  pine.  The  soil  is  sandy,  and  the  loca- 
tion has  an  elevation  of  about  400  feet  above  tide 
water.  Like  all  resorts  in  this  latitude,  the  winters 
are  mild,  the  temperature  seldom  dropping  below 
freezing  point.  The  summers  are  not  exceptionally 
hot,  the  mercury  almost  always  sinking  to  68°  or  70' 
F.  at  night.  During  the  reoent  summer  the^highest 
temperature  observed  was  92°  F.  The  springs  are 
eleven  in  number,  but  only  four  are  much  used.  The 
"Creek"  Spring  boils  up  in  the  center  of  a  small 
stream  and  flows  about  eight  gallons  per  minute. 
"  Mound"  Spring,  yielding  thirteen  and  a  half  gallons 
per  minute,  issues  from  a  small  mound  five  or  six  feet 
higher  than  the  ground  around  it.  "McCarty" 
Spring,  supplying  seven  gallons  per  minute,  is  sup- 
posed to  contain  an  acid  of  some  kind  and  also  iron. 
Its  waters  are  used  extensively  for  chronic  diarrhea. 
"Scholes"  Spring  contains  iron  and  sulphur.  Many 
varieties  of  skin  affections,  chronic  renal  diseases, 
disorders  of  the  bladder,  alimentary  tract,  and  liver, 
and  diseases  of  women  are  said  to  receive  benefit  from 
the  waters  of  the  Healing  Springs. 

The  following  analyses  were  made  by  Eugene  A. 
Smith,  Alabama  State  Geologist: 

Grains  per  gallon. 


Creek  Spring.   ;  Mound  Spring. 


Sodium  chloride 

0.33 

0.33 

Sodium  sulphate 

0.05 

0  90 

Potassium  sulphate 

0.18 

0.20 

Magnesium  sulphate 

0.45 

0.55 

Magnesium  bicarbonate. 

0.27 

0  00 

Calcium  bicarbonate 

2.15 

1.79 

Iron  oxide  (ferric) 

ii  28 

0.28 

Silica 

1.58 

1.68 

0.18 

5.29 

5.91 

Emma  E.  Walker. 
Healing  Springs,  Va. — See  Hot  Springs,  Va. 
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Health,  State  Boards  of. — To  provide  for  the 
safety  of  the  people  is  a  fundamental  function  of 
government;  it  can  make  no  higher  law  according  to 
the  old  Latin  maxim.  Every  well-organized  govern- 
ment recognizes  this  obligation  and  formulates  statu- 
tory regulations  to  protect  the  public  or  in  their  ab- 
sence exercises  police  power  under  the  common  law; 
and  civilized  communities  accept  as  fitting  that  when 
the  welfare  of  society  requires  it  individual  right  to 
liberty  and  property  must  give  way.  Safeguarding 
the  public  health  comes  under  this  justifiable  police 
power  of  orderly  government,  and  in  later  time  laws 
and  executive  activities  to  this  end  have  come  into 
existence. 

Under  the  policy  of  government  in  the  United 
States  the  authority  for  this  is  vested  in  the  separate 
States  rather  than  in  the  Federal  Government.  It 
has  been  assumed  by  them  directly  during  the  last 
quarter  of  the  nineteenth  century,  prior  to  which  time 
health  work  was  for  the  most  part  carried  out,  if  at 
all,  by  their  lesser  political  divisions. 

The  Federal  Government  at  Washington  has  not 
assumed,  unless  perhaps  in  exceptional  cases,  to 
control  officially  the  health  service  of  the  States. 
It  has,  however,  done  much  public  health  work. 
The  United  States  Public  Health  Service  is  an 
organization  of  Federal  authority  under  the  direction 
of  the  Treasury  Department,  which  cooperates  with 
the  State  and  local  health  departments  and  does 
general  work  of  importance.  It  publishes  weekly 
reports  of  health  throughout  the  country  and  the 
world,  with  other  valuable  material  relating  to  the 
public  health;  it  has  supervisory  authority  to  some 
degree  over  quarantine;  it  has  the  oversight  of  in- 
stitutions whose  products  are  of  general  concern, 
such  as  establishments  for  the  production  of  vaccine 
virus;  it  furnishes  expert  assistance  in  cases  of  extra- 
ordinary need,  and  has  made  elaborate  investigations 
of  endemics  such  as  the  hookworm  disease;  its  hygienic 
laboratory  does  work  in  research  and  special  investi- 
gation; in  its  various  bureaus  it  carries  on  extensive 
work.  It  issues  instructive  bulletins  on  special  sub- 
jects; acknowledgment  is  made  in  preparing  this 
article  to  one  of  its  recent  publications,  a  compre- 
hensive bulletin  on  the  "Organization,  Powers  and 
Duties  of  Health  Authorities,"  prepared  by  Dr.  J. 
W.  Kerr,  Assistant  Surgeon-General.  The  Depart- 
ment of  Agriculture  has  supervision  over  foods  and 
drugs;  the  Pure  Food  law  and  its  execution  is  a  Federal 
activity;  the  Department  of  Commerce,  in  the 
Bureau  of  the  Census,  has  to  do  with  vital  statistics. 
Doubtless  it  would  be  of  very  considerable  advantage 
if  all  this  Federal  public  health  work  were  coordinate,! 
under  a  single  head. 

Organized  establishments  as  a  part  of  the  govern- 
ment in  the  States  for  protecting  the  public  health 
belong  to  recent  time.  Prior  to  the  nineteenth  cen- 
ury,  in  absence  of  statutory  regulations,  official  action 
was  taken  only  sporadically  as  local  conditions  arose 
which  compelled  it;  outbreaks  of  smallpox,  yellow 
fever,  or  cholera  called  for  measures  to  control  them 
by  the  localities  in  which  they  occurred,  and  local 
authorities  acted  under  the  common  law  and  their 
own  police  authority  during  the  continuance  of  the 
pestilence.  The  larger  cities  were  the  first  to  realize 
the  need  of  permanent  establishments  to  care  for 
health,  as  the  exigencies  of  growth  and  seaport  ex- 
posure made  this  apparent,  and  about  the  beginning 
of  the  last  century  boards  of  health  began  to  be 
formed  in  the  cities.  Baltimore,  Philadelphia,  New 
York,  and  Boston  about  this  time  created  boards  of 
health,  and  in  succeeding  years  like  action  was  taken 
by  all  important  cities,  forming  them  under  the  pro- 
visions of  their  charters,  or  by  municipal  ordinance 
or  under  the  authority  of  special  State  law.  In 
1797  Massachusetts  enacted  a  State  law  which  pro- 
vided for  the  establishment  of  town  boards  of  health 
and  gave  them  authority  to  make  such  regulations 


as  each  might  judge  necessary  for  the  public  health. 
This  was  the  first  step  taken  in  this  country  toward 
uniform  sanitary  legislation  and  served  as  a  model 
for  similar  action  in  other  States.  Provision  for 
local  boards  of  health  was  made  by  most  of  the  Slate  , 
a  h  hough  by  few  of  them  until  fifty  years  later.  Not 
townships  alone,  but  cities,  villages  or  counties  were 
thus  provided  for;  how  generally,  save  by  more 
populous  communities,  this  authorization  was  acted 
on  and  how  effectively  in  the  absence  of  central 
supervisory  control  cannot  be  very  well  stated. 
However  it  is  evident  that  there  was  a  good  deal  of 
local  health  work  done  before  State  boards  of  health 
came  into  existence,  even  in  the  smaller  communities 
throughout  the  country. 

As  .Massachusetts  led  in  providing  State  legisla- 
tion for  local  boards  of  health,  so  also  she  did  in 
establishing  State  boards  of  health,  as  the  term  is 
now  understood.  In  1849  the  legislature  authorized 
the  governor  to  appoint  a  commission  to  make  a 
sanitary  survey  of  the  State.  The  thorough  and 
comprehensive  document  prepared  as  the  report  of 
this  commission  presented  a  plan  of  organization 
for  a  general  or  State  board  of  health  which  was  so 
complete  that  it  was  closely  followed  when  the  State 
board  was  brought  into  existence  twenty  years  later, 
and  indeed  furnished  a  model  for  the  guidance  of 
many  other  States  subsequently.  The  coordination 
of  health  work  by  State  organizations  does  not  appear 
to  have  been  felt  as  necessary  before  this.  In  the 
colonies  and  the  sparsely  settled  States  there  was 
little  need  for  such  supervision,  and  the  subject  of 
public  hygiene  had  not  enlarged  sufficiently  to  empha- 
size its  importance.  Louisiana  had  as  early  as  1865 
formed  what  was  called  a  State  board  of  health,  but 
it  could  hardly  be  so  regarded  since  it  was  created 
only  for  the  purpose  of  maintaining  a  quarantine 
to  protect  the  city  of  New  Orleans.  It  is  fair  to 
say  that  the  one  set  up  by  Massachusetts,  in  1869, 
is  entitled  to  the  primacy.  (It  her  States  soon  fol- 
lowed this  lead  and  largely  this  guidance,  so  that 
in  1880,  when  action  of  this  sort  was  taken  by  New 
York  State,  boards  of  health  were  created  in  twenty 
States,  and  by  1909  every  one  of  the  forty-eight 
States  had  such  an  establishment. 

State  boards  of  health  have  been  created  in  the  following  years: 

1869  Massachusetts. 

is 70  California. 

Is7^    Minnesota,  Virginia. 

1873  Michigan. 

1874  Maryland. 

1875  Alabama. 

1576  Wisconsin. 

1577  Illinois,  Mississippi,  North  Carolina,  Tennessee,  Connecticut, 
Kentucky. 

1878  Rhode  Island,  South  Carolina. 

1879  Delaware. 

1SS0  Iowa,  New  York,  Arkansas,  Indiana. 

I  sst    New  Hampshire,  West  Virginia. 

1883  Missouri,  Kansas,  Maine. 

1885  Pennsylvania. 

18S6  Ohio,  Vermont. 

1S89  Florida,  North  Dakota. 

1890  Oklahoma. 

1891  Nebraska,  Washington. 
1893  Colorado,  Nevada. 
1895  South  Dakota. 

1898  Utah,  Louisiana. 

1901   Montana,  Wyoming. 

1903  Arizona,  Georgia,  Oregon,  New  Mexico. 

1907  Idaho. 

1909   Texas. 

In  most  of  the  States  the  central  health  authority 
is  vested  in  a  board  or  department  of  health,  and 
designated  as  such  officially.  Appointment  of  the 
members,  of  whom  they  are  variously  composed,  is 
generally  made  by  the  governor  with  the  consent  of 
the  senate;  exceptions  to  this  are  few.  Alabama 
constitutes  "The  Medical  Association  of  the  State 
of  Alabama"  the  State  Board  of  Health,  under  which 
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title  the  law  proceeds  to  outline  its  duties  and  juris- 
diction. In  Arizona  the  governor,  attorney-general 
and  a  superintendent  of  health  appointed  by  the 
governor  and  senate  comprise  the  board.  Nebra  ka 
makes  the  governor,  attorney-general  and  superin- 
tendent of  public  instruction  the  board  of  health. 
New  Hampshire's  board  is  made  up  of  the  governor 
attorney-general,  three  physicians  and  a  civil  engi- 
neer; North  Dakota,  the  attorney-general,  a  superin- 
tendent of  public  health,  and  one  other,  both  appointed 
by  the  governor.  In  South  Carolina  the  State 
Medical  Association  ami  the  attorney-general  com- 
pose the  board  and  elect  an  advisory  committee  of 
seven  members.  In  Tennessee  the  board  of  health  con- 
sists of  three  physicians  and  the  commissioner  of  agri- 
culture. The  board  must  be  made  up  exclusively 
of  physicians  in  twelve  States.  In  thirty-one  States 
there  must  be  physicians  on  the  board.  In  ten 
States  a  majority  of  Hie  board  must  be  physicians. 
In  a  few  States  it  is  required  that  various  recognized 
schools  of  medicine  must  be  represented.  Ex-officio 
members,  including  the  attorney-general,  the  State 
engineer,  State  veterinarian,  State  commissioner 
of  agriculture,  the  governor,  the  superintendent  of 
public  instruction,  are  required  on  the  board  in  nine 
States,  and  in  Maryland  the  commissioner  of  Health 
of  Baltimore  is  a  member.  In  some  States  the  law 
requires  the  membership  of  an  attorney,  a  civil 
engineer,  or  a  veterinarian.  In  the  latter  case,  the 
board  has  control  of  domestic  animal  diseases.  No 
designation  is  made  as  to  the  personnel  of  the  board 
in  ten  States,  although  the  qualifications  of  those  ap- 
pointed sometimes  are  specified,  as  that  they  shall 
be  versed  in  matters  relatiim  to  the  public  health; 
and  certain  obvious  qualifications  are  required 
generally  as  to  medical  appointees. 

Instead  of  a  board  of  health,  in  three  States  there 
is  a  commissioner  of  health,  one  man  charged  with 
the  duties  of  a  board.  In  New  York  the  central 
health  authority  came  into  existence  in  1S80  as  a 
board  of  health,  which  in  1901  was  replaced  by  a 
Commissioner  on  whom  its  authority  devolved.  In 
1913  his  term  of  office  was  made  six  years,  and  an 
advisory  council  of  six  members  was  made,  without 
executive  function  other  than  to  establish  sanitary 
regulations  having  the  force  of  law  and  to  prescribe 
the  qualifications  of  subordinate  officials  and  of  local 
health  officers;  at  the  same  time  it  was  enacted  that 
the  State  be  divided  into  twenty  sanitary  districts  with 
a  head  to  look  after  the  conditions  of  health  in  each. 

Oklahoma  placed  its  health  authority  in  the  hands 
of  one  commissioner  of  health,  appointed  by  the 
governor  for  a  term  of  four  years.  In  Pennsylvania 
the  department  of  health  consists  of  a  commissioner 
of  health  and  an  advisory  board  of  six  members,  hav- 
ing until  recent  time  been  constituted  as  a  board  of 
health.  Texas  on  the  other  hand  having  had  one 
commissioner  now  has  established  a  board  of  health. 
In  the  District  of  Columbia  there  is  no  board,  a 
health  officer  discharging  the  functions  thereof  in 
the  Federal  District. 

The  term  of  office  of  members  of  boards  of  health  is, 
with  few  exceptions,  from  four  to  seven  years.  Their 
compensation  beyond  reimbursement  for  expenses  is 
seldom  other  than  a  per  diem  allowance,  and  in  not  a 
few  States  none  is  provided  for. 

An  executive  officer,  entitled  the  secretary  or  State 
health  officer,  is  commonly  provided  for  by  the  law. 
He  is  elected  by  the  board  of  health,  or  in  a  few  States 
appointed  by  the  governor.  His  term  of  office  is 
fixed  by  law  save  in  a  few  States ;  his  salary  in  less  than 
half  the  States  exceeds  $3,000;  his  qualifications  are 
more  or  less  exacting,  generally  that  he  must  be  a 
physician,  having  had  certain  years  of  experience  in 
professional  work  and  familiarity  with  what  consti- 
tutes sanitary  science.  His  duties  are  to  enforce  the 
laws  of  the  Stale  for  the  protection  of  the  public 
health   and  the  regulations  of  the  board  of  health, 
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and  to  perform  specific  duties  assigned  by  it,  being 
subordinate  to  the  board  although  generally  its  only 
execut  ive  fund  ionary. 

There  is  provision  in  law  for  the  employment  of 
other  officers  to  carry  on  the  work.  The  executive 
officer  is  sometimes  given  an  assistant  or  deputy;  a 
sanitary  or  civil  engineer,  a  lawyer,  bacteriologist, 
chemist,  and  others  expert  in  various  directions  are 
provided  for.  in  a  few  instances  the  State  is  divided 
into  sanitary  districts  with  a  health  officer  to  look- 
after  its  narrower  limits  under  the  direction  of  the 
board  of  health  and  its  executive  officer. 

To  carry  on  the  public  health  work  States  have 
appropriated  various  relative  amounts,  to  some  ex- 
tent dependent  on  the  extent  and  character  of  duties 
placed  upon  the  board  of  health.  In  some  this  in- 
cludes antitoxin  establishments  and  the  distribution 
of  their  products,  carrying  on  of  tuberculosis  sana- 
toria and  dispensaries  (as  in  Pennsylvania),  enforce- 
ment of  pure  food  laws  and  inspection  of  cold  storage 
plants,  while  most  maintain  hygienic  laboratories, 
engineering  work,  collection  of  vital  statistics.  As- 
sistant Surgeon  General  Kerr  gives  in  the  Bulletin 
heretofore  referred  to  the  following  appropriations  of 
the  States  for  the  use  of  boards  of  health,  with  the 
statement,  which  is  obvious,  that  it  is  difficult  to  esti- 
mate the  exact  amount  intended  for  one  year.  In 
New  York  the  City  of  New  York  is  outside  the  juris- 
diction of  the  State  Department  of  Health,  and  this 
may  be  true  of  other  metropolitan  States. 


State. 


Population. 
1910. 


Amount  for  fiscal  year. 


Pennsylvania 

Massachusetts 

New  York. . . . 

New  Jersey 

Illinois. 

Minnesota 

California . .  2 

2, 

4. 

1. 

2. 

1 


Indiana 

Ohio 

Louisiana 

Virginia 

Maryland 

Montana 
Oklahoma 

Georgia 

Kansas 

Kentucky. 
Colorado 

Michigan 

Alabama 

Missouri 

Vermont 

Wisconsin. .  .  - 
Connecticut 

Mississippi 

North  Carolina 

Rhode  Island. . . 

Idaho 

Maine 

Oregon. 

Tennessee. 

Iowa. 

Utah. 

Washington 

New  Hampshire. 

Nevada 

Nebraska 

Delaware 

Arizona 

North  1  >; 
South  Dakota . 

Wyoming 

West   Virginia.  .  .  . 
Florida 


,665,111 
,3136,416 
,113,614 
,537,167 
,638.591 
,075,708 
.377.549 
700,876 
767,121 
656,388 
,061.612 
295.346 
376,053 
,657,155 
.609,121 
,690,949 
,289,905 
799,024 
,810,173 
138,093 
,293,355 
355.956 
333. v.n 
114,756 
.797,114 
206,287 
542,610 
325,594 
742,371 
672,765 
1S4.7S9 
224,771 
373,351 
i  n  990 

430,572 

81,875 

192,214 

202,322 
204,354 
577,056 
583,888 
145,965 
221,119 
752,619 


(1,853,740 

174,900 
166,437 

114,590 

118,500 

62,500 

60,766 

59,500 

50,482 

40,000 

35,000 

36,500 

34,900 

30,700 

30,500 

43,400 

30,000 

26,450 

25,500 

25,000 

23,650 

21,500 

20,600 

20,000 

25,000 

18,000 

15,000 

16,050 

15,000 

15,000 

14.700 

8,600 

13,375 

13,500 

11,750 

10,000 

9,240 

0,000 

4,500 

2,700 

2,000 

1,500 


A  property 
niills  annu 


ISS.671) 
12.5.425 
lis. .-,110 
67.000 
64,400 
59,500 


40,000 
35,000 
30.500 
33,900 
30,700 
30,500 
28,400 


25.500 
25,000 
23,650 
21,500 
20,600 
20,000 
19,000 
18,00. 
17,700 
16,050 
15.000 
15,000 
14,700 
8,600 


13,500 
13,000 

9.24 
6,000 

2.7110 
2,000 
1,50 
1.500 
tax  of  85 
ally 
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The  powers  and  duties  of  State  boards  of  health  are 
stated  more  or  less  exactly  in  the  laws  which  create 
them.  Broadly  stated,  they  are  given  authority  to 
have  supervision  of  all  matters  relating  to  the  pres- 
ervation of  the  life  and  health  of  the  people;  to  make 
and  enforce  all  needful  rules  to  prevent  disease  of 
human  beings  and  in  some  cases  of  animals,  and  to 
carry  into  effect  the  health  laws  of  the  State.  The 
section  of  the  law  relating  to  powers  and  duties  is  in 
many  of  them  so  similar  in  phraseology  as  if  one 
model  had  been  followed,  that  one  of  them  may  be 
given  as  illustrative,  taking  that  of  New  Jersey: 

"The  said  State  board  shall  take  cognizance  of  all  matters 
affecting  health  and  life  among  the  citizens  of  this  State,  shall 
make  sanitary  investigations  and  inquires  in  respect  of  the  people, 
the  causes  of  diseases,  and  especially  of  epidemics  and  the  sources 
of  mortality,  and  the  effects  of  localities,  employment,  conditions, 
and  circumstances  on  the  public  health;  they  shall  make  investi- 
gations and  inquiries  into  the  sanitary  condition  of  any  State, 
county,  city,  or  township  almshouse,  asylum,  prison,  penitentiary, 
jail,  reform  school,  schoolhouse,  or  other  public  building,  and  of 
tenements,  manufactories,  and  workshops;  the  said  State  board 
shall  also  constitute  a  State  Bureau  of  Vital  Statistics,  who  shall, 
as  such  board,  cause  to  be  made  such  tabular  classification  and 
such  index  and  transcription  of  the  vital  facts  shown  by  the  certi- 
ficates of  marriages,  births,  and  deaths  now  by  law  returned  to 
the  Secretary  of  State  as  may  be  useful  to  the  said  board  or  to  the 
officers  thereof  in  preparing  for  diffusion  among  the  people  of  the 
State  such  facts  as  may  bear  upon  public  health." 

The  State  board  is  given  authority  over  local  boards 
of  health,  to  supervise  the  rules  and  regulations  they 
may  make,  to  direct  them  in  the  execution  of  the  same 
and  of  the  laws  of  the  State,  and  while  the  detail  of 
much  of  the  executive  work  is  placed  upon  the  local 
boards  the  State  board  may  if  deemed  necessary  assume 
these  duties  or  enforce  action  by  them.  The  tend- 
ency of  more  recent  time  is  to  enlarge  the  powers  of 
the  State  at  the  expense  of  the  local  board  and  spe- 
cific executive  work  is  placed  directly  on  it. 

In  the  New  England  and  Middle  States  and  those 
west  which  have  sprung  from  them  in  their  early 
settlement  carrying  their  methods  of  life  and  govern- 
ment, the  town  has  been  the  local  unit  in  compliance 
with  the  policy  habitual  to  them.  The  county  has 
been  more  often  for  like  reason  the  basis  of  local 
authority  in  the  Southern  States  and  those  west  of 
them. 

One  of  the  general  functions  of  State  boards  is  to 
make  sanitary  investigations  of  the  causes  of  disease, 
especially  of  cummunicable  diseases,  and  the  means 
of  preventing  theni.  This  investigative  function  is 
given  wide  scope  and  includes  all  sources  of  mortality 
and  the  effects  of  locality,  employments,  conditions, 
and  circumstances  on  the  public  health.  In  not  a  few 
the  diseases  of  domestic  animals  are  included;  in  New- 
York  this  along  with  the  care  of  milk  and  some  other 
foods  is  placed  on  the  Department  of  Agriculture, 
tenements  and  factories  are  under  the  Department 
of  Labor,  and  school  hygiene  is  a  charge  of  the  Depart- 
ment of  Education.  It  would  perhaps  simplify  and 
lessen  the  cost  for  all  States  if  every  source  of  ill- 
health  were  placed  under  one  responsible  controlling 
authority. 

In  some  States  wherein  specific  endemics  exist, 
such  as  hookworm  disease  or  pellagra,  there  is  the 
direct  duty  placed  on  the  board  to  investigate  them. 
Tuberculosis  has  within  recent  years  been  made  a 
special  administrative  subject  of  care  and  in  some, 
such  as  Pennsylvania,  the  maintenance  of  sanatoria 
is  given.  Laboratory  work  for  the  investigation  of 
disease,  material  for  diagnosis  of  water  supplies  and 
foods,  as  well  as  the  making  and  giving  of  antitoxins, 
are  a  large  part  of  this  function  of  the  central  health 
authority.  It  is  very  evident  that  collective  investiga- 
tion, clinical,  local,  occupational,  the  wdde  field  for 
which  lies  open  to  State  boards  of  health,  may  shape 
into  valuable  contribution  to  sanitary  knowledge. 

Vital  statistics,  the  collection,  record,  classifying  of 
records  of  births,  deaths,  and  marriages,  are  provided 


for  by  the  law  for  almost  all  State  boards  of  health. 
The  forms  for  this  are  prescribed  by  them  and 
local  registrars  enforce  their  collection  and  return  them 
for  record  and  filing  to  the  State  board.  The  estab- 
lishing of  this  work  is  of  slow  growth  and  its  perfec- 
tion, on  which  trustworthy  statistics  can  be  based, 
is  variable.  The  Federal  Census  Bureau  does  a 
great  deal  toward  securing  complete  returns.  The 
State  commissioner  of  health  in  New  York  has  au- 
thority to  take  charge  of  this  work  in  any  defective 
municipality. 

Communicable  diseases  and  their  control  from  earli- 
est time  were  the  cause  of  governmental  establish- 
ments to  protect  the  public  health,  and  in  every 
health  law  this  is  the  first  duty  laid  on  the  State 
boards,  being  the  primary  cause  for  its  existence  in  the 
mind  of  the  legislator.  To  establish  quarantine  and 
isolate  persons  having  a  communicable  disease  is  made 
an  emphatic  function  in  many  of  the  State  laws.  The 
board  is  authorized  to  designate  the  diseases  which  are 
to  be  so  regarded  and  to  make  regulations  binding  on 
local  boards  for  their  control.  Morbidity  reports  of 
the  same  to  health  officers  are  required  from  physicians 
and  others  of  all  cases,  and  the  same  must  be  reported 
to  the  State  board;  special  bureaus  are  maintained  by 
the  board  for  this  purpose.  When  epidemics  prevail 
the  State  board  furnishes  officers  to  advise  as  to 
diagnosis  and  management  and  if  necessary  may  take 
control.  Thus  in  the  case  of  smallpox  it  may  take 
measures  to  secure  vaccination,  which  is  of  far  more 
value  than  quarantine  to  control  it;  in  poliomyelitis, 
cerebrospinal  meningitis,  pellagra,  or  hookworm  disease 
expert  inspectors  available  from  the  central  authority 
may  help  the  locality  affected  and  investigate  the 
characteristics  of  the  endemic.  The  State  laboratory 
aids  in  the  diagnosis  by  examination  of  sputum,  dis- 
charges from  the  mucous  surfaces,  or  blood,  and 
serums,  etc.,  for  treatment  are  supplied  from  antitoxin 
establishments;  in  New  York  and  several  other  States 
prophylactic  outfits  for  ophthalmia  neonatorum  pre- 
vention are  given  out  to  all  physicians.  Animal  dis- 
eases are  included  as  under  the  charge  of  the  health 
department  in  a  few  States  only,  save  as  they  may  affect 
the  health  of  human  beings;  antirabic  treatment  is 
supplied  by  some,  and  protection  against  diseases  of 
the  lower  animals  in  general  is  authorized  by  law  in 
others.  In  New  York  this  class  of  work  is  given  to 
the  State  Department  of  Agriculture. 

Tuberculosis  has  been  made  a  special  subject  in  re- 
cent years  for  the  work  of  State  boards,  in  some 
going  so  far  as  to  provide  under  them  for  sanatorium 
treatment.  The  revision  of  the  health  law  of  1913 
for  New  York  makes  elaborate  provision  for  this  and  a 
special  division  is  established  with  a  director  for  this 
exclusive  work.  Cancer  investigation  is  carried  on 
by  New  York,  which  has  an  institute  for  this  purpose. 

Water  supplies  are  under  the  general  oversight  of  all 
State  boards.  They  provide  for  the  analysis  of  the 
water  and  may  make  rules  for  the  sanitation  of  the 
water  shed,  and  plans  for  new  supplies  must  be  sub- 
mitted for  approval.  The  general  oversight  of  all 
inland  waters  used  as  sources  of  supply  is  specified  by 
some  laws,  and  a  large  amount  of  work  is  done  in  thia 
by  the  civil  engineering  divisions  of  State  boards. 
Sewage  disposal  and  plans  for  sewerage  systems 
are  under  the  supervision  of  State  boards,  and  the 
protection  of  streams  from  pollution.  In  some  states 
there  is  provision  for  the  control  of  gaTbage  disposal. 

Railroads  are  specially  made  by  the  law  of  some 
States  subject  to  certain  control;  the  movement  of 
trains,  also  of  steamboats  and  electric  cars,  in  case  of 
epidemics  is  expressly  controllable,  aside  from  the 
general  authority  given  to  health  boards;  the  sanita- 
tion of  cars  and  depots  is  placed  under  their  direction. 
Summer  resorts,  public  buildings,  hotels,  factories  are 
subject  by  law  in  not  a  few  States  to  inspection  and  to 
enacted  regulations.  Schools  are  under  general  or 
certain  specific  supervision  of  State  boards  of  health, 
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such  as  testing  the  eyesight  and  hearing  of  school 
children,  the  lighting^  heating  and  ventilation,  the 
recommendation  of  text-books  on  hygiene,  disinfection 
and  control  in  times  of  epidemics,  are  in  many  under 
the  State  board,  while  in  others  this  work  is  largely 
under  other  departments  of  government. 

Disposal  of  the  dead  and  in  some  the  practi 
embalming  are  subject  to  rules  formulated  by  State 
boards.  The  control  of  cemeteries  and  burial  are 
regulated  and  the  latter  is  used  further  to  secure  the 
report  of  deaths;  transportation  of  the  dead  is  regu- 
lated bv  all  boards. 

Public  health  nurses  are  provided  for  in  New  5  ork, 
to  serve  under  the  health  officer,  in  schools,  tuberculo- 
sis control,  visitation  of  the  sick  and  instruction  of 
households. 

The  practice  of  medicine  is  under  the  authority  of 
the  board  of  health  to  some  degree  in  a  number  of 
States.  In  ten  it  has  direction  of  examination  and 
license;  it  appoints  the  examining  board  in  Connecti- 
cut and  in  Pennsylvania  the  commissioner  of  health 
is  s  member  of  the  medical  council  of  examiners.  In 
New  York  this  work  is  under  the  State  Department  of 
Education  and  the  Department  of  Health  has  nothing 
to  do  with  it,  which  is  likewise  the  case  in  a  majority  of 
the  States. 

Midwives  are  subject  to  examination  and  license 
through  the  State  board  of  health  in  but  few  States. 
Authority  for  this  is  provided  for  in  the  majority  of 
states  by  special  boards.  The  same  is  true  of  nurses, 
who  in  but  two  or  three  States  only  are  under  the 
examination  and  license  of  the  board  of  health  or  must 
pursue  a  course  precedent  thereto  approved  by  it. 

Laboratories  for  research  and  diagnosis  are  provided 
for  by  practically  all  State  boards  of  health.  Some 
have  one  central  hygienic  laboratory,  others  have 
several  branches  in  various  parts  of  the  State.  The 
law  often  specially  provides  for  a  bacteriologist  and 
chemist.  In  some  the  examination  of  food,  drugs, 
illuminating  oils,  is  done  under  the  law;  water 
analysis  is  usual;  in  one  or  two  the  assay  of  liquors  is 
required.  Laboratory  diagnosis  is  the  work  of  all  and 
a  most  important  part  of  their  duties. 

Establishments  for  making  vaccines  and  serums  are 
sustained  by  some  State  boards,  while  others  supply 
these  from  other  sources.  Antirabic  treatment  is 
authorized  by  Alabama,  Georgia,  Indiana,  Maryland, 
Minnesota,  New  York,  and  Wisconsin  free  of  cost  by 
the  State  board;  in  other  States  the  local  boards  are 
given  authority  to  supply  it .  The  United  States  Public 
Health  Service  gives  the  treatment  in  the  District  of 
Columbia  and  supplies  antirabic  virus  to  State  boards 
on  request.  Diphtheria  antitoxin  is  distributed  to 
indigent  persons,  and  to  all  in  emergency,  in  one-half 
of  the  States  through  the  State  board,  and  appro- 
priations are  made  for  it  by  the  legislatures.  Tetanus 
antitoxin  is  supplied  by  the  New  York,  Connecticut, 
Kansas,  Rhode  Island  and  possibly  other  laboratories, 
or  provision  is  made  for  the  free  treatment  of  infected 
persons.  General  authority  for  the  distribution  of  all 
serums  is  given — typhoid,  tubercle,  meningococcic — 
and  control  of  the  quality  and  sale  of  the  same  is  given 
to  the  boards.  Vaccination  is  in  most  States  under 
the  administration  of  practically  all  State  boards, 
and  vaccine  virus  may  be  supplied  by  some;  Mas- 
sachusetts maintains  a  vaccine  establishment  and 
supplies  the  virus  free.  A  law  is  in  force  in  New 
York  and  many  other  States  requiring  the  vaccination 
of  school  children.  It  would  lie  a  wise  provision  if 
vaccine  virus  were  altogether  made  by  national  or 
State  establishments  and  supplied  free  of  cost,  so  as 
to  obviate  scruples  of  the  people  as  to  its  quality  and 
mure  to  ensure  its  universal  use,  along  with  which 
would  necessarily  go  the  education  of  the  people, 
prejudice  or  indifference  is  a  chief  obstacle. 

1'.'  ides  the  bacteriologist  and  chemist  there  is 
explicit  or  implied  authoritj  for  the  employment  of 
experts  in  other  work  and  a  large  function  of  State 
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boards  is  to  furnish  trained  officers  in  work  requiring 
it.  Epidemics  of  common  or  unusual  diseases  are 
investigated  by  them  and  help  given  to  local  health 
officers  in  diagnosis  and  management.  A  large  work 
is  done  by  the  sanitary  engineering  division  of  the 
New  York  Department  in  water  supplies,  pollution  of 
streams,  sewage  disposal,  swamps,  summer  resorts, 
public  buildings,  offensive  trades,  nuisances,  and  ty- 
phoid fever;  and  i  done  to  some  extent  of  all 
-lite  boards.  Under  the  cold  storage  law  the  State 
Commissioner  of  Health  inspects  plants  and  provides 
for  their  proper  sanitation.  State  boards  make  model 
regulations  for  adoption  by  local  boards  of  health. 

Lunacy  is  not  generally  in  charge  of  health  boards. 
In  New  Hampshire  the  State  board  acts  as  the 
commission  in  lunacy.  In  New  York  the  local 
health  officer  is  charged  with  certain  duties  toward 
the  indigent  insane. 

Diseases  of  domestic  animals  are  included  under 
the  jurisdiction  of  a  number  of  State  boards  of 
health,  especially  in  the  Western  States.  A  State 
veterinarian  is  therefore  sometimes  made  ex-officio 
a  member.  In  other  States  this  work  is  under  other 
authority,  as  in  New  York,  where  the  department  of 
agriculture  is  charged  with  this  duty. 

The  educational  work  of  some  State  boards  is  of 
recent  years  one  of  most  importance.  Provision  is 
made  for  that  of  the  local  health  officers  and  members 
of  boards  by  an  annual  conference;  in  Indiana,  Ken- 
tucky, Maryland,  New  Hampshire,  New  Jersey, 
New  York,  Ohio,  Texas,  Utah,  Vermont,  Wisconsin, 
and  by  New  York  law  attendance  by  them  is  required, 
the  local  municipality  paying  the  costs  of  the  health 
officer  thereof.  Provision  has  also  been  made  for 
laboratory  courses  of  instruction  for  health  officers 
and  their  attendance  encouraged.  Not  less  valuable 
is  the  education  of  the  people,  and  arousing  their  in- 
terest; indifference  and  ignorance  of  the  masses  is 
a  great  obstacle  to  enforcement  of  sanitary  require- 
ments, for  with  it  the  law  is  a  dead  letter.  There 
is  in  all  health  board  laws  provision  for  the  dissemi- 
nation of  information  among  the  people  by  special 
circulars,  periodical  bulletins,  and  manuals,  and 
literature  of  this  sort  is  spread  abroad.  Local  cam- 
paigns are  conducted  for  educating  the  people  in  the 
nature  of  preventable  disease  and  on  a  great  variety 
of  hygienic  subjects.  Lecturers  are  sent  out  to  meet 
all  sorts  of  gatherings,  where  opportunity  offers  to 
reach  the  people  from  the  platform,  and  the  New 
York  Department  has  printed  lectures  with  lantern 
slides  which  can  be  presented  by  anyone  before  village 
health  organizations  in  schools  and  churches.  As- 
semblages, such  as  State  fairs,  are  utilized  for  exhibits, 
and  short  illustrated  lectures  and  even  the  phonograph 
catch  the  public  ear.  In  the  same  way  demonstra- 
tions have  been  given  in  the  campaign  against  tuber- 
culosis. Some  States  have  sent  health  trains  abroad; 
loan  libraries  are  distributed  where  local  interest  is 
awakened.  A  great  deal  of  ingenuity  has  been  dis- 
played in  the  preparation  of  material  so  as  readily  to 
reach  the  people  and  fix  attention  on  every  sanitary 
subject. 

To  carry  on  their  work  boards  have  been  given 
extraordinary  powers.  They  are  given  control  over 
the  enforcement  of  the  laws  relating  to  the  public 
health,  and  of  the  regulations  which  they  may  make. 
The  power  of  quarantine  with  all  that  it  implies  is 
specially  mentioned  in  most  enacting  laws.  Their 
officers  are  authorized  to  enter  premises  in  pursuit 
of  their  duties  without  hindrance.  By  the  recent 
law  in  New  York  State  these  officers  are  exempted 
from  being  sued  or  held  to  liability  for  any  act  done 
with  ordinary  discretion  and  in  good  faith  in  pursuit 
of  duty.  Police  officers  and  sheriffs  are  often  specially 
required  to  render  aid  in  the  enforcement  of  health 
laws  and  board  regulations. 

To  make  regulations  which  have  to  some  degree 
the  force  of  law  is  specifically  given  to  boards  of  health, 
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in  a  few  States  subject  to  approval  from  the  attorney 
general.  The  legal  status  of  these  regulations  has 
often  been  contested  in  the  courts,  and  the  rulings 
have  been  variable.  It  is  held  that  being  created 
by  the  statute  it  has  only  such  power  to  make  regu- 
lations as  are  conferred  by  statute;  generally  the  pou  er 
given  is  capable  of  very  wide  interpretation.  It  is 
generally  held  that  while  the  authority  vested  in 
them  is  a  reasonable  exercise  of  the  police  power,  their 
orders  must  stand  the  test  of  reasonableness",  thai 
while  arbitrary  power  to  deprive  persons  of  Liberty 
and  property  without  due  process  of  law  is  not  con- 
stitutionally conferred,  to  thus  interfere  with  person.]  I 
rights  is  limited  by  public  necessity  and  reasonably 
required  for  the  protection  of  the  public  health. 
When  subjected  to  judicial  review  the  disposition  of 
the  courts  is  to  interpret  fairly  such  regulations  and 
public  health  laws  and  hold  them  as  constitutional 
when  established  by  custom  and  reason.  Judge  Vann 
of  the  New  York  Court  of  Appeals  thus  gives  opinion 
in  an  antivaccination  suit,  after  referring  to  some 
of  the  claims  brought  forward  against  vaccination 
and  affirming  the  constitutionality  of  the  law  re- 
quiring the  vaccination  of  school  children: 

"The  common  belief,  however,  is  that  vaccination  has  a  decided 
tendency  to  prevent  the  spread  of  this  fearful  disease,  smallpox, 
and  to  render  it  less  dangerous  to  those  who  contract  it.  While  not 
accepted  by  all  it  is  accepted  by  the  mass  of  the  people  as  well  as 
by  most  members  of  the  medical  profession.  It  has  been  general  in 
our  own  State  and  in  most  civilized  nations  for  generations.  It 
is  generally  accepted  in  theory  and  generally  applied  in  practice 
both  by  the  voluntary  action  of  the  people  and  in  obedience  to 
the  command  of  law.  Nearly  every  State  in  the  Union  has  statutes 
to  encourage  or  directly  or  indirectly  to  require  vaccination,  and 
this  is  true  of  most  nations  of  the  world.  It  is  compulsory  in  but 
few  States  and  cities  in  this  country,  but  it  is  countenanced  or 
promoted  in  substantially  all,  and  statutes  requiring  children  to 
be  vaccinated  in  order  to  attend  the  public  schools  have  generally 
been  sustained  by  the  courts." 

He  further  asserts  that  a  common  belief  like  a 
common  knowledge  is  to  be  acted  on  by  the  legis- 
latures without  proof,  and  while  there  is  scarcely 
any  belief  that  is  accepted  by  every  one,  what  the 
people  believe  is  for  the  common  welfare  must  be 
accepted  as  for  the  common  welfare. 

A  large  number  of  court  decisions  on  health  matters 
are  given  by  Asst.  Surgeon  General  Kerr  in  the  Bulletin 
heretofore  referred  to.  This  legislative  function  is 
in  various  degrees  and  details  conferred  by  legis- 
latures on  their  created  boards  of  health.  The 
tendency  is  to  enact  these  regulations  into  law  rather 
than  to  leave  them  to  the  formulation  and  adoption 
by  boards  of  health.  In  New  York  a  large  number 
of  specific  duties  have  in  later  years  been  placed  on 
the  boards  of  health  for  execution.  In  the  generally 
amending  act  of  1913  -the  duties  of  the  commissioner 
of  health  are  more  fully  defined;  a  public  health 
council  advising  to  him  and  with  specific  duties  is 
formed;  a  sanitary  code  and  the  provisions  thereof 
is  provided  for  along  with  its  enforcement;  divisions, 
nine  in  number,  are  specifically  formed  to  be  under  the 
direction  each  of  a  director,  viz.,  of  administration, 
of  sanitary  engineering,  of  laboratories  and  research, 
of  communicable  diseases,  of  vital  statistics,  of  pub- 
licity and  education,  of  child  hygiene,  of  public 
health  nursing,  of  tuberculosis;  sanitary  districts, 
each  with  :i  sanitary  supervisor,  twenty  or  more  in 
number,  to  include  all  but  cities  of  the  first  class 
(Buffalo  and  New  York)  are  formed,  with  twelve 
enumerated  lines  of  duty;  public  health  nurses  are 
provided  for,  both  those  appointed  by  the  state 
commissioner  and  others  by  local  health  officers,  as 
appropriation  is  made  for  them;  laboratories  and  bac- 
teriologists are  authorized  for  the  state  department  to 
do  work  at  the  expense  of  the  state,  hospitals  for  con- 
tagious diseases,  and  powers  concerning  village  sewers; 
the  powers  and  duties  of  local  health  officers  are 
elaborated  in  detail,  and  existing  regulations  are 
made  toward  the  management  of  tuberculosis. 


State  boards  of  health  are  given  certain  judicial 
powers  as  part  of  their  executive  functions.  They  or 
their  executive  officer  may  summon  witnesses  and 
compel  their'  attendance,  may  administer  oath  and 
issue  warrants  for  arrest  in  some  states.  They  may 
fix  penalties  for  violation  of  health  ordinances  and 
may  give  hearing  thereon  and  impose  them  in  their 
judicial  capacity. 

It  is  a  comparatively  short  time  since  State  boards  of 
health  came  into  being,  most  of  them  during  the  last 
three  decades  of  the  nineteenth  century,  yet  within 
that  time  there  has  been  great  advance  in  sanitary 
knowledge,  which  they  have  utilized  and  to  some 
degree  contributed.  Most  of  the  specific  germs  of 
disease  have  been  discovered  since  then;  likewise  the 
specific  antitoxins.  These  executive  organizations 
have  done  much  of  what  has  been  done  to  make  them 
available.  There  has  been  a  consequent  saving  in 
health  and  life.  Diphtheria  is  a  conspicuous  illus- 
tration; in  18S7  it  caused  in  the  state  of  New  York 
6,500  deaths  among  5,500,000  people;  twenty-five 
years  later,  in  1912,  there  were  1,625  deaths 
among  9,500,000  people.  Typhoid  fever  in  that 
decade  caused  1,600  deaths  a  year,  in  the  last  dec- 
ade 1,400;  malarial  diseases  580  then,  90  now;  small- 
pox 100  then,  10  now.  These  are  some  of  the  fair 
results  of  organized  health  work. 

An  encouraging  feature  of  the  general  survey  just 
made  is  the  rapid  advancement  to  be  noted  in  health 
work  during  the  last  ten  years.  The  chief  causes  of 
this  may  be  stated  as,  first,  the  increasing  and  decided 
advance  of  sanitation  as  a  distinct  and  important  part 
of  scientific  work  and,  second,  the  vigorous  and  suc- 
cessful efforts  made  to  educate  and  inform  the  public 
concerning  the  great  and  vital  importance  of  public 
health  work. 

But  in  spite  of  the  advances  made,  and  gratifying 
as  the  record  really  is,  it  is  painfully  apparent  that 
much  time,  money,  and  labor  have  been  either  wholly 
or  partially  wasted  by  reason  of  lack  of  cooperation 
and  coordination. 

The  advance  has  been  haphazard  rather  than 
orderly  and  systematic.  Each  State  has  gone  its  own 
way,  regardless  in  the  majority  of  instances  of  what 
has  been  done  in  other  States,  or  in  other  countries. 
The  best  work  done  in  general  sanitation  has  not  been 
carefully  or  intelligently  studied  and  the  benefits  that 
might  have  derived  from  the  wider  experience  of 
others  has  been  lost.  It  may  be  added  that  this  is 
in  some  measure,  at  least,  due  to  the  fact  that  there 
still  exists  a  serious  lack  of  trained  and  experienced 
health  workers. 

In  many  of  the  States  there  is  at  present  no  coherent 
and  well-conceived  plan  of  cooperation  along  the  lines 
of  health  work.  In  many,  responsibilities  are  so 
divided  as  to  discourage  efficient  effort.  In  others, 
meagre  appropriations  render  advance  slow. 

While  the  official  machinery  for  health  work  varies 
greatly  in  the  different  States,  it  would  seem  to  be 
fairly  well  demonstrated  that  a  department  of  health 
with  a  single  trained  and  efficient  head  is  of  much 
greater  value  than  the  old  and  time-honored  health 
board. 

The  health  board,  council,  or  committee  is  usually 
of  political  origin,  generally  lacking  in  competent  and 
trained  intelligence,  and  almost  universally  barren  of 
beneficial  results.  It  is  an  outworn  and  discredited 
device  of  place  hunters,  dividing  the  responsibility, 
confusing  policies,  preventing  prompt  action,  and  re- 
t  arding  progress.  It  would  seem  that  the  things  most 
now  to  be  desired  are: 

1.  The  establishment  of  a  National  Health  Depart- 
ment with  power  (A)  to  coordinate  the  work  of  the 
State  Departments  of  Health  by  advice  and  instruc- 
tion; (B)  to  conduct  interstate  investigations,  as 
pollution  of  water  supplies,  etc.;  (C)  to  aid  in  studies 
and  investigations  of  serious  epidemics;  (D)  to  furnish 
trained  health  workers  for  special  work  when  needed 
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by  the  States;  (E)  to  be  a  kind  of  clearing  house  of 
health  for  all  the  departments  of  health  in  the  United 
States. 

2.  The  general  abolition  of  boards  of  health  and  the 
substitution  of  single-headed  departments  of  health. 

3.  A  thorough  study  of  methods  and  modes  of 
procedure  and  a  beginning  made  in  an  attempt  to 
secure  some  uniformity  of  health  laws. 

4.  A  still  greater  effort  to  educate  the  public  to  a 
proper  appreciation  of  the  value  and  paramount  im- 
portance of  health  work. 

5.  The  removal  of  all  State  health  departments 
from  the  blight  of  political  domination.  No  trained 
efficient  health  officer  should  ever  be  removed  for 
political  reasons.  Eugene   II.   Pouter. 

Health  Resorts.— See  Climatotherapy. 

Hearing. — Audition  or  hearing  is  the  result  of  proc- 
esses by  which  certain  vibrations  of  physical  media  are 
taken  up  by  a  peripheral  sense  organ,  the  ear,  and 
transformed  into  nerve  stimuli  which  excite  in  con- 
sciousness sensations  of  a  peculiar  kind.  These  sensa- 
tions we  know  as  sound.  They  are  a  function  of  a 
certain  part  of  the  cerebral  cortex,  the  temporosphe- 
noidal  lobes.  Unfortunately,  it  is  also  the  rule  to 
designate  by  the  name  of  "sound"  those  physical 
vibrations  which  are  the  objective  cause  of  sound 
sensation  but  which  have  nothing  in  common  with  it. 

This  article  will  be  chiefly  limited  to  the  treatment 
of  objective  or  physical  sound  and  the  manner  in  which 
it  affects  the  mechanism  of  the  ear  in  giving  rise  to 
impulses  in  the  auditory  nerves. 

Physical  sound,  as  contrasted  with  sound  sensation, 
is  due  to  vibrations  of  particles  of  solid,  liquid,  or  gase- 
ous media.  In  its  vibration  a  particle  may  move  back 
and  forth  in  a  straight  line,  as  in  the  transmission  of  an 
air  wave  or  in  the  propagation  of  a  tremor  longitudin- 
ally along  a  rod  of  metal;  or  it  may  describe  a  more  or 
less  elliptical  or  circular  path  as  in  a  wave  of  water,  and 
transverse  to  the  direction  of  wave  movement. _  When 
a  particle  is  forced  from  its  position  of  equilibrium,  the 
force  with  which  it  tends  to  resume  that  position  is  a 
measure  of  the  elasticity  of  the  substance  of  which  it 
forms  a  part.  Elasticity  is  the  property  by  virtue  of 
which  vibrations  are  propagated. 

Transverse  and  Longitudinal  Vibrations.  Waves  of 
Sound. — The  vibration  of  particles  gives  rise  to  waves 
having  definite  form,  length,  and  rate  of  progress. 
The  waves  most  familiar  to  us  are  those  seen  on  the 
surface  of  water  formed  by  an  up-and-down  motion  of 
the  particles  in  an  elliptical  curve.  The  vibration  is 
transverse  to  the  direction  and  length  of  the  wave,  and 
the  amplitude  or  depth  of  the  wave  and  that  of  the 
vibration  correspond.  The  wavelength  is  the  distance 
measured  from  crest  to  crest  or  hollow  to  hollow;  it  has 
no  necessary  relation  to  the  amplitude  of  vibration. 
A  stretched  string  or  a  tuning  fork  also  executes  trans- 
verse vibrations,  when  plucked  or  rubbed  in  the  usual 
way.  But  if  a  stretched  string  or  a  rigid  rod  be 
scratched  at  one  end  the  particles  there  will  be  set  in 
oscillation  back  and  forth  (longitudinal  vibration), 
and  this  vibration  will  be  transmitted  as  a  wave  along 
the  string  or  rod  and  may  be  heard  as  sound  at  the 
further  end,  but  will  make  no  visible  movement.  It 
is  important  to  consider  how  these  longitudinal  waves 
are  formed.  The  particles  which  are  struck  or 
scratched  at  the  end  of  the  string  or  rod  are  forced 
against  those  immediately  adjoining,  these  in  turn 
crowd  upon  the  particles  in  front;  the  energy  of  the 
first  displacement  measures  the  degree  of  crowding  or 
condensation  thus  produced.  The  particles  unnatur- 
ally strained  together  spring  away  from  one  another 
by  virtue  of  their  elasticity,  and  their  energy  of  move- 
ment carries  them  beyond  their  position  of  rest,  mak- 
ing the  number  of  particles  :it  the  previous  point  of 
condensation  less  numerous  than  normal,  thus  pro- 
ducing a  condition  of  rarefaction  as  a  result  of  the 

24 


oscillation.  The  forward  vibration  of  the  particles: 
is  thus  transmitted  as  a  phase  of  condensation  to 
successive  layers  of  the  substance  traversed,  each 
condensation  being  succeeded  by  a  complementary 
rarefaction.  The  two  phases  of  condensation  and 
rarefaction  m;ike  up  the  wave  of  sound.  The  length 
of  the  wave  is  the  distance  measured  between  two 
points  of  extreme  condensation  or  rarefaction.  This 
wave  length  has  no  necessary  connection  with  the 
length  of  the  path  described  by  the  individual  particles 
whose  motion  gives  rise  to  the  sound  wave. 

Aerial  vibrations  resemble  the  longitudinal  vibra- 
tions of  solids  and  liquids  in  that  the  sound  waves 
move  in  the  same  direction  as  the  particles  whose 
movement  produces  the  waves.  The  amplitude  of 
movement  of  the  individual  particles  is  very  much  lege 
than  the  wave  length  produced  by  that  movement. 
In  the  mobile  air  the  path  described  by  the  particle  is 
relatively  great,  but  in  a  rod  of  wood  or  metal  or  under 
water,  the  excursion  of  each  particle  in  its  vibration 
is  infinitesimal  in  its  relation  to  the  wave  length  or 
distance  between  successive  condensations  or  rare- 
factions. The  amplitude  of  movement  of  the  vibrat- 
ing particle  is  a  measure  of  the  energy  which  has  been 
imparted  to  it,  and  it  has  extraordinary  physiological 
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Fig.  3004. — Illustrating  Passage  of  an  Air  Wave.  The  balls, 
E,  C,  B,  etc.,  represent  air  particles  and  the  springs  the  elastic  force 
restoring  them  to  position.      (After  Tyndall  on  "Sound.") 

significance,  for  upon  it  depends  the  loudness  of  sound. 
In  exact  language,  the  intensity  of  sound  sensation  is 
proportional  to  the  square  of  the  amplitude  of  the 
air  vibrations  which  cause  it.  Tyndall  in  his  work  on 
sound  illustrates  by  a  diagram  the  method  by  which 
a  "sound  pulse"  is  transmitted  (see  Fig.  3004).  The 
apparatus  consists  of  a  series  of  wooden  balls  separated 
from  one  another  by  spiral  springs  (the  balls  represent 
air  particles  and  the  springs  the  elastic  force  restraining 
their  displacement).  On  striking  the  knob  A,  a  rod  at- 
tached to  it  impinges  upon  the  first  ball  B,  which  trans- 
mits its  motion  to  C,  thence  it  passes  to  E,  and  so  on 
throughout  the  entire  series.  The  arrival  at  D  is  an- 
nounced by  the  shock  of  the  terminal  ball  against  the 
wood,  or,  if  we  wish,  by  the  ringing  of  a  bell.  Here  the 
elasticity  of  the  air  is  represented  by  that  of  the 
springs.  The  "pulse"  may  be  reduced  to  such  a 
degree  of  slowness  that  it  can  be  followed  by  the  eye. 

Vibrations  occurring  in  any  medium  may  be  trans- 
mitted by  direct  contact  to  another  medium.  Thus, 
when  the  bell  of  a  stethoscope  is  applied  to  the  chest, 
the  vibrations  of  the  chest  wall  are  transmitted  to  the 
ear  either  by  the  air  columns  of  the  instrument  or  by 
its  solid  structure  or  by  both.  Vibrations  of  the  bones 
of  the  skull  are  transmitted  directly  to  the  tympanic 
membrane  and  probably  also  to  the  lymph  of  the 
labyrinth. 

The  Production  of  Tones. — When  the  pendulum  of  a 
clock  swings  to  and  fro  it  might  be  supposed  that  a 
sound  would  be  produced  by  each  excursion  of  the  rod, 
and  this  would  be  the  case  were  not  the  air  so  mobile 
that  its  particles  instantly  retreat  from  the  front  to  the 
back  of  the  slowly  moving  pendulum,  so  that  no  sensi- 
ble condensation,  which  is  necessary  to  the  production 
of  a  sonorous  wave,  occurs.  That  is  to  say,  a  certain 
suddenness  of  impulse  is  necessary  to  start  an  air  wave. 
Such  an  impulse  is  developed  when  a  mixture  of  oxy- 
gen and  hydrogen  is  ignited  by  an  electric  spark.  The 
heat  generated  by  the  union  of  the  gases  causes  a 
sudden  expansion  which  starts  a  sonorous  wave  which 
comes  to  the  ear  as  a  sharp  report. 

Simpli  Pendular  Vibrations. — Suppose  our  pendu- 
lum to  increase  its  rate  of  movement  gradually;  when 
it  swings  so  fast  as  to  accomplish  one  complete  to-and- 


REFERENCE    HANDBOOK   OF  THE    MEDICAL  SCIENCES 


Hearing 


fro  movement  in  about  the  one-sixteenth  of  a  second  a 
continuous  sound  of  very  low  pitch  should  be  expected. 
In  practice  it  is  customary  experimentally  to  pro- 
duce sounds  by  the  transverse  vibrations  of  tuning 
forks  set  upon  resonance  boxes  (see below).  The  effect 
of  such  vibration  upon  the  air  is  illustrated  in  Fig. 
300.5,  in  which  the  dark  spaces,  a,  b,  c,  d,  represent  the 
phases  of  condensation,  and  the  light  spaces,  a',b',  c',d', 
the  phases  of  rarefaction  of  the  air  waves.  The 
wave  length  is  the  distance  measured  from  s  to  l 
from  V  to  c'. 


Fia.  3005. — Diagram  of  a  Series  of  Air  Waves  as  Sent 
Out  by  a  Tuning  Fork,  a,  b,  c.  d,  represent  phases  of 
condensation  and  a',  h',  >•',  il',  of  rarefaction.  The  wave 
length  is  measured  from  a  to  6  or  from  6'  to  c'.  (After 
Tyndall.l 

Such  to-and-fro  oscillations  are  known  as 
simple  pendular  vibrations.  They  make  no  audible 
sound  until  they  attain  the  rate  of  sixteen  to  twenty- 
four  per  second,  according  to  the  perceptive  power  of 
the  hearer. 

The  Pitch  and  Loudness  of  Tone. — Instead  of  using 
the  tuning  fork  as  a  source  of  sound  the  following 
familiar  device  woidd  serve:  Take  a  circular  disc,  A-B 
in  Fig.  3006,  of  cardboard  or  metal  about  twelve  inches 
in  diameter,  and  let  it  be  perforated  at  equal  intervals 
along  a  circle  near  its  circumference.  The  disc  is 
fastened  at  its  center  to  the  axis  of  a  wheel  capable  of 
rapid  rotation.  A  bent  tube,  m,  communicating  with 
a  bellows  giving  a  continuous  blast  of  air,  is  brought 
with  its  orifice  over  the  circle  of  holes.  When  the  disc 
is  rotated  and  air  is  forced  through  the  tube  m,  a  puff 
of  air  passes  through  the  disc  when  one  of  the  holes 
coincides  with  the  open  end  of  the  tube,  but  the  air 
stream  is  cut  off  by  the  solid  plate  between  the  holes. 
As  the  rate  of  rotation  of  the  disc  is  gradually  increased 
a  low-pitched  sound  is  heard  when  the  puffs  of  air 
succeed  one  another  at  the  rate  of  about  sixteen  per 
second,  and  as  the  rate  of  succession  increases  the 
sound  becomes  a  well-marked  musical  tone,  and  the 
pitch  of  the  tone  is  found  to  rise  and  fall  with  the 
number  of  puffs  in  a  second  which  have  caused  it. 
If,  instead  of  the  single  tube  m,  two  tubes  were  used  to 
convey  the  blast  of  air  simultaneously  through  two 
different  holes,  the  pitch  of  the  sound  would  not  be 
altered  but  its  loudness  would   be  increased,  because 


Fie.  3006. — Illustrating  the  Production  of  a  Musical  Tone  by 
Puffs  of  Air  through  a  Perforated  Rotating  disc.      (After  Tyndall.) 

the  two  forces  leading  to  condensation  of  the  air  would 
be  added  together.  The  demonstration  of  the  laws 
of  sound  production  in  air  owes  much  to  an  instrument 
called  the  siren,  which  is  essentially  elaborated  from 
the  perforated  rotating  disc. 

The  Range  of  Pitch  of  Audible  Sounds. — As  already 
mentioned,  physical  vibrations  do  not  so  affect  the  ear 
as  to  give  rise  to  a  sensation  of  sound  until  they  succeed 
one  another  at  the  rate  of  sixteen  to  twenty-four  per 
second.  As  the  rate  of  vibration  is  progressively  in- 
crease! 1  the  pitch  of  the  tone  is  raised  until  it  becomes 
a  painful  squeak,  and  it  is  said  that  for  most  persons 


vibrations  become  inaudible  when  they  reach  a  fre- 
quency  of  16,000  per  second,  though  Some  ears  are  still 

impressed  with  sounds  caused  by  38,000  to  40,000 
vibrations  in  a  second.  Some  of  the  lower  animals 
can  probably  hear  tones  produced  by  still  more  rapid 
oscillations.  It  is  a  familiar  experience  that  when  a 
sounding  beU  or  whistle,  as  of  a,  locomotive,  rapidly 
approaches,  its  pitch  .seems  to  rise,  and  then  to  fall  as 
it  recedes.  The  reason  for  this  variation  is  that  the 
motion  of  the  locomotive  adds  to  or  subtracts  from  1  he 
number  of  sound  waves  reaching  the  ear  in  a  given 
time.  In  the  rendition  of  music  a  much  narrower 
compass  is  employed,  beyond  which  tones  cease  to 
have  a  pleasing  character.  The  droning  note  of  the 
sixteen-foot  organ  pipe  and  the  lowest  bass  of  the 
piano  (Ci)  represent  a  vibration  rate  of  thirty-three 
per  second.  The  highest  treble  of  the  piano  has  a 
vibration  rate  of  4,224  per  second.  Finely  trained  ears 
can  distinguish  differences  of,  pitch  represented  by 
only  half  a  vibration  per  second.  As  to  the  number 
of  vibrations  necessary  to  produce  the  sensation  of 
sound,  it  has  been  found  that  two  or  three  vibrations 
excite  the  sensation  of  a  mere  stroke;  four  or  five 
vibrations  are  necessary  to  give  a  tone;  and  some 
t  wenty  to  forty  are  required  to  develop  the  full  musical 
qualities  of  a  tone.  With  like  intensity  of  sensation, 
deeper  tones  require  fewer  vibrations  but  longer  time 
to  excite  tone  perception  (de  Groot).  Thus  from  a 
physical  scale  representing  aerial  vibrations  of  indefi- 
nitely various  rapidity  the  mind  selects  and  appreci- 
ates as  sound  a  small  fraction,  about  a  range  of  eleven 
octaves,  and  receives  esthetic  pleasure  from  a  still 
narrower  range  of  about  seven  octaves. 

Summary . — The  foregoing  discussion  may  be  sum- 
marized in  the  statement  that  simple  tones  are  due  to 
leaves  which  are  produced  by  the  pendular  vibration  of  the 
particles  of  elastic  bodies.  The  intensity  of  the  sound 
sensation  increases  as  the  square  of  the  amplitude  of 
vibration,  and  the  pilch  of  the  sound  rises  in  proportion 
to  the  rate  of  vibration. 

The  Origin  of  Sound  Quality.  Overtones. — It  is  but 
seldom  that  sonorous  bodies  are  confined  to  the  simple 
pendular  vibration  of  their  particles;  but  the  sound 
wave  is  the  resultant  of  several  vibrations  of  different 
rates  simultaneously  imparted  to  the  moving  particles. 
When  a  stretched  string  is  plucked  or  bowed  at  its 
middle  it  vibrates  throughout  its  whole  length,  the 
greatest  amplitude  of  movement  being  at  the  middle 
point,  which  moves  to  and  fro  like  a  pendulum.  The 
muscial  note  so  produced  is  the  lowest  in  pitch  which 
the  string  is  capable  of  giving.  If  the  cord  is  held  at  its 
middle,  or  simply  touched  there  with  a  feather,  and  a 
bow  is  drawn  across  one  of  the  segments,  vibration  is 
renewed ;  but  now  the  string  divides,  as  it  were,  into 
two  halves  with  a  point  of  rest,  or  a  "node, "  between. 
Each  internode  or  "ventral  segment"  is  half  the 
length  of  the  whole  string,  but  its  vibration  is  twice  as 
rapid.  The  note  given  out  is  therefore  the  octave  of 
that  produced  in  the  first  instance.  If  the  feather  be 
applied  at  a  point  one-third  the  distance  from  one  end, 
bowing  the  smaller  segment  will  cause  the  string  to 
break  up  into  three  equal  vibrating  parts,  separated 
by  two  nodes  or  points  of  rest.  In  a  similar  way  the 
string  may  be  caused  to  vibrate  in  four,  five,  etc., 
segments.  In  each  case  the  rate  of  vibration  is  as 
many  times  that  of  the  whole  string  as  there  are  seg- 
ments of  vibration.  It  is  not  necessary  to  keep  the 
feather  applied  after  the  node  is  once  formed. 

The  relative  immobility  of  the  nodes  is  illustrated 
by  placing  over  the  string  a  series  of  paper  riders;  when 
the  string  is  thrown  into  vibration  the  strips  of  paper 
are  violently  displaced  along  the  ventral  segments  but 
retain  their  position  at  the  nodes  (see  Fig.  3007).  It 
is  not  possible  to  make  a  string  vibrate  as  a  whole  with- 
out at  the  same  time  its  breaking  up,  to  a  greater  or 
less  degree,  into  its  vibrating  segments.  The  result  is 
that  the  oscillation  of  any  particle  is  not  a  simple 
pendular  movement,  but  is  the  algebraic  sum  of  an 
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indefinite  number  of  such   movements.     The  sound 
which  is  heard  is  a  note  in  which  are  contained  as  many 


Fig 


3007. — Illustrating  the  Segmental,  Transverse  Vibration  of  a 
String.      (Tyndall.) 
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simple  tones  as  there  are  separate  rates  of  vibration. 
The  tone  produced  by  the  movement  of  the  string  as  a 
whole,  which  is  the  slowest  rate  of  vibration,  is  known 
as  the  fundami  ntal  tone.  The 
various  tones  produced  by  the 
segmental  vibrations  are  known 
as  overtones,  upper  partial*,  or 
harmonic  sounds.  The  pitch  of 
the  compound  note  is  identical 
with  that  of  its  fundamental 
tone.  But  the  blending  of  the 
various  segmental  vibrations 
with  the  primary  results  in  an 
extraordinary  esthetic  modifi- 
cation of  the  sound,  for  thereby 
its  quality,  timbre,  or  clang  tint 
is  determined.  Different  sound- 
producing  bodies  may  give  out 
notes  in  which  the  number  of 
upper  partial  tones  is  different. 
Thus,  the  notes  of  the  flute  or 
clarinet  may  contain  but  two 
or  three  harmonics  while  those 
of  the  reci]  organ  pipe  are  very 
rich  in  them,  containing  often 
as  high  as  twenty  overtones. 
The  deeper  notes  of  the  piano 
are  rich  and  the  higher  are  poor 
in  harmonics. 

The  same  may  be  said  of  the 
human  voice.  The  esthetic  at- 
tributes "t  i  lie  speaking  voice, 
so  unfortunately  neglected  in 
the  United  States,  depend 
chiefly  upon  its  overtones  w  hose 


number  decreases  as  the  pitch  of  the  fundamental  is 
raised. 

The  quality  of  a  note  is  altered  not  only  by  the 
presence  in  it  of  a  definite  upper  partial  but  also  by 
the  mere  independent  change  in  intensity  of  this.  It 
is  obvious  that  the  range  of  quality  differences  in 
sounds  is  without  limit. 

These-  facts  may  be  summarized  by  saying  that  the 
quality  of  a  compound  toru  depends  upon  the  number, 
order,  and  relativt  intensities  <><  Us  constituent  partials. 
Thus,  a  violin,  a  cornet,  and  a  piano,  though  sounding 
a  note  of  the  same  pitch,  would  never  be  mistaken  for 
one  another.  But  were  all  their  overtones  obliterated 
the  three  instruments  would  be  indistinguishable  to 
the  ear. 

As  already  indicated,  the  vibration  rates  of  the 
fundamental  and  its  harmonic  overtones  have  the 
ratios  1,  2,  3,  4,  5,  etc.  As  will  be  seen  later,  an  im- 
portant sound  element  is  the  inharmonu  overtone 
whose  vibration  rate  is  not  a  simple  multiple  of  the 
fundamenl  al. 

The  brilliancy  and  richness  of  musical  notes  is  de- 
pendent on  their  wealth  of  upper  partials.  It  is  be- 
lieved that  a  sound-producing  body,  like  a  stretched 
string,  does  not  send  to  the  ear  a  separate  set  of  waves 
representing  each  of  its  segmental  vibrations,  but  all 
the  waves  aroused  by  it  fuse  together  into  a  single 
series  of  waves  of  peculiar  form.  Such  a  composite 
wave  may  be  represented  graphically  by  depicting 
under  one  another  a  series  of  waves  having  two,  three, 
four,  etc.,  times  the  rate  of  succession  of  the  curve 
indicating  the  fundamental  tone  (Fig.  300S).  If  a 
vertical  line  be  drawn  across  the  series  representing 
the  vibration  rates  of  the  various  tones,  and  an  alge- 
braic addition  be  made  of  the  distance  of  each  point  of 
intersection  above  or  below  the  line  of  rest,  the  result 
will  determine  the  position  of  the  composite  wave  on 
the  same  vertical.  It  is  evident  that  the  form  of  the 
composite  wave  must  change  with  every  change  in  the 
number  and  relative  prominence  of  the  overtones;  and 
the  movement  imparted  by  it  to  the  tympanic  mem- 
brane, and  the  wave  generated  in  the  labyrinthine 
fluids  (see  below)  must  have  corresponding  differences. 
Notes  of  different  quality  are  produced  by  composite 
air  waves  of  different   forms.     But  waves  differing 
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Fig.  3008. — A  Composite  Wave  (C,  solid  line),  formed  by  the  algebraic  addition  of  two 
simple  pendular  vibrations,  A  and  B.  A  and  B  are  in  the  same  phase;  but  if  curve  B  is 
moved  to  the  right  until  c  of  B  coincides  with  d'  of  A,  the  phases  of  the  curves  will  be  differ- 
ent and  their  addition  will  give  curve  D  (solid  line).  Such  change  of  phase,  however,  does  not 
change  the  musical  quality  of  the  composite  note.  The  dotted  lines  in  C  and  D  are  identical 
with  the  curve  in  A.      (After  Helmholtz.) 
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somewhat  in  form  may  still  product'  notes  of  the  same 
quality;  for  if,  in  the  graphical  figure,  one  or  more  of 
the  curves  representing  simple  tones  be  slid  to  the 
right  or  left,  the  form  of  the  composite  wave  will 
thereby  be  changed,  but  not  the  quality  of  the  Bound 
produced  by  it.  In  other  words,  change  of  "phase" 
of  the  partial  tones  dues  not  alter  the  quality  of  the 
note.  The  auditory  apparatus  analyzes  composite 
tones  into  their  simple  pendular  vibrations  and  thus 
distinguishes  between  them  regardless  of  the  form 
which  the  composite  air  wave  may  assume. 

In  binaural  hearing,  according  to  some  observers, 
lateral  localization  of  sounds  is  facilitated  by  percep- 
tion of  the  minute  ditl'erencc  of  phase  with  which 
sounds  from  the  side  enter  the  two  ears. 

Conditions  Determining  the  Kind  of  Overtones. — The 
series  of  overtones  accompanying  the  fundamental 
varies  under  definite  conditions.  Thus,  in  a  metal 
rod  fixed  at  both  ends  the  longitudinal  vibrations  set 
up  by  rubbing  the  rod  lengthwise  produce  tones  whose 
vibration  numbers  are  to  each  other  as  the  odd  num- 
bers 1,  3,  5,  7,  etc.  The  tones  of  a  rod  free  at  both 
ends  have  vibration  rates  proportionate  to  the  even 
numbers  2,  4,  6,  S,  etc.  In  a  stretched  string  the 
order  of  the  overtones  depends  upon  the  place  at 
which  the  string  is  plucked  or  struck.  In  general, 
it  may  be  said  that  no  overtone  is  heard  which  requires 
for  its  production  t In;  existence  of  a  node  at  the  point 
plucked  or  struck. 

Difference  between  Noise  and  Music. — Sound  sensa- 
tions may  be  divided  into  two  groups,  musical  turn* 
and  noises.  The  requisite  for  the  former  is  that  the 
vibrations  thai  produce  them  shall  be  periodic,  that 
the  mofions  shall  repeal  themselves  at  regular  inter- 
vals. Irregularity  of  the  vibration  period  or  rapid 
breaks  from  one  periodic  motion  to  another  produce 
the  sensation  of  "noise.''  The  singing  voice  restricts 
itself  chiefly  to  the  musical  notes  formed  by  periodic 
vibration  of  the  vocal  cords:  but  in  articulate  speech 
the  distinguishing  consonantal  sounds  are  chiefly 
noises. 

Sympathetic  Vibration.  Resonance. — Every  elastic 
body  is  capable  of  sympathetic  vibration;  that  is,  air 
waves  beating  upon  it  at  its  own  natural  rate  of  vibra- 
tion set  it  into  corresponding  motion.  In  the  same 
manner  a  heavy  pendulum  may  be  forced  into  violent 
movement  by  exceedingly  light  taps  with  the  finger, 
the  only  necessary  condition  being  that  the  impulses 
imparted  by  the  finger  be  exactly  timed  to  the  periodic 
motion  of  the  pendulum  or  to  some  multiple  of  it.  A 
body  capable  of  sympathetic  vibration  with  some 
particular  tone  is  set  into  vibration  by  that  tone, 
and  reinforces  or  magnifies  it  whether  the  tone  exists 
alone  or  as  the  fundamental  of  a  complex  note,  or  is 
contained  in  the  latter  simply  as  an  upper  partial. 
The  property  of  increasing  the  intensity  of  sound  by 
sympathetic  vibration  is  known  as  resonance.  The 
tone  of  a  tuning  fork  held  in  the  fingers  is  scarcely 
heard,  but  becomes  plainly  audible  when  the  stem  is 
touched  to  a  wooden  table  top.  Forks  used  for 
experiment  are  usually  attached  to  special  "resonance 
boxes."  The  sound  of  the  pianoforte  owes  its  volume 
to  the  sympathef  ic  resonance  of  its  sounding  board  and 
t  he  air  contained  in  the  instrument.  Confined  bodies 
of  air  are,  on  account  of  their  low  density,  especially 
easily  set  into  sympathetic  vibration.  Helmholtz 
constructed  and  used  as  resonators  a  scries  of  hollow 
brass  spheres  with  a  perforated  conical  projection  at 
one  pole  for  insertion  in  the  ear,  and  a  larger  opening 
diametrically  opposite  (Fig.  3009).  The  size  of  the 
spheres  was  graduated  so  that  the  fundamental  tone 
of  the  contained  air  body  represented  various  deter- 
mined vibration  rates.  Each  resonator  picks  out 
from  a  compound  note,  sounded  near,  that  upper 
partial  which  is  its  own  fundamental  tone  and  greatly 
magnifies  the  intensity  of  that  particular  overtone. 
In  this  way  a  complex  musical  note  may  be  analyzed 
into     its     constituent     simple     tones.     Conversely, 
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Fig. 


3009.— The  Resonator  of 
Helmholtz. 


Helmholtz  was  able  to  reconstruct  ■■<  complex  note  by 

simultaneously  sounding  a  series  of  tuning  forks,  and 
appropriately   regulating  the   intensity   of  the   various 
simple  pendular  vibrations  by  means  of  resonators. 
The   vowel   sounds    of   the    human    voice   owe   their 

difference  of  quality  to  the  adjustment  in  sizeand 
shape  of  the  resonant  air  chambers  above  the  vocal 

Cords  by  which  now  one,  now  a  not  her  set  of  overtone 
is   magnified.      In   descending  the  transition  from  the 
"head"  to  t  he  "chest  "  voice  is  marked  by  vibral  ion  of 

the  chest-wall  ind  icat  ing  t  hat  the  thorax  has  assumed 

I  he  function  of  a  resonance  box. 

That  apparently  simple  t !S  are  actually  made  up 

of  a  number  of  partials,   having   rates   of   vibration 
which     form     simple 
multiples   of   t  he   fun 

damental  tone,  may 
easily  be  demon 
Strated      :it      the     open 

piano.     If  anj    note, 

:i^  <  '  in  the  base  clef, 
be    struck     while    Hie 

key   of  its  octave  c  is 

depressed,    and    then 

the    struck    string    be 

damped,    it    will    be 

found  that  the  octave 

c  rings  out  with    its 

proper  note.       So  in 

turn  the  g  above  that,  the  second  octave,  and  the  . 

above  that,  may  be  made  to  sound  when  the  lower  C 

is  struck,  because  each  of  these  strings  is  so  tuned  that 

its  fundamental  note  has  the  same  vibration  rate  as  one 

of  the  overtones  of  the  lower  C,  to  which  it  responds  by 

sympathetic  resonance.     A  note  sung  near  the  piano 

may,  in  the  same  way,  be   more  or  less   completely 

analyzed  into  its  component  tones. 

The  organ  of  hearing  certainly  has  some  such  power 
of  musical  analysis,  for  some  cultivated  ears  are  not 
only  able  to  follow  a  special  instrument  in  a  playing 
orchestra,  but  can  even  distinguish  the  overtones  in 
the  notes  produced  by  it. 

Inharmonic  Overtones. — All  overtones  thus  far  con- 
sidered are  produced  by  vibrations  which  are  simple 
multiples  of  the  rate  of  the  fundamental  tone.  Thus, 
the  vibration  rates  of  a  series  of  upper  partials  may  be 
two,  three,  four,  five,  etc.,  times  that  of  the  funda- 
mental, or  the  vibration  rate  of  the  upper  partials  may 
be  represented  by  the  series  of  odd  or  even  numbers, 
as  the  case  may  be.  Such  vibrations  do  not  interfere 
with  one  another  or  with  the  fundamental  tone,  and 
their  union  produces  on  the  ear  an  agreeable  effect 
which  gives  them  their  name  of  harmonics.  Harmonic 
upper  partials  are,  according  to  Helmholtz,  particu- 
lar!}' characteristic  of  stretched  strings  and  narrow 
organ  pipes.  But  most  elastic  bodies  when  caused  to 
vibrate  give  rise  also  to  partial  tones  which  are  not 
exact  multiples  of  the  fundamental,  and  which  may 
be  termed  inharmonic  upper  partials.  The  high- 
pitched  jingle  heard  when  a  tuning  fork  is  first  struck 
represents  the  inharmonic  upper  partials  of  the  fork. 
Stretched  membranes  have  a  great  number  of  such 
inharmonic  overtones,  a  fact  which  is  of  great  im- 
portance in  the  function  of  the  tympanic  membrane. 
Inharmonic  upper  partials,  as  might  be  expected, 
rapidly  die  out  in  a  note  of  which  they  form  a  part, 
because  the  vibrations  causing  them  are  antagonized 
by  one  another  and  by  the  stronger  harmonic  vibra- 
tions. For  this  reason  the  development  of  a  well- 
marked  fundamental  tone  is  repressed  in  structures 
(like  the  tympanic  membrane)  which  easily  produce 
inharmonic  overtones. 

Interferena  of  Sound.  Beats. — Any  source  of  sound, 
as  a  tuning  fork,  may  be  imagined  as  sending  out  from 
itself  a  series  of  waves  of  alternate  condensation  and 
rarefaction  (see  Fig.  3005).  If  a  second  tuning  fork, 
having  the  same  pitch,  is  brought  near  the  first,  the 
motion  imparted  to  the  air  particles  will  be  a  resultant 
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of  the  two  forces.  If  the  forks  vibrate  in  such  order 
that  the  condensation  or  rarefaction  produced  by  each 
simultaneously  engages  the  same  air  particles,  each 
of  these  conditions  will  become  more  intense  and  the 
sound  will  be  louder.  The  forks  are  then  said  to 
vibrate  in  the  same  phase.  But  if  one  fork  in  its 
movement  precedes  or  follows  the  other  by  out-half  a 
vibration,  then  the  phases  of  condensation  from  one 
tuning-fork  correspond  with  those  of  rarefaction  from 
the  other,  and  the  result  is  silence.     Interference  oi 


,'  a 


Fig.  3010. — Looking  Down  on  the  Prongs  of  a  Tuning  Fork  in 
Action,  as  the  prongs  move  apart  phases  of  condensation  are  set 
up  in  the  segments  C  and  C,  while  phases  of  rarefaction  are  sim- 
ultaneously produced  in  R.  and  R.  Whe  nthe  prongs  move  toward 
each  other  the  situation  of  the  phases  is  reversed.  Along  the  lines 
Q  Q  Q  Q  the  phases  of  rarefaction  and  condensation  balance  and 
the  result  is  silence.     (After  Mayer.) 

sound  waves  may  be  demonstrated  in  the  vibrations 
emanating  from  a  single  tuning  fork.  Thus,  Fig.  3010 
represents  such  a  fork  as  seen  from  above. 

When  the  vibrating  prongs  move  away  from  each 
other  a  phase  of  condensation  is  imparted  to  the  au- 
nt the  sectors  E  and  is  propagated  laterally  as  well 
as  directly  outward.  But  the  same  movement  of  the 
prongs  which  condenses  the  air  in  C  rarefies  it  in  R. 
The  waves,  or  phases,  of  condensation  and  rarefaction 
intermingle,  and  along  the  lines  Q  they  exactly  neutral- 
ize each  other,  the  result  being  silence.  Of  course 
phases  of  condensation,  and  rarefaction  in  any  sector 
alternate  with  each  motion  of  the  prongs.  These 
facts  may  be  illustrated  by  slowly  revolving  a  sound- 
ing tuning  fork  opposite  the  auditory  meatus.  When 
the  prongs  are  turned  so  that  the  extension  of  any  line 
Q  enters  the  ear  the  tone  is  greatly  enfeebled.  A  very 
important  outcome  of  this  principle  of  interference 
is  manifested  when  two  tones  slightly  different  in 
pitch  are  sounded  together.     Let  a  prong  of  one  of  two 


augmentation  and  diminution  in  the  intensity  of  the 

sound  is  the  result.  These  sound  pulses  are  known 
as  beats,  and  they  are  the  most  potent  cause  of  discord 
in  music.  Fig.  301  1  is  a  diagram  represent  ing  t  u  0  series 

of  separate  pendular  vibrations,  AA' and  BB',  the  pitch 
of  the  latter  being  slightly  higher.  The  more  rapid 
vibrations  of  BB'  periodically  overtake  those  of  AA' 

and  an  algebraic  addition  of  the  displacement  of  1he 
air  particles  gives  the  third  curve  (_'<".  When  the 
partial  torn  -  are  in  the  same  phase  the  sound  is  great];, 
increased  as  at  C  and  (_".  When  the  partial  tone-  are 
in  opposite  phases  they  neutralize;  each  other  and  there 
is  silence,  as  at  E  and  E'.  The  frequency  of  the  beats 
is  represented  by  the  distance  between  C  and  C  or 
between  E  and  E'.  When  two  notes  not  included  in 
a  perfect  chord  are  sounded  on  the  piano,  beats  are 
heard  not  only  from  the  interference  of  the  funda- 
mental tones,  but  of  the  upper  partials  as  well.  It  is 
the  absence  of  beats  in  tones  that  should  be  in  har- 
mony, as  those  of  the  major  chord,  that  determines 
the  instrument  to  be  in  tune.  When  two  tones  pro- 
duce beats,  the  number  of  beats  in  a  given  time  is 
equal  to  the  difference  between  the  number  of  vibra- 
tions involved  in  the  two  tones  in  the  same  time. 
For  example,  a  tone  produced  by  256  vibrations  in  a 
second  sounded  with  one  of  228  vibrations  would  give 
twenty-eight  beats  in  a  second.  It  is  evident  that 
the  frequency  of  beats  may  be  increased  either  by 
increasing  the  interval  between  the  tones  or  by  strik- 
ing tones  of  the  same  interval  in  a  higher  part  of  the 
scale.  Beats  which  are  not  too  frequent — from  four 
to  six  in  a  second — have  important  musical  value; 
but  when  they  number  thirty  or  forty  in  a  second 
they  become  exceedingly  disagreeable,  irritating  the 
ear  in  a  manner  analogous  to  the  effect  of  a  flickering 
light  on  the  eye.  It  is  obvious,  however,  that  if  the 
sensation  aroused  by  one  beat  lingers  until  the  next 
beat  falls  upon  the  ear,  the  sensations  will  be  fused  and 
a  new  tone  will  be  produced.  The  following  table 
from  Mayer's  little  book  on  Sound  shows  the  duration 
of  the  beat-sensation  and  the  number  of  beats  per 
second  necessary  to  form  a  continuous  tone  at  different 
parts  of  the  musical  scale : 


Note. 

Vibrations. 

Beats. 

Duration. 

C, 

64 
128 
256 
384 
512 

16 
26 

47 
60 

78 

C .'. 

A  sec* 

Fig.  3011. — The  solid  line  AA'  develops  13  waves  while  the  broken  line  BB'  completes  14.  The  algebraic  addition  of  the  two 
curves  is  represented  by  the  dotted  line  CC.  At  A  and  A'  there  is  complete  interference  of  the  pendular  vibrations  and  the  dotted 
line  C  comes  to  rest:  at  D  and  D'  there  is  maximum  summation  of  the  partial  tones  and  the  dotted  line  at  C  and  C  shows  maximal 
departure  from  the  position  of  rest.  A  single  beat  is  represented  by  the  fluctuation  of  the  dotted  line  between  C  and  C  or 
between  E  and  E'. 


vibrating  tuning  forks  be  loaded  with  wax;  its  vibra- 
tions will  thereby  be  made  slower  and  its  pitch  lowered. 
Though  the  forks  may  start  vibrating  in  the  same 
phase,  the  vibrat  ions  of  one  fork  will  outpace  those  of 
the  other  until  a.  phase  of  condensation  of  the  first 
will  correspond  to  a  phase  of  rarefaction  of  the  second, 
and  the  result  will  be  perfect  or  comparative  silence. 
The  unequal  rate  of  vibration  continuing,  like  phases 
will  again  fall  together  and  the  sound  will  become 
louder  than    from  either    fork    alone.     An   alternate 
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Harmony  and  Discord. — Tones  are  concordant  or 
harmonic  when  they  produce  no  beats  on  being 
sounded  together;  they  are  discordant  when  beats  are 
produced,  and  the  painful  sense  of  dissonance  increases 
in  intensity  up  to  about  thirty-three  beats  per  second. 
Perfect  concord  is  obtained  by  blending  tones  whose 
vibrations  are  to  one  another  as  small  whole  numbers. 
Thus,  in  the  major  chord  C  E  G  c  the  vibration  num- 
bers are  132,  165,  198,  264,  their  ratios  are  4,  5,  6,  8. 

*  The  vibration  rate  of  middle  c  is  usually  taken  as  264. 
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If  tones  the  ratio  of  whose  vibration  rates  can  be 
represented  only  by  largo  whole  numbers  are  com- 
bined, a  discord  is  formed,  for  the  reason  that  their 
upper  partials  interfere  with  one  another  and  cause 
beats;  there  is  no  especial  virtue  in  the  small  integer,  '- 

Thus  in  the  discord  C  D  E  the  vibration  numbers 
are  132,  148.5,  165,  which  are  not  reducible  to  small 
whole  numbers.3 

Resultant  Tones. — When  two  powerful  tones  of 
different  pitch  are  sounded  together  there  may  be 
heard  in  addition  a  third  tone  of  much  lower  pitch  than 
either.  This  is  a  resultant  of  the  two  primary  tones 
and  has  been  called  a  difference  time,  because  its  pitch 
corresponds  to  a  vibration  rate  equal  to  the  difference 
of  rates  of  the  two  primary  tones.  "  Difference  tones, " 
though  having  the  same  numerical  relations  as  "beats," 
are  not  to  be  confused  with  the  latter.  As  two  tones 
may  generate  a  third  which  represents  the  difference 
1  iet  ween  their  vibrations,  so,  it  was  predicted  and 
demonstrated  by  Helmholtz,  they  may  give  rise  to 
summation  tones  whose  pitch  is  determined  by  the 
sum  of  the  vibrations  of  the  primary  tones.  The  vast 
complexity  of  the  system  of  aerial  waves  to  whose 
impress  and  analysis  the  ear  is  sensitive  and  capable, 
is  well  expressed  by  Tyndall:3  "In  the  music  of  an 
orchestra,  not  only  have  we  the  fundamental  tones  of 
every  pipe  and  of  every  string,  but  we  have  the  over- 
tones of  each,  sometimes  audible  as  far  as  the  sixteenth 
in  the  series.  We  have  also  resultant  tones;  both 
difference  tones  and  summation  tones;  all  trembling 
through  the  same  air,  all  knocking  at  the  self-same 
tympanic  membrane.  We  have  fundamental  tone 
interfering  with  fundamental  tone,  overtone  with 
overtone,  resultant  tone  with  resultant  tone.  And, 
besides  this,  we  have  the  members  of  each  class  inter- 
fering with  the  members  of  every  other  class.  The 
imagination  retires  bathed  from  any  attempt  to  realize 
the  physical  condition  of  the  atmosphere  through 
which  these  sounds  are  passing." 

Out  of  the  wealth  of  literature  upon  the  physics  of 
sound,  mention  may  be  confined  to  the  work  of  Helm- 
holtz: "Die  Tonempfindungen,"  translated  by  Ellis, 
"Sensations  of  Tone,"  etc.,  which  covers  the  field  of 
physiological  acoustics.  Also,  the  lectures  of  Tyndall 
on  "Sound,"  Appleton,  1S77,  are  full  of  clear  beauty 
on  the  physical  side. 

Anatomy  and  Physiology  op  the  Ear. — Detailed 
description  of  the  structure  of  the  various  parts  of  the 
car  may  be  found  under  appropriate  captions.  In 
this  section  anatomy  and  histology  will  receive  as  little 
attention  as  is  consistent  with  clear  exposition  of  func- 
tions. 

The  organ  of  hearing  is  usually  described  as  consist- 
ing of  the  following  divisions:  1.  The  external  ear, 
composed  of  the  pinna  or  auricle  and  the  external 
auditory  meatus.  2.  The  middle  ear,  including  the 
tympanic  cavity  with  its  contents,  the  communicating 
Eustachian  tube,  and  the  tympanic  membrane.  3. 
The  internal  ear  or  labyrinth,  including  the  vestibule, 
cochlea,  and  semicircular  canals,  with  their  corres- 
ponding membranous  contents,  and  the  ductus  endo- 
lymphaticus. 

The  pinna  or  auricle  (Fig.  3012)  has  less  functional 
importance  in  man  than  in  some  of  the  lower  mammals, 
as  the  deer,  in  which  its  trumpet  shape  is  especially 
adapted  for  the  collection  of  waves  of  sound.  The 
extreme  mobility  of  the  auricle  in  such  animals  must 
make  it  of  use  in  locating  sounds,  a  function  important 
to  the  preservation  of  its  life  from  enemies.  Even 
the  human  auricle,  and  especially  the  concha,  must 
serve  an  important  use  in  the  collection  of  sound 
waves. 

The  external  auditory  meatus  or  ranal  (Fig.  3012) 
serves  the  purpose  of  conveying  with  undiminished 
intensity  the  sound  collected  by  the  auricle  to  the 
tympanic  membrane,  while  allowing  this  structure  to 
be  buried  at  a  safe  distance  from  the  surface.     Sound 


waves  produced  in  the  open  air  radiate  in  all  directions 

and  rapidly  diminish  in  intensity  (the  decline  in  inten- 
sity is  proportional  to  the  square  of  the  distance  tra- 
versed). When  sound  is  prevented  from  radiating,  as 
when  one  whispers  into  the  open  end  of  a  tube,  it  isncon- 
ducted  for  extraordinary  distances.  This  is  the  prin- 
ciple on  which  the  effectiveness  of  the  stethoscope 
depends.  The  relations  of  the  parts  of  the  human  ex- 
ternal ear,  the  tragus  and  anlitragiis,  the  oblique  direc- 
tion of  the  meatus  and  the  bend  in  its  course,  are 
admirably  adapted  for  the  protection  of  the  tympanic 
membrane  from  externa)  violence. 

The  external  auditory  meatus  acts  as  a  resonator 
for  tones  in  unison  with  its  own  fundamental,  whose 
pitch  corresponds  to  a  vibration  rate  of  about  3,000 
per  second.  The  shrill  intensity  possessed  by  certain 
tones  near  the  upper  limit  of  the  musical  scale,  as  the 
chirp  of  a  cricket,  is  due  to  the  sympathetic  resonance 
of  (lie  auditory  canal  (Helmholtz). 

The  middle  ear  or  tympanum  (Figs.  3012-3018)  is  an 
air-holding  cavity  of  irregular  shape  in  the  petrous 
bone,  and  it  is  broader  behind  and  above  than  it  is 
below  and  in  front.  Posteriorly  it  is  in  open  communi- 
cation with  the  complex  system  of  air  cavities  in  the 
mastoid  bone  known  as  the  mastoid  antrum  and  the 
mastoid  cells.  A  considerable  portion  of  the  cavity 
lies  above  the  level  of  the  tympanic  membrane  and 
is  known  as  the  attic.     It  is  separated  from  the  brain 


Fig.  3012. — The  Organ  of  Hearing  (Diagrammatic).  1. 
C'x'Mia;  L\  saccule;  3,  ductus  endolymphaticus;  4,  utricle;  5, 
semicircular  canal;  6,  tympanic  cavity  with  chain  of  ossicles; 
7,  Eustachian  tube;  S,  membrana  tympani;  9,  recessus  epitym- 
panicus;  10,  external  auditory  meatus.      (Cunningham.) 

cavity  by  a  thin  plate  of  bone  (tegmentum  tympatii). 
It  is  easy  to  see  how  suppurative  inflammation  of 
the  middle  ear  not  only  may  invade  the  mastoid 
cells  but,  by  absorption  of  the  thin  roof  of  the 
cavity,  and  in  other  ways,  may  make  otitis  media 
the  commonest  source  of  pyogenic  affections  of  the 
brain.4  Anteriorly  the  tympanum  is  continuous  with 
the  pharynx  through  the  Eustachian  tube  (Fig.  3013). 
The  inner  wall  of  the  cavity  is  formed  chiefly  by  part 
of  the  bony  envelope  of  the  internal  ear.  The  surface 
of  the  inner  wall  is  pierced  by  two  apertures,  the 
fenestra  oralis,  or  oval  window,  and  the  feyiestra 
rotunda,  or  round  window,  leading  into  separate 
divisions  of  the  cavity  of  the  bony  labyrinth. 

In  life  each  fenestra  is  covered  by  a  thin  sheet  of 
membrane,  and  the  foot  of  the  stapes  (see  below)  is 
fastened  by  a  ligamentous  fringe  in  the  oval  window. 
The  cavity  of  the  tympanum  is  lined  by  mucous 
membrane  continuous  with  that  of  the  Eustachian 
tube  and  the  pharynx,  and  the  membrane,  like  that 
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of  the  Eustachian  tube,  is  ciliated  except  over  the  sur- 
faces of  the  ossicles  and  the  tympanic  membrane. 

The  tympanic  membrane  or  drumskin  (Figs.  3012- 
3014),  separates  the  tympanic  cavity  from  the  au- 
ditory canal.  It  is  a  somewhat  oval  disc  whose  longer 
axis  is  directed  from  behind  and  above  downward  and 
forward,  and  whose  length  is  about  9  mm.  The 
membrane  is  inserted  obliquely  to  the  axis  of  the 
meatus,  so  that  the  floor  of  the  latter  is  longer  than 
its  roof.     The   membrane  varies   considerably    in  its 


Fig.  3013. — Left  Membrana  Tympani  and  Ch:iin  of  Tympanic 
Ossicles,  seen  from  the  Inner  Aspect.  1,  Kecessus  epitympanicus; 
2,  body  of  incus;  3,  short  process  of  incus;  1,  ligament  of  incus; 
5,  chorda  tympani;  6,  pyramid  with  tendon  of  stapedius  muscle; 
7,  foot  of  stapes;  S,  sup.  ligament  of  malleus;  9,  head  of  malli  us; 
10  ant.  ligament  of  malleus;  11,  handle  of  malleus;  12, 
tympani  muscle;  13,  cochleariform  process;  14,  osseous  part  of 
Eustachian  tube.     (Cunningham.) 

physical  characters  in  disease,  but  normally  it  is 
semitransparent  and  of  a  pearly  luster  to  otoscopic 
vision  (Fig.  3014).  It  is  composed  of  an  outer 
layer  of  thin  skin,  an  inner  layer  of  mucous  mem- 
brane, with  a  coat  of  chiefly  fibrous  tissue  between. 
The  greater  number  of  the  fibers  of  this  middle  layer 
{membrana  propria)  radiate  from  near  the  center  to 
the  periphery  of  the  membrane;  but  there  are  also 
circular  fibers  of  elastic  tissue  which  are  most  numer- 
ous in  a  ring  near  the  attached  margin  of  the  membrane. 
The  surface  of  the  drumskin  is  not  flat,  but  is  funnel- 
shaped  with  the  apex  of  the  funnel  pointing  inward,  a 
position  determined  by  the  attachment  of  the  handle 
of  the  malleus.  Moreover,  the  radial  lines  of  the 
membrane  are  not  straight,  but  are  slightly  curved 
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Fig.  3014. — The  Left  Tympanic  Membrane  as  seen  from  the 
External  Auditory  Canal.      (Cunningham.) 

with  the  convexity  outward,  this  shape  being  partly 
due  to  the  tension  of  the  circular  elastic  fibers. 
A  small  segment  in  the  upper  pari  of  the  membrane, 
membrana  flaccida,  01  Shrapnel? s  membrane,  lacks,  the 
tenseness  of  the  rest  of  (lie  structure.  When  light  is 
thrown  upon  the  normal  tympanic  membrane,  a 
bright  reflection  (known  as  the  pyramid  of  light) 
is  seen  in  its  lower  anterior  quadrant.  The  apex 
of  the  bright  triangle  is  at  the  tip  of  the  manubrium, 
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and  its  base  is  on  or  near  the  periphery  of  the  mem- 
brane. 

Auditory  Ossicles. — The  vibrations  of  the  tympanic 
membrane  an-  transferred  to  i  in-  /(  neslra  ovatis  of  the 
labyrinth  by  a  chain  of  three  little  bones:  'h'    mull,  ■/ 
(hammer),  incus  (anvil),  .'mil  stapes  (stirrup!.  th< 
called  auditory  ossicles  (Figs.  3015  and  3016.)     The 

mult:  us   has  a  rounded    head   grooved   on   one  Side   for 
articulation  with  the  incus,  :t  short  neck   and  a  long 
handle  or  manubrium,  which  is  inserted  in  the  1  i 
of    the    tympanic 
membrane  from  a  ;„<-*/» 

[joint  on  its  upper 
periphery  to  a  lit- 
tle below  its  cen- 
ter. The  proa  ssus 
brevis  of  the  mal 
leus  is  a  low  coni- 
cal projection 
which  rises  from 
the  top  of  the 
manubrium  and 
presses  directly 
against  that  seg- 
ment of  the  tym- 
panic membrane 
which  lies  immediately  below  the  membrana  flaccida. 
These  parts  can  usually  be  seen  on  inspection  with 
the  ear  speculum  (Fig's.  3012,  3013,  3(111).  The 
processus  gracilis  or  processus  folianus,  long  and 
slender,  arises  from  an  eminence  just  below  the  neck 
of  the  malleus,  and,  passing  forward  and  outward, 
is  inserted  in  the  Glaserian  fissure  in  the  wall  of  the 
tympanum.  The  malleus  is  held  in  position  partly  by 
ligaments.  The  superior  or  suspensory  ligament 
passes  downward  and  outward  from  the  roof  of  the 
tympanum  to  be  inserted  into  the  head  of  the  malleus. 
The  main  portion  of  the  anterior  ligament  (Fig.  3017) 
is  attached  to  the  neck  of  the  malleus  just  above  the 
processus  gracilis;  it  embraces  the  latter  and,  passing 
forward,  finds  its  origin  in  the  anterior  wall  of  the 
tympanum  and  in  the  Glaserian  fissure.  Another 
division  of  this  ligament,  the  external  ligament,  arises 


Fig.  3015.— The  Three  I 
After  Hcitzmann.) 


Iliad  of  incus 


Processus  brevis 

Processus  longus 
Head  of  stapes 


Processus  gracilis 


Os  lenticulare 


Manubrium 
Fig.  301fi. — The  Ossicles  in  Their  Normal  Relations. 
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and  is  attached  more  externally  than  that  just 
described.  The  ligaments  of  the  malleus  serve  to  keep 
its  head  in  position  (Figs.  3017,  3018).  The  exter- 
nal ligament  being  attached  above  the  axis  of  rotation 
of  the  hammer,  prevents  the  head  of  this  bone  from 
moving  too  far  inward,  and  the  manubrium  from  being 
pushed  too  far  outward.  The  superior  ligament, 
owing  to  its  oblique  course,  restrains  the  head  of  the 
hammer  from  moving  too  far  outward. 

The  incus,  umbos,  or  anvil  bone,  is  shaped  somewhat 
like  a  bicuspid  tooth.  Its  body  is  hollowed  on  the  sur- 
face ami  covered  with  cartilage  for  articulation  with 
the  head  of  the  malleus.     It  has  two  processes,  a  long 
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and  a  short,  which  project  at  right  angles  to  each  other. 
Their  respective  lengths  are  about  four  and  three 
millimeters.  When  in  natural  position,  the  long 
process  descends  nearly  parallel  with  the  manubrium, 
hut  it,  has  less  than  three-fourths  the  length  of  the 
latter.  The  free  end  of  the  long  process  is  turned 
sharply  inward  at  right  angles,  and  terminates  in  a 
rounded  projection,  the  os  orbiculare  or  lenticulare, 
which  is  provided  with  cartilage  for  articulation  with 
the  head  of  the  stapes.  The  short  process  is  conical  in 
shape  and  is  thicker  than  the  long  process.  It  has  a 
horizontal  position,  and  is  attached  by  a  thick  liga- 
menl  to  the  posterior  wall  of  tin'  tympanum. 

The  sin  /us  articulates  wit  h  1  he  end  of  the  long  proc- 
ess of  the  incus;  its  plane  is  horizontal  anil  about  at 
right  angles  to  thai  process.  It  measures  about  three 
to  four  millimeters  in  length  by  about  1  wo  and  one-half 
in  breadth.  The  base  of  the  stirrup  bone  is  set  in  the 
fern  .ilru  ovalis,  an  aperture  measuring  about  three  by 
one  and  one-half  millimeters,  and  is  held  in  position 
by  a  narrow  membrane  made  up  of  radial  fibers  of 
connective  tissue  (Fig.  3019).  When  in  position,  the 
innerface  of  the  base  of  the  stapes  is  covered  with 
lymphatic  endothelium  and  is  washed  by  the  peri- 
lymph of  the  internal  ear;  the  outer  face,  like  the 
other  ossicles  and  the  wall  of  the  tympanum,  is  cov- 
ered by  thin  mucous  membrane. 

Movements  of  tin-  Ossicles, — The  malleus-incus  arti- 
culation is  so  arranged  that  with  outward  movements 
of  the  manubrium  the  head  of  the  malleus  glides  freely 
in  the  joint;  but  the  lower  ma  ruins  of  the  articulating 
surfaces  project  in  such  a  way  that  the  prominences 
catch  upon  each  other  and  interlock  when  the  manu- 
brium is  moved  inward.  Thus,  in  inward  movements 
of  the  tympanic  membrane  and  its  attached  manu- 
brium, the  malleus  and  incus  move  together  like  one 
rigid  piece  of  bone,  the  motions  of  the  manubrium  and 
of  the  long  process  of  the  incus  being  parallel.  In  the 
outward  movements  the  locking  teeth  or  projections 
are  probably,  under  ordinary  conditions,  still  kept  in 
apposition  through  the  elasl  ic  reaction  of  the  ligament 


La.  Ext. 

Fig.  3017. — A  Nearly  Horizontal  Section  through  the  Tympanum, 
including  the  Malleus-Incus  Articulation.  //,  Head  of  hammer, 
inner  surface;  A,  anvil  or  incus,  whose  short  process  is  held  by 
ligaments  iv  a  bony  niche:  Sp.  m.,  spina  major  of  tympanic  wall; 
Lg.  a.,  anterior  ligament;  Lg.  Ext.,  external  ligament.  The  line 
ax-ax  represents  the  axis  of  rotation  of  the  two  ossicles.  (After 
Hensen.) 

and  the  stapedial  attachment  of  the  incus.  Should, 
however,  the  tympanic  membrane  be  forced  unduly 
outward,  as  by  increase  of  pressure  within  the  tym- 
panum or  rarefaction  of  the  air  in  the  auditory  meatus, 
the  incus  only  follows  the  malleus  for  a  certain  dis- 
tance, the  latter  completing  its  motion  by  gliding  in 
the  joint.  There  is  thus  no  danger  of  the  stapes  being 
torn  out  of  the  oval  window.  Of  the  malleus-incus 
articulation  Helmholtz  says:  "In  its  action  it  may  be 
compared  with  the  joints  of  the  well-known  Brcguet 
watch  keys,  which  have  row^s  of  interlocking  teeth. 
offering  scarcely  any  resistance  to  revolution  in  one 
direction,  but  allowing  no  revolution  whatever  in  the 
other."  The  hammer  and  the  anvil,  suspended  by 
their  ligaments,  move  freely  about  an  axis  one  end  of 
which  is  found  at  the  origin  of  the  anterior  part  of  the 
anterior  ligament  of  the  malleus,  and  the  other  end  in 
the  origin  of  the  ligament  which  is  continuous  with  the 
short  process  of  the  incus  (Fig.  3017). 

In  inward  motions  of  the  tympanic  membrane  (and 
probably  under  ordinary  conditions  in  outward  mo- 


tions  as   well),    the   ossicles    move    like    a    single    bone 

about  the  axis  of  suspension.     The  three  bones  may 

be  likened,  then,  to  a  single  rigid  lever  of  peculiar 
form.  The  power  is  applied  to  this  lever  at  the  tip  of 
the  man ii brill m,  the  effect  is  produced  at  the  footplate 
of  the  stapes.  Observation  shows  that,  the  fulcrum  is 
found  at  the  end  of  the  short,  process  of  the  incus. 
From  the  latter  point  the  distance  measured  to  the 
ittnliti  or  tip  of  the  manubrium  is  about  one  and  one- 
half  times  the  distance  from  the  fulcrum  to  the  end  of 
the  long  process  of  the  incus.  Therefore,  motions 
imparted  to  the  stapes  can  have  but  two-thirds  the 
amplitude  of  those  arising  at  the  umbo;  but,  according 
to  the  principles  of  the  lever,  the  former  movements 
have  one  and  one-half  times  the  force  of  the  latter. 
It  will  be  noticed  that  a  large  proportion  of  the 
mass  of  both  anvil  and  hammer  is  found  above  their 
axis  of  rotation;  this  upper  portion  acts  as  ;i  counter- 
poise to  the  parts  below  which  are  directly  concerned 
in  the  lever  action.  The  bony  lever  being  thus  bal- 
anced, it  is  less  difficult  to  understand  its  known 
sensitiveness  to  impulses  that  are  inconceivably  weak. 
The  tense  tympanic  membrane,  by  reason  of  its  funnel 
shape,  resists  strong  inward  compression;  hence  the 
stapes  is  prevented  from  being  pressed  too  far  inward. 
The  maximum  amplitude  of  motion  of  the  end  of  the 
long  process  of  the  incus  is  very  small,  being  only 
about  ,',  to  T'T  millimeter,  while  that  of  the  center 
of  the  tympanic  membrane  is  about  ,'.  to  }  milli- 
meter. 

The  great  rapidity  of  aerial  vibrations  to  which  the 
chain  of  ossicles  can  respond  suggests  that  it  conducts 
the  sound  pulses  as  molecular  or  longitudinal  vibra- 
tions, as  a  rigid  rod  of  wood  transmits  the  tick  of  a 
watch.  But  Helmholtz  has  shown  reasons  for  be- 
lieving that  the  functional  movements  of  the  ear  bones 
is  molar,  that  they  oscillate  as  a  whole,  the  chain  mov- 
ing in  a  body  with  each  impulse.  It  is  open  to  sus- 
picion that  the  upper  limit  of  the  scale  of  pitch  may  be 
determined  by  the  superior  rate  of  vibration  to  which 
the  chain  of  bones  is  capable  of  responding.  The  sole 
purpose  of  this  apparatus  of  the  middle  ear  is  to  trans- 
mit exactly  the  variations  of  pressure  in  the  air  of  the 
external  auditory  meatus  to  the  perilymph  which 
bathes  the  foot  of  the  stapes;  in  other  words,  to  con- 
vert air  waves  into  a  similar  series  of  water  waves. 
As  put  by  Helmholtz:  "The  mechanical  problem 
which  the  apparatus  within  the  drum  of  the  ear  had 
to  solve  was  to  transform  a  motion  of  great  amplitude 
and  little  force,  such  as  impinges  on  the  drum  skin, 
into  a  motion  of  small  amplitude  and  great  force,  such 
as  had  to  be  communicated  to  the  fluid  in  the  laby- 
rinth." The  adaptation  of  the  apparatus  of  the 
middle  ear  to  this  end  is  worthy  of  careful  considera- 
tion. In  the  first  place,  it  wiil  be  noticed  that  the 
area  of  the  fenestra  ovalis  which  receives  the  impulses 
of  the  stapes  is  but  a  small  fraction  of  the  surface  of 
the  tympanic  membrane  on  which  the  air  waves  im- 
pinge, the  latter  area  being  some  fifteen  to  twenty  times 
greater  than  the  former,  so  that  the  energy  of  air 
motion  is,  in  a  fashion,  concentrated.  In  the  second 
place,  as  previously  observed,  the  lever  mechanism 
of  the  auditory  ossicles  is  such  that  the  movements 
of  the  end  of  the  long  process  of  the  incus  have  two- 
thirds  the  amplitude  of  those  of  the  tip  of  the  manu- 
brium, but  about  one  and  one-half  times  their  force. 
It  should  also  be  noticed  that  the  membrane  fasten- 
ing the  foot  of  the  stapes  in  the  fenestra  is  somewhat 
less  tense  on  the  upper  side,  so  that  the  top  of  the  oval 
footpiece  has  a  freer  motion  than  the  bottom,  and, 
as  the  end  of  the  incus  process  moves  somewdiat  up- 
ward and  inward,  the  head  of  the  stirrup  rises  slightly 
with  inward  motions.  In  other  words,  the  stapes  it- 
self forms  an  independent  lever,  of  which  the  long  arm 
is  the  height  of  the  stirrup  and  the  short  arm  less  than 
the  breadth  of  its  footpiece.  by  which  the  motion  im- 
parted by  the  incus  is  further  reduced  in  amplitude 
but  increased  in  power.     In  the  third  place,  it  has 
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been  demonstrated  by  Helmholtz  that  the  shape  of 
the  tympanic  membrane  peculiarly  adapts  it  for  trans- 
forming weak  movements  of  wide  amplitude  into 
strong  ones  of  small  compass.  For  this  membrane  is 
not  a  simple  funnel  depressed  inwardly,  but  the  radii 
are  slightly  curved  with  the  convexity  outward,  a 
shape  chiefly  due,  it  is  said,  to  the  tension  of  the 
elastic  circular  fibers  of  the  membrane  on  its  inner 
face,  these  being  most  numerous  toward  the  circum- 
ference.* Air  waves  beating  upon  this  convexity 
flatten  the  curve  somewhat,  and  their  whole  energy 
must  be  concentrated,  with  increased  intensity,  but 
loss  of  motion,  near  the  central  point  of  the  membrane. 
The  same  effect  is  illustrated  by  the  fact  that  wht  D  a 
string  or  rope  is  stretched  horizontally  between  t  wo 
points,  no  matter  how  tightly,  it  always  sags  in  the 
middle;  the  weight  of  the  cord,  however  slight,  drags 
it  down  in  a  curve,  and  produces  a  corresponding 
traction  on  the  points  of  support. 

Special  Properties  oj  the  Tympanic  Membrane. — It 
is  evident  that  any  marked  tendency  of  the  trans- 
mitting apparatus  of  the  middle  ear  to  vibrate  at  a 
particular  rate — that  is,  possession  by  it  of  a  strong 
fundamental  tone — would  render  impossible  the  con- 
duction of  aerial  pulses  in  their  actual  proportion  of 
intensity.  Membranes  have  fundamental  tones  (see 
p.  2i>),  whose  pitch  is  determined  by  their  area,  thick- 
ness, and  tension,  but  they  differ  from  rods,  strings, 
etc.,  in  being  less  strictly  confined  to  a  single  funda- 
mental tone  in  their  vibration.  The  tympanic  mem- 
brane is  peculiar  in  that  it  can  hardly  be  said  to  have 
a  definite  fundamental  tone.  This  is  prevented  proba- 
bly both  by  reason  of  its  structure  and  the  peculiar 
form  of  its  surface,  and  also  because  its  oscillations  are 
damped  by  the  pressure  of  the  malleus  held  in  position 
by  the  other  mechanisms  of  the  tympanum.  The 
membrane  probably  responds  indifferently  to  a  wide 
range  of  vibration-rates.  It  is  said  to  move  percep- 
tibly with  the  pulse,  with  the  act  of  swallowing;  and  at 
the  beginning  of  sounds  owing  to  contraction  of  the 
tensor  tympani  muscle  (Kohler). 

One  important  purpose  subserved  by  the  tympanic 
membrane  is  no  doubt  to  guard  from  injury  the  deli- 
cate membranes  of  the  fenestra?  and  other  contents 
of  the  middle  ear.  The  astonishing  freedom  of  the 
normal  membrane  from  foreign  particles  is  probably 
due  to  a  radial  movement  of  its  surface  epithelium 
in  the  course  of  cellular  renewal. 

When  the  tympanic  membrane  is  perforated  or  is 
even  wholly  removed,  without  destructive  inflam- 
matory changes  in  the  middle  ear,  sounds  are  still 
heard,  though  usually  with  diminished  loudness.  An 
artificial  drum  inserted  in  the  meatus  occasionally  im- 
proves hearing  in  the  absence  of  the  normal  mem- 
brane, or  when  the  transmitting  mechanism  is  ab- 
normally relaxed.  It  is  said  that  it  should  be  placed 
in  contact  with  the  malleus,  and  its  mode  of  action 
seems  to  be  to  bring  aerial  vibrations  to  bear  effec- 
tively upon  the  ossicles.  A  small  wad  of  cotton  has 
been  employed  with  the  same  result. 

When  the  tympanic  membrane  is  absent,  air  waves 
beat  directly  upon  the  membranes  of  the  fenestra1, 
and  certain  sounds  may  then  be  heard  with  increased 
loudness.  But  in  the  absence  of  the  elaborate  ar- 
rangement described  above  for  abolishing  sympa- 
thetic vibration  of  the  sound-conducting  mechanism, 
it  is  probable  that  the  fenestral  coverings  are  crude 
and  inaccurate  interpreters  of  the  sounds  beating  upon 
them.  Thus,  a  musician  who  had  suffered  loss  of  his 
tympanic  membranes  was  no  longer  able  to  play  his 
violin,  probably  because  sounds  of  different  pitch 
ceased  to  be  perceived  in  their  true  relations  of 
loudness  (Dr.  E.  C.  Rivers). 

Hearing  by  limn   Conduction. — Just  as  the  sound  of 

•Any  fn-sh  animal  membrane,  when  laid  over  a  circular  frame 
and  stretched  by  the  pressure  <>f  the  end  of  a  rod  applied  to  its 
center,  will  take  on  the  shape  of  the  tympanic  membrane  and  pre- 
serve it.  in  the  >!f  ied  idition. 
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a  watch  or  tuning  fork  may  be  conducted   through  a 

wooden  rod,  so  molecular  vibrations  may  pass  to  the 
auditory  apparatus  through  the  bones  of  the  skull. 
Such  movements  probably  have  the  nature  of  the 
longitudinal  vibrations  discussed  in  a  previous  sec- 
tion (p.  I'D.  If  the  stem  of  a  sounding  tuning  fork 
be  touched  to  the  skull  or  held  between  the  teeth  the 
tone  will  be  plainly  heard,  and  the  sound  becomes 
louder  when  the  ears  are  stopped.  If  the  fork  be 
held  between  the  teeth  until  the  sound  dies  away, 
the  tone  reappears  upon  closing  one  of  the  auditory 
canals  and  on  the  same  side  as  the  closure.  A  fork 
which  has  become  silent  to  air  conduction  may  still 
be  heard  if  held  between  the  teeth;  and  when  the 
sound  again  dies  away,  it  returns  when  the  stem  of 
the  fork  is  inserted  into  the  meatus.5  Hearing  by 
bone  conduction  occurs  in  the  absence  of  the  tympanic 
membranes,  and  even  when  the  membranes  covering 
the  fenestra;  of  the  internal  ear  are  so  altered  by  disease 
as  to  be  ill  adapted  to  transmit  vibrations.  Such  vi- 
brations are,  probably,  transmitted  directly  through 
the  bony  labyrinth  to  its  contained  fluid,  though  in 
the  presence  of  the  normal  fenestral  coverings  and 
of  the  tympanic  membrane  the  vibrations  are,  without 
doubt,  taken  up  and  transmitted  by  these  structures. 
Closing  the  ears  would  then  reflect  and  intensify  the 
sound. 

In  deafness  due  to  middle-ear  trouble  sound  can 
still  be  plainly  heard  by  bone  conduction.  The  audv- 
phone  is  essentially  a  sheet  of  some  elastic  material, 
as  hard  rubber,  easily  set  into  sympathetic  vibration, 
which  is  held  against  the  teeth  to  which  it  transmits 
vibrations  that  it  has  taken  up  like  a  sounding  board. 

In  deafness  due  to  disease  of  the  internal  ear  vibra- 
tions conducted  through  the  bones  of  the  skull  make  no 
auditory  impression.  According  to  Egger,6  even 
when  there  is  deafness  to  skull  vibrations,  a  tuning 
fork  may  still  be  heard  and  pitch  recognized  when  it 
is  applied  to  the  bones  of  the  extremities  (olecranon, 
tibia).  As  this  power  fails  when  the  part  is  made 
anemic  by  Esmarch  's  bandage,  the  author  ascribes 
the  sensation  not  to  bone  conduction,  but  to  irritation 
of  the  auditory  centers  by  way  of  the  nerves  of  com- 
mon sensation. 

Eustachian  Tube. — Any  steady  inequality  of  air 
pressure  on  the  two  sides  of  the  tympanic  membrane 
would  evidently  more  or  less  interfere  with  the  func- 
tional movements  of  this  disc.  As  air  is  probably  con- 
tinuously absorbed  from  the  tympanum  and  as  ex- 
ternal barometric  pressure  is  ever  varying,  the  drum  of 
the  ear  needs  some  arrangement  for  the  maintenance  of 
an  equilibrium  of  air  pressure  on  the  two  sides  of  the 
tympanic  membrane.  Such  a  mechanism  is  found  in 
the  Eustachian  tube,  a  somewhat  trumpet-shaped 
canal  which,  beginning  in  the  lower,  anterior  wall  of 
the  tympanum,  runs  downward,  forward,  and  inward, 
and  terminates  in  a  slit  in  the  side  of  the  upper  part 
of  the  pharynx  (Fig.  3013).  The  Eustachian  tube 
is  lined,  like  the  walls  of  the  tympanum,  with  ciliated 
epithelium,  the  cilia  working  in  such  a  way  as  to 
convey  into  the  pharnyx  such  secretions  as  may  be 
poured  into  the  middle  ear,  as  well  as  the  foreign 
matter  that  may  enter  the  canal  from  the  pharynx.  A 
consideration  of  the  ordinary  mode  of  infection  of  the 
middle  ear  from  the  pharynx  suggests  how  important 
a  role  must  be  borne  by  the  ciliated  epithelium  in  the 
preservation  of  health. 

The  pharyngeal  opening  of  the  Eustachian  tube  is 
probably  usually  closed,  but  may  be  made  to  open  by 
considerable  increase  of  air  pressure  within  the  phar- 
ynx, as  may  be  produced  by  closing  the  nose  and  mouth 
and  either  forcing  air  into  the  pharynx  by  strong  ex- 
piratory movement  or  rarefying  it  by  suction.  In 
the  former  case  air  pressure  within  the  middle  ear  is 
increased,  in  the  latter  it  is  diminished.  When  air  is 
thus  made  to  enter  or  leave  the  tympanum  a  sensation 
of  a  sudden  snap  and  a  dull  crackling  noise  in  the  ear 
are  experienced.     The  lower  end  of  the  tube  is  nor- 
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mally  opened  during  the  act  of  swallowing,  and  it  is 
at  this  moment  that  the  intra-  and  extratympanic 
pressures  are  equalized.  The  well-known  method  of 
Politzer  for  inflation  of  the  middle  ear  consists  in 
forcing  air  into  one  nostril  during  the  act  of  swallow- 
ing, while  the  other  nostril  and  the  mouth  are  closed. 
Muscles  of  the  Middle  Ear. — There  are  two  intrin- 
sic muscles  of  the  middle  ear  which  serve  to  adjust 
the  tension  of  its  transmitting  mechanism.  Roughly 
speaking,  they  are  antagonistic  in  action.  The  tensor 
tympani  muscle  is  lodged  within  a  groove  which  is  just 
above  and  about  parallel  with  the  Eustachian  tube 
(Fig.  3013).  It  terminates  externally  in  a  long  ten- 
don which  bends  nearly  at  right  angles  round  the 
outer  edge  of  the  groove  and  is  inserted  into  the 
handle  of  the  malleus  near  the  neck.  Contraction  of 
the  tensor  tympani  thus  pulls  the  tympanic  membrane 
inward,  renders  it  more  tense,  and  somewhat  dampens 
its  vibrations  (Fig.  3018).  At  the  same  time  the 
toothed  processes  of  the  incus  and  malleus  are  brought 
closely  together  so  that  there  can  be  no  loss  of  motion 
in  vibration  of  the  ossicles,  and  the  stapes  is  driven 
further  into  the  oval  window,  increasing  tension 
within  the  labyrinth.  Opinion  is  somewhat  divided 
as  to  the  conditions  of  functional  activity  of  the  tensor 
tympani.  The  normal  tone  of  the  muscle  probably 
gives  it  some  constant  tensor  effect.  It  is  said  that 
the  relaxed  tympanic  membrane,  particularly  after 
section  of  the  tensor  tympani  muscle  in  lower  animals, 


Fig.  3018. — Diagram  Representing  the  Mode  of  Displacement  of 
the  Ossicles  under  the  Influence  of  the  Contraction  of  the  Tensor 
Tympani  Muscles.  (After  Testut.)  a.  External  auditory  canal; 
b,  tympanic  cavity;  c,  vestibule  of  the  inner  ear;  d,  fenestra  ovalis; 
1,  membrana  tympani;  2,  manubrium  mallei;  2',  section  of  the  long 
process  of  the  malleus;  3,  head  of  the  malleus;  4,  insertion  of  the 
tendon  of  the  tensor  tympani  muscle;  5,  vertical  or  long  process  of 
the  incus;  6,  head  of  this  ossicle;  7,  the  stapes.  The  dotted  lines 
indicate  the  positions  which  the  ossicles  and  tympanic  membrane 
will  assume  when  the  tensor  tympani  muscle  contracts;  the  arrow 
shows  the  direction  of  this  movement. 

is  thrown  into  sympathetic  vibration  with  compara- 
tive ease,  and  is  in  this  condition  best  adapted  to 
respond  to  weak  aerial  impulses  and  to  the  periodic 
waves  of  musical  notes.  When  the  membrane  is 
tense  its  vibrations  are  more  or  less  damped  and  it  is 
then  best  fitted  to  transmit  with  distinctness  the 
irregular  vibrations  of  noises  and  consonantal  sounds. 
It  would  follow  that  the  action  of  the  muscle  facili- 
tates distinct  appreciation  of  speech  while  it  dimin- 
ishes  acuteness   of   hearing.     According   to   Hensen1 
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the  tensor  tympani  muscle  is  reflexly  excited  to  con- 
tract by  the  initial  waves  of  a.  sound,  resulting  in  a 
closer  interlocking  of  malleus  and  incus,  thereby  pre- 
venting loss  of  motion  in  subsequent  vibrations. 
But  Ostcrman7  has  given  reason  for  believing  thai 
the  muscle  is  chiefly  a  protective  mechanism  called 
into  play  only  or  mainly  by  very  loud  and  painful 
noises.  Its  action  prevents  oscillations  of  the  tym- 
panic membrane  which  would  otherwise  be  of  so  great 
amplitude  as  to  damage  the  ear. 

The  stapedius  is  a  small  muscle  embedded  in  the  in- 
ner wall  of  the  tympanum  near  the  fenestra  ovalis. 
Its  tendon,  passing  forward,  is  inserted  into  the  neck 


Fig.  3019. — Diagram  Showing  How  the  Stapes  is  Displaced 
under  the  Influence  of  the  Contraction  of  the  Stapedius  Muscle. 
(After  Testut.)  A,  Stapes  in  repose;  B,  stapes  after  the  stapedius 
muscle  has  contracted.  1,  Base  or  footplate  of  the  stapes;  2, 
anterior  margin  of  the  fenestra  ovalis;  2',  posterior  margin  of  the 
same;  3,  pyramidal  process,  giving  exit  to  the  tendon  (4)  of  the 
stapedius  muscle;  a,  anterior  portion  of  the  annular  ligament;  b, 
posterior  and  shorter  portion  of  the  same  ligament;  xx,  antero- 
posterior diameter  of  the  fenestra  ovalis,  passing  through  the  foot- 
plate of  the  stapes  in  its  two  positions — .4,  when  in  repose,  B,  after 
the  contraction  of  the  stapedius  muscle;  y,  the  point  through  which 
the  vertical  line  that  represents  the  axis  of  rotation  of  the  stapes 
passes. 

of  the  stapes.  Contraction  of  the  muscle  would  have 
the  effect  of  pressing  the  hinder  part  of  the  foot  of  the 
stapes  either  against  the  edge  of  the  oval  window  or 
farther  into  the  opening,  and  of  withdrawing  the  for- 
ward part  from  it  (Fig.  3019).  The  muscle  may 
therefore  be  considered  to  diminish  pressure  within 
the  labyrinth,  causing  the  membrane  of  the  round 
window  to  be  drawn,  on  the  whole,  inward.  Its 
action  in  these  respects  is  the  opposite  of  that  of  the 
tensor  tympani.  It  is  said  that  the  stapedius  is  con- 
trolled by  the  facial  and  the  tensor  tympani  by  the 
fifth  nerve. 

A  bundle  of  fibers  passing  backward  from  the 
anterior  part  of  the  tympanum  to  be  inserted  into  the 
malleus  just  above  the  root  of  the  processus  gracilis 
has  been  described  as  the  laxator  tympani  7nuscle. 
It  will  receive  no  fur.ther  notice  since  Helmholtz  and 
others  consider  it  to  be  merely  a  ligamentous  support 
for  the  malleus. 

The  Internal  Ear  or  Labyrinth. — A  description  of  the 
minute  anatomy  of  the  internal  ear  and  a  consideration 
of  the  clinical  modifications  of  its  functions  are  well 
set  forth  in  the  excellent  treatise  of  Braun  and  Friesner, 
The  Labyrinth,  New  York,  1913.  The  labyrinth  is 
the  seat  of  the  sensory  organ  of  hearing.  It  is  com- 
posed of  a  complicated  system  of  membranous  tubes 
and  sacs,  the  membranous  labyrinth,  in  which  ter- 
minate at  particular  points  bundles  of  filaments  of  the 
auditory  nerve.  The  membranous  labyrinth  is  con- 
tained within  a  chamber,  the  bony  labyrinth,  hollowed 
in  the  petrous  bone  (Figs.  3020-3023).     The  osseous 
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tissue  immediately  surrounding  the  labyrinthine 
cavity  is  very  dense  and  with  care  may  be  separated 
from  "the  bone  of  looser  texture  about  it.  The  cavity 
of  the  bony  labyrinth  (Figs.  3020,  3021)  consists  of 
a  median  part,  the  vestibule,  which  is  prolonged  posteri- 
orly  in  the  system  of  semicircular  canals  and  anteriorly 
in  the  cochlea.  The  vestibule  is  a  space  which  meas- 
ures in  man  about  one-fifth  of  an  inch  in  diameter,  and 
it  is  perforated  on  its  outer  wall  by  the  oval  opening 
known  as  the  fenestra  ovalis.     The  semicircular  canals 


Fig.  3020.— The    Bony    Shell    of   the  Labyrinth.     (After   Heitz- 
mann.)      J  - 

are  three  tubes  of  circular  section,  known  respectively 
as  the  anterior  or  superior,  the  posterior,  and  the 
external  or  horizontal  semicircular  canal.  Their 
planes  are  about  at  right  angles  to  one  another,  so 
that  they  occupy  the  three  possible  dimensions  of 
space.  Each  canal  is  dilated  at  one  extremity  into  a 
globular  cavity  which  is  known  as  the  ampulla.  The 
anterior  and  posterior  canals  unite  near  the  ends  not 
provided  with  ampulla1,  and  they  enter  the  vestibule 
as  a  common  tube.  Anteriorly  the  vestibule  is  con- 
tinued as  a  tube  which  is  coiled  upon  itself  two  and 
one-half  times,  and  which,  from  its  resemblance  to  the 
shell  of  a  snail,  is  known  as  the  cochlea.  The  osseous 
cochlea  (Fig.  3022)  may  be  conceived  as  formed  by  a 
bony   tube   coiled   about    a   bony   central   pillar,   the 
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modiolus,  which  is  of  spongy  texture  and  diminishes  in 
diameter  from  the  base  to  the  apex  of  the  cochlea. 
From  the  modiolus  a  bony  shelf,  the  lamina  spirali.-:, 
stretches  into  the  cavity  of  the  tube,  incompletely 
dividing  it  into  two  tubular  chambers,  and  winds 
round  the  centra]  pillar  like  a  spiral  staircase.  The 
separation  of  the  spaces  on  either  side  of  the  lamina 
spiralis  is  rendered  complete  by  membranous  struc- 
tures to  be  considered  later.  The  tubular  area  on  that 
side  of  the  lamina  spiralis  which  faces  the  apex  of  the 
cochlea   is  in   free  communication  with  the  vestibule 
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and  is  known  as  the  scala  vestibuli.  The  part  of  the 
canal  which  is  "ii  the  opposite  side  of  the  lamind 
spiralis,  facing  the  base  of  the  cochlea,  is  known  as  the 
scala  tympani,  because  it  comes  into  relation  with  the 

tympanum  at  the  fenestra  rotunda(FigS.  3022  302.".  . 
In   the   upright    position   of   the   head   the  axis  of   the 


Fig.  3022. — Section  of  the  Bony  Cochlea,  1,  Promontory:  2, 
lamina  spiralis  and  ossa  eaceularia;  3,  fissura  vestibuli;  4.  lamina 
spiralis  ossea;  5,  recursus  cochlearis  of  vestibule;  »',,  cupola:  7, 
hamulus;  8,  canalis  centralis;  9.  canalis  spira.is  modioli;  10,  modi- 
olus: 11,  scala  vestibuli;  12,  lamina  spiralis  ari  L3  la  tym- 
pani; 14,  tractus  spiralis  foraminosus;  15,  internal  auditory  me- 
atus.     (Cunningham.) 

modiolus  is  nearly  horizontal,  pointing  from  ba- 
apex,  outward  and  slightly  downward  and  forward, 
the  base  of  the  cochlea  being  formed  by  the  inner  sur- 
face of  the  petrous  bone.  Contained  within  the  cav- 
ity of  the  bony  labyrinth,  and  on  the  whole  parallel 
with  its  walls,  is  the  membranous  labyrinth,  in  which 


Fig.  3023. — Diagram  Indicating  the  Peri-  and  Endo-lymphatic 
Spaces  of  the  Inner  Ear.  (After  Testut.)  The  endolymphatic 
spaces  are  represented  in  gray,  the  perilymphatic  in  black.  1. 
Utriculus;  2,  sacculus;  3,  semicircular  canals;  4,  cochlear  canal;  5. 
endolymphatic  canal,  with  its  two  initial  branches;  6.  endolym- 
phatic cul-de-sac;  7,  canal  of  Hensen  or  canalis  reuniens;  8,  scala 
tympani;  9,  scala  vestibuli;  10,  their  point  of  union  at  the  helico- 
trema;  11,  aquaeductus  vestibuli:  12,  aquieductus  cochleae;  13,  peri- 
osteum; 14,  dura  mater;  15,  stapes  in  the  fenestra  ovalis;  16. 
fenestra  rotunda  and  secondary  tympanic  membrane. 

are  found  the  essential  structures  of  the  organ  of  hear- 
ing (Figs.  3023-3025).  The  membranous  labyrinth  is 
filled  with  a  somewhat  watery,  mucin-holding  fluid, 
the  endolymph,  while  a  similar  fluid,  the  perilymph, 
fills  the  space  between  the  membranous  labyrinth  and 
the  bony  walls  outside  it.     The  perilymphatic  space 
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is  lined  with  lymphatic  epithelium  and  is  in  communi- 
cation, along  the  sheath  of  the  auditory  nerve,  with 
the  subdural  and  subarachnoid  lymph  areas  of  the 
brain.  Numerous  sheets  and  bars  of  connective 
tissue  reach  from  the  wall  of  the  bony  to  that  of  the 
membranous  labyrinth  and  help  support  the  latter. 
That  part  of  the  membranous  labyrinth  which  is  con- 
tained within  the  bony  vestibule  is  composed  of  two 
separate  sacs  which  only  indirectly  communicate  with 
each  other  (Figs.  3023,  3030).  The  posterior  sac  is 
larger  and  is  known  as  the  utriculus  or  utricle.  From 
it  spring  the  membranous  semicircular  canals.  The 
smaller  anterior  sac  is  called  the  sacculus  or  saccule. 
The  cavities  of  the  utricle  and  saccule  are  indirectly 
continuous  through  two  small  tubes  which  arise  from 
either  sac  and,  uniting,  form  a  single  tube,  the  ductus 
crulolymphaticus,  which  runs  inward  through  a  canal 
in  the  petrosal  bone  and  ends  blindly  in  a  dilated, 
flattened  extremity,  the  saccus  endolymphalicus, 
which  is  supported  between  the  layers  of  the  dura 
mater  within  the  cranial  cavity.  The  plane  separating 
the  two  vestibular  sacs  is  perpendicular  to,  and  oppo- 
site the  fenestra  ovalis  (Fig.  3023).  The  sacculus 
communicates  by  a  narrow  tube,  the  canalis  reuniens, 
with  that  division  of  the  membranous  labyrinth  which 
is  contained  within  the  bony  cochlea  and  known  as  the 
canalis  or  ductus  cochlearis  (Fig.  3023). 

The  eighth  cranial  or  auditory  nerve  consists  (if  at 
least  two  divisions  having  separate  origins  and  dif- 
ferent distributions.  One  of  these  branches  passes 
finally  to  the  cochlea,  and  the  other  to  the  vestibule 
and  semicircular  canals.  The  nerve  approaches  the 
labyrinth  by  way  of  a  canal  known  as  the  meatus 
auditorius  interims,  and  on  reaching  the  angle  between 
the  base  of  the  cochlea  and  the  vestibule,  the  cochlear 
branch  passes  to  its  destination,  while  of  the  remainder 
of  the  nerve  a.  superior  division  is  distributed  to  the 
utricle  ami  1o  the  ampulla'  of  the  anterior  and  hori- 
zontal semicircular  canals,  and  the  inferior  division 
supplies  the  saccule  and  ampulla  of  the  posterior 
canal.  The  cortical  centers  for  sound  perception  are 
usually  considered  to  be  located  in  the  anterior  part  of 
the  first  and  second  temporal  convolutions,  but  their 
exact  distribution  is  still  in  doubt.8 


Fig.  3024. — Membranous  Labyrinth  of  the  Right  Side.  (After 
Testut.)  1,  Utriculus;  2,  superior  semicircular  canal;  3,  posterior 
semicircular  canal;  4,  external  semicircular  canal;  5,  aacculu9;  6, 
endolymphatic  canal,  ductus  endotymphaticus,  with  (7  and  7')  its 
parent  canals;  8,  its  terminal  culdesac,  saccus  endotymphaticus; 
9,  cochlear  canal,  with  (9')  its  vestibular  culdesac  and  (9")  its 
terminal  culdesac;  10,  canalis  reuniens  of  Hensen. 

The  internal  ear  or  labyrinth  presents  the  extra- 
ordinary example  of  a  single  sense  organ  being  struc- 
turally divisible  into  two  parts,  each  of  which  sub- 
serves a  distinct  physiological  function.  The  mem- 
branous sacs  within  the  vestibule  together  with  the 
semicircular  canals  constitute  the  peripheral  organ  of 
what  may  be  termed  the  "sense  of  equilibrium." 
This  part  of  the  labyrinth  does  not  here  concern  us. 


The  special  organ  of  hearing  is  contained  within 
the  cochlea.  Fishes  posses;  a  well  developed  laby- 
rinth which  is  devoid  of  the  cochlea.  Numerous  ex- 
periments to  determine  whether  fishes  possess  a  sense 
of  hearing  have  led  to  contradictory  conclusions,  but 
on  the  whole  the  evidence;  is  negative.  Although 
vibrations  which  usually  excite  audition  may  pro- 
duce in  them  an  active  response,  the  same  result  is 
obtained  after  complete  excision  of  the  labyrinth;  the 
reaction  is  probably  due  to  some  tactile  feeling. 


Fia.  3025. — Semidiagrammatic     Section    of   a    Cochlear     Whorl. 
(After  Heitzmann.) 

Ttie  Membranous  Cochlea. — By  far  the  most  com- 
plex structure  of  the  ear  is  found  in  the  cochlea.  The 
membranous  cochlea  (Figs.  3025,  3026),  sometimes 
known  as  the  canalis  or  ductus  cochlearius,  is  a  tube  of 
nearly  triangular  cross  section.  The  base  or  outer 
side  of  this  triangle  is  attached  closely  to  the  wall  of 
the  body  cochlea;  the  upper  side,  supposing  the  mod- 
iolus to  be  vertical  with  its  apex  above,  is  made  of  a 
thin  sheet  of  cells  known  as  the  membrane  of  Reissner; 
the  lower  side  is  made  up  partly  of  the  bony  margin 
of  the  lamina  spiralis  and  partly  of  a  membrane 
radially  striated,  stretched  across  from  the  edge  of 
the  spiral  lamina  to  the  side  wall  of  the  cochlea; 
this  is  called  the  basilar  membrane  or  membrana 
basilaris  (Fig.  3026). 
9  The  coiled  tube  of  the  osseous  cochlea  is  thus 
divided  longitudinally  into  three  parallel  tubes; 
the  scala  vestibuli  and  the  scala  tympani  no  either 
side  of  the  lamina  spiralis,  and  the  canalis  coch- 
learis between  them,  where  the  spiral  lamina  is 
wanting. 

The  canalis  cochlearis  contains  endolymph  and 
is  closed  at  each  end,  but  its  cavity  communicates 
by  wayof  the  narrow  canalis  reuniens  with  that  of  the 
saccule  (Fig.  3024).  The  tubes  or  scala?  on  either 
side  of  the  membranous  cochlea  are  perilymph  spaces. 
The  upper  tube,  when  followed  down  to  the  base  of 
the  cochlea,  is  found  to  open  freely  into  the  cavity  of 
the  vestibule;  hence  its  name  of  scala  vestibuli.  The 
lower  tube  ends  blindly  at  the  base  of  the  cochlea,  but, 
where  this  part  bulges  into  the  tympanum  as  the 
"promontory"  of  its  inner  wall,  it  is  perforated  by  the 
aperture  known  as  the  fenestra  rotunda  whose  proper 
membrane  alone  prevents  the  perilymph  from  escap- 
ing into  the  middle  ear.  This  tube  is  therefore  called 
the  scala  tympani.  From  its  central  position  the 
membranous  cochlear  canal  is  sometimes  known  as 
the  scala  media. 
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As  the  spiral  staircase  formed  by  the  osseous  lamina 
spiralis  and  the  membranous  basilar  membrane  winds 

round  the  modiolus  from  the  base  to  the  apex  or  cupola 
of  the  cochlea,  the  radial  width  of  the  basilar  mem- 
brane increases  while  that  of  the  bony  lamina  de- 
creases. In  the  basal  whorl  of  the  cochlea  the  width  of 
the  two  is  about  equal,  but  near  the  cupola  the  lamina 
spiralis  is  nearly  wanting.  The  radial  width  of  the 
basilar  membrane  is  said  to  vary  from  0.495  millimeters 
at  the  top  of  the  cochlea  to  about  0.041  millimeters 
near  the  bottom.  (Hensen.)  The  scala  vestibuli 
and  the  scala  tympani  have  no  communication  ex- 
cept through  a  small  aperture  under  the  cupola  of  the 
cochlea  known  as  the  helicotrema;  this  is  bounded  by 
the  hook-like  termination,  the  hamulus  (Fig.  3021), 
of  the  bony  lamina  spiralis,  which  forms  the  greater 
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part  of  a  ring  completed  by  the  pointed,  blind  ex- 
tremity of  the  canalis  cochlearis  fastened  above  the 
hamulus  to  the  cupola. 

Transmission  of  Vibrations  through  the  Labyrinth. — 
We  have  seen  above  (p.  26)  that  composite  air 
waves  differ  from  the  simple  pendular  vibrations  of 
which  they  are  made  up  by  their  form.  That  is, 
while  in  a  simple  pendular  vibration  the  motion  of  an 
oscillating  air  particle  is  similar,  and  its  acceleration 
or  retardation  is  uniform  on  each  side  of  the  point 
of  rest,  in  the  composite  wave  this  is  not  so.  The 
tympanic  membrane  must  respond  to  all  the  varia- 
tions in  the  sound  pulses  entering  the  meatus  and 
transmit  them  with  exactness,  though  with  dimin- 
ished amplitude  and  increased  force,  to  the  foot  of 
the  stapes.  The  end  of  the  long  process  of  the  incus 
rises  somewhat  in  its  inward  excursion,  so  that  the  head 
of  the  stapes  is  slightly  raised  at  each  impulse.  The 
motion  of  the  stapes  in  the  fenestra  ovalis  is,  there- 
fore, not  so  much  that  of  a  piston  in  a  cylinder  as  a 
wobble  about  an  axis  that  runs  parallel  and"  near  to  the 
lower  edge  of  the  footplate.  (Henke,  quoted  by 
Hensen5.)  As  the  maximum  excursion  of  the  incus- 
stapes  articulation  is  only  about  one-fourteenth  milli- 
meter, that  of  the  foot  of  the  stapes  must  be  still 
further  reduced  and  increased  in  power. 

The  fluid  of  the  labyrinth  being  incompressible, 
any  considerable  inward  movement  of  the  stapes  must 
)>e  attended  by  provision  for  the  outlet  of  the  displaced 
fluid.  Such  a  safety  valve  is  found  in  the  fenestra 
rotunda.  Perilymph  pressed  away  from  the  oval 
window  may  find  a  free  vent  by  passing  through  the 
scala  vestibuli  toward  the  apex  of  the  cochlea,  through 
the  helicotrema,  backward  by  way  of  the  scala  tym- 
pani, at  the  basal  end  of  which  it  finds  the  fenestra 
rotunda,  and  may  cause  its  covering  membrane  to 
bulge  into  the  tympanum.  That  such  a  transference 
of  fluid  in  the  direction  from  the  oval  to  the  round 
window  (.in  take  place  was  demonstrated  by  Politzer, 
who  inserted  a  glass  tube  in  the  fenestra  rotunda  and 
found  that  fluid  in  the  tube  took  a  higher  level  when 
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strong  air  pressure  was  brought  to  bear  on  the  out  side 
of  the  tympanic  membrane.  It  is  hardrj  i  oni  i  Li  Mile, 
however,  that  actual  molar  motion  of  perilymph 
through  the  helicotrema  occurs  with  each  oscillation 

of  the  foot  of  the  stapes.  The  effect  upon  the  mem- 
brane of  the  round  window  of  a  continuous  musical 
note,  for  example,  is  probably  to  givi  c  a  fixed  posi- 
tion midway  between  that  resulting  from  the  maxi- 
mum and  that  resulting  from  the  minimum  displace- 
ment at  the  oval  window.  This  action  may  be  illus- 
trated by  a  device  sometimes  used  for  the  determina- 
tion of  the  mean  arterial  blood  pressure  of  an  animal; 
the  mercury  manometer  is  constricted  at  one  point 
to  a  narrow  orifice  which  blocks  the  rapid  oscillations 
of  the  heavy  mercury,  so  that  the  difference  in  level 
of  the  fluid  in  the  two  limbs  of  the  instrument  is  con- 
stant and  represents  the 
mean  between  the  varying 
pressures.  That  the  actual 
transfer  of  fluid  from  the 
scala  vestibuli  to  the  scala 
tympani  is  not  necessary  for 
the  irritation  of  the  nervous 
mechanism  of  the  cochlea  is 
indicated  by  audition 
through  bone  conduction,  in 
which  it  seems  that  molecular 
vibrations  may  arouse  the 
sense  of  sound  by  direct 
transmission  through  the 
osseous  cochlea.  We  may 
look  upon  the  action  of  the 
stapes  as  that  of  a  hammer 
which  applies  sharp  taps  to 
the  perilymph. 

As  the  terminations  of  the 
auditory  nerve  are  all  within 
the  closed  and  complex  membranous  labyrinth, 
vibrations  of  the  perilymph,  to  have  sensory  effect, 
must  be  taken  up  by  the  wall  of  that  structure.  The 
sensory  epithelium  of  the  saccule,  utricle,  and  semi- 
circular canals  would  seem  to  be  impressed  by  vibra- 
tions proceeding  directly  from  the  oval  window. 
Considering  the  minuteness  of  the  canalis  reuniens, 
it  is  not  probable  that  irritation  of  the  cochlear  nerve 
depends  upon  vibrations  reaching  them  through  the 
endolymph  of  the  saccule,  but  that  it  is  achieved 
through  motion  imparted  by  the  broad  way  of  the 
scala  vestibuli,  the  diminishing  caliber  of  which  to- 
ward the  apex  of  the  cochlea  would  seem  adapted  to 
the  concentration  of  energy  of  vibration  toward  that 
point.  The  indirect  tubular  communication  between 
the  various  chambers  of  the  membranous  labyrinth 
and  with  the  cranial  cavity  through  the  ductus  endo- 
lymphaticus  and  its  dilated  extremity  afford  evident 
provision  for  the  equalization  of  pressure  throughout 
the  endolymph. 

The  Membranous  Cochlea  and  the  Organ  of  Corti. — 
The  ductus  cochlearis  is  somewhat  triangular  in  cross- 
section,  its  floor  being  composed,  in  the  lower  whorls 
of  the  cochlea,  of  the  basilar  membrane  and  the  edge 
of  the  lamina  spiralis  (Fig.  3025);  but  the  latter  com- 
ponent decreases  toward  the  apex  of  the  cochlea  so  that 
both  the  relative  and  the  absolute  width  of  the  basilar 
membrane  increases  as  the  cupola  is  approached. 
The  delicate  membrane  of  Reissner,  stretched  from 
a  line  on  the  lamina  spiralis  somewhat  back  from 
its  edge  to  the  wall  of  the  bony  cochlea,  separates 
the  canalis  cochlearis  from  the  scala  vestibuli  on  the 
one  hand,  as  the  basilar  membrane  does  from  the 
scala  tympani  on  the  other. 

From  the  physiological  standpoint  interest  is  chiefly 
centered  in  the  basilar  membrane  and  the  structures 
supported  by  it.  The  basilar  membrane-  is  a  sheet  of 
complex  tissue  tightly  stretched  between  the  edge  of 
the  lamina  spiralis  and  the  outer  wall  of  the  cochlea. 
The  membrane  is  fibrillated  and  splits  readily  in  a 
radial   direction,   and   has  been  supposed   to  repre- 
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sent  essentially  a  series  of  stiff,  elastic  fibers  more  or 
less  coherent  in  a  cement  substance  (Fig.  3026). 
Seated  on  the  inner  part  of  the  basilar  membrane  is 
the  peculiar  structure  known  as  the  organ  of  Corti 
(Figs.   3025,  3026). 

The  organ  of  Corti  has  as  its  supporting  framework 
a  series  of  modified  cuticular  epithelial  cells  known  as 
the  rods  of  Corti  (columnar  exl.  and  int.,  Fig.  3026), 
which  are  arranged  along  the  inner  edge  of  the  mem- 
brane in  two  rows,  an  inner  and  an  outer.  The  feet 
of  Corti's  rods  are  separated  at  some  distance  on  the 
basilar  membrane,  but  the  rods  are  inclined  toward 
each  other  and  are  united  at  the  top,  leaving  between 
them  and  the  basilar  membrane  the  tunnel  of  Corti. 
The  inner  rods  are  more  numerous  than  the  outer, 
so  that  the  latter  are  fastened  rather  between  than 
to  the  ends  of  the  former.  Leaning  against  the 
inner  or  median  side  of  the  inner  row  of  rods  is  a 
single  row  of  hair  cells  (Fig.  3026),  to  which  fila- 
ments of  the  auditory  nerve  are  applied.  On  the 
inner  face  of  these  hair  cells  are  several  rows 
of  columnar  epithelial  cells  supported  by  a  base  of 
nuclei.  External  to  the  outer  row  of  rods,  and 
separated  from  it  by  a  space,  are  four  parallel  rows 
of  hair  cells  known  as  the  cells  of  Corti.  The  hair  cells 
do  not  rest  upon  the  basilar  membrane,  but  are  up- 
held by  four  rows  of  specialized  bodies,  the  cells  of 
Deiters,  inserted  between  and  outside  them  and  sup- 
ported below  by  the  basilar  membrane.  Outside 
these  structures  are  several  rows  of  columnar  epithelial 
cells.  The  rods  of  Corti  are  peculiarly  shaped  at  the 
top,  the  upper  extremity  of  each  being  bent  at  an  angle 
so  as  to  project  externally  and  parallel  with  the  basilar 
membrane;  these  projections  are  the  phalangar  proc- 
esses of  the  rods.  These  processes  form  the  points 
of  attachment,  or  the  beginning,  of  the  relictdate  mem- 
brane (membrana  reticulata),  a  peculiar  network-like 
structure  formed  of  cuticular  rings  and  cross  bars 
(not  shown  in  the  figure).  The  reticulate  membrane 
stretches  across  the  outer  rows  of  hair  cells,  the  body 
of  each  of  which  is  enclosed  by  and  is  held  at  the  top 
within  a  ring  of  the  network.  The  inner  or  median 
face  of  each  cell  of  Deiters  is  modified  into  a  cuticular 
thread  which  is  fused  below  to  the  basilar  membrane 
and  above  to    a  ring   of   the     reticulate   membrane. 

A  sheet  of  radially  fibrillated  tissue  is  attached  to 
the  vestibular  lip  of  the  limbus,  a  promotory  com- 
posed of  connective  tissue  resting  upon  and  fringing 
the  edge  of  the  lamina  spiralis.  This  sheet  is  known 
as  the  tectorial  membrane  (membrana  tectoria)  and 
reaches  out  over  the  organ  of  Corti  as  far  as  the  outer- 
most row  of  hair  cells  (Fig.  3026).  It  is  said,  when  in 
place,  to  lie  in  actual  contact  with  the  rods  of  Corti 
and  the  free  ends  of  the  hair  cells,  and  it  has  been 
presumed  to  serve  as  a  damper  for  the  vibrations  im- 
parted to  the  organ  of  Corti.  Howard  Ayers'  differs, 
in  essential  particulars,  in  his  interpretation  of  some 
of  the  structures  of  the  sensory  organ  of  the  cochlea 
from  the  current  views  which  have  been  presented 
above.  Thus  Ayers  asserts  "that  the  so-called  mem- 
brana tectoria  is  nothing  more  than  the  matted  mass 
of  hairs  which  spring  from  the  tops  of  the  hair  cells 
and  form  a  waving  plume  on  the  crest  of  the  ridge 
of  the  organ  of  Corti." 

He  also  holds  the  membrana  reticulata,  and  several 
other  structures  described  by  different  authors,  to  be 
nothing  more  than  artifacts  produced  by  the  methods 
of  preserving  and  manipulating  the  specimens. 

Turning  now  to  the  connection  of  the  sensory  organ 
with  the  central  nervous  system,  it  is  found  that  the 
cochlear  division  of  the  auditory  nerve,  together  with 
the  nutrient  blood-vessels,  penetrates  the  modiolus 
at  its  base  and  runs  up  through  the  spongy  interior 
of  the  bony  pillar  (Fig.  3025).  As  the  nerve  ascends 
through  the  modiolus  its  fibers  are  gradually  given 
off  to  run  in  a  radial  direction  between  the  bony  plates 
of  the  lamina  spiralis.  A  collection  of  nerve  cells 
forming  the  ganglion  spirale  is  interposed  in  the  course 


of  I  In-  auditory  fibers  al    the  base  ol   I  lie  spiral  lamina 
The  fibrils  produced  by  splitting  up  of  the  auditory 
nerve  fibers   are  generally   believed   to   terminate   in 
clusters  about  the  bodies  of  the  hair  cells. 

Function  of  the  Sensory  Organ  aj  the  Cochlea  and  Its 
Modi  of  Action. — There  is  DO  doubt  that  the  basilar 
membrane  and  the  organ  of  Corti  are  devoted  to 
translating  the  vibrations  of  physical  sound  into 
physiological  nerve  stimuli.  It  is  the  apparatus 
through  which  the  period,  phase,  amplitude,  and  rate 
of  motion  of  air  particles  are  translated  into  auditory 
impulses  which  give  rise  to  conceptions  of  harmonj 
and  discord.  It  is  the  musical  organ  of  the  ear. 
When  we  inquire  into  the  way  in  which  the  cochlear 
instrument  does  its  work,  we  are  reduced  to  the  use 
of  hypotheses  founded  on  the  action  of  artificial  in- 
struments. All  authors  agree  that  the  hair  cells, 
round  whose  bodies  are  clustered  the  terminal  fila- 
ments of  the  auditory  nerve,  form  the  ultimate  sen- 
sory apparatus  of  the  cochlea.  But  there  are,  in  gen- 
eral, three  different  views  as  to  the  part  played  by  the 
organ  of  Corti  in  the  translation  of  endolymph 
vibrations  into  nerve  impulses.  The  complexity  of 
the  organ  of  Corti  in  the  ear  irresistibly  demands  for 
it  an  important  function  in  the  acoustic  process.  But 
in  singing  birds,  that  must  be  supposed  to  have  an 
"ear"  for  music,  the  organ  of  Corti  is  not  developed. 
The  radial  fibrillation  of  the  basilar  membrane  early 
suggested  that  it  represented  essentially  a  series  of 
wires  stretched  side  by  side  and  capable,  like  those  of 
a  piano,  of  being  thrown  into  sympathetic  vibration 
by  impulses  reaching  them  from  without.  Calcula- 
tion shows  that  the  fibers  are  sufficient  in  number 
and  vary  enough  in  length  to  more  than  account 
for  the  known  powers  of  the  ear  in  its  discrimination 
of  pitch.  The  fibers  of  the  basilar  membrane  are 
cemented  laterally  by  a  substance  apparently  little 
adapted  to  transmit  vibrations.  It  may  be  supposed 
then,  as  Helmholtz  first  pointed  out,  that  composite 
vibrations  traversing  the  labyrinthine  fluids  are 
analyzed  by  the  fibers  of  the  basilar  membrane  into 
simple  pendular  vibrations,  much  as  the  notes  of  a 
singing  voice  may  be  analyzed  by  the  wires  of  a 
piano  when  the  appropriate  dampers  are  raised.  The 
theory  assumes  that,  in  some  way,  the  movement  of 
the  radial  fibers  is  transmitted  to  their  appropriate 
hair  cells  and  thence  to  the  contiguous  nerves.  The 
various  partial  tones  of  a  composite  musical  note 
would  thus  excite,  with  appropriate  relative  intensity, 
separate  nerve  fibers  or  groups  of  fibers,  and  the  im- 
pulses reaching  the  brain  would  there  be  recombined 
into  a  specific  psychic  counterpart  of  the  physical 
vibrations  which  entered  the  ear.  This  theory  of 
Helmholtz,  that  the  cochlea  analyzes  musical  notes 
by  sympathetic  resonance,  finds  experimented  sup- 
port in  work  of  Wittmaack'0,  confirmed  in  essen- 
tials by  Yoshii11  and  Siebenmann.  It  was  found  that 
guinea  pigs,  exposed  for  prolonged  periods  to  con- 
tinuous powerful  sounds,  developed  circumscribed 
degenerations  of  the  organ  of  Corti  determined  by 
the  pitch  of  the  sounds.  The  degenerations  where 
localized  in  the  basal,  middle,  or  apical  whorl  of  the 
cochlea  according  as  the  pitch  of  the  sounds  was 
high,  medium,  or  low.  It  will  be  remembered  that 
the  fibers  of  the  basilar  membrane  diminish  in 
length,  and  increase  in  vibration  rate,  from  the  apex 
to  the  base  of  the  cochlea. 

W.  Rutherford12  and  J.  R.  Ewald13  have  separately 
announced  another  view  of  the  mode  of  reaction  of  the 
sensory  organ  of  the  cochlea  to  sound  waves.  They 
hold  that  the  basilar  membrane,  like  a  telephone  plate 
or  a  stretched  sheet  of  rubber  tissue,  vibrates  through- 
out with  every  force  impinging  upon  it.  The  mem- 
brane when  in  action  breaks  up  into  nodes  and  seg- 
ments determined  by  the  composition  of  the  excit- 
ing note,  and  from  the  complex  of  nerve  impulses 
thus  transmitted  the  brain  builds  up  its  sound 
perceptions. 
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Still  a  third  view  held  by  Shambaugh"  and  others, 
ascribes  to  the  basilar  membrane  merely  a  supporting 

function  and  holds  that  the  receptive  vibratile  appa- 
ratus of  the  cochlea  is  represented  in  the  membrana 
tectoria.  The  fibers  of  the  tectorial  membrane  re  ' 
directly  upon  the  hair  cells  of  the  organ  of  Corti  and 
it  would  seem  easy  for  vibrations  of  the  perilymph  in 
the  scala  vestibuli  to  reach  them  through  the  thin 
membrane  of  Reissner's. 

Such  a  view  of  the  mode  of  stimulation  of  the  hair 
cells  of  the  cochlea  is  somewhat  strengthened  by  the 
analogy  of  the  utricle  and  saccule,  the  vestibular  sacs 
concerned  in  equilibration.  Here  the  sensory  hair 
cells  are  capped  by  a  mass  of  substance  holding  otoliths 
through  which  the  cells  doubtless  directly  receive  their 
stimuli. 

As  mentioned  above,  Ayres  goes  much  farther  and 
regards  the  tectorial  membrane  not  as  an  inert  struc- 
ture but  as  a  living  tissue  composed  of  the  more  or  less 
matted  cilia  of  the  hair  cells  which  have  usually  been 
broken  off  close  to  their  origin  in  preparing  the 
specimen. 

Comparison  of  Visual  and  Auditory  Sensation*. — No 
definite  relation  can  be  shown  to  exist  between  visual 
and  auditory  sensations  as  such,  because  they  are  dif- 
ferent in  quality.  A  man  born  blind  may  describe 
the  blare  of  a  trumpet  as  having  the  color  scarlet,  but 
such  a  statement  is  evidently  only  a  metaphor  express- 
ing the  relations  of  the  psychical  effect  of  the  trumpet 's 
note  and  the  blind  man's  inference  as  to  the  associa- 
tions suggested  by  the  color.  It  is  an  interesting  fact 
that  the  language  of  visual  sensation  is  continually 
employed  in  illustrating  peculiarities  of  sound,  as  in 
indicating  the  quality  as  the  rolur  of  the  note.  In  the 
same  way  other  sensory  impressions  are  used  to  illus- 
trate visual  description,  as  "warm"  and  "cold" 
colors.  The  intimate  association  of  sound  with  color 
in  certain  persons  is  an  interesting  fact  of  psychology. 

Both  the  auditory  and  the  visual  sensory  cells  are 
brought  into  functional  activity  by  physical  vibrations, 
in  the  one  case  of  ether  and  in  the  other  of  labyrinthine 
fluid.  That  continuous  sensation  shall  be  aroused 
these  vibrations  must  be  repeated  at  a  definite  rate. 
We  have  found  (p.  25)  that  the  lowest  rate  which  is 
recognized  as  sound  represents  a  vibration  rate  of 
sixteen  to  twenty-four  per  second,  while  the  highest 
note  which  is  still  audible  varies  in  different  individ- 
uals from  16,000  to  40,000  per  second.  In  musical 
execution  and  in  the  ordinary  uses  of  life  the  auditory 
range  embraces  about  seven  octaves,  though  the 
extreme  range  of  hearing  may  be  eleven  octaves. 
It  is  said  that  there  is  a  tonal  zone  of  maximal  sensi- 
tiveness extending  from  c*  to  g'1.  The  range  of  con- 
versational pitch  is  included  within  two  to  three  oc- 
taves, 80  to  640  vibrations  per  second.  The  average 
singing  voice  has  a  compass  of  about  two  octaves; 
the  average  speaking  voice  one  of  a  few  semi-tones. 
Visual  impressions,  as  those  from  alternating  black 
and  white  sections  of  a  rotating  disc,  fuse  together 
when  the  different  sensations  succeed  one  another  at 
an  interval  varying  from  one-tenth  to  one-fiftieth  of  a 
second,  the  interval  being  shorter  with  stronger  illu- 
mination. But  the  ear  is  able  to  distinguish  apart 
vibrations  recurring  as  "beats"  at  the  rate  of  132  per 
second.  According  to  Geigel,  two  sounds  can  be 
distinguished  when  separated  by  an  interval  of  only 
0.006  to  0.007  second.  The  rate  of  succession  of  air 
waves  falling  upon  the  ear  is  marked  in  consciousness  as 
a  particular  pitch.  When  separate  luminous  impres- 
sions, as  those  of  a  series  of  electric  sparks,  succeed 
one  another  with  sufficient  rapidity,  the  effect  is  that 
of  a  steady  light;  there  is  nothing  analogous  to  mu- 
sical pitch  produced  by  increasing  the  rate  of  stimula- 
tion. Ether  waves  must  represent  a  certain  rate  of 
vibration  in  order  to  excite  visual  sensation.  The 
fastest  vibration  represented  in  the  visible  spectrum 
is  less  than  twice  the  rate  of  the  slowest;  so  that  the 
range  of  vibration  in  the  visual  spectrum  is  included 


within  a  single  octave.  Difference  of  vibration  rate, 
or  of  the  factor  usually  considered  the  wave  length,  in 
ether,  produces  that  peculiar  variety  of  visual  sensa- 
tion known  as  color.  The  relative  ability  of  the  eye 
and  the  ear  1o  distinguish  the  wave  form  of  vibrations 
w.<-  i  in-  nbjecl  of  a  classic  investigation  by  Helm- 
holts.1 

The  important  visual  phenomenon  of  fatigue  finds 
ils  analogue  in  auditory  sensation.  For  if  a  simple 
musical  tone  is  sounded  and  immediately  thereafter  a 
composite  note  of  which  that  tone  is  an  upper  partial, 
the  note  will  be  found  to  differ  from  its  normal  quality 
because  it  falls  upon  an  ear  disproportionately  fatigued 
for  one  of  its  component  tones.  Each  tone  of  the 
gamut  fatigues  the  ear  for  itself  but  not  for  any  other 
tone.15  This  fact  is  strong  evidence  in  favor  of  the 
Helmholtz  theory  of  selective  resonance  in  the  cochlea. 

Judgments  of  Direction  ami  Distance.  Ventrilo- 
quism.— The  direction  and  distance  from  which 
sounds  come  to  the  ear  are  not  perceived  directly, 
but  our  estimate  of  them  is  a  judgment  based  on  the 
loudness  and  quality  of  the  sound  sensation,  combined 
with  a  power  of  reasoning  from  past  experience. 
Thus,  in  seeking  to  discover  the  direction  whence  a 
sound  comes,  it  is  usual  for  an  observer  to  turn  the 
head  to  the  position  in  which  the  sound  is  heard 
loudest,  and  thus  to  form  an  opinion  as  to  its  source. 
Errors  of  judgment  as  to  direction  are  frequent,  ow- 
ing to  the  sound  reflected  from  some  object  appearing 
louder  than  that  coming  in  a  direct  line  from  its  source. 
It  is  said  that  when  there  is  total  deafness  in  one  ear, 
every  sound  seems  to  have  its  origin  on  the  side  of  the 
healthy  ear.  Under  experimental  conditions  Lord 
Ravleigh  found  no  difficulty  in  distinguishing  the 
direction  of  sounds  coming  from  the  side.  With  tones 
of  high  pitch  the  sound  seemed  louder  in  the  ear 
nearer  the  source  of  the  sound.  With  tones  of  low 
pitch  the  difference  of  vibration  phase  could  be  dis- 
tinguished by  the  ears.16 

When  the  eyes  are  closed  and  the  head  is  unmoved, 
sounds  produced  anywhere  in  the  median  plane  of  the 
head  are  very  imperfectly  localized.  There  is  a 
tendency  to  refer  such  sounds  in  a  direction  above  and 
in  front,  no  doubt  because  this  is  the  space  from  which 
most  sounds  noticed  come  to  us. 

The  quality  as  well  as  the  loudness  of  a  sound  varies 
according  to  the  distance  of  its  source.  Thus,  the 
lower  tones  of  a  composite  note  die  away  earliest  as  a 
sound  recedes,  bringing  the  overtones  into  undue 
prominence.  The  art  of  the  ventriloquist  consists 
largely  in  altering  the  quality  of  the  sounds  he  pro- 
duces to  imitate  the  quality  they  would  naturally 
have  if  arising  under  the  conditions  which  he  would 
lead  his  hearers  to  believe  to  be  their  origin.  A  com- 
paratively feeble  sound  near  at  hand  may  have  the 
same  quality  as  a  very  loud  one  heard  at  a  distance; 
thus  a  frog  croaking  in  an  adjoining  room  of  the  labora- 
tory was  once  mistaken  by  the  writer  for  a  large  dog 
barking  outside  the  building. 

Acuteness  of  hearing  differs  greatly  in  normal  indi- 
viduals, and  tests  frequently  show  disparity7  in  the  sen- 
sitiveness of  the  two  ears.  The  hearing  ability  of 
children  is  said  to  improve  up  to  the  age  of  twelve 
years.  There  is  no  functional  relation  between  keen- 
ness of  hearing  and  sensibility  to  pitch.17 

Albino  animals  and  also  white  cats  and  dogs  with 
blue  eyes  are  usually  deaf.  Rawitz!S  has  found  the 
cochlear  sense  organ  degenerated  in  such  cases. 

It  seems  probable  that  congenital  deafness,  at  least, 
is  inheritable,  and  that  Graham  Bell 's  prediction  as  to 
the  establishment  of  a  race  of  deaf  mutes  from  the  in- 
termarriage of   such   unfortunates   may   be   verified. 

Henhy  Sewall. 
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Hearing,  Defective. — Disturbances  of  hearing 
may  arise  in  the  external,  middle,  or  internal  ear,  or 
in  all  three  simultaneously.  For  example  a  foreign 
body  may  enter  the  external  auditory  meatus  giving 
rise  to  obstruction  of  incoming  vibratory  waves; 
it  may  ulcerate  or  perforate  the  membrane  tympani 
:md  set  up  an  acute  middle-ear  abscess;  and  finally 
it  may  cause  infection  of  the  labyrinth  with  temporary 
or  complete  loss  of  hearing.  This  is,  to  be  sure,  a 
rare  occurrence,  but  such  cases  have  been  reported. 

By  far  the  commonest  cause  of  bad  hearing  is 
some  chronic  disease  of  the  tympanic  cavity.  Such 
a  condition  usually  involves  the  drum  membrane  and 
the  ossicles  as  well  as  the  mucous-membrane  lining 
of  the  cavity,  and  originates  from  a  pathological 
condition  in  the  postnasal  space  with  extension  into 
the  Eustachian  tube.  In  a  second  group  of  cases  the 
disease  begins  primarily  in  the  bony  labyrinth  capsule 
as  a  periostitis  extending  later  to  the  deeper  cancellous 
bone  and  finally  involving  the  vital  parts  of  the  cochlea 
and  the  auditory  nerve. 

Cases  in  the  first  group  are  usually  nasal  or  post- 
nasal in  their  origin.  In  these  patients  the  first 
process  is  an  acute  secretory  middle-ear  catarrh  which 
is  neglected  by  the  patient  and  which  induces  a  certain 
amount  of  middle-ear  thickening  to  be  increased  by 
the  next  attack  until  the  resulting  deafness  becomes 
perceptible  to  the  patient  and  his  friends.  Of  all 
disorders,  adenoid  in  the  nasopharynx  unquestionably 
causes  the  greatest  number  of  chronic  middle-ear 
thickenings,  many  of  which  never  receive  treat- 
ment until  the  patient  reaches  adult  life.  All  con- 
ditions causing  nasal  insufficiency,  such  as  hypertro- 
phied  turbinates,  septal  deviations,  etc.,  have  an 
important  bearing  on  aural  disease. 

Often  the  entire  deafness  can  be  definitely  traced 
to  a  simple  acute  rhinitis  in  which  the  ear  complica- 
tion was  at  the  time  dismissed  with  the  too  common 
remark  that  "it  would  improve  as  the  cold  grew 
better." 

Many  of  the  acute  infectious  diseases,  although 
more  frequently  causing  acute  suppurative  proc- 
esses, often  start  a  chronic  catarrhal  middle-ear 
trouble.  Especially  where  both  ears  are  simultane- 
ously affected — the  one  with  an  acute  inflammatory 
process,  the  other  with  an  acute  catarrhal  process — 
the  pain  of  the  former  is  apt  to  cause  the  patient 
completely  to  overlook  the  existence  of  the  latter. 
When  the  catarrhal  process  occurs  as  a  complication 
of  influenza  or  of  typhoid  fever  it  is  apt  to  be  disre- 
garded, while,  on  the  other  hand,  a  painful  ear  disease 
would,  under  these  circumstances,  be  at  once  at- 
tended to. 

A  large  number  of  middle-ear  thickenings  come 
from  certain  constitutional  diseases,  particularly  rheu- 
matism, gout,  and  syphilis. 

Certain  occupations  are  important  factors:  those 
in  which  the  patient  is  exposed  to  draughts,  dust,  or 


other  conditions  tending  to  cause  acut«  rhinitis;  and 
those  in  which  the  ear  is  subjected  to  the  jar  of  loud 
sounds,  particular}  boiler  making,  nail  making,  the 
shuttle  rooms  in  mills,  etc.  Also  the  constant  use 
of  the  telephone  certainly  plays  the  part  of  a  cause  in 
a  number  of  cases. 

The  second  group  of  cases,  in  which  the  disease 
process  begins  primarily  in  the  neighborhood  of  the 
stapes  base-plate,  are  rarely  tubal  in  origin  and  not 
catarrhal  in  nature.  The  process  is  apparently  a 
va  omotor  one  in  many  instances,  often  associated 
with  neurasthenia.  In  many  individuals  it  is  clearly 
hereditary.  In  other  cases  syphilis,  gout,  osteo- 
malacia, and  other  constitutional  disorders  seem  to 
be  at  the  bottom  of  the  difficulty.  After  the  local 
aural  structures  have  undergone  extensive  patho- 
logical changes,  treatment  is  of  little  avail.  All 
cases  of  chronic  progressive  deafness  have  such  altera- 
tions, and  many  of  them  represent  types  which  might 
have  been  cured  in  their  incipieney. 

A  frequent  cause  of  deafness  is  found  in  the  sup- 
purative inflammation  of  the  middle-ear  (otitis  media 
purulenta  acuta  et.  chronica)  which  has  its  origin  in 
the  pharynx  or  follows  a  purulent  rhinitis.  The 
coryza  of  the  exanthemata  very  commonly  has  this 
termination.  In  view  of  the  destructive  character 
of  the  process,  and  considering  the  anatomical 
peculiarities  of  the  middle  ear  and  its  relations,  the 
gravity  of  this  affection  cannot  well  be  overest  imated. 
Its  ravages  are  not  always  confined  to  the  parts  which 
are  primarily  involved,  but  may  invade  the  mastoid 
antrum,  or  by  secondary  invasion  give  rise  to  caries, 
pyemia,  cerebral  abscess,  and  death. 

It  is  thus  seen  that  the  ear  affections  which  have 
their  origin  in  inflammations  of  the  nasopharyngeal 
mucous  membrane  constitute  the  vast  majority  of  all 
diseases  of  the  ear.  This  is  of  the  greatest  signifi- 
cance. Fortunately  the  invention  of  the  pharyn- 
goscope has  turned  the  attention  of  otologists  in  this 
direction  and  much  is  to  be  hoped  from  early,  accurate 
diagnosis  and  prompt  treatment. 

As  would  be  naturally  inferred,  constitutional 
treatment  becomes  also  a  very  important,  factor  in 
the  treatment  of  deafness  of  constitutional  origin. 

The  interferences  with  the  hearing  that  may  exist  in 
the  external  auditory  canal  are  briefly  best  classified 
into  mechanical  obstructions,  and  those  which  arise 
from  inflammatory  action.  Under  the  former  class  arc 
to  be  placed  foreign  bodies,  accumulations  of  cerumen, 
exostoses,  and  obstructive  deformities;  under  the 
latter,   the   inflammatory   diseases   of  the   meatus. 

Diseases  of  the  internal  ear  are  of  primary  or 
secondary  inflammatory  nature.  Structural  changes 
may  be  induced  as  a  consequence  of  tympanic  dis- 
orders, or  they  result  from  the  effect  of  toxic  diseases 
or  arterial  disturbances. 

Deafness  may  be  unilateral  or  bilateral.  Circum- 
stances of  exposure  or  individual  habit  or  accident 
determine  the  diseased  process  to  one  side  or  to  both. 
This  must  be  the  explanation,  as  is  claimed  by  some 
writers,  if  one  ear  is  found  to  be  affected  more  fre- 
quently than  the  other. 

There  is  a  reserve  amount  of  hearing  which  can 
diminish  so  insidiously  that  the  patient  fails  to  per- 
ceive that  he  is  getting  deaf;  therefore,  many  patients 
are  first  seen  only  when  the  ear  condition  has  reached 
an  advanced  stage. 

Functional  Tests. — Functional  testing  of  the  ear 
is  one  of  the  most  important  parts  of  the  aural  ex- 
amination. Unfortunately  it  has  not  always  received 
the  careful  attention  which  it  merits.  It  is  only  during 
the  past  four  of  five  years  that  otologists  have  worked 
out  and  applied  a  series  of  satisfactory  tests.  During 
this  time  we  have  learned  that  the  ear  apparatus  has 
a  double  function — a  vestibular  and  a  cochlear  which 
are  differentiated  for  quite  varying  reasons.  The 
vestibular  portion  has  to  do  with  the  orientation  of 
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the  body  in  space,  and  any  disturbance  of  this  appara- 
tus causes  symptoms  of  nasuea,  vomiting,  vertigo,  and 
nystagmus  which  will  be  described  more  fully  later. 
The  cochlear  portion,  on  the  other  hand,  has  to  do  so 
far  as  we  know,  only  with  hearing,  and  as  this  is  the 
most  important  of  the  two  functions,  a  thorough 
appreciation  of  the  necessity  of  accurate  tests  must 
be  kept  in  mind.  We  should  remember  that  hearing 
takes  place  through  air  and  through  bone.  _  Patients 
sometimes  think  they  "hear"  a  tone  when  in  reality 
they  perceive  it  through  a  sense  of  touch  by  conduc- 
tion through  the  bones. 

Prof.  Gustav  Alexander  of  Vienna  has  devised  a 
simple  scheme  which  I  find  it  convenient  to  follow 
both  in  office  and  in  hospital  practice.  By  the  use 
of  a  rubber  stamp  all  tests  can  be  quickly  and  ac- 
curately recorded  on  the  back  of  the  patient's  history 
card. 

R  L         Air     Bone 

Y  Conversation  Voire 

v...  Whispered  Voice 

P  Politzer's  Acoumeter 

w\  .  .  Weber 

S.  .  .  .Schwabach 

R  ,  Rinne 

«  Galle 

Ga  Gallon's  Whistle 

h  ...  Watch  through  Bone 

T Long  Speaking  Tube 

St    Stenger's  Test 

Sp.  N  Spontaneous  Nystagmus 

E .  .  Equilibrium 

T.N  .  Turning  Nystagmus 

Ca.  N Caloric  Nystagmus 

G.N Galvanic  Nystagmus 

Fistula  Test  f  C°-£  '  Compression  Nystagmus 

I  A.N Aspiration  Nystagmus 

Schema  for  Aural  Tests.     (Modified  from  Alexander.) 

In  estimating  the  degree  of  hearing,  we  should  use 
at  least  three  separate  tests — noise,  and  high  and  low- 
musical  sounds.  These  we  possess  in  the  acoumeter, 
speech,  and  whisper. 

Conversation  Voice  (V). — If  we  test  the  hearing  by 
spoken  words,  we  must  remember  that  not  only  should 
the  person  hear  the  word,  but  he  also  must  understand 
and  be  able  to  repeat  it  after  us.  Therefore,  this 
method  is  not  adaptable  to  children  under  ten  years 
of  age  as  a  rule.  Also  in  nervous  patients  the  per- 
sonal equation  is  very  difficult  to  overcome.  Normal 
hearing  distance  for  ordinary  conversation  speech  in 
the  open  air  is  about  60  meters  ( 195  feet) ;  in  a  closed 
room  from  40  to  50  meters  (130  to  162§  ft.);  for 
accentuated  whispers  25  to  30  (81  to  97f  ft.),  for 
typical  whisper  from  20  to  25  (65  to  81  ft.).  These 
figures  apply  only  to  normal  hearing.  All  normal 
persons  possess  a  greater  amount  of  hearing  than  is 
necessary  for  ordinary  conversation  uses. 

Each  ear  should  be  examined  separately;  the  other 
being  shut  out.  It  is  important  also  that  the  patient 
keep  the  eyes  closed  or  be  blindfolded  in  order  that  he 
does  not  watch  the  lips  and  guess  what  is  being  said. 
Words  should  be  used  which  are  understood  by  the 
patient;  words  that  are  common  to  ordinary  speech 
such  as  chair,  window,  door,  table,  man,  boy,  etc. 
When  whispered  speech  (v)  is  used,  only  the  residual 
air  left  in  the  lungs  after  exhalation  should  be  used. 
Special  regard  should  be  given  to  hissing  sibilants, 
the  high-pitched  soft  G,  F,  the  explosives,  and  the 
letter  R.  Hissing  sounds  (S,  Sh)  are  usually  heard 
worst  in  diseases  of  the  sound  conducting  apparatus, 
F  in  labyrinthine  disease,  and  R  in  defects  of  the 
tympanic  membrane  (Yearsley). 

The  Acoumeter  (P). — Politzer's  acoumeter  is  a 
little  instrument  in  which  the  striking  of  a  movable 
steel  rod  upon  another  which  is  fixed  gives  a  sharp 
uniform  click,  heard  normally  fifteen  meters  (about 
lti  yards).  It  is  a  very  simple  means  for  measuring 
the  hearing  power  for  noises.  It  possesses  very  little 
value  in  the  estimation  of  air  conduction  since  the 
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noise  of  the  acoumeter  can  no  longer  be  perceived  in 
very  advanced  diseases  of  the  inner  ear. 


Fiu.  3027.— The  Acoumeter, 
Tuning  Fork  Tests. — An  important  factor  in  func- 
tional testing  is  examining  for  the  perception  of  tones. 
The  tuning  fork  is  the  best  instrument  for  this  pur- 
pose. It  must  be  sufficiently  large;  that  is,  the  tine 
must  be  at  least  eight  centimeters  long,  and  it  should 
be  made  from  one  piece.  The  nickeled  tuning  forks 
are  not  to  be  recommended,  since  the  nickeling 
diminishes  the  duration  of  the  vibration.  The  fork 
should  also  be  free  from  overtones  and  should  have  the 
longest  possible  swinging  duration  so  that  we  may 
compare  the  duration  of  perception  found  in  the  dis- 
eased ear  with  that  of  the  normal  ear.  If  the  fork 
dies  out  too  quickly  then  we  do  not  have  time  enough 


Fig.  3028- 


-Hartmann's  Set  of  Tuning  Forks, 
fork  (C*)  is  not  shown  here. 


The  largest 


to  test  the  difference.  The  human  ear  is  capacle  of 
perceiving  from  12,000  to  40,000  double  vibrations 
per  second.  For  clinical  purposes  the  lower  limit  of 
the  tuning  fork  is  about  sixteen  vibrations  and  the 
upper  C-5  about  4,224  vibrations. 

Very  satisfactory  forks  for  the  application  of  most 
tests  is  the  set  of  Hartmann.  This  consists  of  five 
tuning  forks. 

C  128  vibrations  per  second  for  the  pure  tone. 
C  256  vibrations  per  second  for  the  pure  tone. 
C"  512  vibrations  per  second  for  the  pure  tone. 
C"  1,024  vibrations  per  second  for  the  pure  tone. 
C""  2,048  vibrations  per  second  for  the  pure  tone. 

This   set   is   used   by    Schwabach    in    his    test.     An 
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accurate  diagnosis  may  be  made  by  using  the  following 
instruments,  a  low  pitched  fork,  C-l  to  determine  the 
low-tone  limit  (or  errors  of  the  conducting  apparatus); 
a  higher-pitched  fork,  as  C",  for  determining  the 
Schwabach,  Weber,  and  Rhine  tests  (absolute  bone 
conduction);  and  the  Galton  whistle,  for  determining 
the  upper-tone  limits  or  disturbances  of  hearing  due 
to  disease  of  the  receptive  apparatus.  The  tuning 
fork  should  be  struck  on  a  moderately  soft  substance 
(e.g.  wood,  covered  with  leather),  in  order  to  avoid 
the  formation  of  over-tones.  The  chimps  shown  on 
the  C  and  C  forks  are  used  in  order  to  prevent  these. 

At  the  Urbantschitsch  Clinic  in  Vienna,  not  more 
than  three  forks  are  ordinarily  used.  A  low  fork 
corresponding  to  that  devised  by  Dench  having  about 
sixty-four  double  vibrations  per  second,  a  high  fork 
corresponding  to  the  C-4  of  Hartmann's  set,  and  a 
medium  fork  known  as  the  Vienna  Model.  All 
tests  are  performed  by  excluding  the  opposite  ear 
with  Barany's  noise  apparatus. 

Weber's  Test  (W). — Weber's  test  is  one  of  the  oldest 
and  commonest  in  use.  It  depends  upon  the  fact 
that  a  vibrating  fork  when  placed  upon  the  vertex 
of  the  skull  will  be  heard  by  both  cars  equally  well 
if  the  ears  are  normal  (Weber  in  the  head).  If  now 
one  ear  be  stopped  with  the  linger,  the  fork  is  heard 
more  distinctly  in  the  obstructed  ear.  This  is  due  to 
the  fact  that  normally  the  sound  transmitted  through 
the  skull  to  the  inner  car  is  in  part  rellected  outward 
and  escapes  by  way  of  the  external  auditory  meatus; 
therefore,  any  interference  such  as  a  foreign  body 
in  the  meatus,  or  disease  of  the  tympanic  cavity 
which  limits  this  escape  of  vibrations  intensifies  the 
amount  of  stimulus  in  the  concerned  ear. 

In  inner  ear  disease  where  there  is  no  preception  of 
tone,  the  tuning  fork  is  referred  to  the  sound  ear  or 
less  diseased  side. 

Schwabach' s  Test  (S). — The  vibrating  tuning  fork 
is  held  in  the  middle  of  the  forehead,  or  against  the 
mastoid  and  the  investigated  person  must  say  whether 
the  tone  is  heard  or  not.  In  order  to  prevent,  fatigue 
or  to  do  away  with  suggestion,  the  fork  is  removed 
from  time  to  time  for  a  second.  One  can  then  tell 
whether  the  patient  hears  or  feels  the  fork.  By 
comparing  the  duration  of  hearing  of  the  investigated 
person  with  the  examiner's  own  duration,  supposing 
this  to  be  normal,  one  can  tell  wdiether  the  bone  con- 
duction is  normal,  lengthened  or  shortened.  In 
diseases  of  the  sound  conducting  apparatus,  Schwa- 
bach is  lengthened ;  in  diseases  of  the  inner  ear,  Schwa- 
bach is  shortened.  The  degree  of  shortening  corre- 
sponds for  the  most  part  to  the  degree  of  hearing  defect. 
However,  the  degree  of  lengthening  in  many  cases 
does  not  correspond  to  the  severity  of  the  disease. 
In  general,  cases  .if  acute  middle  ear  disease  show 
Schwabach  more  lengthened  than  in  chronic  cases. 
If  in  disease  of  one  middle  car  the  bone  conduction 
on  this  side  is  lengthened,  then  the  tuning  fork  placed 
in  the  middle  of  the  forehead  shows  lengthened  bone 
conduction;  if  there  is  unilateral  disease  of  the  inner 
ear,  the  tuning  fork  thus  placed  shows  shortened  bone 
conduction.  Many  authorities  make  the  Schwabach 
test  not  from  the  forehead,  but  from  both  mastoid 
processes,  under  the  assumption  that  the  duration 
found  in  the  mastoid  gives  a  better  idea  of  bone  con- 
duction. If  we  find  Schwabach's  test  not  normal  we 
are  safe  in  the  assumption  that  an  ear  disease  is 
present.  This  is  true,  even  if  the  other  functional 
tests,  especially  the  determination  of  hearing  distance, 
seem  to  show  no  aural  disease.  Schwabach's  is 
therefore  a  very  valuable  sign. 

Rinne's  Test  \R). — Rinne's  test  is  simply  a  compari- 
son of  air  and  bone  conduction  of  the  same  side. 
Usually  the  duration  of  the  tone  preception  through 
air  is  about  twice  as  long  as  through  bone.  Rhine 
13  therefore  positive  when  this  relation  exists;  nega- 
tive, if  bone  conduction  is  longer  than  air  conduction. 
Varying    corollaries    may  be  derived  from  this  test. 


\\  ith  normal  hearing  Rinne  is  positive  with  normal 
duration    of    perception    through    bone    and    air.      In 

disease   of   the   sound-conducting    apparatus,  Rinne' 

is  negative  with  shortened  air  and  lengthened  bone 
conduction.     In    diseases    of    the    sound-perceiving 

apparatus,   Rhine!  is  positive  with  shortened  bone  and 

shortened  air  conduction.     In  combined  disease  of 

the  sound-Conducting  and  sound-perceiving  apparatus, 
Rinne  is  negative  With  shortened  bone  conduction. 

Lake  of  London  has  worked  out  some  very  in- 
teresting and  useful  conclusions  with  Rhine's  test. 
From  his  work  the  following  postulates  may  be  set 
down : 

Group  /.  Rhine1  positive. — 1.  The  bone  conduction 
is  normal  and  the  air  conduction  is  greater  than  the 
bone  conduct  ion  by  thirty-five  seconds.  (This  is  the 
normal  reaction  of  the  healthy  ear.) 

2.  The  bone  conduction  is  normal,  the  air  con- 
duction is  reduced  by  a  number  of  seconds  less  than 
thirty-five. 

3.  The  bone  conduction  is  increased  by  a  number  of 
seconds  less  than  thirty-five,  the  air  conduction  then 
being  equal  to  thirty-five  seconds  minus  the  number  of 
seconds  by  which  the  bone  conduction  is  increased. 

4.  The  bone  conduction  is  decreased  by  a  number  of 
seconds  less  than  thirty-five,  the  air  conduction  de- 
creased by  a  number  of  seconds  less  than  thirty-five 
plus  the  mastoid  decrease. 

Group  II.  Rinne1  negative. — 5  The  bone  conduc- 
tion is  normal,  the  air  conduction  is  decreased  thirty- 
five  or  more  seconds. 

6.  The  bone  conduction  is  increased,  the  air  con- 
duction is  decreased  thirty-five  or  more  seconds. 

7.  The  bone  conduction  is  decreased,  the  air  con- 
duction decreased  thirty-five  seconds  plus  the  number 
of  seconds  by  which  the  bone  conduction  is  decreased. 

Increase  of  bone  conduction  usually  means  disease 
of  the  sound-conducting  apparatus;  it  is  generally 
present  also  in  the  early  stages  of  otosclerosis.  It 
may  also  indicate  hyperesthesia  of  the  auditory 
nerve.  When  air  conduction  is  diminished,  and 
bone  conduction  is  normal  or  increased,  it  is  the  middle 
ear  alone  which  is  diseased. 

Decrease  of  bone  conduction  to  a  slight  extent  is 
found  in  most  cases  of  conductive  defect  when  the 
latter  has  been  present  some  time.  In  such  cases 
it  is  not  usually  more  than  ten  seconds  at  the  most. 
Consequently,  any  loss  of  bone  conduction  over  ten 
seconds  should  be  taken  as  indicative  of  involvement 
of  the  perceptive  apparatus,  either  functional  or 
organic,  especially  when  air  conduction  remains 
fairly  good. 

In  far  advanced  ear  diseases,  Rinne1  is  usually 
negative  whether  there  is  disease  of  the  sound-per- 
ceiving or  of  the  sound-conducting  apparatus  or  both. 
In  advanced  progressive  deafness,  air  conduction 
always  diminishes  more  rapidly  than  bone  con- 
duction. In  cases  of  slight  disease  of  the  sound-con- 
ducting apparatus  in  which  there  is  lengthening  of  the 
bone  conduction,  and  slight  shortening  of  air  con- 
duction, the  same  duration  of  time  results  for  both 
air  and  bone  conduction.  In  many  cases  of  advanced 
disease  in  the  inner  ear,  Rinne's  test  is  a  diagnostic  aid. 

Gelle's  Test. — This  is  a  test  for  determining  the 
movability  of  the  stapes.  It  is  best  carried  out  by 
means  of  a  ("  fork,  a  piece  of  rubber  tubing  and  a 
Politzer  ear  bag.  In  a  normal  ear,  if  compression  is 
made  in  the  auditory  canal,  sounds  arc  indistinctly 
heard.  This  is  due  to  a  compression  of  the  stapes  in 
the  oval  window,  and  to  inhibition  of  the  stimuli 
affecting  the  labyrinthine  fluid  and  terminal  nerve 
cells.  If  a  Politzer  ear  bag  attached  to  this  rubber 
tube  be  compressed  and  a  vibrating  tuning  fork  be 
placed  thereon,  the  sound  is  indistinctly  heard. 
That  is,  during  compression  the  patient  hears  worse. 
If  a  vibrating  tuning  fork  be  applied  to  the  Politzer 
ear  bag,  the  patient  hears  the  tuning  fork  very  dis- 
tinctly when  no  pressure  is  made.     This  holds  good 
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where  there  is  free  movement  in  the  ossicular  chain. 
If,  however,  the  stapes  be  immovable,  compression  or 
aspiration  in  the  external  auditory  eanal  will  make  no 
difference  in  the  patient's  hearing. 

Gelle's  test  gives  us  a  trustworthy  idea  of  the  con- 
dition of  the  labyrinth  windows.  A  negative  result 
is  of  especial  significance  in  the  diagnosis  of  otosclero- 
sis. It  is  one  of  the  first  signs  which  can  be  elicited  in 
this  disease,  and  is  therefore  important  as  an  early 
diagnostic  aid.  In  cases  of  chronic  middle  ear 
thickening  we  are  frequently  able  only  through 
Gelle's  test  to  determine  the  condition  of  the  laby- 
rinth windows;  that  is,  whether  a  scar  or  other  patho- 
logical tissue  has  formed  about  the  oval  or  round 
windows. 

Qualitative  Hearing  Test. — In  disease  of  the 
sound-conducting  apparatus  C-l  is  negative  or 
markedly  shortened;  C-4  is  normal.  In  disease  of 
the  sound-perceiving  apparatus  and  especially  in  the 
region  of  the  basal  portion  of  the  cochlea  which 
represents  the  place  of  perception  for  high  tones, 
there  is  a  normal  duration  of  perception  for  the  C-l 
tuning  fork  and  shortening  for  the  C-4.  We  are 
thus  able  to  diagnose  the  kind  of  hearing  difficulty 
by  this  simple  test.  The  first  sign  that  a  middle  ear 
disease  has  attacked  the  labyrinth  is  given  by  the 
significant  shortening  of  the  perception  of  the  C-4 
fork  by  air  conduction.  Such  a  fork  has  a  duration 
from  fifty-four  to  sixty  seconds.  The  most  accurate 
scientific  tuning  fork  tests  are  those  carried  out  by 
continuous  series  of  forks  known  as  the  Bezold- 
Edelmann.  The  ten  forks  used  give  a  series  from 
C-2  to  a-2.  For  the  high  tones  above  a-2,  three  whistles 
The  tone  of  the  large  whistles  reaches  from 
That  of  the  small  whistle  from  a-3  to  a-4. 
Test  (G/i). — For  tones  above  a-4  Galton's 
This  apparatus  consists  of  a  steel 
tube  of  a  given  size  in  which  air  is 
caused  to  vibrate  by  means  of  a 
rubber  ball  fitted  to  one  extremity, 
while  the  length  of  the  tube  may  be 
regulated  by  turning  the  milled 
head  at  the  other  end.  The  note 
produced  by  it  will  become  higher 
and  higher  as  its  length  is  dimin- 
i shed.  In  other  words,  the  Galton 
whistle  acts  as  a  closed  organ  pipe 
in  which  the  column  of  air  is  set  in 
vibration  and  the  length  of  which 
may  be  varied  at  will. 

Recently  the  monochord  of 
Struycken  has  been  recommended 
for  accurate  determination  of  the 
upper  tone  limits. 

The  tone  variator  of  Stern  allows 
an  almost  imperceptible  change 
from  one  tone  to  another.  From  a 
clinical  standpoint,  this  instrument 
is,  however,  impossible  since  it  is 
large,  cumbrous,  not  transportable 
and  very  expensive. 

Urbantschitsch's  harmonica  is  of 
value  in  determination  of  remains 
of  hearing  in  cases  of  severe  deafness  and  for  the 
examination  of  the  deaf  and  dumb.  The  trying  out 
of  the  continual  tone  series  in  all  ear  diseases  is  prac- 
tically impossible  because  it  requires  from  one  to  two 
hours;  therefore  we  use  it  only  in  those  cases  in  which 
the  usual  quality  test  is  insufficient.  For  example, 
in  cases  of  traumatic  injury  to  the  labyrinth  where 
litigation  is  likely. 

Politzer's  Test, — This  is  a  test  for  the  patency  of 
the  Eustachian  tube.  The  investigated  person  holds 
a  little  water  in  the  mouth.  If  the  tube  is  normal,  a 
vibrating  tuning  fork  held  in  front  of  the  nose  is 
belter  perceived  by  the  patient  during  the  act  of 
swallowing.     In    diseases   of  both   Eustachian  tubes 
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there  is  no  increased  hearing  on  swallowing.  In 
unilateral     disease,    at      the    moment    of     swallowing. 

the  fork  is  heard  better  in  the  good  ear;  that  is,  on  the 

Side  in  which  the  tube  18  open  during  the  -wallowing 

act.  The  te-t  is  especially  valuable  in  casee  where  ii 
is  impossible  to  determine  the  condition  of  the  tube- 
in  any  other  way. 

Tin  Watch  (h  =  hora). — The  average  watch  can  be 
heard  through  bone  in  any  pari  of  the  skull  up  to 
the  fortieth  year,  and  over  the  mastoid  process  up  to 
the  fiftieth  year  in  normal  persons  (Alexander).  An 
increased  perception  of  the  watch  tick  through  the 
head  bones  signifies  some  disease  of  the  sound- 
perceiving  apparatus.  Negative  perception  of  the 
watch  through  bone  can  only  be  of  value  in  the  diag- 
nosis of  disease  of  the  sound-perceiving  apparatus 
when  other  signs  of  disease  of  the  inner  ear  are  also 
present.  In  exceptional  cases  in  young  people  who 
have  complete  normal  hearing,  the  watch  may  not 
be  heard  through  the  bone.  Neurasthenic  ear  patient  - 
sometimes  think  they  hear  the  watch  tick  but  testiiur 
with  a  stop  watch  shows,  us  immediately  the  true 
condition. 

The  use  of  the  watch  for  the  testing  of  hearing 
distance  through  air  is  of  no  practical  value.  Every 
watch  varies  in  its  tick,  not  only  from  other  watches, 
but  in  itself  as  well,  according  as  it  is  affected  by  the 
weather  or  recent  winding.  It  varies  in  both  pitch 
and  volume.  This  alone  is  sufficient  to  render  it  a 
fallacious  test.  There  is,  however,  another  and  more 
cogent  reason  for  its  unsuitability  for  the  otologist'- 
purpose — the  tick  of  a  watch  is  a  combination  of  two 
distinct  factors,  noise  and  musical  sound.  Moreover, 
in  the  watch,  the  musical  sounds  may  be  both  high  and 
low.  Therefore  any  patient  may  hear  one  part  of 
the  tick  without  the  other,  according  as  his  hearing  is 
diminished  for  high  or  low  tones  or  noise.  It  needs 
no  elaborate  description  to  see  at  once  what  fallacies 
may  arise  from  the  use  of  the  watch  as  a  test  for  air 
conduction. 

Long  Tube  Test  (T). — This  is  useful  chiefly  because 
we  can  test  one  ear  at  a  time  for  the  perception  of 
conversation  or  whispered  voice.  A  rubber  tube  is 
used  similar  to  that  recommended  by  Currier  of  the 
N.  Y.  Institution  for  the  Instruction  of  the  Deaf  and 
Dumb.  This  tube  should  be  about  four  meters  long 
by  1.5  centimeters  in  diameter,  and  should  be  provided 
with  a  metal  ear  insert,  and  a  hard  rubber  transmitter. 

Sometimes  in  a  case  of  undoubted  unilateral  com- 
plete deafness,  we  are  surprised  to  find  that  the  deaf 
ear  has  an  apparent  hearing  distance  from  one  to 
two  meters  for  conversation  speech.  From  this  we 
may  derive  a  helpful  rule:  When  we  find  a  patient 
supposedly  deaf  in  one  ear  who  has  an  apparent 
hearing  distance  of  two  meters  conversation  voice  or 
thereabout,  we  must  test  this  ear  accurately  to  find 
out  whether  this  hearing  distance  is  actual  or  whether 
there  is  only  an  apparent  hearing  distance  deter- 
mined by  the  opposite  ear.  If  the  words  spoken  into 
the  tube  are  repeated  promptly  without  mistake,  then 
obviously,  the  tested  ear  is  capable  of  hearing  speech. 
If  only  occasional  words  are  understood  and  cor- 
rectly repeated,  or  if  no  word  at  all  can  be  repeated, 
then  we  may  make  the  diagnosis  of  deafness  for  speech. 

Stenger's  Test  (ST). — This  is  also  a  test  for  unilateral 
deafness.  It  is  of  especial  value  in  cases  of  malinger- 
ing, and  is  widely  used  in  Germany  and  Austria  to 
try  out  soldiers  who  are  attempting  to  shirk  duty 
because  of  alleged  deafness. 

Two  identical  forks  are  necessary.  The  small 
a-1  is  the  best  fork  to  use.  The  test  depends  upon 
the  principle  that  when  both  ears  are  fairly  normal  a 
vibrating  fork  held  near  the  tested  ear  will  no  longer 
be  heard  when  the  vibrating  companion  fork  ap- 
proaches the  other  ear.  In  order  to  prevent  errors 
and  confusion,  it  is  important  that  the  investigator 
always  stand  behind  the  patient.  It  is  also  im- 
portant that  the  investigated  person  does  not  know 
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that  we  use  two  identical  forks  for  this  test.  The 
patient  has  only  to  state  whether  he  hears  the  tone 
on  the  right  or  the  left. 

Let  us  suppose  that  the  patient  claims  that  he  is 
deaf  in  the  right  ear.  We  stand  behind  him  and  set 
both  forks  vibrating  by  an  equal  stroke.  One  fork 
is  now  held  near  the  left  (good)  ear,  and  he  of  course, 
hears  it.  We  then  bring  the  companion  fork  nearer 
and  nearer  to  his  right  ear,  and  ask  him  if  he  still 
hears  a  vibration  in  his  left  ear.  He  will  answer 
"no"  if  the  right  ear  is  intact,  and  "yes"  if  the  right. 
ear  is  very  deaf.  This  is  a  very  valuable  and  re- 
liable test.  The  two  forks  are  identical  if,  when  one 
fork  is  set  in  vibration  and  held  in  apposition  to 
the  resting  fork,  this  resting  fork  can  then  be  set  into 
"sympathetic"  vibration. 

A  very  excellent  test  for  the  determination  of 
unilateral  deafness  is  the 

Reading  Test. — This  I  first  saw  demonstrated  by 
Ruttin  in  Vienna.  It  is  well  known  that  if  a  normal 
person  is  asked  to  read  and  both  ears  are  stopped  so 
as  to  exclude  sound,  the  person  will  involuntarily 
raise  his  voice  until  it  becomes  almost  a  shout. 
Now  if  a  person  claim  absolute  deafness  in  the  right 
ear,  for  instance,  and  some  contrivance  like  the  noise 
apparatus  of  Barany  be  sounded  in  the  left  ear,  he 
will  raise  his  voice  while  reading  to  a  marked  degree. 
If  on  the  other  hand  the  right  ear  be  normal  or  nearly 
so,  there  will  be  no  appreciable  change  in  the  pitch  or 
quality  of  the  voice. 

Dozent  Barany  of  Vienna,  also  Neumann,  and  later 
Voss  have  invented  a  special  clock-like  affair  which, 
when  introduced  into  an  ear,  is  capable  of  absolutely 
shutting  out  all  external  sounds.  This  is  of  special 
value  in  testing  for  labyrinthine  disease  in  that  one 
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ear  can  be  absolutely  excluded.  Dr.  Francis  White  of 
New  York,  instead  of  .the  noise  apparatus,  uses  a 
Paquelin  cautery  bulb  and  tube  for  this  purpose. 
He  found  that  the  continuous  noise  of  the  air  rushing 
from  the  tube  against  the  ear  drum  was  quite  as 
efficient  as  the  buzzing  noise  caused  by  the  sound 
apparatus.  It  seems  to  be  thoroughly  efficient  and 
is  quite  inexpensive. 

The  following  general  rules  are  useful  as  a  rough 
guide  in  the  diagnosis  between  obstructive  and  per- 
ceptive deafness:  (1)  There  is  a  loss  of  air  conduction 
and  Rhine's  reaction  is  negative.  (2)  High-pitched 
sounds  are  heard  better  than  those  of  low-pitch. 
(3)  Hearing  is  better  in  a  noise.  (4)  The  acoumeter 
is  heard  better  than  spoken  speech. 

Perceptive  deafness  may  be  suspected  when:  (1) 
Bone  conduction  is  diminished  by  more  than  ten 
seconds.  (2)  High-pitched  sounds  "are  heard  badly. 
(3)  Hearing  is  worse  in  a  noise.  (4)  Spoken  voice  is 
heard  better  than  the  acoumeter. 

Mechanical  Aids  to  Hearing. — The  first  account 
of  a  device  worn  within  the  ear  for  the  purpose  of 
improving  the  hearing  was  described  by  Dr.  Yearsley, 
of  London,  in  1S4S.  He  was  informed  by  a  patient 
from  the  United  States  who  consulted  him,  that,  by 
placing  a  rolled  strip  of  paper  in  the  auditory  canal, 
the    hearing  was  markedly   improved.     Tests    made 


at  the  time  proved  the  statement,  to  be  tine  beyond 
question.  Dr.  Yearsley  was  quick  to  take  advantage 
of  the  discovery,  and  subsequent  experimentation 
led  him  to  substitute  pellets  of  cotton  for  the  twisted 
paper,  since  frequent  trials  of  the  latter  had  invariably 
failed  on  other  patients. 

Since  that  time  no  end  of  curious  contrivances  have 
been  invented  for  1  he  improvement  of  hearing.  Many 
if  not  most  of  these  have  been  practically  worthless, 
and  of  those  from  which  benefit  might  be  derived, 
many  are  so  cumbrous  and  unwieldy  as  to  pre- 
clude   their    use.      A    visible    artificial    aid    to    hearing 

is  always  a  matter  of  comment,  and  since  most  deaf 
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persons  are  very  sensitive,  the  wearing  of  such  an 
aid  is  extremely  objectionable.  When  we  become 
as  accustomed  to  hearing  accessories  as  we  are  to 
glasses  for  the  eyes  this  prejudice  will  be  overcome, 
and  doubtless  an  efficient  instrument  may  yet  be 
made  which,  with  adjustment,  will  be  of  help"  to  many 
patients. 

The  ideal  instrument,  did  it  but  sufficiently  con- 
tribute to  the  augmentation  of  the  sound  waves, 
would  be  one  limited  in  size  to  the  diameter  of  the 
meatus  and  auditory  canal,  and  which  could  be  worn 
unobserved.  But,  unfortunately,  such  devices  aid 
only  by  affording  support  to  the  remnant  of  drum 
membrane  which  may  be  present,  or  to  the  ossicles, 
and  by  directing  or  concentrating  upon  the  sound 
perceiving  apparatus  such  aerial  vibrations  as  are 
collected  by  the  auricle  for  transmission  into  the 
meatus.  Could  a  small  instrument  be  devised 
that  would  render  the  same  service  as  one  of  the 
larger  kind,  the  ideal  would  be  reached.  The  problem 
has  not  yet  been  solved  and  will  not  be  easily. 

Before  advising  the  use  of  a  mechanical  aid  to 
hearing  it  is  very  necessary  to  make  a  careful  diag- 
nosis. One  must  know  the  condition  of  the  tympanic 
membrane;  whether  intact,  partially  destroyed,  or 
totally  destroyed.  No  great  help  can  be  expected 
from  the  use  of  an  artificial  drum  if  the  normal  drum 
is  intact.  If  the  drum  is  partially  destroyed,  mere 
closure  of  the  perforation  may  improve  the  hearing, 
likewise  if  total  destruction  of  the  drum  has  taken 
place  any  foreign  substance,  such  as  a  piece  of  cotton, 
if  properly  prepared,  may  improve  the  hearing  when 
applied  to  the  inner  tympanic  wall.  The  condition 
of  the  middle  ear  must  be  exactly  understood,  and 
one  must  know  the  condition  of  the  round  window, 
whether  the  ossicles  are  fixed,  especially  the  stapes, 
whether  the  ear  is  dry  or  full  of  discharge,  and  whether 
scars  and  adhesions  are  present.  The  same  careful 
diagnosis  must  be  made  of  the  condition  of  the  inter- 
nal ear,  for  if  there  is  degeneration  or  destruction  of 
the  auditory  nerve  very  little  can  be  expected  from 
any  mechanical  aid.  In  general  it  may  be  said  that 
any  aid  which  is  introduced  into  the  auditory  canal, 
such  as  a  hard  rubber  or  metallic  substance,  is 
likely  to  do  more  harm  than  good.  There  mav  be 
temporary  improvement,  but  this  does  not  continue 
long;  moreover,  the  presence  of  such  a  substance  sets 
up  irritation  and,  perhaps,  also  ulceration  with  annoy- 
ing complications  therefrom. 

In  all  artificial  drums  the  chief  end  to  be  obtained 
is  direct  sound  transmission  through  the  inner  wall 
of  the  tympanic  cavity  by   way   of  the   stapes,   the 
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round  window,  or  the  promontory.  If  loss  of  air 
vibrations  is  caused  by  a  perforation  of  the  tympanic 
membrane,  an  effort  'should  be  made  to  close  such 
perforation.  The  edges  should  be  freshened  by  caustic 
applications  and  a  piece  of  thin  (cigarette)  paper  or 
very  fine  rubber  dam  should  be  carefully  applied  to 
cover  the  hole.  This  is  usually  possible  when  the 
middle  ear  is  drv,  but  any  moisture  will  loosen  the 
edges  of  the  splint  and  defeat  healing.  In  one  of 
my  cases,  a  patient  of  Prof.  Gruber  of  Germany,  who 
had  a  large  dry  perforation  in  the  region  of  the  attic 
and  antrum,  the  hearing  was  about  doubled  by  the 
use  of  the  Yearsley  ball  thoroughly  moistened  with 
fluid  albolene. 

As  to  the  deafness  in  cases  of  total  destruction  of 
the  drum  membrane,  Barany  has  a  theory  that  its 
severity  is  due  frequently  not  to  fixation  of  the  stape 
or  structural  closure  of  the  round  window,  but  to  the 
fact  that  sound  waves  entering  the  auditory  canal 
strike  simultaneously  upon  both  the  foot  plate  of  the 
stapes  and  the  membrane  of  the  round  window  and 
that,  therefore,  the  membrane  of  the  round  window 
is  prevented  from  compensating  for  the  movements 
of  the  stapes. 

Dench  of  New  York  has  a  very  simple  method  of 
dealing  with  such  cases.  He  takes  an  ordinary  cotton 
applicator  and  winds  it  with  cotton  allowing  the 
cotton  to  project  beyond  the  end  of  the  applicator. 
It  should  be  rolled  firmly  on  the  applicator,  and 
patted  down  over  the  tip,  like  a  mushroom;  it  is 
then  slipped  from  the  applicator  and  part  of  the 
long  shank  is  cut  off  leaving  perhaps  an  eighth  of  an 
inch  projecting  so  that  the  patient  can  readily  remove 
it.  The  cotton  is  now.  moistened  in  sterile  albolene, 
then  laid  on  a  sterile  gauze  towel,  which  takes  up  the 
excess  of  albolene.  The  pledget,  is  then  grasped 
with  a  pair  of  forceps  and  introduced  into  the  ear, 
care  being  taken  to  place  it  directly  over  the  head  of  the 
stapes.  It  usually  has  to  be  shifted  from  side  to 
side  and  up  and  down  until  it  is  as  nearly  over  the 
head  of  the  stapes  of  the  oval  window  as  one  can  get 
it.  By  guiding  it  with  a  fine  applicator  one  can  find 
the  position  in  which  the  patient  will  hear  the  best. 
At  first  several  trials  must  be  made,  but  eventually 
the  patient  will  tell  where  to  place  it.  In  fact,  some 
patients  can  place  the  pledget  better  than  the  surgeon 
himself. 

Duel    has    improved    upon    this    by    dipping    and 
smoothing    the    cotton    in    collodion.     After    it    has 
^  become  dry  it  can  be  introduced 

into  the  ear. 

In  cases  where  the  perforation  is 
small  Dench  makes  use  of  a  piece 
of  moderately  thin  paper,  such  as 
a  foreign  bond  paper  which  is  very 
thin  and  very  tough.  A  circular 
disc  is  cut  out  and  sterilized  in 
alcohol  and  bichloride  of  mercury 
(1-3,000)  and  then  laid  over  the 
perforation.  The  result  in  some 
cases  is  quite  remarkable. 

Patients  become  more  proficient 
in  introducing  the  artificial  drum 
than  the  doctor  himself,  for  they 
are  able  to  tell  when  the  pledget 
is  in  the  proper  place.  They  must  be  taught  to  ob- 
serve surgical  cleanliness.  They  must  make  sure 
that  the  cotton  is  sterile,  that  the  albolene  with 
which  the  cotton  pledget  is  moistened  is  sterile,  and 
that  the  hands  are  throughly  washed  before  moulding 
the  pledget.  If  these  points  are  attended  to  trouble 
is  unlikely. 

Modifications  of  the  original  artificial  drum  mem- 
brane of  Toynbee  are  numerous.  As  sold  in  the 
shops  of  to-day,  it  consists  of  a  thin  circular  disc  of 
india-rubber  tissue,  tut  he  center  of  which  is  attached 
a  gold  wire. 

Politzer    invented    for    use    among    the    poor    an 


Fig.  3032. — Toyn- 
bee's  Artificial  Drum 
Membrane. 


artificial  membrana  tympani,  the  manufacture  of 
which  is,  as  he  states,  very  simple.     A  piece  is  cut  from 

the  side  of  an  india-rubber  tube  two  to  three  milli- 
meters thick,  and  to  the  lower  end  of  this  is  fixed  a 
strong  piece  of  wire. 

There  are  two  types  of  sound  transmitting  instru- 
ments; tubes  or  sound  re- 
ceivers and  the  resonators  or 
trumpets.  In  the  trumpets 
and  horns  the  idea  is  to  collect 
the  sound  waves  and  throw 
them  into  the  ear  in  parallel 
waves.  The  curve  of  tin- 
collector  or  resonator — the 
reflector — must  be  more  or 
less  parabolic  so  as  to  give 
the  maximum  amount  of 
sound  at  the  entrance  of  the 
tube. 

The  ordinary  speaking  tube    end  which  is  to  be  directed 
carries  sound  very  distinctly     toward    the  hollow  of  the 
and  conversation  can  be  heard    concha, 
for  1,200  feet  with  absolute 

distinctness;  but  our  hearing  is  so  much  worse  in  air, 
owing  to  the  loss  of  the  vibrations  in  the  surrounding 
ether,  that  only  a  small  number  of  vibrations  come 
into  the  ear.  If  we  can  retain  a  large  number  of 
these  vibrations,  there  will  be  an  increase  in  the 
hearing   power   owing   to   increased   stimuli. 

Politzer  has  devised  an  instrument  the  shape  of  a 
hunting  horn  and  about  an  inch  in  length.  The 
narrow  end  is  introduced  into  the  meatus  and  the 


Fig.  3033. — P  o  1  i  tier's 
Metallic  Horn,  to  be  Worn 
aa  an  Aid  to  Defective 
Hearing.  a,  End  which  [a 
to  be  introduced  into  the 
orifice  of  the  external  audi- 
tory canal;  6,  larger  flaring 


Flo.  3034. — Currier's  Conico-Cylindrical  Tube. 

mouth  directed  to  the  hollow  of  the  concha.  The 
object  of  this  instrument  is  to  increase  the  normal 
effect  of  the  inner  surface  of  the  tragus  in  reflecting 
the  waves  of  sound  coming  from  the  concha  into  the 
external  canal.  Politzer  noted  improvement  in  three- 
fourths  of  his  cases  from  use  of  this  instrument. 
<  tther  surgeons  have  not  met  with  the  same  degree  of 
success. 

For  short  distance  work  only,  the  best  instrument  is 
probably  Currier's  conico-cylindrical  tube  (Fig.  3034). 
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This  instrument  which  is  often  termed  a  "conversa- 
tion tube"  consists  of  a  tube  three  and  one-half  feet 
long,  which  has  a  bone  or  hard  rubber  tip  at  one  cud, 
while  the  other  end  is  a  bell  shaped  mouthpiece 
made  of  the  same  material.  The  tip  and  mouthpiece 
are  connected  by  an  elastic  spiral  wire  tube  covered 
with  rubber  and  over-spun  with  either  silk  or  mohair. 
The  tube  is  conical,  thus  forming  a  gradually 

SI  decreasing  channel  from  the  mouthpiece  to 
the  ear.  The  lips  should  be  placed  close  to 
i  the  mouthpiece,  and  the  speaker  should  at  first 
modulate  his  voice,  as  loud  tones  are  often  very 
distressing  to  the  listener.  It  may  be  worn 
around  the  neck,  under  the  coat  or  cloak,  or 
rolled  up  and  carried  in  the  pocket. 

The  London  hearing  dome  of  which  the  so- 
called  "grand  opera  dome"  is  a  simple  varia- 
tion, is  an  inexpensive 
instrument  and  in 
cases  of  deafness  of 
the  less  severe  type  is 


Fig.  3035. — The  Grand  Opera  Dome,  with  detachable 
extension  handle. 

not  infrequently  of  help  to  the  user.  It  is  said  to  be 
made  of  metal  such  as  is  used  in  the  manufacture  of 
musical  instruments  on  account  of  the  superior 
resonating  qualities.  These  domes  are  also  made  with 
perforations  at  both  ends  so  that  sounds  may  be 
conveyed  to  the  ear  from  the  back  as  well  as  from 
the  front.  The  opera  dome  is  made  of  hammered 
bell  brass,  all  its  parts  brazed 
together  and  covered  both  in 
and  outside  with  a  jet  black 
material,  thoroughly  baked  on, 
which  will  not  wear  off  or 
crack.  It  is  also  supplied  with 
a  detachable  extension  handle 
five  and  one-half  inches  Hong 
when  closed,  ten  inches  long 
when  extended. 

The  Akou  concentrator  has 
been  designed  to  magnify  as 
well  as  to  concentrate  sound 
waves.  These  enter  the  base 
of  the  resonating  chamber  and 
converge  through  the  narrow 
neck,  causing  a  rebounding  of 
the  waves  outward  around  the 
dome  of  the  instrument  to  the 
nodal  point  at  the  top.  Just 
below  the  apex  begins  a  funnel-shaped  tube  which 
goes  part  way  down  and  out  with  an  upward  curve, 
terminating  in  an  ear  tip  that  fits  snugly  in  the  ear. 
This  tube  gets  gradually  smaller  to  the  point.  The 
concentrated  sound  waves  are  thus  impelled  forward 
and  enter  the  ear  in  their  strongest  power.  It  is  made 
of  bell  metal,  and  measures  two  and  one-half  inches 


Fig.  3036, — The  Akou 
Concentrator. 


in  width  and  five  and  one-half  inches  in  height.      It  is 
a  very  clear-toned  instrument  for  distance  hearing. 

The  IliiinnU  church-phone  is  a   type  of  trumpet  or 
horn  and  is  partially  collapsible.      According  to  the 


Churchphone. 


manufacturers  it  is  one  of  the  strongest  distance- 
hearing  instruments.  It  is  made  of  moulded  hard 
rubber  ami  fur  a  large  instrument  is  very  graceful  in 
form.  It  has  a  nicely  polished  outside  surface.  The 
dotted  lines  show  how  it  can  be  telescoped  to  a  smaller 


Fig.  303S—  The  Audiat. 

size  for  carrying,  and  it  also  can  be  adjusted  for  either 
ear.  The  diameter  of  the  receiving  end  is  three  and 
three-fourth  inches.  The  shape  is  such  that  it  can 
be  held  close  to  the  body,  and  all  that  is  in  sight  is  the 
small  tube  going  into  the  ear. 
For  church  or  concert  use  it  is 
for  certain  persons  a  satisfac- 
tory aid. 

The  Audiat  is  an  improvement 
in  shape  over  the  tin  trumpet, 
and  is  more  easily  carried.  The 
sound-receiving  end  is  a  flat  oval 
five  inches  in  diameter  by  one 
and  one-fourth  inches  thick.  Its 
peculiar  shape  is  well  adapted  to 
gather  in  sounds  and  convey 
them  strongly  to  the  ear.  It  is 
one  of  the  best  arrangements  for 
public  speaking  or  conversation, 
and  is  of  special  use  to  the  aged 
and  infirm,  as  it  can  be  held  to 
the  ear  without  using  the  hands. 
It  is  made  of  japanned  black 
tin,  or  horn,  and  by  means  of 
the  joint  in  the  center  can  easily 
be  adjusted  for  either  ear  and 
taken  apart  for  carrying  about. 

The  Folding  fan  instrument  consists  of  quite  a 
powerful  hearing  horn  attached  to  a  black  folding  fan. 
The  trumpet  extends  the  length  of  the  fan  and  is 
hinged   to   the   outside    strip.      By   this   means   it   is 


30.3!!.— The  Folding 
Fan  Trumpet. 
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entirely  concealed  when  the  fan  is  in  use,  and  in  hear- 
ing with  it  the  patient  appears  to  be  resting  the  head 
on  a  fan.  By  opening  the  folds  a  little,  the  hearing 
device  can  be  completely  concealed.  It  is  quite 
powerful  and  suitable  for  hearing 
in  church,  lectures,  or  for  general 
<•■  jii  \  ersat  ion. 

The  Lorgnette  hearing  li,,rn  is 
not  very  powerful  bul  is  incon- 
spicuous and  of  some  value  in 
eases  of  partial  deafness.  One 
can  use  plain  glass  in  the  spec- 
tacle frame,  or  have  it  fitted  with 
the  proper  lenses.  It  is  made  of 
imitation  tortoise  shell,  neatly 
finished  without  any  angles  to 
catch  fast  in  the  clothing,  and 
weighs  only  one  and  one-half 
ounces. 

The  Sonor  is  a  French  inven- 
tion and  for  its  size  and  simple  iu 
is  one  of  the  best  of  the  horn  de- 
vices. It  is  a  very  good  imitation 
of  a  lady's  purse,  is  inconspicuous, 
ami  has  considerable  acoustic 
\  alue.  When  in  use  the  earpiece 
i-  pulled  out  and  inserted  in  the 
ear.  Only  close  scrutiny  discloses 
that  the  purse-like  article  held 
carelessly  against  the  face  is  used 
to  aid  the  hearing.  When  closed 
it  readily  passes  inspection  as  a 
neat  and  attractive  ornament  to 
carry  in  the  hand.  The  bottom 
is  artistically  fenestrated  and  fashioned  to  catch  sound. 
The  Otophoni  was  invented  by  Dr.  J.  A.  Maloney 
of  Washington.  D.  C.  It  is  so  constructed  thai  the 
column  of  air  does  not  strike  directly  against  the  drum 
head  but  is  intercepted  by  means  of  a  diaphragm 
resembling  that  used  in  a  telephone  receiver.     There 


Fig.  3040.— 1 

nette  Hearing  Horn. 


Fig.  3041.— The  Sonor  (closed). 

are,  of  course,  no  adventitious  sounds,  and  only  proper 
voice  tones  are  transmitted.  It  magnifies  the  sound 
considerably  and  gives  it  clearness  and  definition.  It 
is  placed  against  the  ear  and  not  inserted,  thus  pre- 
venting all  possible  irritation  or  damage  to  the  meatus, 
such  as  furuncles,  etc.     The  tube  form  of  this  instru- 
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menf  is  especially  designed  for  close  conversation,  and 
is  of  particular  benefit  to  thi'  profoundly  deaf.  It  has 
been  used  in  teaching  deaf  mutes  to  articulate  natu- 
rally. The  particular  arrangement  of  mouthpiece, 
tube,  and  transmitter  carries  effectively  the  low  whis- 
pered voice  tones. 


■ 

i 

tli,.   3042. —  I  be  Sonor   (open). 

The  Dentiphone  consists  of  a  thin  elastic  hard  rubber 
plate  shaped  like  a  fan  and  can  be  used  as  such  if 
desired.  It  is  employed  to  convey  sound  to  the  audi- 
tory  nerve  through  the  medium  of  the  teeth.  The 
external  ear  has  nothing  whatever  to  do  in  hearing 
with  this  instrument.  When  adjusted  for  hearing  it  is 
placed  in  a  state  of  tension,  contact  being  made  with 
the  upper  teeth  only.  By  means  of  cords  as  shown  in 
the  illustration,  the  plate  may  be  curved  or  drawn 


Fig.  3043.— The  Hand  Otophone. 

taut,  in  which  condition  it  will  serve  the  purpose 
in  many  instances  with  very  satisfactory  results,  but 
it  is  applicable  only  in  a  certain  class  of  cases.  To 
just  what  forms  of  deafness  the  instrument  may  be 
applied  with  success  one  is  unable  to  state,  actual 
tests  of  the  appliance  in  each  case  having  thus  far 
been  the  only  means  of  determining  its  utility.  The 
dentiphone  is  made  in  four  styles. 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


llc.iniiL-.  Defective 


Recently  much  new  apparatus  has  been  put  on  the 
market.  Among  these  is  the  microphone  which  is 
simply  a  flat  box  with  a  very  delicate  film  of  flexible 
metal  in  it  so  that  the  air  waves  are  set  into  vibration. 
When  the  telephone  came  out  the  same  principle  was 


Fig.  3044. — The  Tube  Otophone. 

used.  There  is  a  small  receiver,  a  small  battery  and 
the  microphone  transmitter.  The  sound-box  con- 
tains a  number  of  small  grains  of  carbon  in  order  to 
make  a  loose  contact,  but,  unfortunately,  the  carbon 
grains  move  around  upon  the  slightest  motion  of  the 
receiver,  and  this  noise  may  be  so  accentuated  as 
to  make  the  use  of  the  instrument  very  objectionable. 


Fxa.  3045.— The      Dentiphone. 

The  Acouslicon  is  a  modification  of  the  telephone 
principle  and  is  an  honest  attempt  to  improve  hearing 
conditions.  Some  people  hear  with  it  very  well 
indeed,  while  others  can  never  become  accustomed  to 
the  various  confused  sounds  and  vibrations  which  it 


Fig.  3046  —The  Acousticon. 

brings  to  their  ears.  Noises  and  sounds  occur  where 
connection  is  made  between  the  battery  and  the  res- 
onator, and  these  things  disturb  patients  very  much 
at  first.  The  ear  has  to  be  educated  to  use  an  elec- 
trical apparatus.     Hearing  conditions  are  absolutely 


changed  when  using  them,  and  the  sounds  must  be 
analyzed  as  they  come  through  the  apparatus. 
They  are  certainly  accentuated. 

The  acousticon  consists  of  more  than  100  parts,  but 
on  its  surface  shows  but  four  parts — the  battery, 
earpiece,  transmitter  and  con- 
necting cord.  The  transmitter 
is  that  part  of  the  instrument 
which  is  worn  on  the  coat  or 
vest  and  receives  and  magnifies 
the  sound.  It  is  constructed 
to  gather  sound  in  a  circumfer- 
ence of  nine  inches  and  to  con- 
centrate the  full  power  of  that  sound  at  the  extreme 
point  of  a  sound-focusing  cone  which  is  in  close 
proximity  to  a  peculiarly  constructed,,  highly  sensitive 
diaphragm.  By  means  of  these  and  their  relations 
to  each  other  the  transmitter  can  magnify  sound  from 
100  per  cent,  to  nearly  500  per  cent,  in  accordance 
with  the  needs  of  each  person,  and  convey  it  in  its 
magnified  condition  to  the  ears.  An  electric  current 
picks  this  magnified  sound  up  at  this  focused  point 
and  carries  it  to  the  earpiece.  This  transmitter  must 
be  perfect  if  it  is  to  give  the  results  for  which  the 
acousticon  is  designed.  Every  part  of  the  transmitter, 
diaphragm,  and  cone  must  be  exact  as  to  thickness 
and  shape.  This  is  one  of  the  principal  reasons  why 
the  instrument  must  be  as  expensive  as  it  is. 

The  acousticon  is  made  in  a  great  variety  of  styles 
and  types  giving  different  degrees  of  strength  and 
clearness  of  articulation.  It  is  claimed  thai  by  ad- 
justing it  to  the  needs  of  the  person  in  question  the 
hearing  can  be  approved  in  ninety  per  cent,  of  those 
patients  in  which  the  auditory  nerve  still  functionates. 


3047.— The  Auria. 


The  Type  R  A  acousticon  (Fig.  3046)  is  a  new  model 
fitted  with  the  "sound  regulator,"  especially  adapted 
for  men's  use.  The  battery  and  transmitter  make  one 
part  and  the  earpiece  the  other,  the  two  being  con- 
nected by  pliable,  silk-covered  wire.  The  battery  can 
be  concealed  in  the  vest  pocket,  the  receiver  appearing 
just  above  and  in  position  to  catch  the  full  volume  of 
sound.  The  earpiece  is  about  as  large  as  a  gentle- 
man's watch,  and  it  may  be  held  to  the  ear  in  the  hol- 
low of  the  hand  or  by  a  headband. 

For  those  who  are  slightly  hard  of  hearing  or  who 
cannot  afford  as  perfect  an  instrument  as  the  acous- 
ticon, the  auris  (Fig.  3047)  is  one  of  the  best  instru- 
ments they  can  secure.  It  weighs,  complete,  only 
seven  ounces,  has  a  battery  just  half  the  size  of  the 
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acousticon,  and  is  one  of  the  smallest,  lightest,  and 
cheapest  electrical  instruments  for  the  deaf.  On 
account  of  its  small  size  the  Auris  is  well  suited  to 
those  who  find  it  especially  desirable  to  have  as  incon- 
spicuous an  instrument  as  possible.  The  auris  is  so 
small  that  when  packed  in  the  carrying  case  (which  is 
furnished  free)  it  can  be  carried  in  the  pocket. 

The  Mears  aurophone  is  very  widely  advertised 
and  has  the  advantage  of  portability.  It  has  a 
retaining  head  band  to  hold  it  in  place.  Inside  t  here 
are  several  bands  of  metal  which  reduce  any  rever- 
beration and  cut  down  the  size  of  the  sound  wave 
The  idea  of  having  a  battery  and  sound  receiver  in 
one  is  a  good  one,  but  the  advantage  lies  in  the  sound 
receiver.  The  reflection  of  sound  waves  with  any 
instrument  is,  of  course,  a  matter  of  prime  importance. 

With  reference  to  the  instruments  which  depend  on 
the  continued  stimulation  of  the  auditory  nerve,  they 
are  to  be  condemned  absolutely.  A  number  of  cases 
have  been  kept  under  observation  where  these 
instruments  have  been  used  for  improvement  of  the 
hearing,  and,  without  exception,  the  patients  were 
worse  after  using  them  than  before. 

There  are  many  ways  in  which  patients  who  are 
hard  of  hearing  can  be  helped  without  having  to 
wear  a  hearing  tube.  They  should  be  encouraged  to 
study  lip  reading.  This  is  very  important.  Another 
way  is  for  those  addressing  them  to  speak  more 
clearly.  It,  is  not  always  the  loudness  of  the  voice;  it 
is  the  clearness  of  enunciation  which  is  necessary  to 
accurate  hearing.  Another  important  point  is  the 
exercise  of  speech  for  those  who  are  hard  of  hearing. 
Not  infrequently  the  deaf  suffer  from  not  knowing 
how  loudly  they  are  speaking.  They  have  nothing 
to  guide  them  in  their  own  ears. 

Prof.  John  Dutton  Wright,  Superintendent  of  the 
Wright  Oral  School  for  the  Deaf  in  New  York  City 
has  for  years  been  working  to  teach  the  deaf  and  dumb 
to  speak.  He  was  for  a  time  Helen  Keller's  instructor, 
and  within  the  past  few  years  has  had  some  remarkable 
successes.  Several  of  his  patients  were  presented 
before  the  Ninth  International  Congress  of  Otologists 
held  in  Boston  during  Aug.,  1912.  There  is  no  doubt 
that  such  a  method  is  preferable  to  the  sign  language; 
and,  although  it  requires  an  infinite  amount  of  time 
and  patience,  it  is  worth  all  that  it  costs. 

Irving  Wilson  Voorhees. 


Heart,  Actinomycosis  of  the. — Actinomycosis 
of  the  heart  has  been  observed  a  number  of  times  but 
as  the  observations  of  this  condition  increase  so 
slowly  it  must  be  regarded  as  a  very  rare  occurrence. 
Since  the  respiratory  tract  appears  to  be  one  of  the 
most  common  avenues  of  entrance  of  this  parasite, 
secondary  involvement  of  the  mediastinum  is  of  fre- 
quent occurrence,  whereby  extension  to  the  pericar- 
dium may  take  place.  Because  of  the  similar  physical 
signs  and  the  presence  of  pus  in  the  pericardial  sac 
actinomycosis  of  the  pericardium  is  likely  to  be  mis- 
taken for  tuberculosis.  Besides  infection  by  direct  ex- 
tension from  the  mediastinum  hematogenous  metas- 
tases in  the  heart  wall  may  occur,  or  the  heart  may  be 
primarily  affected,  the  avenue  of  entrance  being  un- 
known. Paltauf  found  extensive  actinomycosis  of  the 
wall  of  the  right  ventricle  in  a  tuberculoussubject,  the 
condition  having  been  diagnosed  as  tuberculous 
pericarditis.  In  cases  observed  by  Israel,  Ponfick, 
and  others,  metastases  were  found  in  the  heart  arising 
from  primary  foci  in  the  liver,  lungs,  and  other  parts 
of  the  body  (pyemic  actinomycosis).  Occasionally  a 
general  infection  of  the  body,  acute  or  chronic,  occurs, 
and  the  heart  is  involved  in  common  with  other  organs. 
Actinomycosis  of  the  heart  presents  no  definite  clinical 
picture.  The  diagnosis  of  the  condition  will  rest 
entirely  upon  the  demonstration  of  the  presence  of  the 
parasite  within  the  pus  obtained  from  the  pericardial 
sac  or  elsewhere  in  the  body.     The  treatment  should 


be  directed  along  general  lines,  with  the  internal  use 
of  potassium  iodide,  which  in  some  cases  has  appeared 
to  have  a  specific  effect  upon  the  fungus. 

Aldred  Scott  Wasthin. 


Heart,  Anatomy  of  the. — Tin'  heart  is  a  four- 
chambered  hollow  muscle,  divisible  functionally  into 
two  parts,  each  consisting  of  two  chambers,  an  auricle 
(atrium)  and  a  ventricle.  The  right  half  of  the  heart 
comprises  the  right  auricle  (atrium)  which  receives 
the  venous  blood  from  the  body  general  through 
the  venae  cava',  and  the  right  ventricle  which  receives 
the  blood  from  the  auricle  (atrium)  through  the 
auriculoventricular  (atrioventricular)  orifice,  and 
sends  it  by  the  pulmonary  artery  to  the  lungs.  From 
the  lungs  the  aerated  blood  is  received  by  the  left, 
auricle  (atrium)  through  the  pulmonary  veins,  and 
by  it  transmitted  to  the  left  ventricle  through  the 
left  auriculoventricular  (atrioventricular)  orifice,  the 
left  ventricle  in  turn  pumping  the  blood  by  way  of  the 
aorta  back  again  to  the  body.  This  pump  is  supplied 
with  appropriate  valves  to  determine  the  direction 
of  the  blood  stream  (see  article  on  Circulation  of 
the  Blood,  vol.   ii.,  p.  133,  Fig.  707). 

If  the  heart  be  removed  from  a  cadaver  that  has 
been  preserved  by  injection  with  a  solution  of 
formalin,  which  so  hardens  the  tissues  that  they 
preserve  after  removal  the  form  they  had  in  situ, 
it  is  seen  to  be  not  so  much  a  conical  as  a  distinctly 
six-sided  organ;  the  sixth  side  or  upper  surface  being, 
however,  obscured  by  the  fact  that  it  is  almost  en- 
tirely occupied  by  the  openings  of  three  great  vessels, 
the  superior  vena  cava,  aorta,  and  pulmonary  artery 
(Figs.  3050  and  3055).  Two  well-marked  grooves  are 
distinguishable  on  the  surface  of  the  organ  (Figs. 
3051  and  3055):  the  auriculo-venlricular  groove  (coro- 
nary sulcus)  which  marks  the  separation  of  the  auricles 
(atria)  from  the  ventricles  and  lodges  the  main  trunks 
of  the  cardiac  vessels  and  corresponding  nervous 
plexuses;  and  the  interventricular  groove  seen  on  the 
anterior  and  inferior  surfaces  of  the  heart,  which 
marks  the  separation  of  the  two  ventricles  and  con- 
tains the  larger  branches  of  the  cardiac  vessels.  A 
considerable  amount  of  fat  in  which  the  vessels  are 
embedded  fills  up  these  grooves  and  obscures  them  till 
dissection  makes  tham  more  prominent.  The  heart, 
with  the  proximal  portions  of  the  vessels  that  spring 
from  it,  occupies  a  separate  serous  cavity  in  the  thorax 
between  the  two  lungs  and  pleurae,  called  the  peri- 
cardium, the  heart  with  its  fibroserous  pericardial 
sac  forming  the  contents  of  the  middle  mediastinum 
(Fig.  3049).  Its  situation  and  relations  will  be  readily 
understood  by  reference  to  Figs.  3048  and  3049,  the 
former  being  self-explanatory,  the  latter  a  horizontal 
section  through  a  frozen  body  at  the  level  of  the  eighth 
thoracic  vertebra.  Both  figures  show  that  the  organ 
is  markedly  deflected  to  the  left  side.  Before  con- 
sidering the  relations  in  detail  we  will  make  ourselves 
acquainted  with  the  excised  heart.  Examined  ex- 
ternally the  auricles  (atria)  are  conspicuous  by  the 
thinness  of  their  walls,  and  mainly  occupy  the  right 
and  posterior  aspects  of  the  heart.  The  ventricles 
are  thick-walled,  form  the  greater  part  of  its  anterior, 
left  and  inferior  aspects,  and  the  left  ventricle  is 
drawn  to  a  blunt  point,  which  is  the  meeting  place 
of  the  three  just-named  surfaces,  and  is  known  as  the 
apex  of  the  heart. 

The  right  auricle  (atrium)  (Figs.  3051,  3052,  and 
3056)  on  the  surface  presents  a  quadrangular  outline, 
and  occupies  the  whole  right  and  part  of  the  anterior, 
posterior,  inferior,  and  superior  surfaces  of  the  heart. 
At  its  posterior  inferior  angle  is  the  inferior  vena  cava ; 
at  its  posterosuperior  angle  the  superior  vena  cava; 
while  its  anterosuperior  angle  is  prolonged  into  an  an- 
gular diverticulum  which  extends  round  in  front  of  the 
aorta  and  is  called  the  auricular  appendix  (auricle). 
The  anterior  limits  of  the  two  cava?  are  united  by  a 


48 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Heart,  Anatomy  of 


groove  on  the  surface  of'the  auricle  called  the  sulcus 
terminalis  (Fig.  3051)  which  marks  off  the  portion 
of  the  auricle  formed  by  union  of  the  two  vense  cava1 
from  that  portion  which  belongs  to  the  primitive 
auricle.     On  opening  the  auricle  (atrium)  (Fig.  3052) 


?— s, 


Fig.  304S. — Outline  of  Heart,  Lungs,  and  Liver  to  Show  tleir 
Relations  to  Each  Other  ami  to  the  Chest  Wall.  (Heusman  and 
Fisher's  "Anatomical  Outlines.") 


this  latter  portion  is  found  to  present  on  its  inner 
surface  a  large  number  of  branching  muscular  ridges 
united  by  a  membrane  so  thin  as  to  be  translucent. 
Over  the  right  wall  of  the  auricle  these  ridges  are  fairly 
regular  and  nearly  parallel.  They  extend  from  a 
prominent   crest,   the   crista  terminalis   (which  corre- 

pericardium 


sponds  in  position  to  I  In-  -ulcus  terminalis),  to  the 
region  of  the  auriculoventricular  (atrioventricular) 
groove  and  are  called  musculi  pectinati.  In  the  ap- 
pendix they  are  much  branched,  and  run  vertically 

across  its  cavity. 

The  rest  of  the  interior  of  tin-  auricle  is  smooth  and 
is  called  the  sinus  vcnosus.  lis  left  wall  in  front  is  in 
close  contact  with  the  commencement  of  the  aorta, 
and  in 'I  i  ini  I  this  is  formed  by  t  he  septum  between  the 

auricles.       Here   (here    is   a    circular    depression    where 

the  septum  is  translucent.  This  is  called  the  fossa 
ovalis,  is  about  five-eighths  of  an  inch  in  diameter,  and 
is  .surrounded,  except  at  ils  lower  part,  by  a  prominent 
muscular  ridge,  the  annulus  ovalis  (limbus  ovali 
The  ridge  is  specially  prominent  above,  and  under  it  is 
a  deep  recess,  closed  after  birth  except  for  an  occa- 
ional  minute  canal  through  which  a,  probe  can  be 
passed,  but  open  during  fetal  life  for  the  free  passage 
of  blood  from  the  ri^hf  to  the  left  auricle.  The  open- 
ing in  the  fetal  condition  is  the  foramen  ovale.  At  the 
posterosuperior  angle  of  the  cavity  will  be  found  the' 
orifice  of  the  superior  vena  cava,  large  enough  to  admit 
the  little  finger,  and  unguarded  by  any  valve.  At  the 
posterior  inferior  angle  is  the  orifice  of  the  inferior  vena 
cava,  which  will  admit  two  ringers.  Stretching  from 
the  right  anterior  margin  of  the  inferior  caval  opening 
to  the  anterior  limb  of  the  annulus  ovalis  (limbus 
ovalis)  is  a  prominent  musculo-membranous  ridge, 
the  Eustachian  valve  (valvula  venae  cava?  inferioris), 
whose  function  in  the  fetus  is  evidently  to  guide  the 
blood  from  the  inferior  vena  cava  through  the  fora- 
men ovale.  Its  prominence  and  constancy  in  the 
adult  seem  to  show  that  though  its  fetal  function  is 
lost,  it  still  serves  an  important  purpose  in  directing 
the  intraauricular  blood  currents.  Its  muscular 
portion  consists  of  a  strong  bundle  of  fibers  which 
surround  the  inferior  cava  and  are  attached  to  the 
septum,  thus  possibly  constricting  the  caval  opening 
during  auricular  systole.  On  the  floor  of  the  auricle, 
just  in  front  and  to  the  left  of  the  inferior  caval  open- 
ing, is  the  orifice  of  the  coronary  sinus,  guarded  below 


thoracic  duct 
left  vagus  nerve 


right  vagus 
vena  azygos  major 


Fig.  3049. — Cross  section  of  Thorax  at  Level  of  Eighth  Thoracic  Vertebra.      (Braune.) 
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by  a  delicate  semicircular  valve  which  is  frequently 
fenestrated  and  is  called  the  valve  of  Thebesius  (valvula 
sinus  coronarii).  The  anteroinferior  angle  of  the 
right  auricle  (atrium)  runs  into  a  large  funnel-shaped 
opening,  the  auriculoventricular  (atrioventricular) 
orifice  (Figs.  3050  and  3052).  This  opening  is  oval  or 
triangular  in  shape,  readily  admits  three  lingers,  and 


aoi  tic  opening  :m<l  right 
coronary  a  rtery 


pulmonary  opening 


(  infundibuli 
|      segment 


left  pulmo-  \ 
nary  veins  J 


leftauric" 
ulo  v  e  M- 
t  ri  c  a  lar 
opening 


Fig.  3050.— View     of     Ventricular     Orifices,    the    Auricles    and  Arteries  being 
Removed  Close  to  the  Ventricles.      (\V.  Keiller  ad  naturam  del  ) 


is  guarded  by  the  tricuspid  valve.  In  addition  to  these 
openings  there  are  scattered  over  the  walls  _ of  the  au- 
ricle numerous  small  pits  and  little  openings  called 
foramina  Thebesii,  some  of  which  are  blind  depressions, 
while  others  are  the  orifices  of  small  veins. 

The  right  ventricle  (Figs.  3052,  3055,  3059)  occupies 
the  greater  part  of  the  anterior  surface,  and  about  half 
the  inferior  surface  of  the  heart.  It  practically  forms 
the  whole  anterior  inferior  border,  but 
stops  short  of  the  left  inferior  angle  of 
the  heart,  the  so-called  apex.  When 
opened  it  is  seen  to  present  a  floor  and 
three  walls,  anterior,  left,  and  posterior, 
the  three  walls  tapering  upward  to  form 
a  smooth  funnel,  the  conus  arteriosus, 
which  leads  into  the  pulmonary  artery. 
This  orifice  is  guarded  by  three  semilunar 
flaps  which  together  form  the  pulmonary 
valve.  The  left  wall  of  this  cavity  is 
convex,  owing  to  the  great  thickness  of 
the  wall  of  the  left  ventricle,  and  here 
the  blending  of  the  walls  of  the  two  ven- 
tricles forms  the  ventricular  septum 
(Fig.  3053).  The  lower  two-thirds  of 
the  posterior  wall  of  the  right  ventricle 
is  occupied  by  the  large  auriculoventric- 
ular (atrioventricular)  orifice,  the  upper 
third  tapering  into  the  conus  arterio- 
sus and  lying  in  close  relation  with  the 
aorta.  With  the  exception  of  the  conus 
arteriosus,  the  walls  of  the  ventricles  are 
marked  by  an  intricate  network  of  mus- 
cular ridges  and  bands  called  columnm 
carnem  (trabecular  carnece),  the  ridges 
being  mere  thickenings  of  the  wall,  the 
bands  attached  at  both  extremities  and 
free  in  the  middle.  A  varying  number 
of  these  fleshy  columns,  called  musculi 
papillares,  end  in  fibrous  string- like 
bands,  the  chorda  lendineoz,  which  are 
attached  to  the  segments  of  the  tricuspid  valve. 
The  tricuspid  mire  (Figs.  3050  and  3052),  which  guards 
the  auriculoventricular  orifice,  is  composed  of  three  tri- 
angular segments  consisting  of  fibrous  tissue  clothed 
with  endocardium,  thick  at  their  bases  where  they  are 
attached  around  the  opening,  and  thinning  off  toward 
their  free  margins,  which  are  translucent  and  jagged. 


The  extent  to  which  the  flaps  are  separated  varies 

greatly,  while  sometimes  there  are  small  intermediate 

lobes  between  the  main  segments.  Branched,  thread- 
like chorda;  tendinea;  pass  from  the  ventricular  wall  or 
papillary  muscles  to  the  free  margins,  ventricular  sur- 
faces,  and  attached  bases  of  the  segments,  each  pap- 
illary muscle  or  group  of  muscles  sending  cords  to  the 
contiguous  margins  of  two  separate  flaps. 
Thus  when  the  ventricle  contracts  the 
blood  is  forced  in  behind  the  cusps  which 
come  together  and,  being  prevented  by  the 
chorda1  tendineii'  from  bulging  too  much 
into  the  auricle,  effectively  prevent  re- 
flux of  blood  into  the  auricle  and  compel 
its  flow  into  the  pulmonary  artery.  Of 
the  three  segments  the  anterosuperior  is 
the  largest,  and  separates  the  conus  ar- 
teriosus from  the  auriculoventricular  ori- 
fice. It  is  therefore  called  the  infundib- 
ular segment.  It  is  smooth  on  both  its 
auricular  and  infundibular  surfaces.  The 
other  segments  are  placed  anteroinferinrlv 
and  posteriorly,  and  the  last  (being  in 
contact  with  the  septum)  is  called  the 
si'ptal  segment.  The  musculi  papillares 
in  the  right  ventricle  vary  exceedingly. 
The  best  marked  springs  from  the 
anterior  wall  and  has  usually  a  mus- 
cular band  of  varying  thickness,  called 
the  moderator  band,  attaching  its  base 
to  the  ventricular  septum.  It  sends 
chorda?  to  the  infundibular  and  anteroinferior  seg- 
ments. A  group  of  small  papillary  muscles  occu- 
pies the  floor  and  lower  part  of  the  septum  and 
supplies  chorda?  to  the  contiguous  margins  of  the 
anteroinferior  and  septal  segments;  while  from  the 
upper  part  of  the  septum,  in  the  conus  arteriosus, 
a  few  chorda?  pass  directly  without  a  distinct  papil- 
lary  muscle  to  the   contiguous    margins    of  the   in- 
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FlQ.  3051. — View    of    Heart    from    Behind    and    Below.     The  surfaces    are 
outlined    in    black    lines.      §   (Drawn  by  W.  Keiller,  after  His.) 


fundibular  and  septal  segments.  The  pulmonary 
valve  is  so  similar  to  the  aortic  that  one  description 
will  do  for  both. 

The  left  auricle  (atrium)  (Figs.  3051  and  3058),  which 
occupies  the  whole  posterior  surface  of  the  heart,  is 
quadrilateral  in  outline  and  slightly  convex.  At  its 
right  and  left  margins  are  the  openings  of  the  right  and 
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left  pulmonary  veins,  usually  two  of  each.  They  vary 
greatly  in  size  and  situation.  The  left  auricular 
appendix  (now  simply  called  the  auricle)  extends  up- 
ward and  forward  from  its  left  superior  angle  and 
slightly  overlaps  the  pulmonary  artery  in  front  and 
to  the  left  of  that  vessel  (Fig.  3055).     The  left  auricle 


superior  vena  cava  aorta 


slits  which  mark  the.  remains  of  the  foramen  ovale. 
They  correspond  in  position  to  the  upper  pari  of  the 
fossa  ovalis  and  one  of  these  may  be  still  patulous  in 
the  adult.  In  five  average  specimens  before  me  the 
foramen  is  not  completely  closed  in  any  one,  but  an 
oblique  slit  varying  from  0.01  to  1  cm.  long  occupies  i1 

pulmonary  art  ery 


.semilunar  valves,  two  only  visible 
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Fxo.  3052. — Right  Auricle  and  Ventricle  Opened,  Somewhat  Stretched  Out  for  Better  Display.      (Drawn  from  nature  by  W.Keiller.) 


(atrium)  is  somewhat  thicker  walled  than  the  right. 
On  the  interior  the  walls  are  smooth  and  the  musculi 
pectinati  are  few  and  short  and  almost  entirely  con- 
fined to  a  small  part  of  the  roof  and  appendix.  The 
posterior  wall  and  floor  are  smooth.  The  left  wall  is 
narrow  and  presents  the  openings  (usually  two)  of  the 
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Fig.  3053.— Vie' 


■  of  Opened  Left  Ventricle,  much  Foreshortened 
naturam  del.) 


left  pulmonary  veins;  the  right  wall  has  posteriorly 
usually  two,  seldom  three  openings  of  the  right  pul- 
monary veins;  none  of  these  has  valves.  In  front  of 
these  the  right  wall  is  formed  by  the  interauricular 
septum,  and  presents  superiorly  one  or  two  semilunar 


place,  and  there  is  no  evidence  of  the  last  having 
caused  any  cardiac  embarrassment.  The  anterior 
wall  in  the  upper  part  lies  in  close  relation  with  the 
conus  arteriosus  of  the  left  ventricle  and  commence- 
ment of  the  aorta;  and  its  lower  half  is  occupied  by  the 
obliquely  placed  somewhat  oval  auriculoventricular 
(atrioventricular)  or  mitral  orifice 
(Fig.  3050)  which  admits  two  fin- 
gers easily,  thus  being  distinctly 
smaller  than  the  corresponding 
orifice  on  the  right  side.  It  is 
guarded  by  the  mitral  valve. 

The  left  ventricle  (Figs.  3057  and 
3053)  forms  the  whole  left  surface 
of  the  heart,  a  small  portion  of 
its  anterior,  and  about  half  its 
inferior  surfaces.  On  cross-sect  inn 
its  outline  is  seen  to  be  almost 
circular,  its  walls  being  at  least 
twice  as  thick  as  those  of  the  right 
ventricle,  which  therefore  moulds 
itself  to  the  thicker-walled  cavity 
and  assumes  a  crescentic  outline 
(see  Fig.  3054).  Its  cavity  is  long 
and  conical,  the  apex  of  the  cone 
running  to  the  extremity  of  the  so- 
called  apex  of  the  heart  which  is 
thus  formed  by  the  left  ventricle. 
The  base  of  this  conical  cavity 
presents  two  orifices  (Fig.  3053), 
the  lower  of  which  [joints  backward 
and  opens  into  the  left  auricle,  and 
is  guarded  by  the  mitral  valve;  while  a  smooth  funnel- 
like portion  runs  upward,  backward,  and  to  the  left 
into  the  aortic,  opening,  this  last  being  somewhat 
smaller  than  the  atrioventricular  opening,  and  guarded 
by  the    aortic   valve.     The   columtUB    (Irabeculoe)    car- 
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nece  are  short,  thin,  much  branched  and  best  marked 
at  the  apex  of  the  conical  cavity.  The  mitral  vai 
composed  of  two  large,  well-marked  segments,  thicker 
and  stronger  than  those  of  the  tricuspid  valve,  and 
bet  ween  them  are  two  distinct  subsidiary  flaps.  Two 
large  prominent  musculi  papillares,  springing  respec- 
tively from  the  left  and  inferior  walls  of  the  cavity, 


-Cross-section     of     Heart    through     Ventricles. 
Keiller,  ad  naturam  del.) 


(W. 


send  chorda?  tendineaa  to  the  upper  and  lower  mar- 
gins of  the  valvular  segments  respectively.  They  are 
so  situated  that  when  contracted  with  the  ventricular 
systole  they  pull  the  margins  of  the  segments  to- 
gether. Of  these  two  segments,  the  anterior  or  aortic 
segment  separates  the  auriculoventricular  from  the 
aortic  orifice  (Fig.  3053),  and  is  smooth  on  both  its 


convex  margins  are  attached  to  the  ring  round  the 
aortic  orifice,  and  their  straight  edges  arc  free.  Thus 
three  pouches  are  formed  open  toward  t In-  aorta, into 

which  the  blood  Hows  when  the  Systole  pa     •-  off,  and 

thus  brings  the  three  segments  together  so  as  effect- 
ively to  stop  regurgitation  of  blood  into  the  ventricle. 
The  aortic  wall  bulges  slightly  at  each  pouch,  and  each 
bulging  is  named  a  sinus  of  Valsalva.  These  sinues 
in  the  aorta  arc  arranged,  one  anteriorly,  two  po  te- 
riorly,  and  from  the  anterior  sinus  springs  the  right 
coronary  artery  (Fig.  3050),  while  the  lift  coronary 
artery  springs  from   the  left   posterior  sinus.     Each 

enl  of  t  he  valve  has  at  the  middle  of  its  free  edge 

a  til. rons  body,  the  nodulus  (Arantii),  toward  which 
the  stronger  fibers  radiate  so  as  to  leave  an  exceedingly 
thin,  sometimes  fenestrated  lunated  margin  on  either 
side  of  it,  called  the  lunula.  The  free  margin  of  the 
valve  is  strengthened  by  a  fibrous  band.  The  por- 
tion of  the  ventricle  which  leads  up  to  the  aortic  ori- 
fice is  so  strengthened  by  fibrous  or  fibrocartilaginous 
tissue  as  to  remain  uncollapsed  during  diastole.  The 
septum  between  the  ventricles  is  thick  and  muscular, 
except  for  a  small  area  where  the  aorta  springs  from 
the  septum.  This  is  the  pars  membranacea  of  the 
septum,  and  here  a  congenital  defect  in  the  septum  may 
cause  an  abnormal  communication  between  the 
ventricles. 

Relations  and  Surfaces  of  the  Heart. — As  has  been 
already  pointed  out,  the  heart  is  a  six-sided  or  cuboidal 
body,  presenting  anterior,  right,  left,  posterior,  in- 
ferior and  superior  surfaces.  The  anterior  surface 
(Fig.  3055)  is  the  first  which  meets  the  eye  when  the 
thorax  is  opened.  It  is  triangular  in  shape,  the  apex 
of  the  triangle  being  completed  by  the  merging  of  its 
upper  limit  into  the  aorta  and  pulmonary  artery.  It 
is  slightly  convex  and  is  directed  forward  and  a  little 
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3055. — Anterior  Surface  <>f  the  Heart,  Pericardium  Opened. 
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auricular  (atrial)  and  its  ventricular  surfaces,  the 
chorda-  being  attached  to  its  margins  only.  The 
aortic  valve  is  composed  of  three  semicircular  or  semi- 
lunar folds  of  fibrous  tissue  lined  below  by  the  endo- 
cardium and  above  by  the  inlima  of  the  aorta.      Their 


upward,  being  in  sagittal  mesial  section  parallel  with 
the  sternum.  In  it  are  included  the  greater  part  of 
the  right  ventricle  and  portions  of  the  left  ventricle, 
left  auricular  appendix,  right  appendix,  and  part  of 
the  right  auricle.     It  is  bounded  below  by  the  sharp, 


52 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Heart,  Anatomy  of 


Reflexion 
f  pericardium 

Left  pulmonary  Artery 


Left  pulmonary 
Veins 


Posterior  br.  of 
Left  coronary  Ay 


Posterior  cardiac 
Veins 


Left 

pulmonary 

Veins 
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almost  straight  anteroinferior  border  (margo  aculus, 
inferior  border  of  clinicians),  on  the  right  by  the  nearly 
vertical  and  convex  right  anterior  border 
(right  border  of  clinicians),  and  on  the 
left  by  the  oblique,  convex,  and  slightly 
rounded  left  anterior  border  (left  border 
of  clinicians).  Its  left  inferior  angle 
forms  the  clinical  apex.  Relations:  Sep- 
arated from  it  by  the  pericardium  (Fig. 
3049)  are  of  the  margins  of  the  lungs  and 
pleura;,  sternopericardial  ligaments,  tri- 
angularis sterni  (transversus  thoracis), 
internal  mammary  vessels  and  sternum, 
with  the  fourth,  fifth,  and  sixth  left  cos- 
tal cartilages. 

The  right  surface  (Fig.  3056)  is 
markedly  convex  four-sided,  lies  almost 
vertically,  and  is  directed  toward  the 
right.  It  is  composed  of  the  greater 
part  of  the  right  auricle.  Its  anterior, 
posterior,  and  inferior  borders  are  only 
slightly  rounded  and  are  therefore  well 
defined.  At  its  superior  extremity  the 
surface  blends  with  the  wall  of  the  vena 
cava  superior  and  its  posterior  inferior 
angle  is  similarly  related  to  the  vena 
cava  inferior.  Relations  (Fig.  3049) : 
It  is  separated  by  pericardium  from 
the  phrenic  nerve  and  vessels,  pleura, 
and  inner  (medial)  surface  of  right 
lung. 

The  left  surface  (Fig.  3057)  is  a  con- 
vex triangular  area  directed  mainly  up- 
ward and  toward  the  left.  It  includes 
about  one-half  of  the  free  surface  of 
the  left  ventricle  and  left  auricular 
appendix.  It  is  separated  from  the  an- 
terior surface  by  the  left  anterior  border; 
from    the   inferior   surface    by    a    rather 


sharp  left  inferior  border;  and  behind  it  is 
bounded  by  the  left  pulmonary  veins  and  left 
auriculo-ventriciil.'ir  groove,  with  thegreat  coro- 
nary vein  embedded  (herein.  Relations  (Fig. 
30  19  ) :    It  is  separated  by  the  pericardium  from 

the  left  phrenic  nerve  and  vessels,  left  pleura, 

and  inner  (medial)  surface  of  left  lung. 

The  posterior  surface  I  fig.  3058)  is  called  the 
base  in    text-book   descriptions.      It    is    four- 

lided,  convex,  vertical,  and  directed  backward. 

It  is  funned  by  the  left  auricle  fa  I  Hum)  and  by 
the  portion  of  the  right  auricle  (atrium)  which 

joins  the  two  venae  cava1,  and  is  bounded  below 
bj  the  inferior  vena  cava  and  coronary  sinus. 
above  by  the  right,  pulmonary  artery,  on  the 
righl  by  a  fairly  defined  border  joining  the  two 

vena'  cava',  and  on  the  left  by  the  left  pul- 
monary veins  and  great  coronary  vein.  If  is 
only    partially  invested  by  the  visceral  layer  of 

the  pericardium.  Relations  (Fig.  3049):  It  is 
separated  by  pericardium  from  the  bronchi. 
esophagus,  vagi,  descending  aorta,  vena  azygos 
major  and  thoracic  duct . 

The  inferior,  diaphragmatic  surface  or  true 
base  (Fig.  3059)  is  quadrilateral,  slightly  con- 
vex when  the  ventricles  are  distended  or  in 
systole,  slightly  concave  when  they  are  relaxed 
and  empty.  It  is  directed  downward  and  a 
little  backward  and  toward  the  right,  and  is 
bounded  by  rather  sharp  and  well-defined 
borders.  It  includes  a  small  portion  of  the 
right  auricle  (atrium)  and  opening  of  the  in- 
ferior vena  cava,  the  rest  of  the  surface  being 
about  equally  divided  between  the  right  and 
left  ventricles:  Behind  the  inferior  vena  cava 
is  seen  a  small  portion  of  the  left  auricle 
(atrium).  It  presents  the  inferior  extremities 
of  the  right  and  left  auriculo-ventricular 
grooves,  and  the  inferior  interventricular 
groove.  Relations  (Fig.  304S):  It  is  separated  by  the 
central  tendon  of  the  diaphragm  and  some  diaphragm 
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muscle  from  the  superior  surface  (impressio  cardiaca) 
of  the  liver.  Its  close  relation  to  the  fundus  of  the 
stomach  will  help  to  account  for  the  cardiac  em- 
barrassment apt  to  be  caused  by  acute  distention  of 
that  viscus. 

The  upper  surface  gives  origin  to  the  aorta,  pul- 
monary artery,  and  superior  vena  cava,  and  is  partly 
formed  by  both  auricles,  especially  the  left.  These 
vessels  spring  from  the  heart  on  a  level  with  the  upper 
margin  of  the  third  costosternal  articulation,  along  a 
line  extending  one  inch  and  our- half  to  the  left  and  one 
inch  to  the  right  of  the  middle  line. 

Superficial  indications  (Fig.  3048):  The  upper 
limit  of  the  heart  has  just  been  indicated.  The 
clinical  apis,  or  apex  beat,  is  felt  between  the  fifth 
and  sixth  ribs,  three  and  a  half  inches  to  the  left 
of  the  middle  line.  The  anteroinferior  border  is  in- 
dicated on  the  chest  wall  by  an  oblique  line,  slightly 
convex  downward,  extending  from  the  clinical  apex 
on  the  left,  across  ami 
slightly  upward  to  a 
point  one  inch  to  the 
right  of  the  middle  line 
at  the  level  of  the  sixth 
chondrosternal  articula- 
tion. Along  this  line  the 
cardiac  blends  insensibly 
with  the  hepatic  dul- 
ness.  These  lines  being 
drawn,  the  right  and  left  Right  Inferior, 
borders  of  the  heart's  Border 
anterior  surface  or  the 
absolute  lateral  limits  of 
the  heart's  dulness  will 
be  defined  by  convex 
lines  joining  respectively 
their  right  and  left  ex- 
tremities. Thus,  on  a 
level  with  the  fourth 
chondrosternal  articula- 
tions, the  area  of  the 
heart's  dulness  extends 
three  inches  to  the  left 
and  one  inch  and  three- 
quarters  to  the  right  of  the  middle  line. 

The  pulmonary  and  aortic  valves  lie  behind  the 
left  half  of  the  sternum  on  a  level  with  the  lower  border 
of  the  third  costal  cartilage.  The  right  atrioven- 
tricular opening  lies  behind  the  sternum  on  a  level 
with  the  fourth  intercostal  space  and  fifth  cartilage. 
The  left  opening  is  a  little  higher  and  more  to  the  left. 
(Compare  Figs.  3048  and  3050,  it  being  remembered 
that  the  surface  represented  in  Fig.  30.50  lies  obliquely 
so  as  to  point  very  decidedly  toward  the  right.) 

In  children  the  heart  is  relatively  broader  and 
projects  more  to  the  left  than  in  the  adult,  and  the 
apex  beat  may  be  in  line  with  the  nippe  or  external 

to    it. 

Structure  of  the  Heart. — The  heart  is  invested  ex- 
ternally by  a  fibroserous  membrane,  the  epicardium, 
under  which  lies,  especially  along  the  interventricular 
and  auriculoventricular  atrioventricular  grooves,  a 
variable  amount  of  fat  with  the  main  trunks  of  the 
cardiac  vessels  embedded  therein.  Its  cavities  are 
lined  internally  by  a  smooth  endothelial  lining, 
supported  by  a  delicate  fibrous  membrane  (the 
endocardium),  the  main  substance  of  the  heart  is 
composed  of  muscular  tissue  (myocardium),  tlie  in- 
tricate arrangement  of  whose  fibers  will  be  found 
described  in  the  article  on  Circulation  of  the  Blood 
(vol.  ii.,  p.  143).  The  valves  are  avascular  and 
composed  of  fibrous  tissue  with  an  endocardial  lining; 
while  in  the  region  of  the  ventricular  orifices  are  fibrous 
rings,  and  between  the  aorta  and  auriculoventricular 
orifices  there  is  a  central  fibrocartilage. 

Blood-vessels    of    the    Heart. — The    right     coronary  i 
artery   (Figs.   3050,  3055,  and  3059)  arises  from  the 
anterior  sinus  of   Valsalva   (aortic  sinus)  passes  for- 

54 


ward  between  the  pulmonary  artery  and  right 
appendix,  and  follows  the  ri^ht  auriculoventricular 
groove   (coronary  sulcusj  till  it  reaches  the  inferior 

interventricular  groove  where  it  divides  into  two 
branches,  of  which  the  smaller  transverse  or  auriculo- 
ventricular (atrioventricular)  branch  continues  in 
the  left  auriculoventricular  groove  (coronary  sulcus) 
for  some  little  distance,  and  the  large  descending 
(or  better,  interventricular)  branch  follows  the  inferior 
interventricular  groove,  supplying  both  ventricles  and 
the  septum.  This  vessel  in  its  course  supplies  the 
right  auricle  (atrium)  and  ventricle,  aorta  and  pul- 
monary artery.  Besides  the  terminals  it  gives  off 
two  named  branches,  an  infundibular  branch  to  the 
front  of  the  right  conus  arteriosus,  and  a  marginal 
branch  which  follows  the  anteroinferior  border  to 
the  apex.  The  left  coronary  artery  (Figs.  3055  and 
3057)  arises  from  the  left  sinus  of  Valsalva,  passes 
behind  and  then  to  the  left  of  the  pulmonary  artery, 


^eroj^no^r^aer^g 


nical  Apex 


Inferior 
Vena  Cava 

Left  Auricle' 

Fig.  3059- 


Coronarypostero  Inferior 
Sinus 

Inferior  .Surface  of  the  Heart.     W.  Keiller  ad  naturara  del. 


and  appears  between  that  vessel  and  the  left  auricular 
appendix.  Here  it  divides  into  two  branches,  the 
anterior  descending  or  interventricular  branch  follow- 
ing the  anterior  interventricular  groove  to  the  apex 
of  the  heart;  the  transverse  or  'atrioventricular) 
branch  following  the  left  auriculoventricular  groove 
(coronary  sulcus).  A  considerable  marginal  branch 
follows  the  left  anterior  border  of  the  heart.  It 
supplies  the  aorta,  pulmonary  artery,  left  auricle, 
and  ventricle.  The  two  vessels  anastomose  minutely 
with  each  other  on  the  heart  and  with  the  pericardial 
and  bronchial  vessels  on  the  walls  of  the  aorta  and 
pulmonary  artery. 

The  great  cardiac  or  coronary  vein,  commencing 
near  the  apex  of  the  heart  (Fig.  3055),  accompanies 
the  interventricular  branch  of  the  left  coronary 
artery  in  the  anterior  interventricular  groove;  beneath 
the  left  appendix  it  curves  backward  in  the  (coronary 
sulcus)  and  joins  the  left  end  of  the  coronary  sinus 
(Fig.  3058)  where  its  opening  is  guarded  by  a  valve. 
Three  or  four  veins,  called  posterior  cardiac,  but  better 
called  left  and  inferior  cardiac  veins,  course  over  the 
left  and  inferior  surfaces  of  the  left  ventricle,  joining 
the  great  coronary  vein  and  coronary  sinus.  The 
middle  cardiac  rein  (Fig.  3059),  commences  at  the  apex 
of  the  heart  and  follows  the  inferior  interventricular 
groove  with  the  descending  (interventricular)  branch 
of  the  right  coronary  artery.  It  joins  the  right 
extremity  of  the  coronary  sinus.  The  small  or  right 
coronary  i<ein  (Fig.  3059)  runs  toward  the  left  in  the 
right  auriculoventricular  groove  to  join  the  right  end 
of  the  coronary  sinus.  The  coronary  sinus,  about 
one  inch  in  length,  occupies  the  inferior  extremity 
of    the   left    auriculoventricular   groove    (Fig.  3059). 
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It  receives  the  veins  above  mentioned,  all  of  which  are 
guarded  by  valves  where  they  join  the  sinus;  and 
empties  into  the  right  auricle  in  front  of  the  inferior 
canal  opening.  Its  opening  is  guarded  by  the  valve 
of  Thebesius  (Fig.  3052).  In  addition  to  the  above  a 
small  vein,  the  oblique  vein  of  Marshall,  runs  downward 
and  over  the  back  of  the  left  ventricle  to  join  the 
coronary  sinus  (Fig.  3058).  This  vein  is  interesting 
inasmuch  as  it,  with  the  coronary  sinus,  represents 
the  left  superior  cava  of  the  embryo. 

The  anterior  cardiac  veins  are  two  or  three  small 
veins  which  pass  from  the  anterior  surface  of  the  right 
ventricle  directly  into  the  right  auricle.  They  have 
no  valves.  Minute  veins  (the  vena:  cordis  minima) 
open  directly  into  the  auricle  and  ventricles. 

Lymphatics. — The  cardiac  lymphatics  spring  from 
all  parts  of  the  heart  substance,  from  a  network  beneath 
the  epicardium,  thence  accompany  the  coronary 
arteries,  and  empty  into  the  anterior  mediastinal 
lymph  glands. 

The  cardiac  nerves  are  described  in  the  article  on 
Blood,  Circulation  of  the  (vol.  ii.). 

William  Keillkk. 


Heart,  Anemic  Infarction  of  the. — The  occlu- 
sion of  a  branch  of  a  coronary  artery,  if  not  imme- 
diately fatal,  is  followed  by  an  anemic  necrosis  of  the 
part  of  the  heart  wall  supplied  by  the  occluded  vessel. 
The  necrosed  area  is  known  as  an  anemic  or  white  in- 
farct or  as  myomalacia  cordis.  The  terminal  branches 
of  the  coronary  arteries  possess  but  a  very  limited 
collateral  anastomosis.  The  area  of  necrosis  pro- 
duced by  the  occlusion  of  a  terminal  branch  corre- 
sponds to  the  physiological  distribution  of  the  af- 
fected vessel  but  is  somewhat  smaller  in  area.  In- 
farction occurs  most  frequently  in  the  portion  of  the 
myocardium  supplied  by  the  anterior  coronary  ar- 
tery, the  most  common  location  being  in  the  wall  of 
the  left  ventricle  near  the  apex.  The  medium-sized 
and  smaller  branches  are  the  ones  most  frequently 
obstructed. 

The  occlusion  is  usually  produced  by  thrombosis 
or  embolism.  Thrombosis  is  favored  by  sclerotic 
changes;  under  certain  conditions  coronary  sclerosis  or 
syphilitic  endarteritis  may  give  rise  to  infarction  with- 
out the  occurrence  of  thrombosis  or  embolism.  In 
such  cases  the  nutrition  of  the  muscle  already  impaired 
by  the  partial  obstruction  of  the  vessel  caused  by 
sclerosis  may  be  so  much  further  lowered  by  general 
circulatory  disturbances  that  the  integrity  of  the  mus- 
cle can  be  no  longer  preserved.  Thrombi  are  of  much 
more  frequent  occurrence  in  the  coronary  vessels  than 
emboli;  their  formation  is  directly  dependent  upon  the 
occurrence  of  atherosclerotic  or  syphilitic  changes  in 
the  vessel  wall.  Of  all  the  causes  of  infarction  of  the 
heart  muscle  syphilitic  changes  in  the  coronary  vessels 
are  by  far  the  most  common  and  important.  The 
progressive  infarctions  of  the  heart  wall  are  practi- 
cally always  syphilitic.  The  entrance  of  emboli  into 
the  coronary  vessels  is  of  rare  occurrence.  This  fact 
is  explained  by  the  anatomical  peculiarities  of  the 
coronary  arteries,  the  location  of  their  orifices,  angle 
of  divergence  with  the  aorta,  force  of  current,  etc. 
Embolism,  however,  occasionally  occurs;  the  embolus 
usually  consists  of  a  portion  of  a  thrombus  primary  in 
the  left  heart,  either  parietal  or  formed  upon  the  mitral 
or  aortic  valves.  In  other  cases  the  embolus  may  con- 
sist of  atheromatous  material  derived  from  the  vessel 
wall  above  the  point  of  occlusion.  Septic  emboli 
occur  in  cases  of  malignant  endocarditis ;  they  are  more 
frequently  derived  from  vegetations  on  the  mitral  than 
on  the  aortic  valve.  In  whatever  way  produced,  coro- 
nary occlusion  leads  immediately  or  very  quickly  to 
anemic  necrosis,  the  slight  capillary  anastomosis  and 
the  Thebesian  vessels  being  inadequate  to  the  task  of 
supplying  sufficient  nutrition  to  the  affected  area. 

Infarcts    occur    most   frequently   in   the   papillary 


muscles  and  in  the  wall  of  the  left  ventricle  and  sep- 
tum, more  rarely  in  the  right  ventricle.  In  the  pos- 
terior wall  of  the  left  ventricle  they  are  more  common 
in  the  upper  portion,  anteriorly  they  are  more  common 
toward  the  apex.  They  are  more  common  in  the 
middle  layers  of  the  myocardium,  less  frequently  do 
they  extend  to  the  epi-  or  endocardium.  The  ne- 
crotic area  is  always  smaller  than  the  area  supplied  by 
the  obstructed  vessel.  The  obstruction  usually  lies 
outside  of  the  necrotic  area.  Small  infarcts  may  be- 
come confluent  until  the  entire  anterior  or  posterior 
wall  is  involved. 

The  infarct  is  yellowish  or  grayish-red  in  color  and 
of  a  cloudy,  parboiled  appearance.  The  consistence  is 
somewhat  softer  than  that  of  the  normal  muscle,  and 
the  recent  infarct  is  slightly  elevated.  Subsequently 
it  becomes  softer  and  depressed.  The  heart  infarct 
is  rarely  wedge-shaped,  as  is  so  frequently  the  case  in 
infarction  of  other  organs;  but  the  contour  is  irregular, 
areas  of  living  muscle  alternating  with  dead  tissue. 
This  irregularity  of  distribution  is  due  to  the  peculiar 
overlapping  of  the  coronary  branches,  as  a  result  of 
which  adjacent  muscle  bundles  may  receive  their 
blood  supply  from  terminal  branches  arising  from 
different  main  trunks  of  the  third  or  fourth  degrees. 
This  fact  is  of  great  importance  in  the  heart  economy  in 
so  far  as  the  occurrence  of  infarction  is  concerned. 
Occlusion  of  the  smaller  terminals  does  not  lead  to  an 
infarction  extending  entirely  through  the  heart  wall, 
and  the  chances  of  rupture  or  aneurysmal  dilatation  are 
thereby  much  lessened.  Around  the  periphery  of  the 
infarcted  area  there  is  almost  always  a  narrow  zone  of 
hemorrhage  and  congestion  outlining  the  yellowish 
dead  muscle  with  a  border  of  red.  This  is  to  be  re- 
garded as  being  of  the  nature  of  a  narrow  zone  of  hem- 
orrhagic infarction  in  the  limited  area  of  collateral 
anastomosis  between  the  occluded  vessel  and  the  neigh- 
boring terminal.  Large  hemorrhages  occasionally 
occur  about  the  infarct;  these  may  extend  in  between 
the  dead  muscle  bands  of  the  anemic  area,  giving  it  the 
appearance  of  a  hemorrhagic  infarction.  Infarcts  of 
small  size  do  not  usually  involve  either  the  peri-  or  the 
endocardium,  but  larger  ones  are  accompanied  by  the 
formation  of  thrombi  on  the  endocardium  and  local- 
ized areas  of  pericarditis. 

On  microscopical  examination  the  muscle  fibers  in 
the  central  portion  of  the  infarct  show  a  condition  of 
simple  necrosis,  their  nuclei  having  completely  dis- 
appeared, and  the  muscle  protoplasm  presenting  a 
more  or  less  homogeneous  appearance,  staining  deep 
red  with  eosin.  Occasionally  extensive  fragmentation 
or  Zenker's  necrosis  may  be  present.  Around  the 
periphery  of  the  completely  necrosed  area  there  is 
usually  found  a  zone  of  diffused  chromatin,  the  muscle 
nuclei  at  this  point  showing  beginning  or  partial  dis- 
integration. Bordering  upon  this  zone  is  the  area  of 
partially  damaged  muscle  with  greatly  congested 
vessels  and  extensive  interstitial  hemorrhage.  If  the 
infarct  is  not  of  very  recent  occurrence  extensive 
leucocyte  infiltration  may  be  found  around  the  per- 
iphery, or  evidences  of  repair  in  the  formation  of  granu- 
lation tissue.  Numerous  phagocytes  wander  into  the 
dead  area  and  take  up  both  muscle-  and  blood-pigment. 
New  blood-vessels  are  but  sparingly  formed.  In 
older  infarcts  the  dead  muscle  is  almost  or  wholly  re- 
placed by  new  connective  tissue  at  the  periphery,  in 
which  numerous  hypertrophic  muscle  fibers  may  be 
present.  Scattered  throughout  infarcts  of  large  size 
small  islands  of  living  heart  muscle  are  usually  found 
corresponding  to  the  distribution  of  neighboring 
branches.  The  boundary  between  such  areas  and  the 
necrosed  muscle  usually  shows  a  narrow  intermediate 
zone  of  partial  necrosis,  diffused  chromatin,  and  hem- 
orrhage. In  the  majority  of  infarcts  there  is  usually 
present  a  narrow  line  of  living  muscle  just  beneath  the 
peri-  and  endocardium,  which  is  to  be  explained  by  the 
presence  of  small  collateral  branches  running  beneath 
these  surfaces. 
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The  regeneration  of  heart-muscle  fibers  in  or  around 
healing  infarcts  takes  place  only  to  a  very  limited  ex- 
tent. Evidences  of  this  are  seen  in  greatest  degree  in 
week-old  infarcts.  The  division  figures  are  ne\  er  very 
numerous,  and  soon  disappear.  It  is  probable  Ilia! 
the  new  cells  formed  quickh  degenerate.  Hyper- 
trophic muscle  libers  arc  often  very  numerous  in  the 
immediate  neighborhood  of  a  healing  infarct.  This 
must  be  regarded  as  being  of  the  nature  of  a  compen- 
satory hypertrophy.  Whether  an  increase  in  the 
number  of  libers  takes  place  or  not  cannot  a1  presenl 
b'e  positively  stated.  Ultimately  infarcts  of  small  size 
are  completely  replaced  by  scar  tissue  containing 
many  elastic  fibers,  and  the  area  of  induration  thus 
formed  appears  as  a  white  tendinous  patch  or  band  in 
the  heart  muscle  (cicatrix  myocardii).  Pigmented 
phagocytes  may  be  found  in  the  scar  for  a  long  period 
after  healing.  '  The  designation  of  fibroid  heart  or 
fibrous  myocarditis  is  applied  to  flu's  condition  as  well 
as  to  the  areas  of  sclerosis  due  to  obliterating  endar- 
teritis. Practically  all  fibroid  areas  in  the  myo- 
cardium visible  to  the  naked  eye  are  to  be  regarded  as 
healed  infarcts. 

Septic  infarction  may  occur  in  cases  of  pyemia,  the 
smaller  branches  of  the  coronary  arteries  may  be 
blocked  with  septic  emboli.  Purulent  inflammation  ,,f 
the  vessel  wall  and  the  neighboring  tissue  results,  and 
the  area  of  infarction  becomes  converted  into  an  ab- 
scess. Usually  death  results  from  the  general  condi- 
tion before  these  develop  into  abscesses  of  large  size. 
In  the  majority  of  cases  they  appear  as  pinhead  ab- 
scesses, rarely  as  large  as  a  pea.  Very  rarely  they  may 
reach  such  a  size  as  to  perforate  into  the  heart  cavity 
or  into  the  pericardium,  forming  what  has  been  termed 
acute  cardiac  ulcer.  Embolic  aneurysmal  dilatation 
of  the  affected  coronary  branch  may  result  at  the  point 
of  embolism,  and  rupture  of  this  may  lead  to  the  for- 
mation of  a  dissecting  aneurysm  of  the  heart  wall. 

As  a  result  of  anemic  infarction  of  the  heart  death 
may  occur  instantaneously  from  the  disturbance  of  the 
cardiac  circulation  and  the  arrest  of  the  fibrillary  con- 
tractions. In  all  cases  of  sudden  death  occlusion  of 
the  coronary  vessels  should  be  carefully  sought  for. 
Particularly  is  this  the  rule  in  medicolegal  examina- 
tions. Death  may  occur  before  recognizable  changes 
in  the  structure  of  the  muscle  take  place.  In  other 
cases  it  may  not  result  for  some  time  after  the  occlu- 
sion of  the  vessel.  It  has  been  shown  by  animal  ex- 
periments that  the  heart  muscle  is  capable  of  contrac- 
tion for  nearly  twelve  hours  after  ligation  of  the 
coronaries.  At  the  present  time  it  is  impossible  to  say 
whether  death  occurs  at  the  moment  of  occlusion  of  the 
vessel  or  at  the  moment  of  muscle  failure.  With  the 
softening  of  the  infarcted  area  either  rupture  or  aneu- 
rysmal dilatation  of  the  cardiac  wall  may  take  place. 
Sudden  death  may  be  caused  by  the  former  event. 
When  the  infarcted  area  lies  close  to  the  endocardium 
the  injury  to  the  latter  leads  frequently  to  the  forma- 
tion of  a  cardiac  thrombus.  Such  thrombi  are  most 
frequently  found  in  the  left  ventricle  near  the  apex, 
and  may  so  block  the  ventricle  that  the  thrombus  may 
be  the  immediate  cause  of  death.  In  eight  cases  of 
sudden  death  autopsied  by  the  writer  the  cause  of 
death  was  an  obturating  thrombus  of  the  left  ven- 
tricle adherent  to  the  thickened  endocardium  over 
an  area  of  anemic  infarction  resulting  from  a  pro- 
gressive syphilitic  endarteritis  of  the  right  descending 
anterior  coronary.  After  healing  of  an  infarct  the 
cicatrical  tissue  may  give  before  the  blood  pressure  and 
produce  an  aneurysm.  In  many  cases  there  is  a  pro- 
gressive occlusion  of  the  coronary  branches  with  the 
production  of  multiple  infarcts.  A  very  extensive  de- 
gree of  fibroid  heart  may  result  from  the  healing  of 

these. 

The  symptoms  of  anemic  infarction  are  usually 
i  hose  of  angina  pectoris.  The  direct  relation  between 
the  anginal  attack  and  the  moment  of  infarction  has 
not  been  sufficiently  emphasized.     The  cases  of  sud- 

56 


den  death  are  quite  frequent  ly  preceded  by  an  inl  ense 
but  brief  attack  of  this  nature.  In  other  cases  there 
are  no  definite  cardiac  symptoms.  Infarcts  or  in- 
farct-scars  in  the  septum  involving  the  bundle  of 
His  have  been  regarded  us  a  cause  of  Adam 
symptom-complex.  After  healing  of  the  infarcted 
areas  the  clinical  picture  is  that  of  fibrous  myo- 
carditis. Prognosis  and  treatment  will  '  lered 
under  that  head.                   Aldred  Scott  Wakthin. 


Heart,  Aneurysm  of  the. — The  term  aneurysm 
of  the  heart  is  applied  to  three  very  different  condi- 
tions: aneurysms  of  the  coronary  vessels,  pouch-like 
projections  of  the  valves,  and  local  dilatations  of  the 
heart  wall.  The  original  use  of  the  expression  cardiac 
aneurysm  was  thai  of  Auenbrugger  and  Corvisart,  who 
applied  it  to  all  cardiac  enlargements  of  the  nature  of 
hypertrophy  or  dilatation,  distinguishing  the  two  as 
aneurysma  passivum  and  aneurysma  activum.  This 
conception  continued  up  to  the  time  of  John  Hunter 
and  Matthew  Baillie  with  whom  the  term  took  on  its 
modern  significance  of  a  partial  dilatation  of  the  car- 
diac wall.  In  accordance  with  this  idea  the  condition 
is  often  spoken  of  as  partial  aneurysm,  though  in  the 
majority  of  cases  cardiac  aneurysm  is  taken  as  re- 
ferring to  aneurysm  of  the  wall  alone,  coronary  and 
valvular  aneurysms  being  considered  under  separate 
heads. 


Aneurysm  of  the  Coronary  Arteries. — Aneurysmal 
dilatations  of  the  coronary  branches  of  the  second  and 
third  degree  occur  as  the  result  of  sclerosis  or  embo- 
lism. They  are  usually  multiple,  but  may  be  found 
singly.  They  vary  in  size  from  a  mustard  seed  to  a 
large  cherry,  and  occasionally  form  small  nodular  en- 
largements scattered  over  the  heart,  lj-ing  just  be- 
neath the  epicardium.  They  are  found  in  greatest 
numbers  and  of  largest  size  when  due  to  septic  emboli. 
The  symptoms  are  those  of  myocarditis.  They  may 
rupture  either  into  the  pericardial  cavity  or  into  the 
heart  wall,  in  the  latter  case  forming  dissecting 
aneurysms  which  may  be  mistaken  for  true  aneurysms 
of  the  cardiac  wall. 


Aneurysm  of  the  Heart  Walls. — Localized  dilata- 
tion of  the  heart  wall  may  be  congenital  or  acquired. 
In  the  latter  case  it  is  due  either  to  trauma  or  to  some 
pathological  condition  diminishing  the  resistance  of 
the  heart  muscle  in  localized  areas. 

Congenital  Form. — In  defective  development  of  the 
heart  muscle  aneurysmal  or  hernial  projections  of  the 
endocardium  may  occur  between  the  muscle  bundles. 
As  a  result  of  congenital  abnormal  thinness  of  the 
cardiac  wall  aneurysmal  dilatations  may  occur  in  any 
part  of  the  heart,  most  frequently  in  the  membranous 
portion  of  the  ventricular  septum.  The  occurrence 
of  congenital  aneurysms  in  individuals  reaching  ma- 
turity is,  however,  very  rare,  the  majority  of  the 
cases  being  found  in  infants  or  young  children. 

Acquired  Form. — In  the  majority  of  cases  this  is  due 
to  fibroid  changes  in  the  heart  muscle  following  coro- 
nary obstruction,  to  anemic  infarction,  or  syphilitic  in- 
filtration, less  frequently  fatty  degeneration,  mural  en- 
docarditis, and  wounds  of  the  heart.  It  is  not  of  com- 
mon occurrence,  though  cases  have  been  reported  with 
increasing  frequency  in  late  years.  In  1S67  Pelvet 
collected  the  cases  published  up  to  his  time,  and  in 
1883  a  similar  collection  was  made  by  Legg,  who 
found  in  the  literature  the  reports  of  90  cases.  Since 
his  article  new  observations  have  been  constantly 
made,  and  the  number  of  recorded  cases  is  now  over 
300.  According  to  Willigk,  170  cases  of  cardiac 
aneurysm  were  found  in  34,000  autopsies.  The 
acquired  dilatation  may  be  acute  or  chronic;  accord- 
ing to   its  manner  of  formation  it  may  be   a  pouch- 
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like  dilatation  communicating  with  the  hearl  cavity 
through  a  largo  opening,  or  it  may  be  saccular  with  a 
very  small  opening,  or  the  aneurysm  may  be  of  the 
dissecting  variety.  Rarely  it  may  be  multilocular, 
consisting  of  a  number  of  intercommunicating  sacs. 

The  majority  of  cases  occur  in  males  of  advanced 
age,  but  a  number  of  eases  in  young  men  have  been 
reported,  and  one  in  a  young  girl  of  twelve  years.  In 
the  younger  cases  the  condition  is  almost  always  the 
result  of  syphilitic  weakening  of  the  wall.  The  usual 
seat  of  the  aneurysm  is  in  the  anterior  wall  of  the  left 
ventricle  near  the  apex,  occurring  in  this  location  in 
fifty-nine  of  the  ninety  eases  reviewed  by  Legg.  The 
septum  is  involved  next  in  point  of  frequency,  then 
the  posterior  wall  of  the  left  ventricle  near  the  base, 
while  the  auricles  and  right  ventricle  are  only  very 
rarely  affected.  Usually  the  aneurysm  is  single,  but 
very  rarely  Localized  dilatations  ha\  e  been  found  in  all 
four  of  the  heart  cavities.  In  the  auricles  the  whole 
wall  may  be  involved  in  the  dilatation.  Occasionally 
a  number  of  dilatations,  in  one  of  the  reported  eases 
four,  have  been  found  side  by  side,  their  walls  in 
apposition.  The  aneurysmal  dilatation  of  the  septum 
usually  protrudes  into  the  right  ventricle,  only  one  case 
having  been  recorded  of  its  projecting  into  the  left. 

The  size  of  the  aneurysm  may  vary  greatly,  from  the 
size  of  a  fist  to  a  man's  head.  They  are  usually  flat, 
but  may  be  globular.  The  larger  the  sac,  the  thinner 
the  wall.  The  latter  is  composed  chiefly  of  dense 
hyaline  connective-tissue.  In  very  large  sacs  it  may 
be  as  thin  as  paper  without  any  traces  of  heart  muscle 
remaining.  The  sac  may  be  filled  with  a  soft  or  firm 
thrombus.  This  may  become  calcified  and  the  sac 
thus  obliterated.  Induration  and  calcification  of  the 
sac  wall  may  also  occur.  Usually  t  he  pericardium  be- 
comes adherent  to  the  epicardium  over  the  sac,  so  that 
event  ually  t  he  w  all  of  the  sac  may  consist  of  the  endo- 
cardium and  both  the  visceral  and  the  parietal  por- 
tions of  t  he  pericardium. 

The  acute  dilatation  of  the  heart  wall  is  usually  due 
to  anemic  infarct  ion  or  septic  myocarditis,  rarely  to  di- 
rect trauma  of  the  heart,  as  in  the  case  of  stab  wounds. 
In  some  eases  localized  degeneration  or  necrosis  of  the 
endocardium  may  make  the  latter  the  place  of  least 
resistance.  The  softened  membrane  .yields  to  the 
blood  pressure,  is  torn,  blood  passes  through  the  rent 
and  gradually  undermines  the  heart  muscle.  When 
the  area  of  softening  is  primary  in  the  muscle  the  endo- 
cardium overlying  the  weakened  spot  is  stretched  or 
torn,  forming  a  cavity  into  which  the  blood  forces  its 
way.  In  this  manner  the  weakened  area  gradually 
bulges  out  more  and  more  until  there  is  a  definite 
pouch  formed.  Acute  aneurysms  usually  increase 
very  rapidly  in  size,  in  some  cases  becoming  as  large 
as  the  heart,  so  that  the  condition  has  been  regarded  as 
one  of  double  heart.  Though  the  sac.  may  become 
filled  with  blood  clot,  the  wall  never  acquires  a  suffi- 
cient power  of  resistance,  and  the  dilatation  usually 
proceeds  until  rupture  occurs. 

Chronic  aneurysm  in  the  great  majority  of  cases  is 
the  result  of  fibrous  changes  in  the  heart  muscle.  The 
connective  tissue  lacking  the  power  of  contraction 
against  the  blood  pressure  during  systole  gradually  be- 
comes stretched  outward  or  a  cavity  may  be  formed  in 
the  wall  connected  with  the  ventricle  by  a  narrow 
opening.  By  many  writers  syphilitic  myocarditis  is 
regarded  as  the  most  common  cause  of  cardiac  aneu- 
rysm of  the  slowly  progressive  type.  That  the  fib- 
rous changes  are  directly  the  result  of  syphilis  cannot 
be  proved  in  the  majority  of  cases;  much  rather  is  the 
process  to  be  looked  upon  as  being  of  the  nature  of  a 
chronic  anemic  infarction  due  to  the  progressive 
narrowing  of  the  coronary  arteries-  through  sclerotic 
changes,  which  may  be  due  to  syphilis  or  to  other 
causes.  In  a  number  of  cases,  however,  the  dilatation 
has  been  found  to  be  the  direct  result  of  gummatous 
changes  in  the  cardiac  wall.  Further,  the  occurrence 
of  coronary  sclerosis  and  fibrous  changes  in  the  heart 


muscle  in  young  individuals  may  be  quite  safely  re- 
garded as  bring  due  to  syphilis.  Anemic  infarction 
plays  a  much  greater  part  in  the  causation  of  chronic 
aneurysm  than  is  accorded  to  it  by  the  majority  of 
writers.  Small  infarcts  are  replaced  by  connect  ive- 
1  issue,  and  up  to  certain  limits  the  tone  of  the  wall 
may  be  preserved,   but    if  the  general   tone   be   dimirj 

ished  by  fatty  degeneration,  atrophy,  etc.,  the  area  of 
connective  t  issue  offering  t  he  least  resistance  gives  way 
and  dilalal  ion  occurs  at  this  point.  Localized  areas  of 
fatty  degeneration,  atrophy,  etc.,  may  of  themselves 
be  the  primary  factor  in  the  production  of  aneurysm . 


3060. — Skiagram  of  a  Case  of  Cardiac  Aneurysm. 
Wal.sham.) 
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Dissecting  Aneurysm. — The  dissecting  variety  of 
cardiac  aneurysm  deserves  especial  mention.  Vest- 
berg  has  made  the  most  complete  study  of  this  condi- 
tion. He  defines  it  as  a  pathological  cavity  communi- 
cating  with  the  heart  or  beginning  of  the  aorta,  caused 
by  a  separation  of  the  layers  of  the  cardiac  wall  by  the 
blood.  Four  varieties  are  distinguished:  parietal, 
septal,  valvular,  and  interparietal.  To  these  might  be 
added  a  fifth  variety  when  the  cavity  is  formed  be- 
tween the  layers  of  pericardial  adhesions.  According 
to  Vestberg,  the  total  number  of  dissecting  aneurysms 
is  sixty.  Of  these  forty-seven  were  interparietal  or 
septal.  In  thirty  cases  the  left  ventricle  was  the  site 
of  the  aneurysm.  The  interparietal  form  occurs  in 
the  periaortic  space  of  Vestberg,  from  which  the  blood 
may  dissect  into  the  auricular  or  ventricular  septum. 
In  sixteen  cases  the  point  of  origin  was  in  the  sinus  of 
Valsalva.  Acute  ulcerative  endocarditis  is  the  cause  in 
the  majority  of  cases;  in  other  cases  abscess,  atheroma, 
and  trauma  were  the  causal  factors.  Dissecting  aneu- 
rysms of  the  aorta  may  extend  into  the  walls  of 
the  heart  and  through  secondary  rupture  become  con- 
verted into  dissecting  cardiac  aneurysms. 

Diagnosis. — The  diagnosis  of  cardiac  aneurysm  is  in 
the  majority  of  cases  impossible;  it  is  usually  made  at 
the  autopsy  table.  In  the  case  of  acute  aneurysm  the 
symptoms  are  those  of  acute  myocarditis;  in  the 
chronic  form  they  cannot,  as  a  rule,  be  separated  from 
those  of  chronic  myocarditis.  Symptoms  of  angina 
pectoris  are  usually  present.  The  aneurysm  is  usually 
so  small  as  to  present  no  characteristic  physical  signs. 
In  rare  cases  the  sac  has  caused  erosion  of  the  thoracic 
wall,  forming  a  visible  tumor.  The  results  of  percussion 
and  auscultation  are  very  uncertain  guides,  and  though 
in  individual  cases  unusual  murmurs  may  be  produced, 
they  are  not  constant  or  characteristic  enough  to  be  of 
diagnostic  significance.  The  Rout  gen  ray  has  recently 
been  applied  to  the  differential  diagnosis  of  this  con- 
dition, and  the  location,  size,  and  form  of  the  aneu- 
rvsmal  dilatation  have  been  shown  bv  this  means. 
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Prognosis. — The  prognosis  in  the  majority  of  eases 
is  not  favorable.  In  early  and  undoubted  syphilitic 
cases  it  is  relatively  better.  The  terminations  are 
very  variable.  After  reaching  a  certain  degree  of 
dilatation  the  process  may  remain  stationary.  The 
sac  may  be  obliterated  by  thrombosis;  calcifical  ion  "I 
the  thrombus  may  occur.  Death  usually  results  from 
thrombosis  of  the  left  ventricle  or  cardiac  insufficient 
to  which  other  factors  than  the  aneurysm  may  con- 
tribute. In  other  cases  gradual  increase  of  size  with 
resulting  rupture  takes  place. 

Treatment. — The  treatment  in  suspected  cases  is 
along  the  general  lines  indicated  in  myocardial  and  val- 
vular diseases.  The  possibility  of  syphilis  should  al- 
ways be  considered,  even  when  the  Wasserrnann 
reaction  is  negative.  Aldred  Scott  Warthin. 


Heart,  Animal  Parasites  of  the. — Animal  para- 
sites are  but  rarely  found  in  the  human  heart.  The 
echinococcus  is  the  most  frequent  and  the  only  one 
likely  to  give  rise  to  serious  symptoms.  The  heart  is 
involved  in  about  one  per  cent,  of  all  cases  of  echin- 
ococcus infection.  In  a  large  per  cent,  of  all  cases  the 
heart  alone  was  affected.  The  cysts  are  found  much 
more  frequently  in  the  right  side  of  the  heart  (ven- 
tricle). They  may  vary  in  size  from  a  pinhead  to  an 
orange  or  even  larger.  In  one  case  in  which  the  hydatid 
was  situated  in  the  left  ventricle  the  enlargement 
of  the  heart  was  so  great  as  to  displace  and  compress 
both  lungs.  The  cysts  may  be  single  or  multiple ;  in  one 
case  eighty  were  found  forming  a  grape-like  cluster  ex- 
tending from  the  right  auricle  into  the  ventricle 
through  the  tricuspid  orifice.  As  a  rule  the  hydatid 
develops  within  the  wall,  but  it  may  occasionally  pro- 
ject as  a  pedunculated  cyst  into  the  heart  cavity  or 
into  the  pericardial  sac.  In  both  cases  the  origin  of 
the  cyst  is  in  the  myocardium,  but  as  the  hydatid  in- 
creases in  size  the  muscle  is  either  pushed  aside  or  be- 
comes atrophic,  and  may  finally  disappear,  the  cyst 
then  coming  to  project  either  upon  the  pericardial  or 
upon  the  endocardial  surface.  The  pedicle  consists 
of  a  portion  of  the  overlying  pericardium  or  endocar- 
dium. In  rare  cases  the  cyst  may  extend  entirely 
through  the  wall,  forming  a  fluctuating  tumor  covered 
on  one  side  by  pericardium  and  on  the  other  by  en- 
docardium. The  large  hydatids  may  contain  numer- 
ous daughter  cysts,  varying  in  size  from  a  pea  to  a 
pigeon's  egg.  The  heart  muscle  in  the  immediate 
neighborhood  of  the  cyst  may  show  no  changes  or  the 
muscle  fibers  may  be  atrophic.  The  thickness  of  the 
cyst  wall  varies  from  one  to  five  millimeters,  but 
this  may  be  much  increased  by  fibroid  changes  in 
the  overlying  peri-  or  endocardium. 

Small  hydatids  of  the  myocardium  not  projecting 
into  the  pericardial  sac  or  heart  cavity  produce  no 
symptoms  and  are  usually  discovered  oniy  at  autopsy. 
When  the  cyst  projects  into  the  cavity  of  the  peri- 
cardium, pericarditis  may  be  produced,  and  this  may 
in  turn  give  rise  to  a  pleuritis  by  direct  extension. 
Subpericardial  hydatids,  however,  do  not  always  ex- 
cite pericarditis.  In  neither  case  are  the  symptoms 
characteristic.  Hydatids  projecting  into  the  heart 
cavity  are  very  likely  to  rupture.  In  this  event 
sudden  death  may  result  from  the  embolism  of  the 
daughter  cysts  in  the  pulmonary  artery  and  branches. 
In  the  great  majority  of  cases  the  perforation  is  into 
the  right  heart,  the  cysts  blocking  either  the  tricus- 
pid orifice  or  the  pulmonary  artery.  Smaller  cysts 
may  pass  through  the  main  pulmonary  branches  and 
lead  to  embolism  of  the  smaller  arteries  and  the  for- 
mation of  multiple  hydatids  throughout  the  lung. 
Death  may  result  in  such  cases  from  pneumonia, 
slowly  developing  pleuritis,  general  cachexia,  etc. 
Partial  obstruction  of  the  pulmonary  orifices  may  give 
rise  to  symptoms  of  pulmonary  stenosis  and  insuffi- 
ciency.    Rupture  of  an  echinococcus  cyst  into  the 
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left  heart  may  lead  to  blocking  of  the-  aortic  orifice 
with  resulting  stenosis  and  insufficiency,  or  smaller 
cysts  may  cause  occlusion  of  peripheral  arteries,  lead- 
ing to  local  gangrenous  conditions.  In  one  case 
rupture  occurred  into  both  the  right  and  1  lie  left  heart. 
Embolism  of  echinococcus  cysts  in  the  right  heart  or 
pulmonary  vessels  may  also  occur  as  the  result  of  the 
rupture  of  primary  hydatids  into  the  large  veins. 
This  occurs  most  frequently  in  the  case  of  liver 
hydatids. 

The  differential  diagnosis  of  heart  hydatids  is  in  t  he 
majority  of  cases  impossible.  The  condition  may  be 
suspected  when  hydatids  are  present  in  other  parts  of 
the  body,  or  from  the  nature  of  the  emboli  when  em- 
bolism occurs.  In  one  of  the  reported  cases,  in  which 
there  were  numerous  metastases  throughout  the  lung, 
small  cysts  were  found  in  the  sputum.  Aspiration  of 
the  pericardial  sac  and  microscopical  examination  of 
the  fluid  thus  obtained  may  lead  to  the  recognition  of 
the  condition.  In  those  cases  in  which  the  cysts  do 
not  rupture  or  project  into  the  pericardial  sac  the 
symptoms  are  of  a  very  indefinite  nature  and  may 
suggest  either  myocarditis  or  valvular  lesions.  The 
treatment  is  entirely  symptomatic.  In  certain  cases 
surgical  interference  may  be  of  avail.  Goodhart 
claimed  to  have  cured  a  case  of  hydatid  c\rst  of  the 
cardiac  wall. 

The  cysticercus  cellulosae  is  of  rare  occurrence  in  the 
heart,  oniy  about  thirty  cases  having  been  reported. 
The  left  ventricle  appears  to  be  most  frequently 
affected.  The  cysts  are  usually  few  in  number,  the 
size  varying  from  a  bean  to  a  hazelnut,  rarely  larger. 
They  may  be  found  in  the  muscle  or  just  beneath  the 
endo-  or  pericardium.  As  in  the  case  of  the  echino- 
coccus hydatids  they  may  project  from  the  endo- 
cardial surface  into  the  blood  stream,  being  attached 
to  the  wall  by  a  slender  pedicle  formed  by  the  endo- 
cardium. The  layer  of  endocardium  over  the  cyst 
may  become  very  much  thickened.  The  condition 
cannot  be  diagnosed  during  life,  the  symptoms  being 
of  a  very  indefinite  character  or  entirely  wanting. 

Trichina  spiralis  is  stated  by  many  writers  never  to 
occur  in  heart  muscle,  but  cases  ol  such  occurrence 
have  been  observed  by  Leuckart,  van  Zenker,  and 
Fiedler.  Pentastoma  denticulatum  has  also  been 
found  in  the  heart  wall.  In  the  case  of  both  of  these 
parasites  the  affection  of  the  heart  is  of  pathological 
interest  onlv.  Aldred  Scott  Warthin. 


Heart,  Development  of  the. — The  vertebrate 
heart  arises  in  two  distinct  ways,  each  of  which  is  inti- 
mately associated  with  the  origin  of  the  blood-vessels 
in  general.  In  the  lower  vertebrates  its  first  appear- 
ance is  in  the  form  of  a  single  tube  on  the  ventral 
median  line  of  the  embryo,  quite  near  the  head.  Fig. 
3061  is  a  section  of  a  salamander  embryo  in  which  the 
heart  is  just  beginning  to  form.  The  body  cavity,  Ih, 
is  composed  of  two  lateral  halves  (see  Ccelom)  separated 
from  each  other  by  a  median  septum.  It  is  in  this 
septum  that  the  heart  first  makes  its  appearance. 
The  two  layers  which  contain  this  septum  become 
separated,  and  the  opening  soon  becomes  lined  with  a 
layer  of  cells,  end,  the  endocardium.  The  cells  of  the 
septum  surrounding  the  opening  give  rise  to  the 
muscle  walls  of  the  heart. 

In  higher  vertebrates  the  heart  is  first  formed  by  the 
union  of  two  tubes  arising  from  what,  may  be  called  the 
outside  of  the  body.  Fig.  3062  is  a  surface  view  of  a 
young  rabbit  embryo  in  which  the  heart  is  beginning 
to  form  on  either  side  of  the  body.  The  omphalo- 
mesenteric veins  on  either  side  run  toward  the  ventral 
median  line,  and  later  on  unite.  Their  appearance  is 
such,  however,  that  before  they  are  united  they  may 
be  spoken  of  as  two  hearts.  Fig.  3063  is  from  a  section 
through  an  embryo  of  the  same  stage  as  that  pictured 
in  Fig.  3062.  The  neural  canal,  rf,  is  just  beginning 
to  close,  and  in  the  splanchnopleure  on  either  side 
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there  is  a  large  fold,  ahh,  which  already  contains  the 
endothelial   tube  coining    from    the    omphalomesen- 


and  as  the  former  surrounds  the  heart  to  form  its  mus- 
cular layer  the  heart  protrudes  into  the  celomic  cavity 


Flo.  3061. — Section  through  a  Salamander  Embryo,  to  Show  the  Origin  of  the 
Heart.  (From  Hertwig,  after  Rabl.)  d.  Yolk;  vm,  pericardium;  Ih,  body  cavity; 
end,  endocardium;  p,  muscle  layer  of  the  heart;  ep,  epidermis. 

teric  vein.     The  tubes  grow  toward  the  median  lines, 
but  before  thev  unite  each  has  its  descending  aorta, 


Fig.  3062- 

Kolliker.)      X 


the  Ninth  Day.  (After  von 
h,  Double  origin  of  the  heart;  ab,  optic  vesicle; 
vh,  forebrain;  mh,  midbrain;  hh,  hindbrain;  r/,  medullary  groove; 
ww,  myotomes;  h,  heart;  vo,  vena  omphalomesenterica. 

as  shown  in  Fig.  3064.     The  rudimentary  hearts  are 
formed  between   the  splanchnopleure  and  endoderm, 

tin 

h 


(Fig.  3063),  much  as 
does  the  single  heart 
of  lower  vertebrates 
(Fig.  3061).  Soon  the 
two  halves  unite  as 
indicated  in  Fig.  3064, 
and  then  we  have  a 
single  heart  with  two 
veins  entering  from  be- 
hind and  two  arteries, 
aorta?,  leaving  from  in 
front.  Although  this 
primary  division  has  nothing  whatever  to  do  with  the 
later  separation  of  the  heart  into  its  two  halves,  yet 
before  the  two  primary  hearts  are  united  into  a  single 


Fig.  3004. — Sketches  Showing  the 
more  Advanced  Condition  of  the 
Bitubular  Heart  of  the  Rabbit. 
X  22  times.  (After  Allen  Thomp- 
son.) C  is  more  advanced  than  B. 
VV,  omphalomesenteric  veins;  h, 
heart;  a,  aorta;  the  arrows  indi- 
cate the  direction  of  the  circulation. 


Fig.  3063. — Section  through  the  Embryo 
Fictured  in  Fig.  3062.  (After  von  KSlliker.) 
The  bilateral  hearts  are  cut  transversely,  rf, 
medullary  groove;  h,  ectoderm;  mes,  mesoderm; 
Pd,  endoderm;  dd',  chorda;  ahh,  muscle  wall  of  the  heart 


Fig.  3065. — Outlines  of  the  Anterior  Half  of  the  Chick  Viewed 
from  the  Ventral  Side,  Showing  the  Heart  in  its  Earlier  Stages 
of  Development.  X  20  times.  (From  Quain,  after  Remak.) 
A,  Thirty  hours;  B,  forty  hours;  a,  anterior  cerebral  vesicle;  6, 
myotomes;  c,  cephalic  fold;  1,  omphalomesenteric  veins;  2,  3,  4, 
the  heart. 

tube  the  position  of  the  ventricle  is  already  marked 
(Fig.  3064,  /<)■  So  to  sum  up,  in  the  lower  vertebrates 
the  heart  appears  as  a  single  tube  which  in  general  re- 
mains such  during  the  life  of  the  animal,  and  it  must 
be  viewed  as  the  primitive  form 
of  heart.  Higher  in  the  animal 
scale  the  heart  arises  before  the 
foregut  is  formed,  from  that  por- 
tion of  the  splanchnopleure 
which  later  on  lies  in  the  median 
line  of  the  embryo.  It  is  this 
part  which  is  to  give  rise  to  the 
heart,  and  in  the  higher  animals 
the  heart  arises  before  the  lat- 
eral parts  have  reached  the  me- 
dian line  (Hertwig).     The    two 


endothelial  lining  of  the  heart. 
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hearts  t  Hen  unite  into  :i  straight  tube  which  is  destined 
to  become  separated  into  the  right  and  left  hearts  of 
the  adult . 

Fig.  3065  is  a  ventral  view  of  two  chicks  just,  after 


transverse    septum    and    opening    the    bod}     cavities 

The  entrance  of  the  veins  still  lies  behind,  and  the 
aorta  in  front,  but  the  heart  has  already  formed  one 
complete  loop,  making  of  it  an  S.  tig.  3067  is  a  pro- 
file of  the  same  embryo,  and  the 
heart  is  indicated  as  a  east  of  its 
cavity.     I'  shows  the  variations  in 


v.  c 


I  to.  3070.  I  w    3071. 

Figs.  3070  and  3071. — Ventral  and  Profile  Reconstruction  of  His' Embryo,  Bl. 

X  40  times.      Ho,  Auricle;   Cm.  atrioventricular  canal;    77.  aorta. 


caliber  of  the  tube  throughout  its  length.     At  a  some- 
what  lat  i  t  stage  the  heart  is  bent  upon  itself  more,  and 

its  walls  have  also  become  thickened.     I  igs.  3068  and 


7.  o.  m.     F.  u.     V.  e. 

Fig.  3067. 

Fig.  3066  and  3067  . — Ventral  and  Profile  Reconstructions  of 
His'  Human  Embryo,  Lg.  X  40  times.  (After  His.)  In  the 
profile  view  only  the  outline  of  the  cavity  of  the  heart  is  shown 
1".  Ventricle;  A.  b.,  bulbus  aorta;. 

the  two  primary  tubes  of  the  heart  have  united.  It  is 
seen  that  the  veins  (1)  enter  from  behind,  but  the 
relation  is  soon  changed  by  the  heart  becoming  bent 
as  is  already  indicated  in  Fig.  3067. 

Fig.  3000  shows  the  gen-  c.  a. 

era!  form  of  the  heart  in  a 
very  young  human  embryo. 
The  front  of  the  thorax  lias 
been  cut  away,  the  incision 
also  extern  ling  through  the 


Figs.  3068  and  3069. — Ventral  and  Profile  Reconstruction  of  His'  Embryo,  Lr 
X    40  times.      (After  His.)      V,  Ventricle;    Vh,  auricle;   A.b.,  bulbus  aorta? 


Fig.  3072. — Reconstruction  of  a  Human  Embryo  enlarged 
sixteen  times,  and  viewed  from  the  left  side.  H,  Hypophysis, 
1,  2,  3,  and  4,  branchial  pockets;  M,  mouth;  .4,  auricle;  V,  ven- 
tricle; AD,  descending  aorta;  L,  lung;  S,  stomach;  P,  pancreas. 

3009  are  ventral  and  lateral  views  of 
a  reconstruction  at  this  stage.  The 
profile  view  again  gives  a  cast  of  the 
heart  cavity,  which  now  shows  the  be- 
ginning of  the  auricle  (Y.h.).  At  this 
time  the  heart  is  partly  tilted  over 
and  the  veins  enter  on  the  dorsal  side. 
Viewed  from  in  front,  the  auricles, 
which  are  just  appearing,  cannot  be 
seen  because  they  now  lie  on  the  dorsal 
side.  A  stage 'later  (Fig.  3070),  the 
adult  form  can  already  be  recognized. 
The  heart  has  undergone"  a  half  revo- 
lution and  has  reached  the  S  form. 
The  veins  enter  nearer  the  head  and 
the  artery  arises  behind,  or  away  from 
the  head.  The  aorta  lies  upon  the 
ventral  side  and  the  auricles  clasp  it 
from  the  dorsal.  Fig.  3071  shows  the 
great  irregularity  of  the  cavity. 
A   profile   view   of  a  heart  of  this 
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v.c.S.  A 


s.sp.     S.S. 


ra 


Z.Cu 


Fig.  3073.  Fig.  3074. 

Figs.  3073  and  3074. — Two  Stages  in  the  Formation  of  the  Septum  Intermedium  in  the  Heart  ol  the  Human  Embryo.  (From  Quain. 
after  His.)  In  Fig.  3073.  the  septum  is  represented  as  crowing  from  a  triangular  area  to  the  left  of  the  sino-atrial  orifice;  in  Fig.  3074- 
it  has  coalesced  with  the  endocardial  cushions,  and  lies  like  a  stopper  in  the  atrial  canal,     r.a.  and  l.a.,  right  and  left  auricle    (atrium) ;  r.v< 

and  l.v.,  right  and  left  ventricle;  s.r.,  sinus  reuniens  Eu.v.,  Eustachian  valve;  s.sp.,  septum  spurium;  s.s.,  septum  superior;  s.inf.,  septum 
inferior;  s.i.,  septum  intermedium;  v.c.s.,  vena  cava  superior  dextra. 


stage  is  shown  in  Fig.  :5072,  which  shows  the  relation  of 
the  heart  to  the  surrounding  organs.  The  auricle  (A) 
is  now  in  front  and  the  ventricle  (V)  behind.  The  larger 
veins  enter  on  the  dorsal  side  by  one  common  opening 
into  the  right  side  of  the  auricle,  the  future  right  auricle. 


After  the  heart  has  once  reached  this  stage  it  is  only 
to  be  separated  into  its  right  and  left  tubes  to  produce 
the  mammalian  heart.  In  some  of  the  lower  animals 
this  never  takes  place,  and  in  others  it  is  only  partial. 
In  cases  of  arrested  development  the  human  heart  in 


,-j3SS???t!t 


Flos.  3075, 
portion  of  the 
foramen  ovale; 


.-E 


Fig.  3076.  Fig.  3077. 

Side    View   of   Three  Stages,  to  Show  the  Formation  of  the  Foramen  Ovale.      (After  Born.)      ,S',  First 
S",  second  portion  of  the  superior  septum;  O',  first  foramen  ovale;  0",    secondary  opening  or  true 
E.p.,  endothelial  cushion  in  the  atrioventricular  opening. 

c 

'  ccu,.f 


Fig.  3075 
3076   and  3077. 

superior  septum 


A 


B 


S.inf. 

Fig.  3078.  Fig.  3079.  Fig.  30S0. 

Figs.  307S,  3079,  AND  3080. — Diagrams  to  Show  the  Formation  of  the  Septum  of  the  Ventricles  and  Bulb,  and  the  Mode  of  Division 
■  I    the    Common    Atrioventricular  Aperture.      (From  Quain.  after  Born. J      r.i\.  and  l.v.,  right  and  left  ventricles;  s.inf.,  inferior  septum; 
tlb  of  aorta;  s.o.,  septum  bulbi;  au.vc.  atrioventricular  canal;  ao,  aora;  p.a.,  pulmonary  artery. 
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the  adult  may  show  any  of  its  embryological  forms,  as, 
for  instance,  an  open  foramen  ovale. 

Figs.  3073  and  3074  show  the  interior  of  two  stages 
of  early  human  hearts,  taken  from  models  made  by 
His.     In  Fig.  3073,  the  auricle  is  enlarged  and  the 
enters  on  the  right  side.     The  ventricle  is  considerably 


Fig.  3081. — Opened  Heart,  of  a  Human  Embryo  Seen  in  Profile. 
X  33  times.  (After  His.)  p..  Pulmonary  artery;  a.  aorta;  S.a., 
septum  aorticum;  S.in*.,  septum  inferior;  .S..s.,  septum  superior; 
S.int.,  septum  intermedium;  v.e.,  Eustachian  valve;  S.r.,  sinus 
reuniens;  V.c.i.,  vena  cava  inferior;  Lb.,  liver;  D,  diaphragm. 

smaller  and  its  walls  are  much  thicker  than  those  of  the 
auricle.  This  is  usually  the  case  with  the  hearts  of 
embryos,  as  they  die  with  the  ventricles  contracted 
and  the  auricles  filled  with  blood.  Between  the  two 
there  is  a  narrowed  auriculoventricular  canal  and  with 
a  corresponding  constriction  on  the  outside  of  the  heart. 
Fig.  3074  shows  a  more  advanced  stage.  The  general 
state  of  the  heart  is  much  as  it  is  in  the  Fig.  3073,  only 
that  the  atria  are  "shoved"  into  the  ventricle.  This 
is  of  considerable  importance,  as  we  shall  see  later  on. 
In  both  cases  the  aorta  arises  from  the  right  side  of  the 
ventricle,  and  in  its  further  development  one-half  of  it 


must  be  transferred  to  the  left  side  in  order  to 
the  aorl  a  proper,  while  the  half  which  remains 
the  pulmonary  artery. 


produce 

becomes 


•ttV--C? 


Fig  3083. — Section  of  the  Wall  of  the  Heart  Ventricle  from  an 
Embryo  Pig.  12  mm.  Long.  (After  MacCallum.)  The  left  side 
of  the  figure  represents  the  inside  of  the  heart.  A,  Endocardium 
covering  a  papillary  muscle;  B,  cross-section  of  cells  containing 
a  simple  network,  and  then-fore  very  young;  C,  older  cells  contain- 
ing fibril  bundles. 

The  first  important  change  in  the  separation  of  the 
heart  into  its  two  lobes  is  the  formation  of  two  septa, 
one  arising  in  the  atrium,  5.8.,  which  grows  backward, 
and  one  in  the  ventricle,  S.i/tf.,  which  grows  forward. 
At  the  same  time  that  these  are  growing  toward  each 
other,  a  cushion  of  connective  tissue,  s.i.,  is  formed 
upon    the  two   lips   of    the   slit-like    atrioventricular 


3082. — Section  through  the  Heart  of  a  Human  Embryo 
to  Show  the  Formation  of  the  Columns  Carnese.  X  36  times. 
(After  His.)  O.e.,  esophagus;  Lg.,  lung;  M.pp.,  membrana  pleuro- 
pericardiaca;  S.r.d.  and  S.r.s.,  right  and  left  horns  of  the  sinus 
reuniens;  YE.,  Eustachian  valve;  S.int.,  septum  intermedium, 
S.inf.,  septum  inferior;  Sm..  septum  aorticum. 


Fig.  3084. — Longitudinal  Section  of  a  Heart  Ventricle  from  an 
Embryo  Pig  16  mm.  Long.  (After  MacCallum.)  A,  Position  of 
karyokinetic  figures. 


62 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


Heart,  Development  of 


opening  which  aids  to  complete  the  septum  of  the 
heart.  This  cushion,  or  septum  intermedium,  sunn 
separates  the  atrioventricular  opening  into  two  canals, 
the  right  and  the  left,  to  become  the  right  and  left 
atrio-ventrieular  canals,  respectively. 

The  septum  of  the  atrium  is  completed  by  the  sep- 
tum  superior   growing   backward   to    unite   with  the 


A- 


yives  us  an  auricle  partly  divided,  both  compartments 
communicating  with  each  other,  and  through  a  com- 
mon opening  with  a  single  ventricle,  much  as  is  shown 
in    the    heart    of   the   human   embryo   pictured    in    Fig, 

3073.  In  the  reptiles  the  septum  is  complete,  and  wre 
have  two  distinct  atria  communicating  independently 

with  the  ventricle.      We  can  view  this  as  the  comple- 


■  A 


Fio.  3085. — Diagram  of  the  Course  <>! 
the  Superficial  Muscle  Layers  Originating 
in  the  Right  and  Left  Atrioventricular 
Rings  and  in  the  Posterior  Half  of  the 
Ten. Ion  of  the  Conus.  (After  MacCal- 
lum.)    C,  Anterior  papillary  muscle. 


Fio.  30S6. — Diagram  of  the  Course  ol 
the  Superficial  Muscle  Layers  Originating 
in  the  Anterior  Half  of  the  Tendon  of  the 
Conus.  (After  MacCallum.)  A,  Poste- 
rior papillary  muscle;  B,  papillary  muscle 
i  >l   t  lie  septum. 


Fio.  30S7. — Diagram  of  the  Course  of 
the  Deepest  Layer  of  Muscle  of  the  Left 
Ventricle.        'After     MacCallum.)  .4, 

Posterior  papillary   muscle 


septum  intermedium.  Before  this  takes  place,  how- 
ever, several  changes  take  place  in  the  septum  (Figs. 
:i075,  3076,  and  3077).  These  figures  represent  three 
stages  of  a  lateral  view  of  the  two  septa  above  named, 
with  the  opening  between  them.  In  Fig.  3075,  the 
septum  superior  is  forming,  but  the  S.  intermedium 
is  not  yet  complete.  It  was  at  first  thought  that  the 
opening  between  them,  O',  produced  the  foramen  ovale, 
but  later  observations  by  Born  showed  that  there  is  a 
secondary  rupture  in  the  septum  superior  which  is 
destined  to  become  the  true  foramen  ovale  (Fig.  3076, 
()").  The  portion  of  the  septum  superior  which  has 
been  cut  off  by  the  formation  of  the  foramen  ovale, 
unites  with  the  septum  intermedium  as  shown  in  Fig. 
3070.     The  secondary  septum,  S",  later  on  forms  the 


tion  of  the  second  stage,  i.e.  a  complete  union  of  the 
septum  superior  and  the  septum  intermedium.  In 
birds  and  mammals,  however,  there  is  a  secondary 
rupture  of  the  septum  of  the  auricle;  in  the  former  it  is 
multiple,  and  in  the  latter,  as  a  rule,  single.  It  is 
therefore  seen  that  the  formation  of  a  secondary  or 
true  foramen  ovale,  as  described  by  Born,  is  confirmed 
by  the  comparative  anatomical  evidence  (see  Born, 
Arch.  f.  mik.  Anal,,  Bd.  xxxiii.,  and  Rose,  Morph. 
Jahrbuch,  Bd.,  xv.  and  xvi.). 

The  opening  of  the  vein  is  guarded  by  two  folds  of 
the  walls  of  the  heart,  which  really  form  a  com- 
plete bicuspid  valve  (Fig.  3074).  An  addition  fold 
extends  to  this  from  in  front,  the  septum  spurium, 
S.sp.     Later  on,  the  orifice  enlarges  to  incorporate  a 


Fig.  3088. — Diagram  of  the  Course  of 
the  Layer  Superficial  to  that  shown  in 
Fig.  3087.  The  outline  of  the  deep  layer 
is  also  shown.  (After  MacCallum.)  .4, 
Posterior  papillary  muscle;  B,  papillary 
muscle  of  the  septum. 


Fig.  3089. — Diagram  of  a  Layer  Still 
more  Superficial  to  that  Shown  in  Fig. 
3088.  and  Ending  in  the  Anterior  Papillary 
Muscle.  The  other  layers  are  represented 
in  dotted  lines.  (After  MacCallum.) 
.4,  Posterior  papillary  muscle;  B,  papillary 
muscle  of  septum;  C,  anterior  papillary 
muscle. 


Fig.  3090. — Diagram  of  the  Muscle 
Originating  in  the  Tendon  of  the  Conus 
and  upper  Part  of  the  Right  Ventricle. 
(After  MacCallum.)  This  layer  sur- 
rounds the  layers  represented  in  the  left 
ventricle  in  Figs.  3087.  30SS,  and  3089. 


Iimbus  of  Vieussens,  and  the  first,  S,  the  valve  of  the 
foramen  ovale. 

A  partial  septum  of  the  heart  is  first  met  with  in  cer- 
tain classes  of  ganoid  fishes  (Dipnoi),  where  it  arises  by 
a  union  of  muscle  columns  in  the  auricle.  This  is  a 
very  incomplete  septum,  which  is  gradually  increased 
in  the  amphibia.  In  neither  of  these  cases  has  the 
septum  reached   the  atrioventricular   opening.     This 


portion  of  the  veins  into  the  auricle,  but  the  right  lip 
of  the  opening  remains  permanently  as  the  Eustachian 
valve.  The  pulmonary  veins  are  formed  later.  They 
grow  from  the  lungs  to  the  left  auricle. 

Returning  to  a  stage  of  heart  as  represented  in  Fig. 
3074,  we  notice  that  the  common  ventricle  shows  a 
constriction  on  the  outside  which  corresponds  to  a 
septum  forming  on  the  inside.     As  this  septum  from 
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the  inside,  the  septum  inferius,  grows  toward  the 
septum  intermedium,  it  must  also  grow  toward 
aorta  to  join  a  septum  a  orticum  which  is  forming  there. 
[•'ins.  3078-3080,  show  how  this  is  broughl  about. 
Fig.  3078  represents  a  stage  in  which  the  atri 
wholly  on  the  lefi  side  and  the  aorta  arises  wholly  on 
the  right.  As  the  inferior  septum  arises  the  artio- 
ventricular  opening  moves,  as  it  were,  toward  the 
aorta;  and  when  the  septum  inferius  unites  with  the 
S.  intermedium  it  cuts  the  atrioventricular  opening  in 
such  a  manner  thai  the  blood  coming  from  the  righl 
auricle  passes  to  the  right  ventricle,  and  the  blood 
from  the  left  auricle  to  the  left  ventricle.  A  small 
opening  exists  for  quite  a  while  between  the  two 
ventricles,  but,  later  on.  this  is  closed  by  a  memo 
of  connective  tissue.  Before  the  ventricles  are  com- 
pletely separated  from  each  other,  a  view  of  the  sep- 
tum appears  much  as  is  shown  in  Fin.  3081.  The 
aorta  is  already  completely  separated  into  two  vessels: 

the  one  which  com- 
municates with  the 
right  ventricle,  com- 
m  u nicating  above 
with  the  fifth  aortic 
arch,  and  the  one 
from  the  left  with  the 
fourth.  The  fourth 
is  destined  to  become 
the  aorta,  and  the 
fifth  the  ductus  arte- 
riosus from  which  the 
pulmonary  artery 
arises. 

At  an  early  stage 
the  tissue  of  the  ven- 
tricle walls  becomes 
spongy  on  the  inside. 
These  meshes  and 
columns  play  a  very 
important  part  in  the 
formation  of  the 
the  tendons  to  the 
the  septum    interme- 


Fig.  3091. — Diagram  of  tin-  Layer 
of  Muscle  Surrounding  the  Aorta, 
and  Left  Atrioventricular  Ring. 
(After  MacCallum.)  Fig.  3090  is 
represented  in  dotted    lines 

valves,   muscle    columns,   and 
valves.     We    have  seen  that 

dium  is  formed  in  the  atrioventricular  canal  and 
divides  it  into  a  rig'ht  and  a  left  half.  When  this  is 
complete  a  section  of  the  heart  gives  a  picture  as 
shown  in  Fig.  3082.  At  the  same  time  a  portion  of 
the  auricle  is,  as  it  were,  pushed  into  the  ventricle,  as 
the  figure  shows.  This  invagination  takes  with  it 
a  port  ion  of  the  epicardium,  to  be  incorporated  in  the 
formation  of  the  valve.  Connective  tissue  is  incor- 
porated in  the  formation  of  the  valve  at  its  beginning, 
although  the  great  bulk  of  the  valve  is  at  this  time 
composed  of  muscular  fibers.  'The  burrowing  of  the 
ventricle  walls  includes  also  the  valves,  and  in  this 
way,  as  the  figure  indicates,  the  primitive  chorda1 
tendinea'  are  formed.  Soon,  however,  the  bands  lose 
their  muscle  fibers,  in  the  portions  which  form  the 
chorda;,  and  in  other  portions,  farther  away  from  the 
valve,  the  muscle  fibers  increase  to  form  the  papillary 
muscle.  The  valves  have  therefore  a  double  origin: 
(1)  Peripheral,  and  (2)  from  the  septum  intermedium. 
According  to  His,  the  tendons  attached  to  the  valves 
arising  from  the  periphery,  have  their  permanent 
attachment  to  the  valve  from  the  beginning,  while  a 
portion  of  those  passing  to  the  valve  and  arising  from 
the  septum  intermedium  may  possibly  shift  their 
valvular  attachment . 

The  muscle  walls  of  the  two  ventricles  are  at  first  of 
the  same  thickness,  but,  later  on,  that  of  the  left  be- 
comes heavier  than  that  of  the  right.  The  spongy 
layer  in  the  ventricle  is  covered  with  endocardium,  and 
from  this  layer  the  columnar  carnea3  arise. 

MacCallum  has  made  extensive  studies  on  the  de- 
velopment of  i  he  heart  muscle  cells  as  well  as  of  the 
arrangement  of  the  fiber  bundles  in  the  hearts  of  em- 
bryos. MacCallum  has  found  that  the  heart  muscle 
cell  in  its  development  undergoes  certain  changes  by 
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which  younger  and  newly  developed  cells  can  be 
distinguished  from  fully  developed  cell-.  The  differ- 
ence between  the  older  and  younger  cells  is  well  shown 
in  Fig.  3083,  taken  from  the  heart  of  a  very  young 
pig's  embryo.  It  is  seen  that  the  younger  cells  an: 
diately  under  the  endocardium  ami  that  the 
older  cells  have  been  pushed  toward  the  outside  and  lie 
immediately  below  the  pericardium.  In  the  younger 
cells  the  nuclei  multiply  by  indirect  cell  division  and 

the  distribution  of  such  ceils  i<  shown  bj  the  h  tter  .1 
in  Fig.  :;nsl.  Here  again  the  growing  point  of  the 
muscle  of  the  heart  is  found  to  be  immodately  below 
the  endocardium.  It  appears  then  that  the  growth 
of  the  heart  after  the  organ  is  well  form*  .1  is  on  the 
inside  immediately  below  the  endocardium.  In  some 
way,  not  yet  definitely  known,  the  heart  is  then 
gradually  rolled  up,  becoming  more  and  more  complex 
in  tin-  higher  animals.  MacCallum  has  succeeded  in 
unravelling  the  musculature  in  the  embryo  pit'  and  the 
human  fetus  before  the  fibers  have  become  inter- 
laced too  much.  According  to  him,  the  fiber  bundles 
can  he  divided  into  four  groups:  (1)  Those  arising 
from  the  auriculoventricular  ring  on  one  side  and 
pa --inn  to  the  papillary  muscle  of  the  opposite  side; 
(  Fins.  3085  and  3086);  "(2)  those  bundles  arising  from 
the  papillary  muscles  on  one  side  and  passing  to  the 
papillary  muscles  on  the  opposite  side  (Tigs.  3087, 
3088,  and  3089);  (3)  those  fibers  arising  from  the 
atrioventricular  ring  on  one  side  and  passing  to  the 
atrioventricular  ring  of  the  opposite  side  1  ig.  3090); 
and  (4)  those  fibers  which  simply  encircle  the  left 
atrioventricular  ring  and  the  aorta  (Fig.  3091). 

According  to  MacCallum,  the  points  to  be  em- 
phasized in  his  work  are  as  follows: 

The  heart  consists  of  several  layers  of  muscle,  the 
course  of  which  is  shown  in  some  detail  in  Figs.  3085— 
3091.  Nearly  all  begin  in  the  atrioventricular  ring 
of  one  ventricle  and  end  in  the  papillary  muscle  of  the 
other.  Those  fibers  which  begin  near  the  outside  of 
one  ventricle  end  near  the  inside  of  the  other  ventricle. 

The  thin  superficial  muscle  being  removed,  the  left 
ventricle  can  be  unrolled  so  that  its  cavity  and  papillary 
muscle  are  exposed.  This  shows  it  to  be  a  fiat  band  of 
muscle  continuous  with  the  muscle  fibers  which  cross 
over  in  the  septum  from  the  right  ventricle. 

Grouping  these  layers  together,  it  is  plain  that  the 
heart  in  the  embryo  is  a  scroll-shaped  band  of  muscle 
with  tendons  at  each  end.  As  it  grows  older  the  layer 
of  muscle  passing  over  in  the  septum  from  the  right  to 
the  left  ventricle  remains  comparatively  thin,  while  the 
ventricular  cells  increase  greatly  in  thickness.  The 
place  of  most  active  cell  growth  is  near  the  inside  of 
the  ventricular  walls,  and  they  are,  therefore,  at  the 
two  ends  of  the  band  of  muscles  making  up  the  heart. 

The  above  study  deals  essentially  with  the  vert  ebrat  ■ 
heart,  necessarily  including  the  human  organ.  Of  late 
years  the  latter  per  se  has  received  much  special  study 
(see  articles  by  author  in  the  American  Journal  of 
Anatomy,  1911  and  1912,  and  Tandler's  contribution 
in  the  Keibel-Mall  Handbuch  d.  Entwicklungsge- 
schichte  d.  Menschen,  1911,  vol.  ii).  It  cannot  be 
claimed,  however,  that  any  considerable  additions  to 
our  knowledge  of  the  human  heart  have  accrued.  A 
number  of  embryos  have  been  studied  and  illustrated. 
The  chief  subjects  of  advanced  study  are:  (1)  Subdivi- 
sions of  the  primary  heart  tube.  It  is  apparent  that 
even  in  the  same  stage  of  embryonal  development, 
there  is  a  wide  difference  in  embryonal  hearts.  (2) 
Formation  of  atrioventricular  valves.  In  an  embryo 
1 1  mm.  long  it  was  possible  to  distinguish  all  the  adult 
valvular  connections.  (3)  The  atrioventricular  bundle. 
The  fate  of  this  temporary  structure  seems  to  be  still 
unsettled.  It  is  seen  in  embryos  S  mm.  long,  persists 
as  a  portion  of  the  atrial  canal,  then  becomes  a  part  of 
the  cardiac  musculature,  and  stands  in  some  definite 
relationship  with  the  Purkinje  system.  (4)  Muscula- 
ture of  left  ventricle.  Serial  sections  alone  throw  no 
light  on  this  structure.     Staining,  studies  by  trans- 
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mitted  and  reflected  light  in  various  fluids,  etc.,  must 
be  added.  The  original  circular  fibers  of  the  heart 
tube  remain  circular  near  the  mouths  of  the  vessels, 
but  at  the  apex  there  is  marked  deviation.  The 
ventricle,  growing  downward,  is  formed  chiefly  of 
spiral  groups,  the  bulbospiral  and  sinospiral. 

Franklin  P.  Mall. 

Heart,  Dilatation  of  the. — Definition.  —  Dilata- 
tion of  the  heart  may  be  defined  as  .'in  increase  in  the 
Cubical  capacity  of  one  or  more  of  I  he  cardiac  cham- 
bers, resulting  from  a  pathological  cause.  It  is  not 
generally  realized  that  every  increase  in  the  cubical 
capacity  of  the  heart  is  not  necessarily  abnormal. 
Thus,  as  a  result  of  sudden  muscular  effort,  the  cavi- 
ties of  the   heart    may   enlarge.      This   is  the  response 

of  the  organ  to  the  increased  call  upon  it,  is  compensa- 
tory, and  physiological.  How  this  differs  from  true 
dilatation  will  be  explained  more  a1  length  in  the 
sequel.  Dilatation  may  affect,  one  chamber  or  one 
side  of  the  heart,  but,  wherever  it  may  originate,  the 
condition  frequently  becomes  generalized.  Partial 
and  complete  forms  may,  therefore,  be  recognized. 

Etiology. — It  is  safe  to  say  that  dilatation  never 
incurs  in  a  healthy  intact  organ.  Many  cases  are 
associated  with  and  supervene  upon  hypertrophy  of 
the  heart.  In  fact,  most  of  the  causes  that  produce 
hypertrophy  are  competent  to  produce  dilatation  in 
time.  The  most  frequent  cause  of  simple  dilatation 
is  degeneration  of  the  heart  muscle,  either  cloudy  or 
tai  i  v,  such  as  may  occur  in  any  of  t  lie  infect  ive  fevers, 
typhoid,  diphtheria,  or  pneumonia;  in  alcoholism  and 
pernicious  anemia;  in  chloroform  poisoning.  Then, 
dilatation  not  uncommonly  develops  in  cases  where 
there  has  been  prolonged  or  repeated  rapid  action  of 
the  heart,  as  in  Graves'  disease  and  in  paroxysmal 
tachycardia.  Excessive  muscular  strain,  either  sud- 
den or  prolonged,  or  repeated,  as  in  races  or  military 
campaigning,  is  a  noteworthy  cause.  Muscular  strain 
may  also  be  caused  by  valvular  incompetence  or 
adhesion  of  the  pericardium.  The  dilatation  of  the 
heart,  so  often  found  in  those  who  consume  large 
quantities  of  beer  daily  is  possibly  in  large  part  the 
result  of  plethora,  but  damage  to  the  muscle  cannot 
be  excluded. 

Acute  myocarditis,  such  as  may  occur  in  scarlatina 
typhus,  typhoid,  and  rheumatic  fever,  may  result  in 
dilatation. 

Lastly,  some  few  cases  arise  without  determinable 
cause.  Such  have  been  attributed,  possibly  without 
reason,  to  worry,  neurasthenia,  and  cold  bathing. 
Having  enumerated  the  various  conditions  under 
which  dilatation  of  the  heart  may  arise,  we  pass  on  to 
consider  in  some  detail  the  rationale  of  the  process. 

Physiology  and  Pathology. — Given  a  healthy 
heart,  the  condition  of  its  muscle  in  large  measure  is 
directly  dependent  on  the  amount  of  work  it  has  to  do. 
Regarding  it  purely  as  a  machine,  the  work  performed 
by  the  heart  in  a  given  time  is  the  resultant  of  the 
amount  of  blood  propelled  in  that  time  and  the  pe- 
ripheral resistance  against  which  it  is  discharged. 
Further,  the  amount  propelled  may  be  estimated  by 
multiplying  the  quantity  discharged  at  each  beat  by 
the  number  of  beats  during  the  stated  period.  There- 
fore, thepressure  beingthesame  in  both  cases,  a  rapidly 
acting  heart  pumping  a  small  amount  of  blood  at  each 
systole,  and  a  heart  beating  at  half  the  rate,  and  dis- 
charging double  the  quantity,  will  be  performing 
the  same  amount  of  work.  This  bald  statement, 
however,  does  not  tell  the  whole  truth.  It  is  evident 
that  the  condition  of  things  within  the  ventricles  may 
be  very  different  in  the  two  cases.  In  the  slowly 
acting  heart,  the  diastolic  expansion,  in  a  general  way, 
is  twice  as  great  as  in  the  case  of  the  rapidly  acting 
heart  and  the  muscle  has  to  contract  against  twice 
the  load.  While,  again,  it  is  true  that  the  amount 
of  work  done  is  the  same  in  the  two  cases  cited,  the 


cost  of  production,  to  use  an  economic  phrase,  is  far 
from  being  the  same.  A  rapidly  acting  heart  is 
always  working  at  a  disadvantage.  Tin-  coronary 
circulation  in  the  muscle  is  less  effective,  (lie  nutrition 
suffers,  and  stimulus  production  comes  80  fast,  that 
exhaustion  is  apt  to  follow.  In  other  words,  the 
reserve  capital  is  encroached  upon  to  a  greater  extent. 
What  happens  when  I  he  heart  is  working  against 
an  increased  resistance,  as,  for  example,  when  there  is 
an  abnormal  obstruction  to  the  outflow   of  the  blood 

from  flu'  organ,  will  i"-  better  apprehended  if  we  refer 
to  the  well-known  experiment  in  physiology  with  the 
gastrocnemius  muscle  of  the  frog.  The  laws  govern- 
ing the  contraction  of  voluntary  muscle  may  in  all 
probabilitj  be  applied  to  (he  case  of  the  heart.  If  a 
series  of  graduated  weights  be  applied  to  this  muscle 

when  at  rest,  ti  is  found  thai  some  weights  are  so  tri- 
fling that  the  length  of  the  muscle  is  not  increased.  In 
other  words,  the  natural  tonus  of  the  muscle  is  greater 
than  the  extending  force  applied.  As  the  weights 
attached  are  progressively  increased,  the  muscle  be- 
comes more  and  more  elongated,  at  first  somewhat 
quickly,  later,  as  the  limit  of  elasticity  is  reached,  with 
less  evident  change.  Applying  this  to  the  ventricular 
muscle,  we  see  t  hat  increase  in  load,  even  \\  ii  tun  nor- 
mal limits,  leads  In  a  nat  oral  distention  of  the  cavity. 
To  put  it  otherwise,  increased  work  of  the  heart, 
within  normal  limits,  is  followed  by  enlargement  of  the 
heart  in  diastole.  We  must,  therefore,  distinguish 
between  a  natural,  physiological,  distention,  and  an 
abnormal,  pathological,  dilatation. 

Furthermore,  returning  again  to  the  experiment 
with  the  gastrocnemius,  if  we  stimulate  the  muscle 
with  a  given  strength  of  electrical  current,  and  esti- 
mate the  work  done  {i.e.  the  weight  raised  multiplied 
by  the  height  to  which  it  is  raised)  when  a  gradually 
increasing  load  is  attached  to  the  muscle,  we  find  that 
the  amount  of  work  accomplished  is  by  no  means  the 
greatest  in  the  case  of  the  smallest  load.  In  fact, 
there  is  a  certain  optimum  load,  which  with  a  given 
muscle  and  a  given  stimulus  produces  the  greatest 
amount  of  work.  We  may  infer  in  the  case  of  the 
heart  that  there  is  also  a  certain  definite  load,  which 
leads  to  its  performing  the  greatest  amount  of  work. 
It  would  seem,  too,  that  a  certain  amount  of  distension 
of  the  ventricular  cavity  would  result  in  more  effective 
contractions,  that  is  to  say,  the  propulsion  of  a  greater 
amount  of  blood  during  each  systole.  An  old  experi- 
ment of  Roy  and  Adami  will  also  serve  to  elucidate 
this  question  still  further.  If  two  points  be  taken 
upon  the  surface  of  the  exposed  ventricle  in  the  dog, 
and  the  distance  between  these  two  points  be  accu- 
rately recorded  under  various  conditions,  it  can  be 
shown  that,  if  one  increase  the  interventricular  pressure 
as  by  constricting  the  aortic  arch,  the  heart  becomes 
more  filled  during  diastole,  and  the  two  points  become 
farther  apart.  Again,  during  systole  the  points  do 
not  approximate  to  nearly  such  an  extent  as  where 
there  is  less  resistance.  The  same  thing  occurs  if 
the  heart  is  given  more  work  to  do  by  increasing  the 
amount  of  blood  supplied  to  it.  With  the  increased 
work  of  the  heart,  there  is  with  distention  in  diastole 
distention  in  systole  also,  that  is  to  say,  the  fibers  do 
not  shorten  to  the  same  extent  as  in  the  heart  working 
under  ordinary  resistance.  There  is,  necessarily, 
therefore,  residual  blood  in  the  chambers  of  the  heart. 
The  importance  of  this  will  be  more  readily  understood 
if  we  regard  the  ventricular  chambers  as  a  sphere. 
As  a  sphere  expands  its  cubical  contents  increase,  not 
in  an  arithmetical  ratio,  but  in  such  a  way  that  if  the 
circumference  be  taken  as  abscissas,  the  contents  as 
ordinates,  the  curve  of  values  is  what  is  called  a 
cubical  parabola.  A  degree  of  shortening  of  the  car- 
diac fibers  enough  to  reduce  the  circumference  of  the 
ventricle  one  inch,  for  example,  will  lead  to  a  greater 
diminution  in  volume,  and,  therefore,  a  greater  output 
of  blood,  the  more  distended  the  ventricle  is  at  the 
commencement  of  its  contraction.     Thus,  in  the  case 
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of  a  sphere  ten  inches  in  circumference,  a  diminution 
.  if  it  s  circumference  by  one  inch  produces  a  diminution 
of  volume  or  an  output  equal  to  4.5  cubic  inches.  On 
the  other  hand,  in  the  case  of  a  sphere  five  inches  in  cir- 
cumference, a  diminution  of  one  inch  causes  an  output 
of  only  1.027  cubic  inches,  although  in  the  first  instance 
the  circumference  was  reduced  only  one-tenth,  and 
in  the  second,  one-fifth.  Therefore,  with  moderate 
distention  of  the  heart  the  fibers  have  only  to  contract 
to  a  very  small  extent  to  expel  a  given  amount  of 
blood  as  compared  with  their  contraction  in  an  ordi- 
nary undilated  heart.  It  would  seem  probable,  there- 
fore, that  when  the  heart  is  hard  pushed  a  certain 
amount  of  distention  makes  for  economy,  and  that 
the  presence  of  residual  blood  by  lessening  the  extent 
tn  which  each  fiber  is  called  upon  to  contract  may  be 
a  saving  to  the  heart  and  through  it  to  the  organism 
as  a  whole.  It  follows  from  all  this,  that  hypertrophy 
is  never  primary  but  is  always  preceded  by  disteni  ion. 
The  truth  of  this  may  be  illustrated  by  what  takes 
place  in  the  heart  of  athletes  under  training  and  during 
races.  During  a  race,  of  course,  the  work  of  the  heart 
is  for  the  time  being  greatly  increased.  It  has  to  beat 
quicker  and  more  forcibly  to  supply  the  necessary 
amount  of  blood  to  the  muscles.  The  first  effect  of 
this  is  to  increase  the  peripheral  blood  pressure.  Later, 
with  the  establishment  of  "second  wind"  the  strain 
on  the  left  heart  is  relieved  by  the  dilatation  of  the 
peripheral  blood-vessels  and  consequent  reduction 
in  the  blood  pressure.  It  is  common  to  observe  after 
a  race  an  enlargement  of  the  cardiac  dullness,  which 
can  only  be  attributed  to  acute  distention  of  the  ven- 
tricles, as  it  usually  promptly  subsides  on  resting. 
This  distention  is,  apparently,  a  necessary  accompani- 
ment of  increased  cardiac  strain.  Repeated  strains, 
such  as  occur  in  the  course  of  athletic  "training", 
lead  to  enlargement  of  the  heart,  which  persists  so 
long  as  athletics  are  indulged  in  and  for  a  variable 
period  afterward.  This  is  in  the  main  the  result  of 
hypertrophy  of  the  cardiac  muscle,  but  there  can  be 
little  doubt  that  the  heart  of  the  athlete  is  not  only 
more  muscular  but  more  capacious  than  is  that  of  the 
untrained  individual.  The  question  now  arises, 
How  are  we  to  distinguish  between  distention  of  the 
type  we  have  just  been  discussing  and  true  dilatation? 
Various  answers  have  been  given.  One  is  that  normal 
or  physiological  distention  is  temporary,  while  patho- 
logical dilatation  is  permanent,  but  there  are  sufficient 
exceptions  to  the  general  truth  of  this  statement  to 
render  it  a  misleading  conception.  I  would  prefer 
to  put  the  answer  in  this  way.  The  distention  of  the 
athlete's  heart,  and  of  conditions  analogous  to  it,  is 
the  response  to  increased  demands  upon  the  organ. 
It  is  at  once  adaptive  and  protective.  Such  a  heart  is 
strong,  capable,  and  effective.  The  pathologically 
dilated  heart  is  the  reverse  of  all  this.  It  is  not  the 
result  of  a  demand  for  more  work.  It  is  a  weak, 
laboring,  and  ineffective  heart.  To  put  the  whole 
matter  in  a  nutshell,  it  is  merely  a  question  of  reserve 
power.  In  the  former  case  the  functional  capacity 
of  the  heart  is  ample,  the  reserve  is  not  seriously 
encroached  upon.  In  the  latter,  the  reserve  power 
is  so  diminished  that  the  slightest  extra  call  leads  to 
disability. 

As  the  matter  has  been  stated  just  above,  it  may  be 
inferred  that  the  problems  involved  in  the  pathogene- 
sis of  the  two  conditions  distention  and  dilatation  are 
quite  different.  And,  indeed,  this  is  the  case,  though 
this  is  a  view  that  has  not  as  yet  obtained  current 
acceptance.  The  conception  of  the  average  practi- 
tioner on  this  subject  may  not  be  unfairly  stated  thus. 
Hypertrophy  of  the  heart  is  due  to  an  effort  on  its 
part  to  overcome  increased  peripheral  resistance, 
which  increased  peripheral  resistance  is  evidenced  by 
a  heightened  blood  pressure.  This  connotes  the  idea 
that  there  is  a  force  acting  within  the  chambers  of  the 
heart  which  tends  to  force  their  walls  outward.  For 
a  time  the  heart  can  cope  with  the  situation  through 
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the  increase  in  its  musculature.  Hypertrophy  is  in 
excess.  Later,  as  the  strain  increases  and  the  heart 
1 1 1 . i  cle  becomes  inadequate  to  meet  the  increased 
demand  upon  it,  hypertrophy  gives  way  to  dilatation. 
It  is  indeed  surprising  that  a  view  so  obviously  illogical 
and  absurd  should  have  passed  current  for  SO  many 
years.  It  is  only  one  more  evidence  of  the  power  of 
tradition  and  blind  faith  even  in  matters  scientific. 
A  moment's  reflection,  one  would  think,  would  have 
served  to  show  its  inaccuracy.  The  pressure  within 
the  ventricles  is  produced  by  the  cardiac  systole  its. -If, 
acting  against  a  system  of  elastic  peripheral  vessels. 
In  the  final  analysis,  the  strain  upon  the  ventricular 
walls  is  due  to  the  systole  only,  for  the  elastic  recoil 
of  the  arteries  is  taken  up  and  nullified,  so  far  as  the 
heart  is  concerned,  by  the  semilunar  valves.  An 
increased  intraventricular  pressure  is  the  result  of  a 
muscular  contraction  more  powerful  than  normal, 
and  no  one  would  seriously  put  forward  the  opinion 
that  in  the  process  of  contraction  dilatation  is  pro- 
duced. Contrariwise,  if  the  heart  muscle  is  weakened, 
systole  is  less  powerful  and  the  intraventricular 
pressure  is  diminished.  With  a  failing  heart  muscle 
the  distending  force  is  therefore  less  apparent.  Xor 
can  dilatation  be  the  result  of  a  distending  force 
operating  during  diastole.  It  is  now  commonly 
taught  that  the  diastolic  relaxation  is  an  active  matter. 
The  heart  is  a  suction  pump  as  well  as  a  force  pump. 
The  amount  of  blood  within  the  cardiac  chambers 
during  diastole  is  directly  dependent  on  the  degree 
of  muscular  relaxation  and  a  positive  pressure  can 
only  be  produced  by  the  initiation  of  systole.  There 
are,  practically,  only  two  conditions  in  which  dilata- 
tion of  a  chamber  could  be  produced  by  an  increase 
of  intracardiac  pressure.  In  insufficiency  of  the  mitral 
or  tricuspid  orifice  the  powerfully  contracting  left 
or  right  ventricle,  by  driving  a  column  of  blood  back- 
ward into  the  less  muscular  auricle,  would  lead  to 
dilatation  of  the  latter  chamber.  Similarly,  in  the  case 
of  aortic  regurgitation,  the  left  ventricle  will  be  over- 
distended  by  the  increased  influx  of  blood  into  it. 
blood  derived  on  the  one  hand  from  the  left  auricle 
and,  on  the  other,  from  the  peripheral  vessels,  the 
latter  blood  being  returned  with  some  force  owing  to 
the  elastic  recoil  of  the  arteries.  Apart  from  this, 
there  is  abundant  evidence  for  concluding  that  neither 
the  resistance  opposed  to  the  cardiac  muscle  during 
the  contraction  of  its  chambers,  nor  any  distending 
force  operating  during  diastole  is  sufficient  to  bring 
about  dilatation.  For  example,  hearts  with  degen- 
erated muscle  and  thinned  walls  may  continue  to 
work  against  a  high  peripheral  tension  and  yet  may 
never  show  dilatation.  Such  hearts,  may,  in  fact, 
rupture  from  extreme  wasting  of  the  fibers  without 
any  evidence  of  dilatation.  Again,  conversely,  a 
chamber  may  become  dilated  when  the  distending 
force  of  the  blood  entering  it  is  even  less  than  normal, 
as  in  the  case  of  the  left  ventricle  in  some  instances  of 
mitral  stenosis.  Evidently,  there  is  some  other  cause 
for  cardiac  dilatation  than  mechanical  pressure.  This 
cause  is  to  be  found  in  depression  of  tonicity.  Dilata- 
tion of  the  heart  is  the  anatomical  expression  of  the  lack  of 
tone  of  its  contracting  fibers. 

Pathogenesis. — Tonus  is  one  of  the  properties  of 
all  muscle,  voluntary  and  involuntary,  and  the  laws 
which  govern  muscle  in  general  may  very  properly 
be  applied  to  the  case  of  the  heart.  When  we  consider 
the  various  conditions  of  disease  under  which  dilata- 
tion of  the  heart  may  occur,  we  find  that  they  may  be 
grouped  into  two  main  classes,  those  which  are  asso- 
ciated with  grave  degeneration  of  the  muscular  fibers, 
and  those  producing  muscular  overstrain.  Now, 
since  tonus  is  that  property  of  muscle  whereby  its 
fibers  are  maintained  in  a  position  short  of  complete 
relaxation,  it  is  not  surprising  that  conditions  like 
cloudy  swelling,  hydropic  and  fatty  degeneration, 
should    invite    relaxation,    not    only    by    interfering 
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mechanically  with  the  (/(infraction  of  the  fibers,  but 
also  in  some  cases  by  producing  a  loss  of  muscle  sub- 
stance. Overaction,  by  exhausting  the  contractile 
function,  tends  to  the  same  result.  The  few  cases  of 
cardiac  dilatation  in  which  no  very  definite  cause 
can  be  traced,  may,  I  would  suggest,  be  attributed  to 
a  disturbance  of  innervation  of  the  cardiac  muscle. 
It  is  well  known  that  if  the  neurotrophic  supply  of  a 
muscle  or  group  of  muscles  be  cut  off,  flaccidity  or  loss 
of  tone  will  result.  Examples  of  this  may  be  seen  in 
the  affected  muscles  of  hemiplegics,  in  postneuritic 
atrophies,  and  in  poliomyelitis.  The  hypertrophies 
of  overwork  may,  also,  it  is  well  known,  give  place 
to  atrophy  and  loss  of  tone.  It  is  not  unlikely,  indeed, 
that  in  (he  majority  of  cases  a  number  of  causes 
cooperate  to  bring  about  a  condition  of  malnutrition 
of  the  cardiac  muscle  as  well  as  of  the  trophic  nerves. 
The  heart  is  dependent  for  its  nourishment  mainh 
upon  the  coronary  vessels,  and  if  great  hypertrophy 
exists  the  blood  supply  may  eventually  become  insulli- 
cient,  with  the  result  that  degeneraf  ion  sets  in.  Not 
infrequently,  also,  the  very  conditions  that  induce 
cardiac  hypertrophy,  such  as  aortic  insufficiency, 
arteriosclerosis,  lead  to  this  result  directly  by  causing 
obstruction  to  the  coronary  circulation,  thus  bringing 
about  cardiac  anemia.  When  the  dilatation  has 
reached  such  a  degree  as  to  cause  relaxation  of  the 
aortic,  mitral,  or  tricuspid  rings,  the  reflux  of  blood 
under  a  greater  pressure  than  the  chandler  chiefly 
concerned  has  been  accustomed  to  support  leads  in  its 
turn  to  dilatation  of  that  cavity  and  bad  is  made 
worse.  A  vicious  circle  results  and  hastens  t  lie  fatal 
termination. 

Morbid  Anatomy. — The  appearance  of  the  dilated 
heart  after  death  is  very  characteristic.  One  or  more 
chambers  are  more  capacious  than  they  should  be; 
the  right  ventricle  more  often  than  the  left;  the  left 
auricle  more  often  than  the  right.  In  the  case  of  mitral 
stenosis  the  left  auricle  and  the  whole  right  heart  are 
commonly  involved.  Not  infrequently,  the  heart  as 
a  whole  manifests  the  change.  The  "heart  wall  may 
be  thickened  (excentric  hypertrophy)  or  thinned 
(simple  dilatation).  In  appearance  the  muscle  is  pale, 
flabby,  often  cloudy  or  fatty.  The  columme.  earner 
and  trabecuke  are  flattened  and  atrophic;  the  chordae 
tendinere  are  thinned  and  elongated;  the  mitral  and 
tricuspid  orifices  are  often  enlarged,  and  their  accom- 
panying valves  show  evidences  of  regurgitation. 
Where  one-half  of  the  heart  is  more  affected  than  the 
other,  the  septum  is  apt  to  encroach  upon  the  less 
involved  side.  With  this  there  may  be  evidences  of 
gross  organic  change  in  the  heart  or  its  valves,  endo- 
carditis, coronary  sclerosis,  myomalacia,  fibroid  degen- 
eration. Myomalacia,  or  localized  infarctous  change 
in  the  cardiac  muscle  may  lead  to  a  circumscribed 
bulging  or  pocketing  of  the  wall,  usually  a  part  of  the 
left  ventricle  (so-called  cardiac  aneurysm). 

With  all  the  signs  detailed  above,  there  are  those 
which  are  the  manifestation  of  cardiac  failure;  edema 
of  the  lungs,  passive  congestion  of  the  viscera,  ana- 
sarca, plethora. 

Symptoms  and  Physical  Signs. — With  a  dilated 
heart  the  muscular  contractions  are  weak,  and  its 
propulsive  power  is,  consequently,  inefficient.  How- 
ever the  condition  may  have  supervened,  whether 
primarily  or  as  an  end-result  of  preexisting  myocardial 
or  endocardial  lesions,  its  subjective  and  objective 
manifestations  are  practically  those  of  ruptured  com- 
pensation. In  other  words,  the  reserve  power  of  the 
heart  is  so  encroached  upon  that  the  organ  is  no  longer 
able  to  respond  perfectly  to  ordinary  every-day  calls 
made  upon  it.  The  main  symptom,  so  far  as  the 
patient  himself  is  concerned,  is  dyspnea.  The  person 
so  affected  finds  that  he  is  unable  to  perform  some 
action,  which  he  was  formerly  able  to  manage  with 
ease,  such  as  climbing  a  hill,  without  getting  out  of 
breath.     As  the  condition  progresses,  the  disability 


increases,  until  he  is  unable  to  perforin  the  simplest, 
action  without  discomfort.  Even  turning  over  in 
bed  may  finally  precipitate  an  attack  of  breathless- 
ness.  In  aggravated  cases  the  patient  may  start  out 
of  sleep  with  a  sense  of  suffocation;  he  is  compelled 
to  sit  up  (orthopnea)  and  gasp  for  breath  (so-called 
"cardiac  asthma").     Eventually,  even  tin-  slightest 

emotion  may  provoke  an  attack,  and  the  condition 
may  become  continuous.  Pain  is  not  usually  a  promi- 
nent feature,  but  it  is  not  uncommon  to  find  patients 
complaining  of  vague  discomfort  over  the  precordium. 
Hyperalgesia  of  the  skin,  breast,  and  deeper  tissues 
of  the  left  side  of  the  thorax,  or,  occasionally,  of  tint 
left  sternomastoid  and  trapezius  muscles,  may  be 
observed. 

The  objective  symptoms,  or  physical  signs,  may  be 
grouped  into  those  due  to  alterations  in  the  size, 
shape,  and  position  of  the  heart,  alteration  in  its 
movements,  and  associated  conditions  due  to  failure 
of  the  circulation  in  the  periphery  of  the  body  and 
in  distant  organs,  such  as  anasarca,  cyanosis,  enlarge- 
ment of  the  liver,  diminution  in  the  output  of  urine, 
and  albuminuria. 

One  proof  of  the  existence  of  a  dilated  heart  is  found 
in  increase  in  the  cardiac  dullness.  This  sign  is  rarely 
absent  except  in  cases  where  the  heart  is  covered  over 
by  expanded  lung,  as  in  emphysema.  It  is,  however, 
a  difficult  matter  in  many  instances  to  decide  just 
what  part  any  cavity  may  play  in  the  dilatation,  ow- 
ing to  the  fact  that  the  heart  not  only  enlarges  in 
dilatation  but  rotates.  This  phenomenon  is  due  to 
the  fixation  of  the  heart  at  the  base  by  the  great 
vessels.  Enlargement,  notably  of  the  right  ventricle, 
leads  to  displacement  of  the  whole  organ  to  the  left 
and  the  encroachment  of  the  right  side  upon  the  front, 
the  left  side  finally  disappearing  behind.  Enlarge- 
ment of  the  cardiac  dullness  to  the  right  of  the 
sternum  may  be  safely  put  down  to  enlargement  of 
the  right  side,  particularly  of  the  right  auricle,  but  is 
never  so  great  as  the  actual  enlargement  of  the  right 
heart  wrould  lead  one  to  suppose.  Before  diagnosing 
enlargement  of  the  right  heart  from  this  sign  we  should 
exclude  aneurysm,  intrathoracic  tumor,  and  left- 
sided  pleural  effusion. 

Careful  percussion  of  the  heart  should  be  carried  out 
to  determine  its  outlines.  In  dilatation  the  greatest 
enlargement  is  transverse  and  there  is  very  little 
increase  in  the  vertical  dullness.  Dullness  may, 
however,  be  occasionally  found  as  high  as  the  second 
interspace.  The  shape  of  the  dull  area  is  more 
rounded,  as  compared  with  the  triangular  area,  with 
the  apex  uppermost,  of  pericardial  effusion. 

The  cardiac  impulse  is  diffuse,  of  wide  amplitude, 
often  wavy.  A  point  of  maximum  intensity  may  not 
be  made  out.  When  the  left  heart  is  pushed  over 
to  the  left  and  backward,  the  true  apex  impulse 
may  not  be  felt.  In  such  cases,  such  impact  as  may 
be  detected  may  be  due  to  some  portion  of  the  right 
ventricle.  The  chief  impulse  may  be  below  or  to  the 
right  of  the  ensiform  cartilage  and  there  may  be  an 
undulatory  movement  in  the  fourth,  fifth,  and  sixth 
interspaces  to  the  left  of  the  sternum.  In  cases  of 
great  dilatation  of  the  right  auricle  there  may  be 
observed  a  pulsation  in  the  third  right  interspace 
near  the  sternum.  Occasionally,  a  pulsation  in  the 
left  second  interspace,  systolic  or  presystolic  in  time, 
possibly  due  to  an  enlarged  right  auricle,  may  be 
detected. 

The  first  sound  is  shorter,  sharper,  and  more  like 
the  second,  a  condition  known  as  embryocardia.  A 
dilatation  increases,  it  becomes  weaker  and  may 
disappear.  The  long  pause  is  shortened.  Not  infre- 
quently reduplication  of  the  first  sound  is  to  be  heard, 
as  also  gallop  rhythm.  There  may  be  no  murmurs, 
or  murmurs  may  be  present,  due  to  the  great  dilata- 
tion with  relative  insufficiency  of  a  valve  or  to  actual 
endocarditis.  The  pulse  is  small,  quick,  often 
irregular. 
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So  long  as  the  contractile  power  of  the  heart  can 
maintain  a  sufficient  blood  pressure  to  supply  the 
needs  of  the  various  tissues,  the  heart  weakness  is 
manifested  only  by  those  subjective  symptoms 
dependent  on  reduction  of  reserve  force.  While  the 
patienl  is  at  rest,  that  is  to  say,  makes  no  special  call 
upon  this  reserve  force,  he  may  be  tolerably  comfort- 
able. The  slightest  exertion,  or  even  worry  alone, 
will,  however,  cause  distress.  When  the  bl 1  pies- 
sure  .sinks  to  the  extent  that  the  peripheral  structures 
are  no  longer  sufficiently  nourished,  then  the  grosser 

phenomena,  anasarca,  ascites,  hydrothorax,  < gested 

organs,  and  marked  cyanosis,  make  their  appearance. 

Edema  of  the  soft  tissues  is  frequently  the  first 
objective  sign  of  cardiac  insufficiency  and  may  come 
on  with  great  rapidity.  In  those  who  are  walking 
about  it  appears  aboui  the  ankles  first;  in  those  who 
are  confined  to  bed,  over  the  sacrum.  It  increa 
in  extent  and  intensity  until  effusion  occurs  into  the 
peritoneal  cavity  and  the  pleural  sacs.  Edema  of  the 
lungs  is  a  sign  of  capital  importance.  Careful  aus- 
cultation will  often  reveal  its  presence  even  before 
anasarca  becomes  manifest.  With  commencing  heart 
failure  a  few  fine  crackling  rales  may  be  heard  at 
the  bases  of  the  lungs  at  the  end  of  deep  inspiration. 
With  one  or  two  respiratory  movements  they  may 
disappear,  but  as  cardiac  weakness  increases  become 
permanent.  Later  still,  there  may  l>e  impairment  of 
the  resonance  over  the  liases  of  the  lungs,  amounting 
in  some  cases  to  complete  dullness,  with  enfeeblement 
of  the  breath  sounds.  This  indicates  hypostatic  con- 
gestion and  even  consolidation  of  the  lung  substance. 

Coincidently  with  the  appearance  of  dropsy,  the 
urine  is  diminished  in  amount,  becomes  high-colored, 
more  concentrated,  and  often  contains  albumin  and 
a  few  casts.  The  character  of  the  urine  is  a  valuable 
indication  of  the  patient's  physical  condition.  As  the 
case  improves,  the  dropsy  lessens,  and  the  excretion 
of  urine  is  increased.  The  albumin  will  disappear, 
unless  there  is  associated  with  the  cardiac  condition 
a  true  Bright's  disease.  This  is  often  a  difficult 
matter  to  decide.  The  course  of  the  case  will  often 
aid  in  forming  a  correct  opinion.  Arterial  sclerosis 
and  retinitis,  for  example,  would,  if  present,  strengthen 
the  case  for  a  coexisting  chronic  nephritis.  These 
urinary  phenomena,  when  not  due  to  nephritis,  are 
the  result  of  passive  congestion  of  the  kidneys. 

Enlargement  of  the  liver  is  also  a  manifestation  of 
venous  stasis.  Associated  with  this  may  be  a  moder- 
ate degree  of  jaundice.  The  enlarged  organ  is  often 
extremely  tender  and  there  may  be  spontaneous 
pain  in  the  right  hypochondrium.  Mackenzie  states 
thai  it  may  not  be  present  in  the  earlier  stages  of 
cardiac  failure,  but  when  once  it  has  occurred,  every 
subsequent  attack  suffices  to  induce  it,  even  before 
dropsy  sets  in. 

Diagnosis. — The  diagnosis  of  dilatation  of  the 
heart  is  usually  easy.  The  enlargement  of  the  car- 
diac outline,  the  weak  fluttering  impulse,  the  feeble 
irregular  pulse,  and  t he  signs  of  deficient  reserve 
power,  are  the  cardinal  and  characteristic  features. 
Some  difficulty  may  arise  when  it  is  impossible  for 
various  reasons  to  accurately  outline  the  heart  by 
percussion,  as  in  cases  of  obesity,  emphysema  of  the 
lungs,  pericardial  and  pleural  effusions.  From  hyper- 
trophy which  gives  a  very  similar  area  of  increased 
cardiac  dullness,  dilatation  may  be  distinguished  by 
the  fact  that,  in  hypertrophy  the  impulse  of  the  heart 
is  strong  and  heaving,  giving  the  suggestion  of  weight 
and  power  to  the  examining  hand.  The  hypertro- 
phied  heart  is  a  strong  heart,  consequently,  the  pulse 
is  full  and  strong,  often  of  increased  tension,  and  signs 
of  cardiac  insufficiency  are  conspicuous  by  their 
absence.  The  cardiac  sounds  here  are  loud  and 
resonant,  the  first  often  booming,  while  in  dilatation 
the  first  sound  is  short  and  sharp,  often  faint,  resem- 
bling a  normal  sound. 


In  emphysema  of  the  lungs,  so  ofti  □  associated  with 
arteriosclero  is,  the  heart ,  notably  the  right   side,  not 

infrequently  becomes  dilated  in  time.      The  character 

of   the  pulse,   the  enfeeblement    of   the  pulmonary 

second  sound,  and  t  lie  appearance  of  moist  crepitat  ions 
at  the  base  ot  the  hums  will  afford  the  clue  here. 

Pericarditis  with  effusion  might  possibly  be  con- 
fu  ed  with  dilatation  owing  to  the  notable  increase 
in  the  cardiac  dullness  in  both  affections.  Peri- 
carditis, however,  is  accompanied  by  fever,  there  may 
be  a  friction  rub,  the  apex  of  the  heart  is  dislocated 
upward,  and  there  is  a  characteristic  outline,  the 
dullness  extending  upward  considerably  and  assuming 
a  pear  shape.  The  pulsus  paradoxus  may  also  be 
present  in  pericarditis.  Dilatation  may  of  course  be 
associated  with  pericardial  effusion,  and  is  a  not  in- 
frequent concomitant  of  this  condition,  but  it  is  not 
often  possible  to  diagnose  it  by  physical  examination. 
At  most,  one  may  hazard  a  shrewd  guess.  The 
mechanical  effect  of  the  pressure  of  fluid  upon  the 
outer  surface  of  the  heart  will  hamper  its  action  as 
effectively  as  will  dilatation  and  will  lead  to  the  same 
manifestations  of  cardiac  insufficiency.  The  devel- 
opment of  murmurs  under  observation  does  not  serve 
to  clarify  the  picture,  for  they  may  be  due  to  acute 
endocarditis,  which  so  frequently  accompanies  peri- 
carditis. 

Where  a  pleural  effusion  is  sufficiently  extensive  as 
to  merge  with  and  obscure  the  cardiac  dullness,  we 
can  only  be  guided  by  the  course  of  events.  Should 
a  heart  which  has  previously  been  acting  strongly 
and  regularly  become  suddenly  weak  and  irregular, 
with  alteration  of  its  sounds,  or  should  gallop  rhythm 
suddenly  set  in  one  may  suspect  dilatation. 

In  till  cases,  the  signs  of  dilatation  become  unequivo- 
cal, when  under  observation  the  heart's  outline 
suddenlye  nlarges,  the  pulse  previously  firm  and  steady 
become  feeble  and  erratic,  and  the  signs  of  loss  of 
compensation  begin  to  show  themselves.  The 
recognition  of  acute  dilatation  is  particularly  im- 
portant, inasmuch  as  appropriate  and  energetic  meas- 
ures must  be  taken  promptly  in  many  cases  if  the 
patient's  life  is  to  be  saved. 

Prognosis. — The  degree  of  cardiac  tone  present  in 
any  given  case  is  of  cardinal  importance  in  estimating 
the  nature  of  cardiac  failure.  Yet,  we  must  be  cau- 
tious in  giving  a  prognosis  based  upon  the  amount  of 
dilatation  alone.  Great  dilatation  may  be  quite  com- 
patible with  a  favorable  outlook,  while  a  much  less 
marked  dilatation  may  be  an  indication  of  consider- 
able gravity.  The  test  comes  in  the  patient's  own 
response.  If,  with  a  dilated  heart,  he  gets  along  with 
ease  and  comfort,  it  is  an  indication  that  the  cardiac 
muscle  is  otherwise  intact  and  that  the  heart  is  able 
to  cope  with  the  disability  due  to  the  dilatation. 

Another  valuable  prognostic  feature  is  found  in  the 
way  in  which  the  heart  responds  to  the  exhibition  of 
digitalis  and  similar  drugs.  The  beneficial  action  of 
digitalis  in  heart  affections  is  in  large  part  due  to  its 
influence  on  cardiac  tone.  When,  then,  a  heart  that 
is  dilated  fails  to  respond  satisfactorily  to  digitalis, 
the  outlook  becomes  correspondingly  more  serious. 
Especially  is  this  the  case  in  those  forms  associated 
with  marked  arteriosclerosis. 

Treatment. — Dilatation  of  the  heart  being  prac- 
tically never  primary,  treatment  should  be  instituted 
always  with  reference  to  the  underlying  condition. 
Those  cases  occurring  in  the  course  of  or  as  sequela;  to 
the  acute  infections  must  be  treated  on  their  merits. 
Prolonged  rest  in  bed,  suitable  diet,  attention  to  the 
general  well-being  of  the  patient,  must  be  insisted 
upon.  In  diphtheria  the  timely  and  judicious  use  of 
antitoxin  will  do  much  to  forestall  the  occurrence  of 
dilatation.  Where  dilatation  supervenes  during  the 
febrile  stage  of  an  acute  illness,  drugs  are  of  little 
value.  There  is  some  little  difference  of  opinion  as  to 
the  usefulness  of  digitalis  in  these  cases.     Some  phy- 
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sicians  use  it  but,  personally,  I  have  never  observed 
any  positive  benefit  from  it.  Probably,  the  best  line 
of  treatment  is  to  save  the  heart  from  all  unnecessary 
strain,  eliminate  the  offending  toxins,  and  support  the 
patient's  strength.  Later,  if  the  condition  improves, 
graduated  exercises,  to  increase  the  heart's  vigor, 
will  be  in  order. 

Those  cases  due  to  anemia  should  be  treated  by  iron, 
arsenic,  and  tonics  generally. 

Dilatation  coming  on  acutely,  and  evidenced  by 
gallop  rhythm,  urgent  dyspnea,  and  lividity,  is  best 
combatted  by  venesection.  The  timely  abstraction 
of  twenty  to  thirty  ounces  of  blood,  according  to 
circumstances,  may  save  life.  At  the  same  time  one 
should  exhibit  digitalis  or  strophanthus  in  some  of 
their  more  active  and  readily  absorbed  forms.  The 
tincture  of  digitalis  and  the  infusion  are  too  slow  in 
their  action  to  be  relied  on  in  an  emergency.  The 
intramuscular  injection  of  1  c.  c.  of  digalen,  re- 
peated as  necessary,  gives  very  prompt  results.  In 
extremely  urgent  cases,  the  intravenous  injection  of 
strophanthin  (one  one-hundred  and  twentieth  of  a 
grain)  should  be  the  procedure  of  choice.  The  dose 
may  be  repeated,  if  required,  in  an  hour.  Care 
should  be  exercised  where  the  patient  has  been  tak- 
ing digitalis  previously,  lest  a  sudden  cumulative 
and  dangerous  effect  be  produced.  In  cases  where, 
owing  to  circumstances,  absorption  from  the  alimen- 
tary tract  is  likely  to  be  deficient,  i1  is  well  to  continue 
the  use  of  strophanthin  or  digalen  intramuscularly, 
rather  than  to  give  these  drugs  by  the  mouth.  Digi- 
talis and  its  congeners  are  extremely  valuable  in  the 
treatment  of  dilatation,  inasmuch  as  they  markedly 
improve  muscular  tonicity,  which  is  the  function 
chiefly  at  fault.  Secondarily,  by  thus  improving  the 
propulsive  force  of  the  heart  and  slowing  its  action 
they  promote  its  nutrition  and  render  the  general 
circulation  more  effective.  The  dilatation  occurring 
in  connection  with  chronic  valvular  lesions,  notably 
in  rheumatic  hearts,  is  particularly  amenable  to  the 
action  of  digitalis.  Even  in  aortic  insufficiency, 
where,  theoretically,  this  drug  is  contraindicated,  it 
should  be  tried.  So  long,  and  only  so  long,  as  dilata- 
tion is  in  excess  should  it  be  exhibited,  and  in  many 
cases  a  certain  amount  of  benefit  will  be  derived. 

While,  however,  we  should  treat  energetically  the 
condition  of  dilatation  itself,  basing  our  practice  on 
scientific  principles,  the  associated  and  resultant  con- 
ditions call  frequently  for  amelioration.  Dropsy  and 
diminution  in  the  excretion  of  urine  call  for  digitalis. 
The  promotion  of  diuresis  is,  in  my  opinion,  the  most 
satisfactory  form  of  treatment.  The  old-fashioned 
Guy's  pill  (one  grain  each  of  powdered  digitalis 
leaves,  squill,  and  blue  mass)  often  works  like  magic. 
Under  its  influence  I  have  seen  an  enormous  ascites 
disappear  within  a  week,  with  concomitant  improve- 
ment in  the  pulse,  respiration,  and  the  patient's 
general  condition.  When  digitalis  fails,  diuretin  may 
succeed.  Failing  this,  theocin-sodium  acetate  should 
be  tried.  It  sometimes  works  extremely  well.  Atten- 
tion should  be  directed  to  keeping  the  bowels  well 
emptied.  Occasionally,  when  drugs  are  unavailing, 
a  change  of  posture,  as,  say,  a  return  to  bed,  may  In' 
sufficient  to  reestablish  the  activity  of  the  kidneys. 
The  French  school  of  physicians  has  pointed  out  that 
retention  of  the  chlorides  in  the  tissue  is  often  asso- 
ciated with  edema.  There  can  be  no  doubt  that  a 
judicious  restriction  of  the  intake  of  the  chlorides  in 
the  food,  notably  in  the  particular  of  common  salt, 
will  hasten  the  disappearance  of  a  dropsy. 

Anasarca,  if  not  too  extreme,  may  be  benefited  by 
massage,  but  it  should  be  gentle.  Swollen  legs  may 
be  bandaged.  Effusion  of  any  size  into  the  abdominal 
or  pleural  cavities  may  often  be  tapped  with  propriety 
and  great  comfort  to  the  sufferer.  This  may  need  to 
be  repeated.  In  extreme  cases  of  edema  of  the  legs, 
blisters  may  form,  and.  as  the  circulation  is  poor  and 
the  resisting  power  of  the  tissues  low,  great  care  must 


be  taken  to  prevent  infection.  I  have  even  seen 
gangrene  of  the  skin  supervene  in  these  cases.  This 
danger  of  infection  is  the  great  objection  to  the 
employment  of  multiple  incisions  or  I  lie  insertion  of 
Southey's  tubes,  which  some  advocate,  (hough  doubt- 
less a  large  amount  of  fluid  may  be  eliminated  by 
these  measures. 

As  the  case  improves  and  the  heart's  action  becomes 
stronger,  (he  dropsy  may  entirely  pass  away.  Only 
a  certain  amount  ot  edema  of  the  lungs  may  remain 
Here,  breathing  exercises,  judiciously  employed,  will 
be  of  great  benefit.  The  patient  should  sit  upright 
and  breathe  slowly  and  deeply.  At  first  this  should 
only  be  attempted  for  a  few  minutes  but  if  well 
tolerated  the  time  should  be  cautiously  increased 
until  the  exercises  can  be  carried  out  every  two  or 
three  hours  during  the  day. 

Dyspnea  will  be  benefited  by  the  employment  of 
the  measures  already  detailed,  but  when  extreme  and 
distressing  should  be  treated  by  morphine  hypoder- 
mically.  This  drug  frequently  is  the  only  thing  to 
give  relief.  It  should  be  used  cautiously  should  much 
pulmonary  edema  or  bronchitis  exist. 

Albert  George  Nicholls. 

Heart,  Displacements  of  the. — Before  one  can 
arrive  at  a  clear  understanding  of  the  subject  of 
displacements  of  the  heart  it  is  necessary  first  to 
determine  what  is  the  normal  position  of  that  organ 
within  the  thorax;  then,  what  are  the  factors  which 
may  exert  a  propelling  force  upon  it;  and  finally,  what 
controls  the  direction  of  its  movement. 

The  position  and  outlines  of  the  heart  cannot  always 
be  accurately  mapped  out  by  percussion,  and  the  most 
exact  information  is  to  be  obtained  by  observations 
in  suitable  cases  on  the  cadaver,  and,  above  all,  from 
carefully  prepared  skiagrams.  The  heart  occupies  the 
middle  mediastinum  and,  in  a  general  way,  may  be 
said  to  lie  in  the  central  portion  of  the  thorax,  close 
behind  the  sternum,  about  two-thirds  of  the  organ 
being  to  the  left  of  the  median  line  of  the  body.  The 
upper  border,  composed  of  the  two  auricles  and  the 
roots  of  the  great  vessels,  reaches  as  high  as  the  second 
intercostal  space.  The  right  border,  consisting  al- 
most entirely  of  right  auricle,  can  be  indicated  by  a 
curved  line  drawn  with  its  convexity  to  the  right,  begin- 
ning at  a  point  slightly  above  the  junction  of  the  right 
third  rib  with  the  sternum  and  ending  at  the  junction 
of  the  seventh  rib  with  the  sternum.  The 'maximum 
degree  of  curvature  is  found  at  a  point  about  one  inch 
to  the  right  of  the  right  edge  of  the  sternum.  The 
lower  border,  chiefly  right  ventricle,  passes  from  the 
seventh  right  costosternal  junction  to  the  apex,  a 
variable  point,  usually,  however,  in  the  fifth  left 
intercostal  space,  one-half  inch  inside  the  nipple  line. 
The  left  border,  almost  wholly  left  ventricle,  runs 
from  the  apex  to  about  the  left  third  costochondral 
junction  with  the  convexity  of  line  to  the  left.  The 
long  axis  of  the  heart  is  directed  to  the  left,  somewhat 
downward,  and  slightly  forward.  The  portion  of 
the  heart  to  be  viewed  from  the  front  is  almost  en- 
tirely the  right  side,  there  being  only  a  small  strip  of 
the  left  ventricle  and  the  tip  of  the  left  auricle  at  the 
extreme  left.  The  right  border  reaches  a  point  on  an 
average  4.3  centimeters  to  the  right  of  the  mid-sternal 
line,  and  the  left  border,  8.9  centimeters  to  the  left  of 
it. 

The  above  statements  are  true  of  the  heart  as  in 
the  majority  of  normal  mature  persons.  Some  slight 
deviations  from  this  norm,  of  a  physiological  character, 
are  occasionally  met  with.  Thus,  one  of  the  most 
important  landmarks,  the  apex  is  not  infrequently 
found  in  children  to  be  in  the  fourth  interspace  in  the 
mamillary  line  or  even  outside  of  it.  In  the  aged  the 
apex  may  be  in  the  sixth  interspace.  And,  a  certain 
amount  of  movement  (from  one  to  three  centimeters) 
of  the  whole  heart  to  right  or  left  occurs  when  the  in- 
dividual   reclines    on    the    corresponding    side.     The 
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movements  incident  to  respiration  also  result  in  certain 
trifling  movements  of  the  organ. 

The  pathological  displacements  of  the  heart  are  to 
he  divided  into  two  groups,  the  congenital  and  the 
acquired.  The  former  are  of  so  little  practical  im- 
portance that  they  may  be  dismissed  with  a  word  or 
two.  In  the  condition  known  as  complete  trans- 
position of  the  viscera  the  heart,  and  stomach  lie  on 
the  right  side  of  the  body  and  the  liver  on  the  left. 
Here  the  apex  beat  is  in  the  righl  tilth  interspace  and 
the  closure  of  the  aortic  valves  is  heard  on  the  Left  side 
instead  of  on  the  right.  Much  rarer  is  the  condition 
in  which  the  heart  only  is  reversed,  the  aorta  being 
given  off  from  the  right  ventricle  and  the  pulmonary 
artery  from  the  left.  Occasionally,  the  heart  is  not 
situated  within  the  thorax  at  all.  Thus,  it  may  be 
found  high  up  in  the  neck — ectopia  cervicalis;  beneath 
the  skin  of  the  thorax,  presenting  through  a  cleft  in 
the  sternum — ectopia  thoracalis;  or  it  may  enter  the 
abdomen  through  a  defect  in  the  diaphragm — ectopia 
abdominalis. 

It  should  be  observed  that  the  heart  lies  within  a 
sac,  the  pericardium,  which  is  anchored  more  or  less 
firmly  above  to  the  great  vessels  of  the  circulation, 
below  to  the  diaphragm,  and  anteriorly  to  the  sternum 
by  loose  areolar  tissue.  The  heart  depends  from  the 
great  vessels  and  its  base,  therefore,  constitutes  a 
relatively  fixed  point,  while  the  apex  is  competent 
to  roam  more  or  less  at  large.  The  normal  position 
of  the  organ  is  maintained  also  by  the  support  afforded 
by  neighboring  structures,  the  sternum  in  front,  the 
aorta,  esophagus,  and  vertebral  column  behind,  and 
the  lungs  to  each  side.  From  the  nature  of  the  case, 
therefore,  displacements  are  more  apt  to  take  place 
laterally,  and  to  be  of  wider  excursion,  than  to  occur 
in  an  anteroposterior  direction.  Owing  to  the  fact, 
too,  that  the  base  is  more  fixed  than  the  apex,  move- 
ments of  the  heart  are  almost  invariably  compounded 
of  a  movement  in  a  lateral  or  anteroposterior  plane 
with  a  rotary  one  about  an  anteroposterior  axis. 

Etiology. — Displacement  of  the  heart  being  entirely 
a  mechanical  affair  is  to  be  explained  on  mechanical 
principles.  The  direction  of  the  movement  tends  to 
follow  the  line  of  least  resistance.  Final  analysis 
will  show  that  the  line  of  progression  and  its  extent 
is  the  resultant  of  the  various  forces  brought  to  bear 
upon  the  heart,  in  the  main,  the  motive  force  and  the 
resisting  force. 

The  motive  power  may  be  conveniently  and  suffi- 
ciently accurately  regarded  as  including  two  orders 
of  causes — those  that  exert  pressure,  and  those  that 
exert  traction  on  the  heart.  In  the  first  case  the  organ 
may  be  pushed  out  of  place  by  fluid  effusions  in  the 
pericardium  or  pleural  cavities,  pneumothorax,  intra- 
thoracic tumors,  aneurysms,  abscesses,  emphysema 
of  the  lungs,  pneumonia,  scoliosis  and  kyphoscoliosis, 
atelectasis,  flatulent  distention  of  the  stomach  or 
bowels,  a  high  state  of  the  diaphragm,  enlargement 
of  the  liver  or  spleen,  subphrenic  abscess,  ascites,  the 
pregnant  uterus,  obesity,  tight  lacing,  abdominal 
tumors,  and  diaphragmatic  hernia .  In  the  second  case, 
practically  the  only  cause  to  be  mentioned  is  cirrhotic 
contraction  of  the  lung  with  adhesive  pleurisy  and 
mediastinopericarditis. 

The  resisting  forces  are  (1)  the  cardiac  attachments, 
notably  the  pericardium  and  the  great  vessels  at  the 
base;  (2)  the  weight  of  the  heart  itself,  and  (3)  the 
density    and    elasticity    of    neighboring    structures. 

The  pericardial  attachments  are  of  such  a  character 
as  to  restrain  to  a  considerable  degree  displacements 
of  the  heart  as  a  whole,  while  interfering  much  less 
with  the  rotation  of  the  organ  upon  its  relatively  fixed 
point,  the  base. 

The  weight  of  the  heart  is  of  but  little  practical 
importance.  At  most,  in  cases  of  hypertrophy,  may 
it  lead  to  an  exaggeration  of  the  normal  displacement 
produced  by  the  lateral  decubitus. 

70 


The  character  of  adjacent  structures  plays  a  greater 
role,  more  especially  in  limiting  the  extern  of  the  move- 
ment and,  to  some  extent,  guiding  its  direction. 
Pleural,  pleuropericardial,  and  mediastinopericardial 
adhesions,  for  example,  may  be.  of  such  a  nature  as 
greatly  to  limit  a  displacement  which  otherwise 
would  be  much  greater.  The  bony  thorax  pre  i 
a  notable  barrier  to  the  movement  of  the  he.-,rt  ante- 
riorly or  posteriorly.  The  interplay  of  these  various 
factors  leads  to  two  orders  of  displacement,  that  of 
movement  of  the  heart  and  middle  mediastinum  as  a 
whole,  and  that  of  rotation.  Not  infrequently  both 
are  combined.  Rotation  is  usually  about  the  long 
axis  of  the  heart,  or  a  fixed  point  at  the  base. 

Varieties  of  Displacement. — (1)  The  heart,  peri- 
cardium, and  great  vessels,  that  is  to  say,  the  whole 
middle  mediastinum  may  be  abnormally  movable  in 
all  directions — cor  mobile;  [2)  displacement  may  take 
place  laterally,  to  right  or  left;  C-i)  upward;  (4) 
downward;  (5)  anteriorly;  (6)  posteriorly.  To  take 
up  these  different  forms  in  more  detail: 

1.  Movable  heart  is  more  common  in  men  than 
women,  and  is  usually,  though  not  invariably,  asso- 
ciated with  hepatoptosis.  On  posturing  the  patient, 
a  lateral  movability  may  be  demonstrated,  amounting 
to  from  four  to  seven  centimeters.  Generally,  the 
cases  are  met  with  in  those  who  are  emaciated,  prob- 
ably because  disappearance  of  the  mediastinal  and 
omental  fat  leads  to  an  increased  laxity  of  the  attach- 
ments. 

Lateral  displacements  are  of  the  most  frequent 
occurrence  and  of  the  most  extreme  degree.  Right 
lateral  displacement  is  more  easily  recognized  than  is 
the  left  lateral  form.  The  apex  being  the  most  mov- 
able portion  of  the  heart  is  disproportionately  dis- 
located  in  these  cases.  In  right  lateral  displacement 
the  apex  is  depressed  but  never  to  the  extent  that  it 
occupies  a  position  external  to  the  base.  In  left-sided 
displacement  the  apex  is  considerably  elevated,  so 
that  the  long  axis  of  the  heart  is  almost  if  not  quite 
horizontal. 

Left  lateral  displacement,  wdiich  is  the  most  common 
form,  is  produced  by  collections  of  fluid  in  the  right 
pleural  cavity,  solid  enlargements  of  the  right  lung 
or  right  lobe  of  the  liver,  tropical  abscess  of  the  liver, 
extensive  subdiaphragmatic  abscesses,  and  contraction 
of  the  left  lung.  Displacement  to  the  right  is  due  to 
left-sided  pleural  effusions,  tumors  of  the  left  side  of 
the  chest,  and  fibroid  contraction  of  the  right  lung. 

Upward  displacement  in  general  is  attributable  to  a 
high  position  of  the  diaphragm.  This  may  be  caused 
by  obesity,  flatulency,  pregnancy,  ascites,  tight  lacing, 
ovarian  cysts,  large  fibroids  of  the  uterus,  pericardial 
effusion,  and  enlargement  of  the  liver  or  spleen. 
Enlargement  of  the  liver,  from  whatever  cause,  if  of 
sufficient  degree,  will  raise  the  heart  upward  and  push 
it  toward  the  left.  A  large  spleen  will  force  it  upward 
and  to  the  right.  Pericarditis  lifts  the  apex  upward 
so  that  the  long  axis  of  the  heart  becomes  more 
horizontal. 

A  loir  position  of  the  heart  (bathycardia)  is  most 
frequently  due  to  a  low  position  of  the  diaphragm, 
such  as  may  be  caused  by  hepatoptosis,  a  congenitally 
prolapsed  liver,  enteroptosis,  and  emphysema  of  the 
lungs.  In  all  these  cases  the  arch  of  the  diaphragm 
is  somewhat  flattened.  Occasionally,  the  condition 
is  found  in  persons  who  have  long  flat  chests.  Here, 
although  the  diaphragm  is  low  it  is  well  arched.  The 
downward  movement  of  the  heart  is  limited  by  the 
position  of  the  diaphragm  and  the  extensibility  of  the 
structures  at  the  base  of  the  heart.  As  a  result  of 
tin'  elongation  of  the  thoracic  cavity  the  heart  hangs 
free  above  the  diaphragm  (hanging  or  dropping  heart). 

From  the  nature  of  the  case,  displacement  forward 
is  somewhat  uncommon  and  limited  in  degree.  In 
young  people,  in  whom  the  ribs  are  pliable  and  yield- 
ing, the  heart  may  be  pushed  forward  by  tumors  or 
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cvsta  of  the  posterior  mediastinum.  Cardiac  hyper- 
trophy may  also  lead  to  btil^inK  of  the  precordium. 

liiu'kirard  displticinurtt  is  visually  associated  with 
other  tonus  of  dislocation.  In  certain  individuals  the 
heart  is  normally  placed  more  deeply  than  it  is  cus- 
tomary to  find  it . 

Morbid  Anatomy. — The  conditions  found  post- 
mortem naturally  vary  considerably  with  the  etio- 
logical   factor   at   work.     In   addition    to   the   emeu 

ciiusnns,  pleural  cITusion,  adhesions,  tumor,  aneurysm, 
or  what  not,  the  heart  is  found  in  an  abnormal 
position  or  its  axes  arc  disturbed.  The  pericardium 
is  stretched  or,  it  may  be,  displaced  bodily  with  the 
heart.  Where  the  pericardium  and  heart  have  be- 
come adherent,  and  the  former  is  attached  to  t  hi'  pleura 
or  body-wall,  the  heart  may  be  firmly  fixed  in  its 
abnormal  situation.  The  great  vessels  at  Hie  base 
of  the  heart  and  at  the  root  of  the  neck  arc  pulled  upon 
and  twisted,  according  to  the  direction  and  degree  of 
t  he  cardiac  displacement.  This  will  induce  structural 
changes  in  the  vessel  walls,  and  an  obstruction  to  the 
onflow  of  blood  which  reacts  upon  the  heart  itself. 
Hypertrophy  and  dilatation  of  that  organ  are  not 
uncommonly  found.  Compression  of  the  cardiac 
walls,  resulting  in  a  notable  disturbance  of  function, 
may  bo  the  most  important  finding. 

Pathological  Physiology. — Whether  the  function 
of  the  heart  is  greatly  disturbed  or  not  in  eases  of 
displacement  depends  mainly  on  the  degree  of  integrity 
of  the  heart  muscle.  A  healthy  heart  will  be  able  to 
perform  its  duties  sufficiently  well  even  under  the 
increased  burden  imposed  by  malposition.  The  circu- 
lation is  often  surprisingly  little  interfered  with  in 
cases  where  considerable  pressure  is  exerted  upon  the 
heart,  as  in  large  pleural  effusion.  A  suddenly 
exerted  pressure  is,  of  course,  more  detrimental  than 
one  gradually  brought  about.  Nevertheless,  it  must 
be  admitted  that  in  all  cases  the  reserve  power  of  the 
organ  is  encroached  upon.  Where  dislocation  is 
considerable  and  continued  for  years,  as  we  have  seen 
in  certain  greatly  deformed  humpbacks,  hypertrophy 
followed  by  dilatation  and  loss  of  compensation  will 
eventually  result.  Where  the  heart  muscle  is  dis- 
eased, as  from  fatty  degeneration  or  fibrosis,  or  where 
the  cavities  arc  dilated,  heart  failure  will  set  in  sooner. 
Under  such  circumstances  a  suddenly  exerted  pressure 
may  lead  to  alarming  or  even  fatal  syncope.  Where 
gradual  heart  failure  supervenes  in  cases  of  displace- 
ment its  secondary  results  are  similar  to  those  found 
as  a  result  of  other  causes. 

Symptoms. — When  dislocation  is  brought  about 
gradually  and  is  not  excessive  in  degree,  few  or  no 
symptoms  of  moment  may  result.  If,  however,  the 
condition  is  suddenly  induced,  the  displacement  is 
extreme,  or  the  heart  is  previously  weak,  great  distress 
may  result.  There  are  precordial  oppression,  more  or 
less  pain  of  an  anginoid  character,  palpitation,  and 
respiratory  difficulty.  The  face  may  be  pale  or 
cyanot  ic.  Syncope  and  even  death  may  result  in  cases 
of  previously  damaged  hearts  where  compression  is 
exerted  suddenly.  In  stout  or  plethoric  individuals, 
sudden  gaseous  distention  of  the  stomach  or  bowels 
is  particularly  dangerous. 

Physical  Signs. — The  most  obvious  signs  of  cardiac 
displacement  are,  alteration  in  the  position  of  the 
cardiac  dullness,  and  a  change  in  the  location  and 
character  of  the  apex  beat.  Owing  to  the  fact  that 
the  apex  is  more  freely  movable  than  is  the  base,  the 
point  of  maximum  intensity  of  the  first  sound  of  the 
heart  is  usually  much  more  displaced  than  that  of 
the  second.  Where  the  heart  is  dragged  out  of  posi- 
tion of  adhesions,  the  area  that  should  normally  be 
occupied  by  cardiac  dullness  may  be  more  or  less 
resonant,  owing  to  the  encroachment  of  the  opposite 
lung.  Where,  however,  the  heart  is  pushed  over  by 
a  solid  infiltration  of  lung  or  pleura,  or  by  pleural 


fluid,  the  normal  area  of  dullness  remain-  dull.  Dis- 
placement forward  leads  to  an  increase  in  the  area  of 
cardiac  dullness,  simiet  imes  with  bulging  of  the 
precordium;  displacement  backward  causes  a  diminu- 
tion. In  upward  dislocation  the  dullness  may  extend 
to  a  higher  point  than  normal,  while  the  apex  is  dis- 
placed upward  and  to  the  left.  When  the  heart  is 
in  contact  with  a  solid  mass,  as,  for  example,  in  cancer 
of  the  lung  or  pleura,  the  sounds  are  carried  with 
considerable  distinctness  over  tin;  area  of  dullness. 
In  pericardial  effusion  and  in  deep  position  of  the  heart, 
the  sounds  are  weak.  In  displacement  to  the  right 
a  systolic  murmur  may  often  be  detected,  attributable 
to  kinking  of  the  great  vessels.  In  displacement 
downward  the  heart  sounds  are  heard  best  in  the  epi- 
gastric region  and  over  the  left  lower  ribs.  Should  the 
heart  be  pushed  forward  or  rotated  in  such  a  way  that 
a  greater  proportion  of  its  surface  comes  in  contact 
with  the  thoracic  wall,  the  area  of  pulsation  may  be 
greatly  increased. 

Diagnosis. — Diagnosis  is  usually  easy.  The  most 
important  points  are:  the  change  in  position  of  the 
cardiac  dullness,  the  appearance  of  pulsation  in  un- 
usual places,  the  lack  of  apex  beat  in  the  proper  site, 
the  alteration  of  the  cardiac  sounds  in  situation  and 
character.  The  condition  is  made  more  certain  if 
an  apparent  displacement  is  found  to  progress  in  a 
definite  direction  from  clay  to  day.  A  careful  observer 
can  hardly  mistake  any  other  condition  for  cardiac 
displacement. 

Prognosis. — Displacement  of  the  heart  in  itself  is 
rarely  serious,  save  in  the  case  where  it  is  induced 
suddenly  and  the  integrity  of  the  heart  is  already 
compromised.  Death  may  then  result  suddenly.  As 
a  rule  the  disability  is  of  temporary  duration  and  of 
trifling  character.  When  the  heart  becomes  fixed 
in  an  abnormal  position  the  outlook  is  not  so  favorable 
as  when  it  returns  to  its  former  place.  Hypertrophy, 
dilatation,  and  eventually  loss  of  compensation,  may 
occur  in  aggravated  cases.  Displacements  due  to 
pleural  or  pericardial  effusions  are  relatively  favorable. 
Those  due  to  intrathoracic  growths  are  unfavorable. 
In  general,  it  may  be  said  that  the  prognosis  depends 
largely  on  the  gravity  or  otherwise  of  the  inducing 
cause. 

Treatment. — The  treatment  resolves  itself  into 
that  of  the  primary  cause.  Should  the  heart  be 
greatly  displaced  from  the  pressure  of  fluid,  to  the 
extent  of  causing  marked  dyspnea  and  palpitation, 
the  fluid  should  be  removed  by  aspiration.  This 
should  be  clone  slowly  and  the  whole  amount  should 
not  be  removed  at  one  sitting.  This  procedure  is 
indicated  not  only  for  the  mitigation  of  the  distress, 
but  to  prevent  the  possible  fixation  of  the  heart  in  an 
abnormal  position.  In  the  traction  cases,  and  those 
due  to  malignant  growths,  there  is  nothing  to  be  done. 
Displacements  downward,  when  associated  with 
visceroptosis,  may  be  relieved  by  the  application  of  a 
suitable  abdominal  supporter.  A.  G.  Nicholls. 

Heart,  Endocarditis. — See  Endocarditis. 

Heart,  Fatty  Degeneration  of  the. — Fatty- 
degeneration  of  the  heart  muscle  is  a  retrograde 
change  characterized  by  the  presence  of  minute  fat 
droplets  within  the  muscle  protoplasm.  It  is  distin- 
guished from  fatty  infiltration,  in  that  in  the  latter 
process  the  fat  is  a  labile  fat  deposited  in  connective- 
tissue  cells,  either  beneath  the  pericardium  or  be- 
tween the  muscle  fibers.  The  term  fatty  heart  is 
often  used  as  a  designation  for  both  fatty  degenera- 
tion and  infiltration,  but  it  should  be  applied  to  the 
latter  condition  only.  It  should  be  emphasized 
that  the  essential  difference  between  these  two 
conditions  is,  that  in  fatty  degeneration  the  fat  is  in 
the  degenerating  muscle  cell,  in  part  taken  up  from 
I   the  blood   and   in  part   arising   from   the   combined 
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invisible  cell-parts;  while  in  fatty  infiltration  the  fat  is 
in  connective-tissue  cells,  deposited  there  from  the 
blood.  Normal  hearts  contain  about  15.4  per  cent, 
of  lipins;  in  hearts  that  show  fatty  degeneration  tin- 
amount  is  increased  to  about  20.7  per  cent.,  showing 
that  fat  is  taken  up  by  the  degenerating  muscle  from 
the  blood.  The  fats  in  fatty  degeneration  of  the 
myocardium  are  chiefly  neutral  fats. 

Gross  Appearances. — Severe  degrees  of  fatty  de- 
generation may  exist  without  recognizable  changes 
in  the  appearance  of  the  heart.  The  naked-eye 
diagnosis  of  this  condition  is  in  many  cases  difficult 
and  uncertain.  When  the  process  is  extreme  the 
heart  muscle  becomes  diffusely  cloudy,  yellowish  in 
color,  and  of  softer  consistence;  it  may  have  a  fat  t  \ 
shine  or  give  a  fatty  smear.  The  condition  may 
be  diffused  or  localized  to  certain  areas.  The  latter 
form  is  the  more  readily  diagnosed,  inasmuch  as  the 
heart  muscle  so  affected  presents  a  peculiar  mottling 
of  red  and  yellow,  occasionally  disposed  in  the  form 
<if  transverse  stripes  or  broken  bars,  the  so-called 
"tiger-heart."  This  appearance  is  best  seen  on  the 
endocardial  surface  of  the  left  ventricle,  particularly 
in  the  papillary  muscles.  In  the  majority  of  cases 
the  degeneration  is  most  marked  in  the  trabecular  of 
the  wall  of  the  Nit  ventricle  near  the  apex;  the 
septum,  right  ventricle  ami  auricles  being  affected 
in  degree  according  to  the  order  given.  In  the  left 
ventricle  the  papillary  muscles  and  trabecuhe 
usually  show  the  most  severe  change,  and  in  some 
cases  "the  process  may  be  sharply  localized  to  these, 
the  yellowish  color  of  the  papillary  muscles  standing 
out  in  sharp  contrast  to  the  normal  brownish-red  of 
the  remainder  of  the  heart  wall.  The  heart  is 
usually  increased  in  size  without  a  corresponding 
increase  of  weight.  Dilatation  of  greater  or  less 
degree  occurs,  and  the  organ  as  a  whole  is  flabby, 
flattening  when  laid  upon  the  table.  On  section 
into  the  muscle  the  color  change  may  affect  the  wall 
uniformly  throughout,  but  more  often  it  is  found  in 
streaks  and  patches  of  varying  form,  size,  and  dis- 
tribution. The  discolored  muscle  is  more  opaque 
than  normal,  cloudy,  easily  torn,  and  gives  a  fatty 
smear  to  a  warm  knife.  In  very  extreme  cases  the 
degeneration  may  be  so  severe  in  sharply  outlined 
areas  as  to  present  an  appearance  closely  resembling 
that  of  an  abscess.  It  must  be  remembered  that  fatty 
degeneration  of  the  heart  muscle  rarely  exists  alone, 
but  is  usually  associated  with  cloudy  swelling,  atrophy, 
anemia,  etc.,  all  of  which  processes  complicate  the 
diagnosis  from  the  gross  appearances. 

Microscopical  Appearances. — The  diagnosis  of 
fatty  degeneration  in  many  cases  can  be  made  only 
on  microscopical  examination.  This  should  always 
be  done  with  the  fresh  tissue  when  possible,  inasmuch 
as  the  processes  of  fixation  and  hardening  often 
completely  destroy  the  appearances  of  the  degenera- 
tion by  the  removal  of  the  fat-droplets  and  the 
contraction  of  the  tissue.  Fixation  of  the  muscle  in 
osmic  acid  or  Flemming's  solution  will  obviate  this 
danger.  Slight  degrees  of  fatty  change  are,  however, 
always  best  brought  out  by  trie  treatment  of  freshly 
teased  muscle  with  osmic  acid  or  by  staining  with 
Sudan  III  or  Scharlach  R.  The  affected  muscle 
fibers  are  found  to  contain  minute  fat-droplets 
arranged  in  rows  between  the  masses  of  interfibrillary 
sarcoplasm,  beginning  about  the  nucleus  and  extend- 
ing linearly  toward  the  ends  of  the  fibers.  In  the 
early  stages  the  transverse  striations  are  usually  not 
affected,  but  in  severe  degrees  of  the' change  they 
gradually  disappear,  first  at  the  fiber-ends  and  then 
toward  the  nuclei.  The  staining  power  of  the  nucleus 
is  always  affected;  in  extreme  degrees  the  nuclei 
may  be  entirely  lost.  The  changes  are  usually  most 
marked  in  the  fibers  lying  just  beneath  the  endo- 
and  pericardium,  the  endocardium  itself  being  rarely 
affected.      In   the  acute  forms  of  fatty  degeneration 
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cloudy  swelling,  segmentation,  and  fragmentation, 
etc.,  are  usually  found  in  association  with  the  fatty 
change;  in  the  chronic  cases  atrophy  of  the  fibers, 
both  simple  and  pigment,  with  increase  of  the 
interstitial  connective  tissue,  is  present. 

Etiology. — The  causes  of  fatty  degeneration  of  the 
heart  are  both  local  and  general.  Of  the  former  dis- 
turbed  nutrition  resulting  from  sclerosis  or  obstruction 

of  the  coronary  arteries  is  the  most  common  and  im- 
portant cause.  Fatty  degeneration  of  the  muscle  may 
also  be  caused  by  disturbances  of  nutrition  secondary 
to  myocarditis,  can  I  me  abscess,  pericarditis,  and  endo- 
carditis.  In  pericarditis  the  degeneration  may  be 
confined  to  the  layer  of  muscle  immediately  beneath 
the  epicardium. 

The  two  great  general  causes  of  this  degeneration 
are  anemia  and  intoxication.  It  is  of  common  occur- 
rence in  pernicious  anemia,  chlorosis,  leukemia,  and 
all  forms  of  secondary  anemia.  It  occurs  after  long- 
continued  or  frequently  repeated  hemorrhage  (( 
taxis,  hemoptysis,  hematemesis,  menorrhagia,  metror- 
rhagia, hemorrhage  from  the  intestines,  hematuria, 
etc.).  It  has  been  observed  after  venesection. 
Fatty  degeneration  is  also  commonly  associated  with 
the  cachectic  anemias,  of  chronic  suppuration,  chronic 
diarrheas,  syphilis,  tuberculosis,  malaria,  malignant 
growths,  etc.  In  all  of  these  conditions  the  systemic 
intoxication  is  to  be  regarded  also  as  a  possible  factor 
in  the  production  of  the  condition.  Focal  fatty 
degenerations  of  the  heart  muscle  can  be  caused  by 
the  localization  of  colonies  of  Spirocheta  pallida  in  the 
myocardium.  As  has  been  shown  by  the  writer  the 
parasites  of  syphilis  may  exist  in  the  myocardium 
without  producing  other  lesions  than  a  fatty  degener- 
ation. Deficient  oxygenation  due  to  cardiac  insuffi- 
ciency, valvular  lesions,  emphysema,  fibroid  pneu- 
monia, etc.,  also  causes  fatty  change  of  the  heart 
muscle.  The  relation  of  fatty  degeneration  to 
cardiac  insufficiency  is  not  entirely  clear;  the  con- 
dition is  almost  always  present  in  the  failure  of  com- 
pensation of  the  hypertrophied  heart  in  chronic  val- 
vular disease,  and  while  it  is  usually  regarded  as  being 
the  cause  it  is  also  possible  that  it  may  be  the  result  of 
the  cardiac  insufficiency. 

Extreme  fatty  degeneration  of  the  cardiac  muscle 
occurs  in  poisoning  with  phosphorus,  arsenic,  anti- 
mony, chloroform,  etc.  It  may  also  occur  to  an 
extensive  degree  in  the  acute  infectious  diseases, 
especially  in  typhus  and  typhoid  fevers,  recurrent 
fever,  scarlet  fever,  diphtheria,  pneumonia,  puerperal 
fever,  pyemia,  etc.  Elevation  of  the  body  tempera- 
ture causes  fatty  degeneration  of  the  heart  muscle. 
In  acute  yellow  atrophy  of  the  liver  and  in  puerperal 
eclampsia  the  fatty  degeneration  of  the  heart  may 
be  so  marked  as  to  resemble  that  seen  in  phosphorus 
poisoning.  In  the  infectious  diseases  the  fatty  change 
is  to  be  attributed  chiefly  to  the  action  of  the  poisons 
produced  in  these  conditions,  but  the  effect  of  the 
increased  temperature  of  the  body  must  also  be  re- 
garded as  an  important  factor.  Long-continued 
mercurial  inunctions,  iodoform  and  chloroform  poison- 
ing, morphinism,  the  camphor  habit,  the  long-con- 
tinued use  of  dilute  mineral  acids  in  beverages,  or  as 
adulterants  of  vinegar,  mushroom  poisoning,  etc.,  are 
among  the  many  other  supposed  factors  of  fatty 
degeneration  of  the  myocardium.  Cardiac  dilatation 
associated  with  fatty  degeneration  of  the  myocardium 
is  often  the  only  cause  of  death  found  in  patients  who 
die  after  major  surgical  operations,  particularly 
laparotomy.  In  the  later  stages  of  chronic  nephritis 
and  gout  there  is  almost  always  present  extensive  fatty 
change  in  the  heart,  resulting  partly  from  the  general 
cachexia  and  anemia,  and  partly  from  sclerotic 
changes  in  the  coronary  vessels.  The  habitual  use  of 
alcohol  is  one  of  the  most  important  causes  of  slowly 
progressive  fatty  degeneration  of  the  myocardium. 
The   condition  is  found  particularly   in  the  case  of 
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habitual  beer  drinkers.  The  condition  is  of  very 
frequent  occurrence  among  the  lower  classes  in  Ger- 
many and  Austria  with  whom  beer  forms  a  very 
important  part  of  the  daily  diet.  In  France  the  use 
of  dilute  mineral  acids  in  some  of  the  beverages 
consumed  by  the  lower  classes  is  said  to  be  an  im- 
portant factor  in  I  lie  production  of  fall)   J meration. 

High  living,  over-eating,  lack  of  exercise  as  well  as 
excessive  muscular  activity  are  regarded  as  either  pri- 
mary or  predisposing  factors  to  cardiac  degeneration. 
Idiopathic  hypertrophy  is  practically  always  fol- 
lowed by  fatty  degeneration.  Cardiac  over-strain  in 
laborers,  athletes,  etc.,  is  another  very  important 
etiological  factor.  A  slight  amount  of  fatty  change  in 
the  senile  heart  is  to  be  regarded  as  physiological. 
The  pathological  fatty  degeneration  of  the  heart  due 
to  anemia  or  cachexia,  is  found  more  frequently  in 
women  than  in  males;  that  due  to  coronary  sclerosis, 
alcoholism,  etc.,  much  more  frequently  in  males. 
The  majority  of  the  cases  are  in  individuals  pasl  fifty 
years  of  age.  Cardiac  fatty  degeneration  occurring 
in  young  individuals  is  almost  always  due  to  intoxi- 
cation or  infection. 

Medicolegal  Importance. — The  importance  of 
fatty  degeneration  as  a  cause  of  death  from  acute 
cardiac  dilatation  has  not  been  sufficiently  recognized. 
A  degeneration  sufficient  to  cause  death  may  be  missed 
if  the  microscopic  examination  of  the  heart  muscle  is 
made  only  in  fixed  preparations.  In  all  cases  in 
which  the  cause  of  death  is  important  the  examination 
of  the  heart  muscle  in  the  fresh  state  should  be  carried 
out  by  teasing  or  frozen  sections  stained  with  the  fat 
dyes. 

Symptoms. — The  symptoms  of  fatty  degeneration  do 
not  differ  from  those  of  other  forms  of  myocardial 
affections.  It  is  usually  impossible  to  differentiate 
between  fatty  and  fibroid  heart.  The  most  extreme 
degrees  of  fatty  degeneration,  as  found  in  severe 
cachexias,  pernicious  anemia,  etc.,  may  give  rise  to  no 
symptoms  if  cardiac  dilatation  has  not  taken  place. 
It  is  the  latter  condition  which  produces  the  symptoms 
which  are  usually  associated  with  fatty  degeneration. 
Dyspnea,  cardiac  irregularity,  palpitation,  precordial 
distress,  vertigo,  the  so-called  pseudo-apoplectic 
attacks,  rapid  and  weak  pulse, etc.,  are  symptoms  of 
dilatation  rather  than  of  fatty  degeneration.  Very 
rarely  anginal  attacks  may  occur  without  coronary 
changes.  In  the  late  stages  Cheyne-Stokes  breathing 
may  be  present.  The  physical  signs  are  those  of 
dilatation.  Death  may  occur  from  sudden  over- 
strain or  from  slowly  developing  cardiac  insufficiency. 
In  rare  cases  aneurysmal  dilatation  of  the  cardiac 
wall  may  result  from  local  weakening  of  the  myo- 
cardium due  to  fatty  degeneration. 

Prognosis. — In  the  majority  of  cases  of  myocardial 
disease  the  prognosis  is  very  unfavorable,  especially  in 
the  slowly  developing  or  chronic  form.  Acute  de- 
generation of  mild  degree  caused  by  acute  infections  or 
poisoning  may  recover  completely';  the  more  severe 
forms  may  be  very  quickly  fatal.  Within  certain 
limits  chronic  fatty  change  of  mild  degree  does  not 
quickly  lead  to  a  fatal  issue. 

Treatment. — The  occurrence  of  fatty  degeneration 
may  be  many  times  prevented  by  careful  regulation  of 
the  daily  life.  In  suspected  cases  strict  diet  should  be 
enforced,  the  amount  and  character  of  muscular 
activity  carefully  planned,  and  the  patient  protected 
from  excitement  of  all  kinds.  Sudden  death  during 
sexual  intercourse,  straining  at  stool,  lifting,  running, 
etc.,  is  extremely  common  in  this  affection.  Alcohol 
should  be  entirely  withdrawn,  and  the  amount  of  fluid 
limited.  When  the  signs  of  dilatation  have  not  ap- 
peared digitalis  is  usually  not  advisable.  Strychnine 
and  nitroglycerin  may  be  given.  When  symptoms  of 
cardiac  insufficiency  are  present  the  treatment  should 
be  carried  out  along  the  lines  indicated  for  the  treat- 


ment of  failure  of  compensation  in  chronic  valvular 
disease.  Aldred  Scott   Wahthin. 

Heart,  Fatty  Infiltration  of  the. — Fatty  infiltra- 
tion (adipositas  cordis)  of  the  heart  is  that  condition 

in  which  the  Subepicardial  fat  alone  is  greatly  increased, 
or  in  connection  with  this  increase  there  is  also  an 
extension  of  adipose  tissue  into  the  myocardium. 
Normally  there  should  be  but  a  small  amount  of  sub- 
epicardial fat  and  this  should  be  confined  to  the  sulci 
and  grooves  along  the  superficial  coronary  vessels, 
being  greatest  in  amount  at  the  base  of  the  heart  and 

especially  in  the  auriculo-ventricular  groove,  particu- 
larly upon  the  right  side.  Over  the  greater  part  of  the 
ventricular  surfaces  in  the  active,  muscular  male  of 
early  adult  life  there  should  be  no  fat,  but  after  the 
age  of  forty,  there  is  a  physiological  increase  in  the 
amount  of  the  cardiac  panniculus.  There  are,  how- 
ever, wide  individual  variations  in  the  amount  of 
subepicardial  fat  within  apparently  normal  limits, 
depending  upon  intrinsic  peculiarities  of  metabolism, 
habits  of  life,  etc.  The  presence  of  fat  cells  between 
the  muscle  fibers  in  the  interstitial  tissue  of  the  myo- 
cardium is  under  all  circumstances  to  be  regarded 
as  pathological.  Such  an  encroachment  upon  the 
muscle  is  usually  due  to  a  direct  extension  of  adipose 
tissue  from  the  subepicardial  fat,  chiefly  along  the  lines 
of  the  arterial  branches.  Secondary  to  the  infiltra- 
tion of  adipose  tissue  there  is  an  atrophy  of  the  heart 
muscle.  In  extreme  cases  the  greater  part  of  the  myo- 
cardium may  be  replaced  by  adipose  tissue  which  may 
extend  even  to  the  endocardium.  In  some  cases  the 
deposit  of  fat  in  the  cells  of  the  interstitial  tissue  may 
be  secondary  to  a  primary  atrophy  or  degeneration 
of  the  heart  muscle,  the  formation  of  fatty  tissue  being 
of  the  nature  of  compensatory  process  (fatty  infiltra- 
tion ex  vacuo).  Two  forms  of  fatty  infiltration  may 
therefore  be  distinguished  clinically:  primary  and 
secondary  fatty  heart.  Of  these  the  first  variety  is 
by  far  the  most  common  and  important. 

In  extensive  hyperplasia  of  the  subepicardial  pan- 
niculus the  heart  is  usually  increased  in  size,  partly 
from  increased  thickness  of  its  wall,  and  partly  from  di- 
latation. The  weight  of  the  organ  may  or  may  not  be 
above  that  of  the  normal.  The  entire  heart  may  be 
encased  in  a  thick  layer  of  fat  (lipoma  capsulare  cordis, 
adipositas  cordis,  obesitas  cordis,  lipomatosis  cordis, 
fatty  overgrowth,  etc.).  The  most  extensive  de- 
posit is  found  at  the  base  of  the  ventricles 
along  the  auriculo-ventricular  groove,  in  some  cases 
having  a  distinct  lobular  arrangement.  The  heart 
muscle  may  not  be  visible  through  the  epicardium  at 
any  point.  On  section  through  the  heart  the  layer 
of  adipose  tissue  may  be  found  to  form  almost  the 
entire  thickness  of  the  wall,  the  muscle  consisting  of  a 
thin  layer  beneath  the  endocardium.  In  the  most 
extreme  cases  the  fat  may  reach  to  the  endocardium 
in  the  form  of  trabecula?  extending  along  the  intermus- 
cular septa,  gradually  diminishing  in  size  as  they  ap- 
proach the  endocardium.  On  microscopical  examina- 
tion groups  of  fat  cells  are  seen  between  the  muscle 
fibers.  The  latter  may  show  varying  stages  of  simple 
or  pigment  atrophy.  Fatty  degeneration  of  the  atro- 
phic muscle  is  not  infrequently-  present.  Serous 
atrophy  (edema)  of  the  cardiac  panniculus  is  very 
common  in  starvation,  wasting  diseases,  cachexias 
and  terminal  infections.  Following  the  rapid  re- 
moval of  the  fat  from  the  fat-cells  the  latter  partly 
collapse  and  in  part  become  distended  with  fluid 
(edema  ex  vacuo).  The  subepicardial  panniculus  in 
such  cases  loses  its  yellow  color,  becomes  translu- 
cent and  watery  or  mucoid  in  appearance. 

Fatty  infiltration  of  the  heart  may  exist  as  a  part  of 
a  general  obesity,  either  congenital  or  acquired. 
Lack  of  exercise,  overeating,  excessive  use  of  carbohy- 
drates, alcohol,  etc.,  as  well  as  excessive  water  drink- 
ing are  the  most  important  factors  in  the  production 
of  this  condition.     It   is  most  common  in  males  at 
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middle  age;  in  women  it  may  exist  as  a  part  of  general 
obesitv  associated  with  or  following  the  menopause. 
Deficient  oxygenation  from  anemia  or  from  chronic 
pulmonary  disease  also  leads  frequently  to  fatty 
Infiltration  of  the  heart.  The  condition  is  often 
found  in  the  cachexias  of  chronic  tuberculosis,  car- 
cinoma, etc.  Ii  occurs  in  the  early  stage  ol  diabetes, 
and  in  certain  forms  of  chronic  poisoning  drug 
habits,  etc.  (iodoform,  morphine,  camphor,  chloro- 
form, dilute  mineral  acids,  etc.). 

Symptoms.— A  moderate  degree  of  fatty  infiltration 
may  exist  without  signs  or  symptoms,  bul  beyond 
a  certain  limit  the  overaccumulation  of  I  at  beneath  tie' 
epicardium  or  its  infiltration  into  the  myocardium 
causes  impairment  oft  he  cardiac  function.  In  such 
cases  the  apex  beat  is  lost,  the  cardiac  impulse  is  very 
faint  or  not  present,  at  all,  the  area  of  dulness  is  in- 
creased, and  the  hearl  sounds  are  muffled.  The  pulse 
is  soft,  of  low  tension,  often  rapid  ami  irregular.  The 
affected  individual  is  stout,  with  excessive  abdominal 
panniculus,  and  usually  shows  signs  of  general  venous 
congestion.  Palpitation,  precordial  distress,  and 
dyspnea  are  produced  by  slight  exertion,  and  there 
is  a  tendency  to  excessive  sweating.  The  symptoms 
are  in  large  part  those  of  a  general  obesity  with  a  heart 
relatively  too  small.  The  urine  is  usually  increased 
in  amount,  pale  and  of  a  low  specific  gravity.  In 
an  individual  with  general  obesity  these  signs  and 
symptoms  mav  be  taken  as  certain  indications  of 
fatty  heart.  In  the  cases  of  primary  atrophy  of 
the  heart  muscle  with  secondary  fatty  infiltration  the 
differential  diagnosis  is  not  so  easily  made.  In 
these  cases  the  subcutaneous  panniculus  may  be 
irreatlv  decreased,  ami  t  he  cardiac  symptoms  obscured 
by  those  of  the  condition  causing  the  myocardial 
atrophy.  In  the  later  stages  of  fatty  infiltration  the 
symptoms  are  those  of  cardiac  dilatation,  and  the 
condition  cannot  be  diagnosed  from  other  forms  of 
myocardial  affections. 

Prognosis.— The  prognosis  on  the  whole  is  much 
more  favorable  than  in  the  case  of  fatty  degeneration. 
In  cases  of  acquired  obesity  due  to  manner  of  living  it 
is  quite  good.  In  congenital  obesity  it  is  much  less 
favorable,  and  when  secondary  to  other  disease  pro- 
cesses the  prognosis  rests  wholly  upon  that  of  the  more 
serious  condition.  It  must  be  emphasized  that  the 
individual  with  fatty  heart  cannot  meet  without  danger 
many  conditions  involving  slight  degrees  of  heart- 
strain.  Intercurrent  affections  such  as  influenza,  bron- 
chitis, pneumonia,  typhoid  fever,  etc.,  are  very  likely  to 
cause  death  through  cardiac  insufficiency.  Dilata- 
tion of  the  right  ventricle  is  not  infrequent.  An- 
esthesia (particularly  chloroform),  surgical  operations, 
excessive  fatigue,  muscular  strain,  intense  emotion, 
etc.,  are  to  be  regarded  as  dangerous  factors  in  the 
case  of  individuals  affected  with  fatty  infiltration. 
While  sudden  death  is  not  infrequent  in  this  condition 
it  is  not  nearly  so  common  as  in  the  case  of  fatty 
degeneration. 

Treatment. — In  the  cases  associated  with  obesity 
the  treatment  is  very  simple  and  if  carefully  followed 
very  successful.  The  administration  of  drugs  is  of 
secondary  importance  and  is  usually  limited  to  general 
tonics  arid  to  the  improvement  of  elimination.  The 
essential  factors  of  the  treatment  are  entirely  hygienic. 
The  diet  should  be  chiefly  nitrogenous,  fats  and  carbo- 
hydrates being  reduced  to  the  smallest  possible  propor- 
tions. The  use  of  alcohol  should  be  entirely  stopped, 
and  but  little  fluid  should  be  taken  with  the  meals. 
The  quantity  of  food  and  drink  taken  should  be  most 
carefully  regulated.  The  amount  and  character  of 
physical  exercise  taken  are  of  prime  importance  and 
should  be  most  carefully  prescribed.  The  use  of 
certain  mineral  waters  is  of  great  value  in  many 
cases  as  a  means  of  promoting  elimination.  Turkish 
baths  may  be  employed  toward  the  same  end.     In 


the  forms  of  fatty  infiltration  due  to  anemia,  etc.,  the 
treatment    is  carried   out   along  lines  depending  upon 

the  primary  disease. 
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Heart,  Functional  Diagnosis  and  General 
Therapeutics  of  the. — "There  has  seldom  prevailed 
among  scientific  physicians  such  unanimity  as  is  now 

seen  in  the  demand'  and  tendency  to  let  medicine  be 
pervaded  with  the  spirit  of  physiology."  These 
words,  more  true  now  than  when  they  were  written, 
are  from  the  introduction  to  a  thesis  published  in 
1879  bv  Dr.  Joseph  Neisser  of  Schweidnitz,  Germany. 
The  title  of  the  publication  wa  PI  siological 
Diagnosis  as  a  Basis  for  Rational  Therapeutics." 
The  conception  suggested  by  this  title  was  a  brilliant 
one  but  it  is  only  now  after  the  lapse  of  many  years 
that  we  are  beginning  to  have  the  knowledge  necessary 
to  put  it  int. j  practice,  at  least  in  so  far  as  diseases  of 
the  heart  are  concerned. 

For  the  clinical  physiology  of  the  heart  the  reader 
is  referred  to  the  writer's  article  on  Arrhythmia  in  the 
first  volume  of  this  Handbook.  We  must  never  for- 
get that  the  heart  is  essentially  a  muscle.  The 
ventricular  muscle  on  which  the  chief  burden  of  main- 
taining the  circulation  falls  has  two  predominant 
functions,  contractilitv  and  tonicity.  When  either 
of  these  functions  falls  below  par  heart  failure  or 
cardiac  insufficiency  results  and  may  be  either  abso- 
lute or  relative. 

The  symptoms  and  signs  of  heart  failure  are  numer- 
ous. Wvhile  no  single  symptom  can  be  depended  on 
alone  the  two  of  most  practical  importance  are  (1) 
shortness  of  breath  and  (2)  unpleasant  feelings  of 
pain  or  constriction  referred  to  the  precordium. 
Where  one  or  both  of  these  symptoms  are  present 
during  rest  one  should  think  of  absolute  cardiac  in- 
sufficiency; where  they  occur  on  slight  exertion  of 
relative  insufficiency.  The  diagnosis  is  to  be  con- 
firmed or  set  aside  by  an  attempt  to  exclude  other 
possible  causes  for  the'se  symptoms  and  by  giving  due 
weight  to  any  signs  of  heart  disease  which  may  be 
present.  Before  proceeding  to  therapeutic  measures 
one  should  try  to  determine  whether  it  is  chiefly  the 
contractility  or  chiefly  the  tonicity  of  the  heart  mus- 
cle that  is  at  fault.  This  is  very  necessary  because  of 
the  fact  that  remedies  that  do  the  most  good  in  one 
case  may  do  positive  harm  in  the  other. 

Failure  of  Contractility  and  Failure  op  Ton- 
I(ITY. — When  from  overwork  or  failing  strength  the 
heart  becomes  unable  to  cope  with  the  work  deman- 
ded of  it  one  of  two  things  may  happen. 

The  heart  muscle  may  make  supramaximal  efforts 
to  emptv  its  chambers  and  give  evidence  of  the  strain 
it  is  under  by  pain  or  distress.  The  pain  is  usually 
referred  to  the  precordium,  arms,  or  neck  and  is  com- 
parable to  the  colic  of  other  hollow  viscera  when  try- 
ing to  overcome  great  resistance.  Along  with  the 
subjective  symptoms  of  pain  and  distress  one  may 
sometimes  note  an  irregularity  in  the  force  of  the 
contractions  causing  a  more  or  less  typical  pulsus 
alternans.  Under  these  circumstances  the  heart  is 
said  to  be  suffering  from  failure  of  contractility.  In 
cases  of  this  kind  the  circulation  may  not  show  much 
evidence  of  insufficiency  during  rest.  There  may 
be  little  or  no  venous  stasis  or  edema  and  the  pulse 
mav  be  moderate  in  rate  and  even  of  good  volume. 
On'slight  exertion,  however,  and  sometimes  even  dur- 
ing rest  the  heart  may 

"Strive  to  do,  and  agonize  to  do, 
And  fail  in  doing," 

and  we  may  have  evidence  of  its  failing  strength  in 
pain,  shortness  of  breath,  venous  engorgement,  and 
sometimes  death. 

In  another  group  of  cases,  the  heart  saves  itself  for 
a  time  at  the  expense  of  the  rest  of  the  body.     As  a 
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result  of  infection,  nerve  influence,  or  unknown  cause 
the  muscle  fibers  relax.  The  intraventricular  pressure 
which  normally  acts  as  a  stimulus  to  more  vigorous  con- 
tractions ceases  to  have  this  effect.     As  the  chambers 

cannot  empty  themselves  easily,  they  do  so  only  parti- 
ally and  their  flaccid  walls  give  way  to  make  room  for 
an  increased  amount  of  blood  during  diastole.  Signs 
of  dilatation  appear.  The  muscular  rings  around  the 
mitral  and  tricuspid  orifices  participate  in  the  dilatation 
and  allow  regurgitation.  This  by  a  safety  valve  action 
relieves  the  pressure  in  the  ventricles.  If  there  has 
been  precordial  pain  or  distress  it  becomes  less  severe 
but  the  veins  become  distended,  the  liver  enlarges, 
digestion  becomes  impaired,  and  edema  shows  itself. 
As  the  circulation  becomes  more  sluggish  the  heart 
suffers  with  the  other  organs  and  a  vicious  circle  is 
established  giving  the  condition  a  progressive  charac- 
ter. Such  is  a  fairly  typical  picture  of  untreated 
failure  of  tonicity. 

Taking  a  suggestion  from  Sir  William  Broadbent  's 
classification  of  aneurysms,  we  may  broadly  describe 
failure  of  contractility  as  the  heart  failure  of  symptoms 
and  failure  of  tonicity  as  the  heart  failure  of  si^ns. 

That  these  two  forms  of  heart  failure  are  essentially 
distinct  is  proved  by  the  fact  that  a  man  may  be  in 
the  throes  of  angina  pectoris,  an  alternating  pulse  may 
show  that  the  function  of  contractility  is  dangerously 
depressed,  he  may  even  die  of  heart  failure  and  yet 
there  may  be  no  dilatation  of  sufficient  degree  to  be 
recognized.  On  the  other  hand,  we  often  find  con- 
siderable dilatation  of  the  heart  in  individuals  who 
give  evidence  of  very  good  contractile  function  by 
engaging  in  strenuous  physical  work  without  undue 
distress. 

Failure  of  Contractility. — Acute  failure  of  con- 
tractility is  seen  in  its  most  typical  form  in  angina 
pectoris. 

Angina  pectoris  is  defined  by  Sir  Douglas  Powell  as 
"a  sudden  paroxysmal  disturbance  of  the  heart's 
function  accompanied  by  severe  pain,  distressed 
breathing,  and  a  vague  or  instant  apprehension  of 
death."  By  excluding  other  possible  causes  James 
Mackenzie  has  come  to  the  conclusion  that  attacks 
of  angina  depend  upon  a  failure  of  contractility. 
This  in  turn  may  be  due  to  starvation  and  degenera- 
tion of  the  heart  muscle  caused  by  temporary  or 
permanent  narrowing  of  the  coronary  arteries,  to 
exhaustion  from  overwork,  or  to  poisoning  by  tea, 
tobacco,  or  alcohol.  Where  some  of  these  conditions 
have  reduced  the  reserve  power  of  the  heart  an  attack 
may  be  precipitated  by  a  comparatively  slight  cause 
such  as  a  brisk  walk,  an  overdistended  stomach,  a  cold 
wind,  or  a  vasomotor  spasm. 

The  treatment  of  failure  of  contractility  is  rest. 
In  angina  pectoris  we  give  physical  rest  by  putting 
the  patient  in  the  most  comfortable  position  possible, 
which  will  usually  be  that  which  he  selects  for  him- 
self. A  brief  rest  from  excessive  vascular  pressure 
may  be  given  by  the  inhalation  of  amyl  nitrite. 
Rest  from  nervous  excitement  and  pain  ma3r  be  pro- 
moted by  a  reassuring  manner,  the  exclusion  of  talka- 
tive and  anxious  friends,  and  in  severe  cases  by  the 
administration  of  morphine  and  atropine  hypodermic- 
ally.  Upward  pressure  on  the  heart  from  distended 
stomach  may  be  relieved  by  the  withholding  of  food 
and  the  exhibition  of  carminatives.  In  some  cases 
there  may  be  a  nervous  element  requiring  moral 
treatment  and  often  bromides  and  valerian.  Drugs 
of  the  digitalis  class  are  contraindicated.  Where 
attacks  are  frequent  inhalations  of  oxygen  are  service- 
able in  warding  off  or  relieving  them.  It  is  sometimes 
possible  to  effect  a  cure  to  the  extent  of  preventing 
recurrences.  To  attain  this  end  we  must  regulate 
the  mode  of  life  in  accordance  with  the  general  con- 
dition of  the  patient  and  the  reserve  power  of  the 
heart.  For  medication  between  the  attacks  iodide 
of  potassium  and  arsenic  are  recommended  by  many 


writers.  In  cases  accompanied  by  valvular  disease 
and  dilatation  digitalis  may  be  tried  cautiously  but 
will  often  disagree.  My  most  satisfactory  results  in 
these  cases  have  been  obtained  with  adrenalin 
chloride  solution  or  suprarenal  tablets  given  for 
months  and  even  years. 

Cardiac  asthma  may  also  be  considered  under  the 
head  of  acute  failure  of  contractility.  It  is  a  form 
of  dyspnea  usually  coming  on  at  night  and  is  seen 
most  frequently  in  cases  of  cardiorenal  disease.  The 
fact  about  it  that  is  best  established  is  that  it  is  de- 
pendent on  an  intoxication  of  an  acid  nature  (Lewis). 
Among  the  evidences  of  heart  failure  seen  during  an 
attack  are  frequent  pulse  rate  (120-140)  and  more  or 
less  pulmonary  edema.  Though  the  cases  are  often 
very  complex  and  obscure  we  are  justified,  I  think, 
in  ascribing  the  circulatory  symptoms  chiefly  to 
failure  of  contractility  for  the  following  reasons.  The 
coronary  arteries  are  found  sclerosed  in  the  majority 
of  these  cases  as  in  angina  pectoris.  Pulsus  alternans 
is  sometimes  observed.  Relief  is  usually  afforded  by 
similar  treatment  to  that  found  helpful  in  angina. 
In  cardiac  asthma  a  hypodermic  of  morphine  with 
atropine  usually  gives  good  immediate  results  and  is 
often  the  only  means  at  hand  to  cut  short  the  attack. 
Better  ultimate  results  may  be  expected  from  inhala- 
tions of  oxygen.  As  soon  as  the  attack  is  over  atten- 
tion should  be  given  to  the  condition  of  the  kidneys 
and  indications  will  usually  be  found  for  curtailing 
the  protein  food  and  for  promoting  elimination.  For 
the  heart,  rest  always,  adrenalin  lisually,  and  digitalis 
sometimes  will  be  found  helpful. 

Chronic  failure  of  contractility  is  to  be  suspected 
when  the  precordial  pain  or  distress  felt  on  exertion 
is  out  of  proportion  to  the  other  signs  of  heart  disease. 
In  these  cases  the  pulse  may  be  moderate  in  rate  and 
of  good  volume.  The  heart  may  show  scarcely  any 
signs  of  enlargement.  There  may  be  no  valvular 
murmurs  and  no  signs  of  congestion  of  the  venous 
system.  In  some  cases  we  may  find  an  alternating 
pulse,  which  is  always  strongly  suggestive  of  failure 
of  contractility.  In  other  cases  we  may  have  prac- 
tically nothing  to  guide  us  except  the  distress  caused 
by  exertion.  Before  making  a  diagnosis  we  should 
consider  other  possible  causes  of  precordial  pain  such 
as  aneurysm  of  the  first  part  of  the  aorta,  rheumatism, 
neuralgia  and  hyperesthesia  of  nervous  origin. 
Chronic  failure  of  contractility,  like  the  acute  forms, 
is  seen  especially  in  cases  of  coronary  sclerosis  with 
starvation  and  fatty  or  fibroid  degeneration  of  the 
heart  muscle.  The  treatment  indicated  is  first  of 
all  rest  which  should  be  emotional  and  mental  as  well 
as  physical.  Of  drugs  digitalis  and  its  allies  are 
usually  disappointing.  My  personal  predilection 
in  these  cases  is  for  adrenalin  and  I  have  had  a 
number  of  good  results  from  it  in  cases  of  failure  of 
contractility.  I  have  been  using  this  drug  in  a  great 
variety  of  cases  for  about  ten  years  and  have  formed 
some  conclusions  as  to  its  field  of  usefulness. 

Mode  of  Administration. — The  1-1,000  solution  of 
adrenalin  chloride  may  be  given  hypodermically  in 
doses  starting  at  eight  minims  and  increased  by  two 
minims  at  each  administration  until  the  limit  of  toler- 
ance is  reached.  It  is  my  custom  to  give  it  every 
two  hours  and  the  limit  of  tolerance  is  usually  found 
at  between  fifteen  and  twenty  minims.  There  may 
be  some  local  soreness  at  the  site  of  injection,  but  it  is 
not  serious  enough  to  interfere  with  the  hypodermic 
administration  being  kept  up  for  a  few  days  in  a  serious 
case.  Where  there  is  time  to  wait  longer  for  results 
the  solution  may  be  given  by  the  mouth  in  doses  of 
ten  to  thirty  minims  in  a  wineglassful  of  water  every 
two  hours.  Tablets  of  suprarenal  gland  desiccated, 
two  grams  each,  may  be  given  to  the  number  of  from 
six  to  fifteen  daily. 

Effects  to  be  Expected. — The  hypodermic  use  of 
adrenalin  is  often  followed  in  from  three  to  six 
minutes  by  an  uncomfortable  feeling  which  may  last 
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two  or  three  minutes.  Complainta  may  be  made  oj 
difficulty  in  breathing,  a  feeling  of  constriction  about 
the  precordium,  and  violent  beating  of  the  heart. 
These  sensations  give  place  in   a  few   minutes   to  a 

feeling  of  relief  and  easier  respiration.  1  have  no 
fear  of  a  dose  which  produces  the  effects  described 
to  a  moderate  degree  but  look  upon  them  as  an  indica- 
tion that  the  limit  of  tolerance  is  being  approached 
and  do  not  further  increase  the  dose.  Alter  the  ad- 
ministration the  pulse  may  often  be  observed  to  be- 
come very  small  for  a  short  time  but  soon  becomes  as 
good  or  better  than  before.  I  have  not  followed  the 
blood  pressure  at  frequent  intervals,  but  taking  it 
from  day  to  day  have  never  found  it  unduly  raised  by 
suprarenal  therapy;  on  the  contrary  I  have  found  it 
fall  materially  in  many  cases  of  inefficient  circulation. 
When  given  by  the  mouth  suprarenal  tablets  or  ad- 
renalin in  full  closes  often  produce  similar  feelings 
of  violent  heart  action  to  those  seen  after  the  hypo- 
dermic use.  An  effect  that  proves  the  absorption  of 
the  drug  from  the  stomach  and  its  tonic  effect  on 
muscle  is  that  the  dartos  muscle  of  the  scrotum  often 
becomes  tightly  contracted. 

Therapeutic  Application. — My  experience  has  led 
me  to  regard  adrenalin  as  a  valuable  drug  for  prevent- 
ing attacks  of  angina  pectoris  and  cardiac  asthma, 
for  relieving  precordial  distress  in  chronic  failure  of 
contractility,  for  increasing  the  strength  of  the  heart 
and  producing  general  amelioration  in  cardiorenal 
cases,  for  diminishing  shortness  of  breath  in  the  obese, 
and  for  restoring  trie  normal  respiratory  rhythm  in 
cases  of  Cheyne-Stokes  breathing.  In  some  other 
conditions,  such  as  hyperthyroidism,  I  have  seen  bene- 
lit  follow  its  use  but  the  results  have  been  less  striking. 

I  have  seen  one  death  follow  the  hypodermic  ad- 
ministration of  adrenalin  by  a  few  minutes,  but  the 
patient  was  evidently  a  dying  man  before  it  was  given. 
On  the  other  hand,  I  can  remember  one  patient 
who  was  moribund  with  heart  failure  to  the  extent  of 
unconsciousness  and  uncountable  pulse  who  recovered 
under  its  use  and  lived  about  a  year.  I  can  remember 
other  cases  nearly  as  bad  in  which  the  patients  seemed 
to  owe  their  recovery  to  the  use  of  this  drug. 

Iodides  are  often  prescribed  in  these  cases,  especi- 
ally where  the  blood  pressure  is  high.  Many  writers 
have  borne  testimony  to  the  fact  that  their  useful- 
ness is  by  no  means  confined  to  syphilitic  cases. 
Arsenic  is  another  drug  which  is  often  prescribed  with 
benefit.  In  several  cases  I  have  seen  marked  im- 
provement follow  the  use  of  a  pill  containing  pil. 
Blaud  gr.  x,  arsenic,  strychnine,  and  aloin  each  gr.  3^. 
As  improvement  takes  place  a  gradual  return  to 
activity  may  be  allowed,  but  the  patient  should  never 
be  allowed  to  carry  exercise  to  a  point  where  it  will 
cause  dyspnea  or  precordial  pain  lasting  for  more 
than  a  minute  or  two.  Baths  and  resistance  exercises 
are  much  lauded  by  some  and  are  probably  of  great 
benefit  in  some  cases,  but  their  use  requires  special 
study  at  an  institute  arranged  for  their  administration 
and  also  a  trained  assistant  to  carry  out  the  treatment. 

Failure  of  Tonicity  is  more  familiar  under  the 
name  of  dilatation  of  the  heart.  It  is  the  most  typical 
because  the  most  generally  recognized  form  of  heart 
failure. 

The  first  stage  in  diagnosis  is  the  recognition  of 
cardiac  enlargement  by  palpation,  percussion,  or 
rr-rays;  the  second  stage  is  the  exclusion  of  pure 
hypertrophy  and  pericardial  effusion  by  attention 
to  the  strength  of  the  cardiac  impulse,  the  character 
of  the  heart  sounds,  and  the  outline  of  the  precordial 
dullness.  Confirmatory  evidence  is  furnished  by 
diffuseness  of  the  impulse,  epigastric  pulsation, 
accentuation  of  the  pulmonary  second,  embryonic 
shortening  and  sharpening  of  the  first  sound,  valvular 
murmurs,  engorgement  of  the  pulmonary  and  systemic 
circulation,  edema  of  dependent  parts,  and  enlarge- 
ment of  the  liver  and  spleen.     In  treating  failure   of 
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be  :ili  olulr-  or  relative  aceordiin;  I"  Hie  e\1c-nt 
of  the  condition.  In  moderately  severe  cases  three 
weeks'  absolute  rest  in  bed  will  be  indicated  and  should 
be  followed  by  a  gradual  return  to  activity.  In  more 
severe  cases  the  patient  may  have  to  be  kept  in  bed 
for  months.  Restful  nights  should  be  assured  if  neces- 
sary by  the  administration  of  morphine.  In  acute 
cases  with  dilated  right  heart  and  engorged  veins  a 
venesection  will  sometimes  save  lift;  and  is  not  prac- 
ticed as  often  as  it  should  be.  Drugs  of  the  digitalis 
group  are  usually  beneficial.  When  the  patient  is  in 
imminent  danger  strophanthin  may  be  given  intra- 
venously or  intramuscularly  in  closes  of  one-fourth  to 
one-half  milligram  and  may  be  repeated  in  from  three 
to  twelve  hours  according  to  the  indications.  Stro- 
phanthone  which  is  marketed  in  ampoules  ready  for 
use  is  also  an  excellent  preparation.  It  is  well  to  go 
carefully  with  strophanthin  till  one  has  some  exper- 
ience with  it.  When  a  first  dose  does  good  a  second 
dose  may  do  more  good  or,  if  given  too  soon,  may  be 
followed  by  sudden  death  as  occurred  once  in  the 
practice  of  the  writer. 

\\  hen  the  danger  is  less  threatening  some  form  of 
digitalis  may  be  given  by  the  mouth.  The  ordinary 
tincture  usually  answers  very  well  and  may  be  given 
in  doses  of  fifteen  minims  three  times  daily. 
Where  this  dose  is  ineffectual  doses  considerably 
larger  may  be  tried  under  careful  oversight.  .Some 
pat  lents  show  better  tolerance  for  some  of  the  active 
principles  such  as  one  finds  in  Xati  voile's  granules  of 
digitalin.  Good  results  have  also  been  reported  from 
the  infusion  made  from  the  fresh  leaves,  the  powder 
and  various  proprietary  preparations  such  as  digipur- 
atum,  digalen,  and  Petit  Miahl's  digitalin.  The  im- 
portant matter,  however,  is  to  choose  the  right  case 
for  the  digitalis  rather  than  the  right  digitalis  for  the 
case.  As  a  rule  digitalis  should  be  given  in  good 
doses  until  the  pulse  slows  down  to  sixty  or  seventy 
or  symptoms  of  intolerance  show  themselves.  In 
the  latter  case  it  may  be  discontinued  for  a  few  days 
and  then  resumed  in  smaller  doses.  If  it  agrees  well 
the  dose  may  be  gradually  reduced,  but  the  adminis- 
tration of  small  daily  doses  may  be  kept  up  for  months 
or  years. 

Digitalis  is  a  drug  to  which  many  patients  show 
marked  idiosyncrasies  of  many  different  kinds  and  each 
case  must  be  studied  and  treated  individually.  Patients 
with  auricular  fibrillation  usually  need  to  take  it  con- 
tinuously in  small  daily  doses  as  long  as  they  live. 
Those  with  failure  of  tonicity  with  normal  rhythm  may 
recover  sufficiently  to  get  on  without  it,  or  may  keep 
well  only  as  long  as  they  take  it.  Some  indications 
for  stopping  digitalis  are  nausea,  diarrhea,  dryness 
of  the  mouth,  aphasia,  drowsiness,  and  partial  heart 
block.  So  far  as  known  to  the  writer,  no  form  of 
valvular  lesion  is  necessarily  a  contraindication  to  its 
use.  On  the  other  hand  no  valvular  murmur  is  an 
indication  for  treatment  of  any  kind,  except  in  so  far 
as  it  may  suggest  active  infection  or  degeneration  or 
fatigue  of  the  heart  muscle.  Chronic  valvular  de- 
fects are  beyond  treatment  and  can  be  disregarded  in 
therapeutics  except  in  so  far  as  they  throw  light  on  the 
etiological  factors  at  work. 

Sometimes,  unfortunately,  drugs  of  the  digitalis 
class  are  not  well  borne  and  have  to  be  given  up. 
These  cases  furnish  the  most  difficult  problems  that 
confront  us  in  connection  with  heart  work.  Where 
the  intolerance  is  limited  to  the  stomach  it  may  be 
possible  to  introduce  digitalis  by  enema.  Where  this 
also  fails  it  is  probable  that  the  heart  muscle  is  con- 
siderably degenerated  and  the  prognosis  is  bad.  In 
a  few  of  these  cases  suprarenal  tablets  may  do  good 
as  in  failure  of  contractility.  The  period  of  rest  must 
be  prolonged.  Theocin  may  be  useful  in  cases  where 
edema  is  a  prominent  factor  but  in  which  the  kidneys 
are  fairly  normal.  It  may  be  given  in  "konseals"  in 
doses  of  five  grains  three  or  four  times  daily.     Hema- 
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tinics  arc.  sometimes  our  best  remedies.  Baths  and 
graduated    exercises  are  often  recommended. 

Having  determined  what  form  of  heart  failure  is 
present  and  instituted  such  treatment  as  may  be 
immediately  necessary,  we  should  next  endeavor  to 
trace  back  the  disorder  to  its  cause.  Until  we  have 
dealt  with  the  cause  of  a  disease  we  have  nut  done 
our  best  to  prevent  its  progress  or  its  return. 

To  determine  the  cause  we  need  to  go  fully  into  the 
personal  and  family  history  of  the  patient  and  to 
examine  all  the  organs  which  experience  has  taught 
us  may  furnish  a  clue. 

Causes  of  Heart  Failure. — Congenital  heart  disease 
should  be  kept  in  mind  as  an  occasional  cause.  The 
general  experience  seems  to  be  that  these  cases  have 
to  be  treated  by  regulation  of  the  mode  of  life  and 
general  health  rather  than  by  heart  tonics.  We  may 
learn  something  from  the  fact  that  nature  usually 
tries  to  compensate  in  these  cases  by  raising  the  color 
index  of  the  blood.  It  is  well  to  estimate  the  hemo- 
globin and  if  it  is  not  distinctly  above  par  we  should 
attempt  to  increase  it  by  hematinics. 

Rheumatism  is  to  be  recognized  as  the  cause  of 
heart  failure  from  the  personal  and  family  history, 
the  condition  of  the  joints,  and  the  presence  of  valvular 
murmurs.  In  the  case  of  aortic  murmurs  we  must 
exclude  syphilitic  infection  and  sclerotic  changes  be- 
fore reaching  a  conclusion.  In  all  systolic  murmurs 
we  must  consider  the  possibility  of  muscular  relaxa- 
tion from  anemia  or  fatigue.  Regard  should  be  had 
to  past  attacks  of  chorea  or  tonsillitis  or  febrile  attacks 
of  undetermined  nature  in  early  life. 

When  rheumatism  is  established  as  a  probable 
cause  we  must  next  decide  from  the  symptoms  present 
whether  it  is  still  operative.  It  is  of  little  use  to  give 
digitalis  to  a  patient  whose  heart  is  being  actively 
attacked  by  rheumatic  or  other  infection.  We  must 
first  if  possible  eliminate  the  rheumatism  and  then 
try  to  restore  strength  to  the  heart.  As  to  treatment 
I  will  only  say  that  of  the  remedies  usually  given  for 
rheumatism  i  have  personally  a  great  partiality  for 
salicin.  It  may  be  given  in  doses  of  thirty  grains  or 
more  every  two  hours  in  milk  or  jam.  It  is  bitter 
and  expensive  but  is  usually  well  borne  and  effective. 
In  cases  which  drag  on  in  a  subacute  or  chronic 
form  I  have  been  well  pleased  with  the  results  ob- 
tained with  Schaefer's  phylacogen.  It  may  be  given 
hypodermically  every  day  or  two  in  doses  starting 
at  from  2  or  3  c.c.  and  increased  to  5  or  10  c.c.  if  the 
reaction  is  not  too  violent.  The  treatment  should  be 
continued  until  pain  and  fever  disappear,  which  will 
usually  be  after  some  60  c.c.  have  been  given. 

Of  malignant  endocarditis  I  have  comparatively 
little  experience  but  am  optimistic  enough  to  believe 
that  we  may  soon  have  at  our  disposal  methods  of 
preparing  vaccines,  by  which  a  fair  proportion  of 
these  cases  may  be  controlled. 

Syphilis  may  be  acknowledged  by  the  patient  or 
some  of  the  stigmata  may  be  found.  Aortic  disease 
either  of  the  valves  or  arch  should  always  raise  the 
question  in  our  minds.  The  same  may  be  said  of 
heart  block.  Whenever  there  is  the  least  suspicion 
of  syphilis  a  Wassermann  test  should  be  made  by 
an  expert  and  if  it  is  found  positive  the  treatment 
should  be  carried  out  with  the  advice  and  assistance 
of  a  competent  syphilologist. 

Influenza  may  be  mentioned  to  draw  attention  to 
the  fact  that  it  is  often  accompanied  by  considerable 
degeneration  of  the  heart  muscle,  and  a  proper  rest 
should  be  enjoined  if  one  would  avoid  a  certain  per- 
centage of  sudden  deaths  during  the  period  of  con- 
valescence. This  is  especially  true  in  the  case  of 
patients  whose  hearts  were  previously  diseased.  The 
same  may  be  said  of  diphtheria  and  some  other 
infections. 

Of  infectious  diseases  generally  it  may  be  said  that 
the  best  way  to  treat  the  heart  is  to  control  the  infec- 


tion  itself  by  specific  drugs  or  vaccines  where  these 
are  available.  Kvery  possible  means  should  be  taken 
to  limit  physical  and  mental  elfort  and  to  ensure 
sleep.  Digitalis  is  less  useful  than  in  the.  absence 
of  active  infection,  but  I  believe  1  have  seen  it  do 
good  in  some  cases  of  pneumonia.  In  view  of  the 
weakened    condition   of  the   digestive  organs   and    the 

need  of  giving  other  medication  1  am  in  the  habit  of 
giving  it,  if  at  all,  in  a  single  large  daily  dose.  A 
convenient  preparation  is  a  hypodermic  tablet  of 
one-tenth  of  a  grain  of  German  digitalin.  This  may 
be  given  by  the  mouth  once  daily.  Hypodermic  in- 
jections of  adrenalin  chloride  solution  in  doses  of  ten 
to  fifteen  minims  every  two  hours  have  seemed  to  help 
some  desperately  sick  patients  of  mine  over  the  critical 
period. 

Nephritis  is  often  a  cause  and  sometimes  an  effect 
of  heart  disease  or  both  may  have;  a  common  cause 
in  arteriosclerosis.  It  may  be  easy  or  it  may  be 
difficult  to  determine  which  is  the  primary  disease. 

In  favor  of  primary  renal  disease  are  high  blood 
pressure,  hypertrophy  of  the  left  ventricle,  accentua- 
tion of  the  aortic  second,  history  of  overeating  and 
alcoholic  excess,  symptoms  of  uremia,  polyuria  with 
low  specific  gravity,  and  granular  casts.  In  favor  of 
primary  cardiac  disease  are  valvular  murmurs,  dila- 
tation of  the  right  heart,  accentuation  of  the  pul- 
monary second,  venous  engorgement,  edema  of  the 
legs  and   scanty  urine  of  high  specific  gravity. 

In  either  case  heart  failure  if  present  may  be  treated 
as  already  indicated,  with  rest  and  digitalis  or  adrena- 
lin. In  cases  of  primary  nephritis  special  attention 
should  be  given  to  the  diet.  Proteins  and  purins 
should  be  strictly  limited.  A  milk  diet  may  be  the 
best  for  a  time. 

When  edema  is  a  prominent  feature  it  is  very  neces- 
sary to  hasten  its  disappearance  by  every  possible 
means,  as  it  embarrasses  the  peripheral  circulation. 
In  some  cases  rest  in  bed  and  digitalis  are  all  that  is 
necessary.  In  other  cases  some  drug  acting  more 
directly  on  the  kidneys  may  be  required.  If  the  kid- 
neys are  not  too  badly  diseased  we  have  a  consider- 
able choice.  Mackenzie  recommends  the  old  Guy's 
hospital  pill  of  digitalis,  squills,  and  calomel.  Tyson 
praises  sparteine  sulphate  in  doses  up  to  three-fourths 
of  a  grain  every  three  hours.  Dieulafoy  describes 
Trousseau's  wine  as  "  a  diuretic  which  does  not  exhaust 
the  kidney  and  a  cardiac  tonic  which  does  not  exhaust 
the  heart."  Besides  white  wine  and  alcohol  it  contains 
juniper  berries,  acetate  of  potassium,  digitalis,  and 
squills.  Care  should  be  taken  that  the  preparation 
given  does  not  contain  more  than  six  grains  of  digitalis 
leaves  to  the  ounce  as  in  the  original  formula.  It  may 
be  given  in  doses  of  one  or  two  tablespoonfuls  daily 
for  five  or  six  days.  When  the  kidneys  are  badly  dis- 
eased we  may  have  to  rely  chiefly  on  drastic-purga- 
tives and  puncture  of  the  skin.  Elimination  by  the 
skin  should  be  promoted  by  woolen  underclothing,  by 
hot  water  or  vapor  baths,  and  still  better  by  a  sojourn 
in  a  warm  climate.  Of  a  salt-free  diet  I  have  too  little 
experience  to  speak. 

Arterial  Hypertension. — A  practitioner  who  treats 
all  cases  of  hypertension  alike  is  doing  about  as  good 
work  as  one  who  treats  all  cases  of  headache  with 
phenacetin,  without  finding  out  whether  they  are 
due  to  eyestrain,  uremia,  or  brain  tumor.  As  a  fre- 
quent result  of  chronic  nephritis,  arterial  hyperten- 
sion is  an  indication  for  a  careful  examination  of  the 
urine.  In  some  cases  the  cause  will  be  found  in  too 
much  work,  worry,  and  whiskey,  which  may  or  may 
not  have  produced  recognizable  changes  in  the  arterial 
walls.  All  these  causes  should  be  sought  out  and  re- 
moved. A  valuable  remedial  measure  in  many  cases 
is  judicious  exercise.  The  bowels  should  be  carefully 
regulated.  By  improving  the  brain  circulation  drugs 
like  digitalis  and  adrenalin  lower  the  blood  pressure 
in  the  majority  of  cases  and  probably  do  so  per- 
I   mauently    more    often    than    any    other    drugs.     In 
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women  high  blood  pressure  is  sometimes  seen  as  a 
result  of  diminished  menstrual  How.  The  best  treat- 
ment for  these  cases  is  an  occasional  venesection.  1 
believe,  however,  that  worry  is  the  commonest  cause 
in  women. 

Obesity  throws  extra  work  on  a  weak  heart.  The 
heart  usually  participates  in  the  poor  muscular  de- 
velopment which  is  present.  Its  movements  are 
interfered  with  by  deposits  of  fat  in  and  around  it. 
It  is  often  cramped  for  space  by  an  elevation  of  the 
diaphragm,  and  it  has  to  provide  for  the  muscular 
work  incidental  to  the  movements  of  a  heavy  body. 
Fat  people  are  very  prone  to  anemia and,  worst  of  all, 
coronary  sclerosis  is  common.  In  diagnosing  the 
heart  condition  in  obesity  great  attention  should  he- 
paid  to  symptoms  as  the  signs  are  often  indefinite  and 
obscure.  The  possible  existence  of  a  coronary  sclero- 
sis should  be  borne  in  mind  and  if  there  are  any  symp- 
toms of  ;ni  anginal  character  the  case  should  be  treated 
as  a  failure  of  contractility.  Where  there  are  only 
such  symptoms  of  relative  insufficiency  as  might  be 

expected  from  the  degree  of  obesity  present  s •  form 

of  reduction  cure  combined  with  graduated  exercises 
should  be  undertaken  but  should  be  begun  very 
gradually. 

Functional  Disorders  of  the  Heaet. — So  far  we 
have  mentioned  only  the  two  functions  of  the  heart 
which  are  best  developed  in  the  mature  muscle  of  the 
ventricles,  namely  contractility  and  tonicity.  There 
are  three  other  functions,  which,  while  probably 
possessed  to  some  extent  by  the  mature  muscle,  are 
more  characteristic  of  the  primitive  muscle  fibers 
which  regulate  the  rhythm  and  rate  of  the  heart. 
These  are  the  functions  of  stimulus  production,  ex- 
citability, and  conductivity. 

Changes  in  these  functions  do  not  usually  lead 
directly  to  heart  failure  but  may  do  so  indirectly  by 
establishing  a  rate  of  beat  which  leads  to  fatigue,  or 
by  bringing  about  a  lack  of  coordination  between  the 
auricles  and  ventricles. 

Disorders  of  these  functions,  therefore,  must  be 
considered  not  as  forms  but  as  possible  causes  of 
heart  failure.  Some  of  these  disorders  lead  to  different 
forms  of  arrhyth  mia.  The  subject  of  arrhythmia  will  be 
found  dealt  with  at  some  length  in  the  first  volume  of 
this  Handbook  and  it  is  not  necessary  to  go  into  any 
details  here.  There  are  a  few  practical  points,  how- 
ever, which  must  be  mentioned  even  at  the  risk  of 
repetition. 

Auricular  fibrillation  and  paroxysmal  tachycardia 
fatigue  the  heart  by  the  too  frequent  rate  incidental  to 
these  disorders.  In  heart  block  on  the  other  hand  the 
ventricular  rate  is  usually  too  slow  to  maintain  an 
efficient  circulation.  Both  auricular  fibrillation  and 
heart  block  throw  nearly  all  the  work  of  the  heart  on 
the  ventricles.  Auricular  fibrillation  is  the  indica- 
tion above  all  others  for  digitalis  whereas  heart 
block  is  usually  a  contraindication  to  its  use.  From 
these  facts  it  may  be  seen  how  important  it  is  to 
familiarize  oneself  with  the  means  of  recognizing  the 
various  forms  of  arrhythmia  and  the  proper  way  of 
treating  them.  Allied  in  some  ways  to  the  arrhyth- 
mias are  the  so-called  functional  disorders  of  the  heart. 
These  are  principally  affections  involving  the  func- 
tions of  stimulus  production  and  excitability.  These 
two  functions  are  so  related  to  one  another  that  in  our 
present  state  of  knowledge  it  is  impossible  to  separate 
them.  It  is  moreover  very  difficult  to  distinguish  the 
disorders  of  these  functions  brought  about  through 
the  cardiac  nerves  from  those  which  depend  on  some 
toxic  influence  or  nutritive  change  directly  affecting 
the  primitive  muscle  of  the  heart. 

Palpitation  occurs  in  sudden  attacks  following 
exertion,  excitement,  or  overeating.  It  sometimes 
wakes  the  patient  out  of  his  sleep.  Complaints  are 
made  of  violent  throbbing  of  the  heart  and  neck, 
sensations  of  choking,  and  fear  of  death.     Objectively 


the    action   of   the    heart    can    be    seen    and    felt    to    be 

rated,    the    neck    can    be   seen   to    throb,    i 

systoles   may    be  observed,    the   pulse   is    more   or 
increased  in  rale,  and  an  arterial  tracing   will  give  in- 
dication of  an  empty  slate  of  the  arteries. 

These  attacks  are  most  common  in  females  and  are 
usually  in  pari   at   least  of  nervous  origin.      The  treat- 
ment should  to  some  extent  be  like  that,  of  an  attacl 
of  hysteria.     The  manner  should  be  reassuring,  friend  - 
should  be  excluded,   mental  and  physical  rest    should 

be  arranged  for.  The  most  useful  drugs  are  stimu- 
lants, carminatives,  and  sedatives.  Good  results  may 
be  expected  from  ammonia  and  valerian  followed  by 
bromides.  Morphine  should  be  avoided  if  possible 
but  may  be  required  in  some  cases.  To  prevent  a 
recurrence  tin    cause  must   be  found  and  remo 

Paroxysmal  tachycardia  must  always  be  excluded  be- 
fore a  diagnosis  of  palpitation  is  made,  but  for  a  de- 
scription of  this  affection  the  reader  is  referred  to  the 
article  on  arrhythmia.  Apart  from  these  two  disorders 
we  may  have  a  more  or  less  persistent  jrequenry  of  the 
heart's  action  without  other  symptoms,  or  the  heart 
may  respond  to  slight  stimuli  with  a  greater  increase 
of  rate  than  normal.  A  frequent  pulse  should  be  care- 
fully examined  as  to  its  regularity,  and  if  any  form  of 
arrhythmia  is  found  the  treatment  appropriate  to  it 
should  be  instituted.  In  the  absence  of  arrhythmia 
success  in  treatment  is  largely  a  matter  of  discovering 
the  cause  and  removing  it.  Under  functional  dis- 
orders it  is  convenient  to  place  the  so-called  weak 
heart.  In  its  most  pronounced  form  the  sufferer  may  be 
confined  to  bed  for  a  long  time  and  any  attempt  to 
rise  or  exert  himself  may  bring  on  feelings  of  faintness 
and  extreme  feebleness  of  the  pulse.  In  less  marked 
cases  the  patient  is  able  to  get  about  but  is  subject  to 
attacks  of  syncope  from  slight  causes.  The  weak 
heart  is  usually  the  result  of  constitutional  weakness 
or  nervous  exhaustion  and  may  be  partly  dependent 
on  a  lack  of  vasomotor  tone.  It  may  be  briefly  de- 
scribed as  a  chronic  condition  of  shock.  The  treat- 
ment is  similar  to  that  for  neurasthenia. 

Causes  of  Functional  Disorders  of  the  Heart. — 
Organic  disease  must  always  be  carefully  looked  for 
by  physical  examination  and  by  a  consideration  of  the 
symptoms  before  a  diagnosis  of  functional  disorder  is 
made. 

Sexual  influences  are  among  the  most  common 
causes,  but  many  men  seem  to  pride  themselves  on 
a  profound  ignorance  of  these  matters  and  allow  the 
disorders  to  drag  on  unrecognized  and  unrelieved. 
These  influences  produce  their  effects  in  several 
different  ways. 

1.  As  a  result  of  general  and  nervous  exhaustion 
incident  to  excessive  venery.  This  is  the  principal 
variety  seen  in  men,  but  is  not  common  in  the  ex- 
perience of  the  writer. 

2.  Through  the  emotions  of  loneliness  or  grief  as 
in  "maids,'  nuns,'  and  widows'  melancholy." 

3.  By  a  reflex  effect  of  pelvic  congestion  due  to 
protracted  libido  without  orgasm. 

The  last  two  forms  are  seen  chiefly  in  women  and 
are  extremely  common.  Some  grasp  of  feminine  psy- 
chology is  very  necessary  for  the  understanding  of  func- 
tional disorders  of  the  heart.  In  a  perfectly  normal 
well  brought  up  young  woman  the  sexual  life  is  largely 
a  matter  of  sentiment.  At  the  most  she  can  say  with 
Browning's  Pauline  that 

"She  has  strange  powers  and  feeling9  and  desires. 
Which  she  cannot  account  for  nor  explain, 
How  can  her  life  indulge  them?  yet  they  live. 
Referring  to  some  state  of  life  unknown." 

At  this  stage  of  development  the  sexual  causes  of 
disease  are  chiefly  of  the  emotional  type,  and  will  be 
more  conveniently  considered  under  the  head  of  emo- 
tional disorders  and  those  due  to  hyperthyroidism. 

At  the  other  extreme  are  women  in  whom  as  a  re- 
sult of  degeneracy,  indolence,  or  evil  communications 


78 


INFERENCE    HANDBOOK    OF    'nil'.    MEDICAL    SCIENCES 


Heart,    Functional    Diagnosis 

anil  Tii«  r.i|M  ii  1 1.     <>i 


the  desire  for  sexual  gratification  has  become  an  obses- 
sion. To  adapt  once  more  the  words  of  Browning 
they  are 

"Hungry  for  joy;  and,  bravely  tyrannous,    • 
Grow  in  demand,  still  craving  nmn-  ;i 1 1 « 1  more. 
And  make  each  joy  conceded  prove  a  pli-l:'. 
Of  other  joy  to  follow — bating  nought 
Of  their  desires,  still  seizing  fresh  pretence 
To  turn  the  knowledge  and  the  rapture  wrung 
As  an  extreme,  last  boon,  from  destiny, 
Into  occasion  for  new  covetings, 
New  strifes,  new  triumphs." 

Many  women  approximating  to  this  type  suffer 
even  during  maidenhood  from  severe  attacks  of  palpi- 
tation and  cardiac  distress.  These  are  sometimes 
brought  on  by  prolonged  caressing  and  sometimes  by 
self  stimulation  which,  be  it  noted,  may  be  either 
physical  or  psychical.  For  such  cases  one  can  hardly 
improve  on  the  general  principles  of  treatment  laid 
down  in  Burton's  Anatomy  of  Melancholy.  Sparing 
diet,  phlebotomy,  and  physic  "but  the  best  and  surest- 
remedy  of  all  is  to  see  them  well  placed,  and  married 
to  good  husbands  in  good  time."  Except  in  the  worst 
cases  of  moral  insanity  one  may  count  a  good  deal  on 
the  vis  medicatrix  naturae,  which  operates  in  the 
mental  and  moral  as  well  as  in  the  physical  con- 
stitution. Ignorance  and  thoughtlessness  are  often 
at  the  bottom  of  the  trouble  and  much  can  be  done 
by  kindly  words  of  counsel.  This  may  well  be  followed 
up  by  a  course  of  bromides  and  better  still  by  some 
healthy  occupation  for  mind  and  body. 

Indiscriminate  instruction  of  young  people  in  sexual 
matters  has  much  to  answer  for.  It  is  open  to  the 
objection  of  supplying  new  and  often  unnecessary  facta 
for  the  imagination  to  work  upon.  Such  limited 
instruction  as  is  necessary  for  a  healthy  young  woman 
is  best  given  by  a  wise  mother.  The  abnormal  and 
diseased  may  require  instruction  and  advice  from  a 
physician.  Among  married  women  the  chief  sexual 
cause  of  functional  disorders  of  the  heart  is  coitus 
interruptus,  the  prevalence  of  which  it  would  be 
impossible  to  exaggerate.  The  diagnosis  of  a  typical 
case  is  easy.  A  woman  complains  of  nervousness  and 
uneasy  fluttering  about  the  heart,  often  of  severe  at- 
tacks of  palpitation.  She  has  been  living  with  her 
husband  for  some  time  without  becoming  pregnant. 
She  has  leucorrhea  and  suffers  from  malaise  for  from 
three  days  to  a  fortnight  before  each  monthly  period. 
On  examination  the  uterus  and  ovaries  are  found  to  be 
tender  and  perhaps  swollen.  There  is  a  clear  viscid 
discharge  from  the  cervix.  In  such  a  case  one  is 
justified  in  putting  a  direct  question  and  the  answer 
will  rarely  be  other  than  yes. 

The  treatment  of  these  cases  is  often  difficult  be- 
cause we  cannot  come  to  an  agreement  with  the  pa- 
tient on  questions  of  ethics.  If  she  will  discontinue 
the  injurious  practice  and  accept  the  risks  of  ma- 
ternity we  can  safely  assure  her  of  rapid  recovery  from 
her  heart  symptoms.  If  from  selfishness,  poverty, 
lack  of  maternal  instinct,  or  dislike  for  her  husband  she 
absolutely  refuses  to  accept  the  responsibility  of 
motherhood  the  physician  is  on  the  horns  of  a  dilemma. 
He  must  either  allow  his  patient  to  go  on  suffering 
and  probably  see  her  becoming  progressively  worse, 
or  else  he  must  do  violence  to  his  own  convictions  by 
suggesting  some  mechanical  or  chemical  means  by 
which  she  can  attain  her  end.  In  any  case  the  symp- 
toms can  often  be  relieved  and  recovery  hastened  by 
glycerin  tampons,  a  course  of  Turkish  baths,  or  a 
change  of  air  and  scene. 

Other  causes  of  heart  disorder  in  married  women  are 
relative  frigidity  and  prolonged  continence.  The 
symptoms  are  similar  to  those  just  described  but  are 
usually  milder  in  type.  To  treat  these  cases  success- 
fully a  medical  man  requires  both  knowledge  and  wis- 
dom which  can  be  acquired  only  by  experience  and 
meditation.  He  will  sometimes  have  to  deal  with  a 
cruel  or  unsympathetic  husband. 


Emotions  and  Hyperthyroidism. — The  principal 
emotions  leading  to  disorders  of  the  heart  are  fear 
and  grief.  The  disorder  may  take  the  form  of  in- 
crease in  rate  or  dilatation  or  both.  In  many  cases 
we  find  enlargement  of  the  thyroid  gland  and  all 
grades  are  seen  up  to  typical  Graves'  disease.  No 
examination  of  the  heart  can  be  considered  complete 
with. ml  a  careful  examination  of  the  thyroid  gland. 
We  often  have  a  vicious  circle  in  which  the  emotions, 
the  thyroid  gland,  the  heart,  and  the  sexual  system 
participate.  In  these  cases  psychoanalysis  is  very  im- 
portant and  the  best  therapeutic  agent  may  be  the 
personality  of  the  physician.  Mental  and  physical 
rest  should  be  arranged  for  according  to  the  individual 
needs.  No  drug  so  far  as  known  to  the  writer  is 
of  universal  applicability  but  an  attempt  must  be 
made  to  break  the  vicious  circle  somewhere.  Atropine, 
ammonium  bromide,  quinine  hydrobromide,  em- 
menagogues,  digitalis,  suprarenal  and  other  organic 
preparations  all  have  a  place.  In  chronic  cases  where 
hyperthyroidism  is  a  marked  feature  partial  removal 
of  the  thyroid  gland  is  often  followed  by  brilliant 
results. 

Physical  overexertion  produces  several  varieties  of 
heart  disorder.  Dr.  Tait  Mackenzie  has  recently 
pointed  out  that  various  murmurs  may  be  noticed  in 
a  considerable  proportion  of  healthy  young  men  after 
a  short  run.  They  are  most  distinct  in  the  recumbent 
posture.  No  treatment  is  required  as  they  disappear 
spontaneously.  A  word  of  caution  may  be  given 
against  indulging  in  violent  exertion  when  out  of 
training.  In  another  group  of  cases  after  a  season  of 
bicycling,  hockey,  or  rowing  one  finds  dilatation  of  the 
heart  which  may  persist  for  some  time  and  may  or 
may  not  be  accompanied  by  murmurs.  In  these 
cases  absolute  or  relative  rest  should  be  insisted  on  till 
the  signs  disappear.  Very  often  a  heart  tonic  like 
digitalis  will  materially  hasten  convalescence.  One 
will  often  find  contributory  causes  at  work,  such  as 
tobacco,  and  these  may  have  to  be  given  up  before 
the  patient  can  enter  into  strenuous  games.  In 
others  the  constitutional  vigor  is  sufficient  only  for 
moderate  physical  work. 

In  a  third  class  of  cases  to  which  the  name  irritable 
heart  has  been  exclusively  given  by  Da  Costa  and 
others  the  condition  is  much  more  serious.  Among 
the  complaints  are  frequent  heart  action  on  slight  ex- 
ertion, pains,  palpitations,  and  irregularities.  These 
symptoms  are  often  accompanied  by  considerable 
enlargement  of  the  heart.  The  condition  is  usually 
chronic  and  incurable.  Other  causes  besides  physical 
strain  have  been  at  work  such  as  syphilis,  alcohol,  and 
tobacco.  There  may  also  be  an  hereditary  tendency 
to  cardiovascular  disease.  In  these  cases  we  have 
really  to  do  with  a  myocarditis  or  a  cardiorenal  sclero- 
sis and  they  are  mentioned  under  functional  dis- 
orders only  as  a  matter  of  convenience.  The  treat- 
ment is  to  be  carried  out  on  the  lines  indicated  in 
speaking  of  the  cardinal  types  of  heart  failure. 

Toxic. — The  most  common  cardiac  poisons  are  alco- 
hol, tobacco,  tea,  and  coffee. 

Alcohol,  besides  leading  to  degeneration  of  the 
cardiovascular  system,  may  be  responsible  for  var- 
ious degrees  of  acceleration  of  the  heart  rate  with 
feelings  of  weakness  and  distress.  The  acceleration 
may  be  fairly  constant  for  days  or  weeks  or  may  show 
itself  only  on  exertion  or  excitement.  The  diagnosis 
of  alcoholic  poisoning  is  to  be  made  from  the  appear- 
ance of  the  patient,  the  presence  of  other  suggestive 
symptoms,  and  the  history.  The  fact  that  some  of  the 
symptoms  complained  of  may  be  of  a  gouty  nature 
should  be  remembered.  The  treatment  is  the  en- 
forcement of  total  abstinence,  with  moral  support, 
rest  in  bed,  and  such  general  measures  as  may  seem 
necessary.  Bromides  will  usually  be  indicated. 
Where  improvement  is  long  delayed  one  should  as- 
sure himself  that  his  orders  as  to  abstinence  are  being 
obeyed.     Sometimes   the   conclusion    will   be   forced 
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upon  us  thai   more  serious  organic  change  has  oc- 

CUTred  in  the  heart  or  kidneys  than  was  at  first  sus- 
pected. In  such  eases  a  Longer  rest  will  lie  indicated 
and  digitalis  <>r  adrenalin  ma;,  be  required  to  get 
the  heart  into  a  condition  where  active  life  can  be 
resumed. 

Tahtirco  poisoning  may  manifest  itself  in  the  follow- 
ing ways: 

1.  Attacks  of  faintness  with  frequent  heart  beat, 
sweating,  and  nausea,  chiefly  seen  in  novices. 

2.  Attacks  of  palpitation  with  frequent  extra 
systoles  sometimes  seen  in  cigarette  smokers  who 
inhale. 

3.  A  form  of  excitable  heart  with  frequent  pulse, 
diffuse  apex  beat,  and  incapacity  for  exertion. 

4.  Attacks  of  angina  pectoris  indistinguishable 
from  those  due  to  organic  disease.  In  these  cases  one 
should  always  consider  the  possibility  of  there  being 
some  coronary  sclerosis  present. 

In  reaching  a  diagnosis  of  tobacco-heart  some  weight 
may  be  given  to  the  presence  of  gasping  or  sighing 
respiration  which  is  very  suggestive  of  tobacco 
poisoning  as  pointed  out  "by-  the  writer  some  years 
ago.  In  treatment  the  one  great  essential  is  to  per- 
suade the  patient  to  give  up  tobacco.  It  is  usually 
easier  for  him  to  give  it  up  altogether  than  to  reduce 
the  quantity.  Where  the  writer  has  allowed  smoking 
to  be  continued,  even  to  a  slight  extent,  he  has  nearly 
always  had  relapses  to  contend  with.  When  an 
attack  takes  the  form  of  angina  pectoris  it  should  be 
treated  as  such. 

Tea  and  coffee  sometimes  produce  symptoms  very 
like  some  forms  of  tobacco  poisoning.  In  the  writer 's 
experience  serious  disturbances  of  the  heart  from  these 
beverages  are  rare,  but  the  possibility  should  always 
be  considered  in  dealing  with  functional  disorders  of 
the  heart  or  attacks  of  angina  pectoris. 

Digestive  disorders  may  affect  the  heart  mechanic- 
ally by  upward  pressure  of  viscera  distended  by  gas, 
retlexly  through  the  cardiac  nerves,  or  chemically  by 
absorption  of  the  products  of  fermentation.  All  these 
factors  are  operative  in  cases  of  fermentative  dys- 
pepsia. In  the  experience  of  the  writer  the  most 
frequent  sufferers  are  people  with  defective  back 
teeth.  The  teeth  like  the  thyroid  gland  should  be 
carefully  examined  in  all  patients  complaining  of 
palpitation,  or  extrasystoles,  or  showing  signs  of  car- 
diac dilatation.  The  best  treatment  in  eases  with 
defective  teeth  is  proper  attention  by  a  good  dentist. 
For  temporary  relief  I  known  of  nothing;  better  than  a 
good  malt  preparation  of  which  Keppler's  extract  is 
one  of  the  most  reliable. 

Some  heart  disorders  can  be  traced  to  the  new 
breakfast  foods  which  contain  half  cooked  starch  and 
often  cellulose.  I  have  seen  patients  recover  rapidly 
from  grave  heart  symptoms  by  simply  discontinuing 
the  use  of  these  cereals.  The  most  suitable  diet  for 
those  suffering  from  either  organic  or  functional  heart 
disease  is  easily  digestible  solids.  Soups,  broths, 
porridge,  and  bulky  foods  generally  are  to  be 
avoided. 

ATeurasthenia  should  always  be  thought  of  in  func- 
tional disorders  of  the  heart,  whether  of  the  excitable 
or  weak  type.  An  account  of  this  disease  will  be 
found  in  another  part  of  this  Handbook.  I  would 
like,  however,  to  mention  the  fact  that  where  splanch- 
noptosis is  present  some  improvement  in  the  heart 
symptoms  may  follow  the  use  of  a  good  abdominal 
supporter. 

In  conclusion  I  would  remind  the  reader  that  the 
elements  into  which  we  have  tried  to  analyze  the 
manifestations  and  causes  of  heart  failure  are  usually 
found  in  combination.  It  is  for  us  to  separate  them 
and  place  them  in  proper  perspective.  In  obscure 
and  difficult  cases  we  can  scarcely  go  wrong  in  pre- 
scribing rest  in  bed.  My  parting  advice  is  to  remem- 
ber the  boast  of  Karl  Wenkebach,  that  if  ever  he  should 
acquire  a  reputation  for  treating  heart  patients,  it 
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would  be  from  giving  digitalis  in  cases  where  authori- 
ties and  text-books  forbid  it. 

William  S.  Morrow. 

Heart:  Myocardial  Diseases. — Our  knowledge 
of  myocardial  diseases  began  when  Laennec  discovei  e  I 
that  cardiac  muscle  underwent  fatty  degeneration. 
A  quarter  of  a  century  later,  fatty  deposition  was 
contradistinguished  from  fatty  degeneration,  Stokes 
tracing  it  to  infective  diseases,  particularly  typhus 
and  typhoid  fevers,  and  Hayem  confirming  Stokes' 
findings  by  microscopic  examinations.  In  1850, 
Ricord  reported  that  syphilis  attacked  heart  muscle; 
and  during  our  Civil  War  Da  Costa  called  attention 
to  the  "irritable  heart"  he  had  detected  in  soldiers 
after  severe  prolonged  marches.  Later,  Bristowe 
found  that  there  was  also  interstitial  disease  of  the 
heart  tissue.  It  occurs  in  diphtheria  and  scarlet  fever, 
and  Huchard  traced  its  origin  in  some  instances  to 
inflammation  of  the  coronary  vessels.  Finally,  in 
1878-9,  von  Leyden  of  Berlin  showed  that  there  were 
successive  stages  in  the  development  of  the  fat  heart, 
and  gave  clinical  pictures  of  each  one. 

As  a  result  of  these  investigations,  we  may  now  say 
that  all  toxemias,  acute  or  chronic,  some  dyscrasias 
and  intoxications,  if  long  continued  or  severe,  and  other 
affections  to  be  mentioned  later  produce  definite 
changes  in  the  heart  walls,  evanescent  or  permanent, 
as  the  case  may  be.  And  although  we  cannot  always 
connect  definite  clinical  phenomena  with  each 
pathological  change,  still  in  most  cases  we  may  picture 
in  our  minds  the  particular  myocardial  change  and  its 
stage. 

The  word  myocardium,  referring  as  it  does  to  muscle 
tissue  as  the  preponderating  element  in  the  heart 
walls,  is  to  be  here  understood  as  a  synonym  for  the 
heart  walls  themselves  (Fig.  3092).     But  with  regard 


Fig.  3092. — Normal  Heart  Muscle.     X  250. 

to  the  word  myocarditis  there  has  been  much  mis- 
apprehension. Some  still  use  it,  either  indiscrimi- 
nately or  as  the  equivalent  of  myocardial  disease  in 
general,  though  properly  it  means  myocardial  in- 
flammation, and  therefore  does  not  include  the  most 
common  of  all  myocardial  affections,  degenerative 
changes. 

Classification. — My  classification  of  myocardial 
diseases  includes: 

1.  Acute  parenchymatous  m.yocarditis. 

2.  Acute  diffuse  mj-ocarditis,  including  the  tubercu- 
lous, syphilitic,  rheumatic  and  suppurative  forms. 

3.  Chronic  myocarditis,  including  all  of  the  diffuse 
inflammatory  changes  mentioned. 

4.  The  fat  heart. 

5.  The  fatty  heart. 

0.  Hypertrophies,  whether  due  to  severe  exercise, 
vascular  diseases,  blood  disorders,  neurotic  disurb- 
ances,  possibly  pregnancy. 

7.  Atrophies. 
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8.  Hyaline  and  calcific  changes.* 

Some  such  classification  as  the  above  is  essential  for 
a  clear  conception  of  myocardial  diseases,  though  many 
of  the  pathological  phenomena  here  given  are  apt  to 
be  interconnected  in  any  one  instance.  In  fact,  this 
complicated  interrelation  has  led  some  internists  to 
emphasize  the  clinical  aspects  of  these  affections  at 
the  expense  of  the  pathological.  Of  course,  it  is  true, 
in  a  general  way,  so  far  as  symptoms  and  treatment 
are  concerned  at  least,  that  chronic  myocardial  in- 
sufficiency is  sometimes  synonymous  with  myo- 
cardial abnormality  or  disease;  but  it  is  not  so  always. 
For  example,  the  insufficiencies  of  the  syphilitic 
heart  and  fat  heart  differ  widely  from  others  of  the 
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Fig.  3093. — Acute  Parenchymatous  Change.     X  250. 

myocardial  group,  so  that  they  need  to  be  classed 
separately,  while  the  more  we  study  these  subjects 
the  greater  will  be  the  variations  discovered. 

Frequency. — By  those  who  are  familiar  with  ordinary 
pathological  views  as  to  the  origin  of  acute  affections  in 
general,  it  will  be  admitted  that  parenchymatous 
changes  in  the  cell  elements  of  a  part  are  such  regular 
precursors  of  inflammatory  conditions  that  they  are 
to  be  considered  as  early  symptoms.  And  so  a 
parenchymatous  myocarditis  may  be  but  the  first 
indication  of  the  diffuse  form,  even  though  the  charac- 
ter of  the  parenchymatous  change  is  not  fully  under- 
stood. However,  it  is  to  be  presumed,  from  what  we 
know  of  similar  processes  elsewhere,  that  parenchyma- 
tous changes  may  not  only  produce  fatty  degeneration 
of  the  muscle  cells,  hyaline  change,  and  calcification, 
but  necrosis  as  well,  leading  to  dilatation  and  perhaps 
even  to  rupture  of  the  organ. 

We  have  only  recently  begun  to  appreciate  the 
comparative  frequency  of  myocardial  disease.  Ac- 
cording to  Harlow  Brooks,2  of  457  cases  taken  from  his 
list  of  autopsies  where  death  was  credited  to  cardiac 
diseases,  in  330  the  heart  walls  were  sufficiently  dis- 
eased to  cause  death,  while  in  many  of  the  others 
myocardial  disease  was  a  contributing  cause.  Un- 
fortunately, in  a  considerable  number  the  disease  had 
not  been  recognized  during  life,  though  in  126,  or 
thirty-eight  per  cent.,  the  myocardial  disease  was 
uncomplicated. 

Some  years  ago,  in  looking  over  my  own  clinical 
records,  taken  from  both  hospital  and  private 
memoranda,  I  came  to  the  conclusion  that  probably  in 
forty-five  per  cent,  of  my  deaths  in  cardiac  cases 
degenerative  changes  in  the  myocardium  were  the 
chief  determining  causes.  Roemer,  during  a  period 
of  twenty  years,  had  a  record  of  forty-four  per  cent,  of 
myopathic  heart  failures  where  there  were  no  valvular 
symptoms,  so  that  our  clinical  figures  tally  closely. 
Romberg  has  found  chronic  cardiac  insufficiency  (by 
which  he  means  chronic  myocardial  disease)  the  most 
common  of  heart  affections,  at  least  between  the  ages 
of  forty  and  sixty-five  in  men,  and  in  women  at  a 
little   later   period.     If   to   these   chronic   forms   we 

•  Pappenheim1    has    described   at   length    this    rare    condition. 

Vol.  V.— 6 


add  all  the  acute  myocardial  affections  associated  with 
infections,  dvscrasias,  anemias,  intoxications,  etc.,  we 
may  be  tolerably  sure  that  myocardial  disease  is  more 
frequent  than  valvular  disease.  But  cardiac  disease 
other  than  valvular  or  myocardial  is  very  rare,  while 
valvular  disease  is  tolerably  sure  to  produce  more  or 
less  myocardial  disease.  So  that  it  is  easy  to  see  that 
the  latter  is  certainly  the  most  common  form  of  heart 
disease,  and  probably  more  so  than  all  other  forms  com- 
bined. Schott3  says  that  diseases  of  the  myocardium, 
in  comparison  with  those  of  the  endocardium,  are  as 
five  to  two. 

Pathology. — With  respect  to  the  morbid  changes  of 
the  tissues,  parenchymatous  alteration  is  the  earliest 
of  all.  In  diphtheria,  for  example,  it  may  occur  within 
the  first  few  days,  or  at  any  time  up  to  several  weeks 
after  the  fever  has  subsided.  Acute  parenchymatous 
change  is  characterized,  pathologically,  by  the  oc- 
currence of  minute  granules  or  particles  in  the  muscle 
cells,  and  the  partial  disappearance  of  the  cross- 
striations.  This  early  parenchymatous  change  is 
probably  analogous  to  the  "cloudy  swelling"  seen  in 
the  uriniferous  tubules  at  the  onset  of  an  acute 
nephritis  (Fig.  3093).  It  antedates,  I  think,  every  other 
sign.  Though  diphtheria  appears  to  be  largely  re- 
sponsible for  myocardial  disease  (Schmalz  found  it  in 
sixteen  per  cent,  of  his  diphtheria  deaths);  it  also 
occurs  in  rheumatism,  with  or  without  the  articu- 
lar signs,  in  tuberculosis,  tonsillitis,  measles,  lobar 
pneumonia,  erysipelas,  epidemic  influenza,  septic 
processes,  gonorrhea,  and  probably  in  all  severe  in- 
fections and  intoxications.  The  parenchymatous 
change  may  be  localized  or  general,  usually  the  latter. 
Seen  with  the  naked  eye  the  muscle  tissue  is  lighter 
colored  than  normal,  while  the  cut  surface  is  lack- 
luster in  appearance,  swollen,  and  moist.  Micro- 
scopically the  muscle  cells  are  enlarged,  less  translu- 
cent than  usual,  and  studded  with  minute  particles, 
bacterial  in  character,  or  derived  from  the  albuminoid 
protoplasm  of  the  cells.  In  advanced  cases  the  nuclei 
are  similarly  transformed.  In  1904  Aschoff  found 
peculiar  minute  nodules  in  the  myocardium,  asso- 
ciated with  acute  articular  rheumatism.  He  thought 
they  were  specifically  related  to  the  rheumatism. 
Frankel  thinks  they  are  formed  in  the  periadventitial 
tissues  of  the  smaller  vessels.  It  is  probable  that 
myocardial  changes  may  be  either  due  to  the  toxins 
of  the  infections    above    mentioned   or  induced   by 
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Fig.  3094.— Acute  Myocarditis.      X  315. 

continued  fever  or  by  dvscrasias  such  as  alcoholism. 
The  mechanical  effect  of  these  changes  is  to  limit  the 
contractile  power  of  the  muscle  and  cause  cardiac 
inefficiency  sooner  or  later.  When  acute  myocarditis 
has  become  established  it  is  seen  that  the  muscle 
bundles  are  not  only  swollen  with  serum,  filled  with 
granules,  and  opaque,  but  the  muscle  striations  may 
be  nearly  obliterated.  Segmentation  and  fragmen- 
tation (Fig.  3095)  are  said  to  occur  occasionally.  We 
need  not  treat  these  last-named  conditions  too 
seriously;   they  may  be  antemortem  or  postmortem 
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phenomena.     In     all     cases,     however,     the     inter- 
muscular tissue  is  also  infiltrated  with  blood  globules, 

together  with  tin-  proliferating  cells  uf  the  interstitial 
tissues  and  vascular  sheaths. 

What  we  call  acute  myocarditis  is  therefore  a  (Fig. 
3094)  diffuse  inflammation  in  which  the  muscular 
tissue  is  only  one  of  several  elements  involved.  It 
may  be  localized  or  not.  Occasionally  the  process 
may   go    on   to    suppuration.     Usually    the    abscess 
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Fig.  3095. — Segmentation  and  Fragmentation.      X  110. 
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is  embolic  and  multiple,  sometimes  due  to  infective 
endocarditis,  to  pyemia,  or  to  some  other  infection. 
It  is  usually  fatal,  discharging  into  one  of  the  cavi- 
ties of  the  heart,  or  into  the  pericardium,  causing 
aneurysm,  pyocardium,  pyopericardium,  or  even 
rupture  of  the  organ.  But  the  acute  form  may 
pass  over  into  the  chronic.  For  example,  acute 
tuberculosis  of  the  heart  walls  may  become  chronic, 
and  the  same  is  true  of  syphilis,  gout,  and  some 
other  affections.  In  fact,  there  is  no  doubt  that 
in  all  these  instances  the  disease  which  at  first 
originated  in  the  larger  cardiac  vessels  or  their  peri- 
vascular sheaths  extends  to  the  interstitial  tissues 
along  the  lines  of  the  smaller  vessels.  Even  the 
elastic  tissue  may  be  involved,  and  this  is  a  very 
important  factor  in  the  heart  action,  its  expansion  and 
contraction  being  an  aid  to  the  muscular  mechanism. 

Cardiac  hypertrophy  is  due,  apart  from  severe  exer- 
cise, to  such  causes  as  arteriosclerosis,  congenitally 
small  vessels,  scoliosis,  kyphosis,  Graves'  disease,  and 
the  neurotic  heart  of  hysteria.  In  sclerosis  of  the  coro- 
nary vessels,  the  process  starts  from  the  vessels  or  their 
sheaths,  and  then  extends  along  their  subdivisions 
throughout  the  heart  substance,  increasing  its  thickness 
and  density.  If  the  congenitally  small  vessels  described 
by  Virchow  are  present,  the  muscular  tissue  of  the  heart 
may  hypertrophy  in  order  to  propel  the  proper  amount 
of  blood  through  the  narrowed  arterial  channels.  In 
scoliosis  and  kyphosis,  the  heart  walls  hypertrophy 
because  the  movement  of  blood  through  the  heart 
chambers  is  restricted  by  the  constriction  of  the  bony 
framework  of  the  thorax,  and  some  pressure  must  be 
brought  to  bear  on  the  right  or  left  ventricle,  as  it  may 
be,  in  order  to  maintain  the  circulatory  equilibrium. 
In  Graves'  disease  and  in  the  hysterical  heart  the 
increased  activity  of  the  organ,  due  to  the  neurotic 
condition,  increases  the  heart's  rapidity,  and,  if 
continued,  eventually  causes  muscular  hypertrophy. 

The  fat  heart  and  fatty  heart  are  closely  allied, 
pathologically  speaking,  but  in  uncomplicated  cases 
there  is  little  in  common  between  them  as  to  natural 
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history,   diagnosis,   and   prognosis,      In   the   fat    heart 

there  is  a  deposition  of  fat  between  the  muscle  fibers 

or  bundles  (Fig.  :J0(M>),  while  in  the  fatty  heart  there 
occurs  a  degeneration  of  the  muscle  fibers  themselves 
(Fig.  3087). 

In  the  fat  heart  there  will  not,  in  ordinary  cases,  be 
any  interference  with  the  function  of  the  muscle;  in 
advanced  cases  the  fat  may  of  itself  interfere  with  the 
motility  of  the  fibers  by  external  pressure.  In  fatty 
degeneration  the  protoplasm  of  the  muscle  itself  has 
undergone  a  change  that  necessarily  restricts  its 
energy,  and  may  eventually  destroy  its  vitality  in 
whole  or  in  part.  The  fat  heart  tends  to  degenera- 
tion; that  is  it  is  apt  to  evoke  degenerative  changes 
in  the  muscle  against  which  it  presses;  but  a  fatty 
heart  never  becomes  a  fat  heart. 

The  fat  heart  and  corpulence  are  so  closely  allied 
that  Quain  once  maintained  that  patients  with  fat 
hearts  were  invariably  corpulent.  Patients  with  fat 
hearts  are  generally  corpulent,  but  not  always;  but 
there  is  certainly  a  pretty  constant  relation  between 
the  two.  Yet  if  a  corpulent  person  is  reduced  by 
treatment,  the  fat  about  the  heart  is  apt  to  remain 
long  after  the  external  evidences  of  fat  deposition 
have  yielded.  On  the  other  hand,  beer  drinkers  and 
gluttons  put  on  bodily  fat  which  their  hearts  often  do 
not  share.  With  these  exceptions,  corpulence  and 
the  fat  heart  may  be  said  to  be  practically  coincident. 
The  fat  heart  may  occur  at  any  age,  but  is  rare  in 
advanced  life.  As  the  atrophic  changes  of  senility  set 
in,  the  deposits  of  fat  usually  disappear.  Von  Leyden 
has  described  three  varieties  of  the  fat  heart:  (1) 
Where  there  is  a  deposit  of  fat  in  the  heart  walls  with- 
out organic  affection  of  the  muscle  tissues.  (2)  A 
severe  form  associated  with  organic  muscle  disease. 
(3)  A  form  complicated  with  disease  of  the  aorta  and 
coronary  vessels,  perhaps  of  the  kidneys.  There  can 
be  little  doubt  as  to  the  occurrence  of  the  first  two 
varieties. 

Fatty  degeneration  is  more  common  than  the  fat 
heart.  At  the  present,  evidence  seems  to  favor  the 
idea  that  the  oily  particles  come  from  without,  though 


Fig.  3096.— Abnormal  Deposition  of  Fat.      X  845. 

it  is  more  natural  to  believe  that  they  come  from 
within  the  muscle  cells  and  are  sequels  to  the  albumi- 
noid changes  of  acute  myocarditis,  especially  as  they  are 
found  in  the  very  class  of  cases  that  suffer  from  acute 
myocarditis,  as  in  the  eruptive  fevers,  diphtheria, 
acute  rheumatism,  lobar  pneumonia,  influenza,  ton- 
sillitis,   cellulitis,    enteritis,    or   any   acute   attack    of 
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toxemia;  also  in  chronic  intoxications,  such  as  lead 
poisoning  or  uremia.  But  fatty  degeneration  (Figs. 
3007  and  3098)  is  also  found  in  wasting  diseases  like 
carcinoma  and  paralysis,  in  prolonged  fevers,  after 
mechanical  injuries  or  surgical  operations,  in  severe 
depression  of  the  system,  in  pregnancy,  and  in  senility. 
When,  in  the  affections  named  especially  in  the  toxe- 
mias due  to  diphtheria,  in  eruptive  diseases,  celluli- 
tis, suppuration  after  operations — sudden  death  occurs, 
the  probability  is  that  the  mischief  is  due  to  fatty  de- 


Fig.  3097. — Fatty    Degeneration    of    Cardiac    Muscle,     a,    Beginn 
changes;  b,  complete  degeneration.      X  250. 

generation  of  the  organ,  and  the  cause  a  toxemia 
rather  than  an  embolism,  heart  clot,  or  cardiac  pa- 
ralysis, which  in  times  past  were  terms  used  to  explain 
these  accidents.  In  fact,  we  may  go  so  far  as  to  say 
that  diseases  of  the  heart  substance  in  which  fatty 
degeneration  plays  an  important  part  are  the  chief 
causes  of  death  in  heart  disease.  Predisposing  if  not 
governing  factors  of  fatty  degeneration,  however,  are 
cardiac  hypertrophy,  fibroid  disease,  the  fat  heart, 
endo-  and  pericardial  diseases,  including  tuberculosis, 
new  growths,  and  arterial  disease,  overexertion,  over- 
excitement,  abuse  of  eating  or  drinking,  very  likely 
anemia.  It  is  unfortunate  that  coronary  sclero- 
sis has  been  regarded  by  some  as  the  main  pre- 
disposing factor  in  fatty  degeneration.  Evidence 
does  not  sustain  this  view.  Coronary  sclerosis  is 
one  of  the  rarer  causes  of  fatty  degeneration.  In 
seventeen  cases  of  myocardial  disease  recorded  by 
Anders,4  arteriosclerosis  was  only  present  in  eight,  and 
then  not  in  a  prominent  degree.  While  fatty  degen- 
eration may  occur  at  any  age,  the  grosser  forms  are 
certainly  associated  with  other  degenerative  changes 
that  are  the  concomitants  of  senility.  It  is  certainly 
more  common  in  advanced  age  than  middle  life. 
So  that  being  both  the  most  dangerous  form  of  heart 
disease  and  comparatively  frequent,  the  importance 
of  an  early  and  correct  diagnosis  is  apparent.  Un- 
fortunately, however,  its  diagnostic  features  are  not 
strongly  marked,  and  in  mild  cases  may  be  absent;  in 
fact,  there  may  not  be  any  appreciable  dilatation, 
and  this  is  the  one  sign  of  paramount  importance. 

Cardiac  syphilis  has  been  known  to  exist  for  more 
than  fifty  years,  but  my  experience  has  told  me  that 
the  danger  of  constitutional  syphilis  has  not  been 
duly  appreciated.  One  reason  has  been  the  diffi- 
culty of  determining  the  existence  of  syphilis  at 
autopsies,  for,  with  the  exception  of  the  gumma  and 
some  peculiar  changes  in  the  liver,  lungs,  and  spleen, 
there  have  been  no  certain  criteria  until  the  discovery 
of  the  Treponema  pallidum.  It  will  not  be  long,  how- 
ever, before  we  know  the  relative  frequency  of  cardiac 
syphilis,  for  according  to  Warthin  the  treponema 
is  found  more  frequently  in  the  heart  than  in  the 
lungs,  liver,  or  spleen.  Another  reason  why  the 
danger  of  heart  involvement  in  syphilis  has  not  been 
appreciated  is  that  such  involvement  usually  occurs 
very  late  after  the  initial  lesion,  even  eight  or  ten  years 
afterward,  when  the  patient  has  begun  to  forget"  that 
he  ever  had  the  disease,  or  has  thought  it  cured. 
It  should  also  be  remembered  that  cardiac  syphilis 
may  be  hereditary.     Some  years  ago  I  found  from 


my  clinical  records  that  syphilis  positively  existed 
in  five  per  cent,  of  my  heart  cases,  and  probably  in 
five  per  cent.  more.  I  hold  to  this  position  still 
Certainly  there  is  a  class  of  In-art  cases  with  a  previous 
syphilitic  history,  or  perhaps  with  locomotor  ataxia, 
or  some  other  affection  of  the  central  nervous  sys- 
tem, where  treatment  will  be  ineffectual  without  the 
use  of  mercury  or  the  iodides.  It  is  well  known  that 
there  is  a  comparatively  close  relation  between  syphilis 
and  aortic  disease,  and  a  still  closer  one  between 
syphilis  and  aneurysm. 

Atrophy  of  the  heart  occurs,  but  is  compara- 
tively rare.  It  may  be  a  family  peculiarity,  or  due 
to  arrest  of  development,  starvation,  or  some 
wasting  disease  such  as  cancer  or  phthisis,  or 
simply  old  age,  when  it  is  to  be  regarded  as  physio 
logical.  The  adult  atrophic  heart  has  been  known 
to  weigh  only  about  three  ounces,  in  fact  a  little 
less.  These  hearts  in  uncomplicated  cases  have 
a  dark  reddish-brown  color,  and  are  in  the  condi- 
tion that  has  been  called  "brown  atrophy."  The 
muscle  fibers  have  yellow-brown  pigment  about 
the  nuclei.  Sometimes  the  organ  is  so  shrunken 
that  its  vessels  are  thrown  out  into  relief,  the 
"withered  apple  heart"  (Fig.  3100).  But  thereare 
no  very  distinctive  physical  signs  of  it  during  life. 
Of  course,  in  uncomplicated  instances  the  heart's 
area  will  be  smaller  than  usual.  Otherwise,  the  signs 
that  have  been  described,  such  as  faint  turns,  singing 
in  the  ears,  palpitation,  precordial  distress,  irregular 
pulse,  and  confusion  of  mind,  will  be  suggestive,  in 
conjunction  with  the  diminished  area,  but  they  cannot 
be  called  pathognomonic.  However,  the  diagnosis 
may  be  made  with  reasonable  certainty,  if  the  heart 
is  anatomically  small,  either  in  old  age  or  in  any  of 
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Fig.  309S. — Fatty  Degeneration  of  Heart,  with  thickened  aortic 
leaflets  and  mitral  stenosis  (wooden  wedge  in  button-hole  opening) ; 
about  one-half  size. 

the  affections  mentioned  above,  especially  if  the  pulse 
is  weak  and  irregular,  and  there  are  fainting  turns 
with  cardiac  distress.  Such  a  heart  came  under  my 
observation  at  a  meeting  of  the  New  York  Patho- 
logical Society,  some  years  ago.  It  was  taken  from 
the  person  of  a  young  man  who  died  of  sarcoma  in 
the  practice  of  Dr.  R.  E.  Van  Gieson.  The  heart 
weighed  less  than  five  ounces.  In  Bramwell's  female 
cancer  patient,  the  heart  weighed  only  two  ounces, 
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twelve  drams,  and  ten  grains.  Fig.  3100  is  a  life-size 
copy  of  Brain  well's  ease.  According  to  Gibson, 
Quail]  knew  of  a  still  more  remarkable  instance  in  a 
girl  of  fourteen,  whose  heart  weighed  only  one  ounce, 
fourteen  drams. 

Fig.  3101    is  the  heart  of  a  female  patient  of  mine 
who  died  at  St.  Luke's  Hospital  of  purpura  hemor- 
rhagica.    Subserous   hemorrhages   had   occurred   be- 
neath the  nedocardium.     There  were  similar  effusions 
beneath  the  submucous  tis- 
sues   of   the    intestine   and 
uterus.     At  the  postmortem 
^^^  '"""^-ip^aS*"*"^  there  was  found    a  cardiac 

ll  /s^M&U^  collosity,  or  invading   fibro- 

^F4|j|  JBH  s'*>  which,   as   no  other  ex- 

planation offered,  may  per- 
haps have  resulted  from  a 
previous  pericarditis. 

In  Fig.  3102  we  see  how 
an  invading  fibrosis  can 
squeeze  the  muscular  tissue. 
Another  method  by  which 
cardiac  fibrosis  develops  is 
shown  in  Fig.  3103.  Sup- 
posing that  in  aortic  endocar- 
ditis,  as  in  Fig.  3098,  a  par- 
ticle is  dislodged  and  finally 
arrested  in  a  coronary  ar- 
terv,  an  infarct  (white)  may 
result.  For  the  coronary 
vessels,  though  not  terminal 
as  in  the  brain,  have  some- 
times rather  insignificant 
capillary  connections,  and 
the  plugging  of  an  arterial 
branch  may  cut  off  from  the 
neighboring  territory  so 
much  blood  that  it  is  prac- 
tically starved  to  death. 
As  a  consequence,  the  mus- 
cle tissue  involved,  with  such 
vessels  as  exist,  atrophy,  and 
the  whole  area  is  supplanted 
by  fibrous  material.  The 
cardiac  walls  are  then  cor- 
respondingly weakened,  and 
lose  a  portion  of  the  tissue 
which  regulates  the  contrac- 
tion and  expansion  of  the 
organ. 

Herrick5  has  recently 
urged  that  the  coronaries 
are  not  strictly  end  arter- 
ies, as  once  claimed  by 
Cohnheim,  but  that  there 
is  an  anatomical  anasto- 
mosis, and  that  sudden  death 
is  not  a  necessary  conse- 
quence when  even  a  large 
Fig.  3099.— Arteriosclerosis  branch    of    a    coronary  has 

of    the  Abdominal  Aorta;  re-  been     obstructed.      In    fact, 

duced  to  about  one-third  size,  while  sudden  death  may  be 
so  caused,  he  holds  that  it 
may  be  postponed  for  several  days,  and  recovery 
may  take  place.  He  has  cited  a  case  where  his 
patient,  a  man  of  fifty  and  of  previous  good 
health,  was  suddenly  seized  with  epigastric  pain, 
high  up.  In  about  three  hours  the  pain  subsided, 
but  the  patient  only  survived  fifty  or  sixty  hours. 
An  autopsy  showed  obstruction  of  the  left  coro- 
nary. The  most  striking  symptoms  were  the  ini- 
tial pain,  collapse,  feeble  pulse  and  heart  sounds, 
slight  dyspnea,  and  cyanosis.  The  late  N.  M. 
Heineman,  as  early  as  1900,  claimed  that  in  the 
capillary  circulation  of  the  heart  there  were  peculiar 
reservoirs  for  the  blood,  unlike  anything  else  of  the 
kind  in  the  body.  E.  Libman,  of  the  Mount  Sinai 
Hospital,    has   found  partial   or   complete   occlusion 
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of  coronaries,  particularly  in  heavy  smokers  of  cigars. 
Sometimes  the  occlusion  was  caused  by  plaques  due 
to  arteriosclerosis,  or  to  puckering.  Such  patients 
sometimes  live  not  only  weeks  but  months.  The 
facial  appearance  has  been  found  to  be  helpful  at 
times  in  the  diagnosis;  (he  skin  lias  a  peculiar  dirty 
ashen  hue.  It  is  important  to  recognize  this  peculiar 
cast  of  countenance,  as  such  patients  are  apt  to 
succumb  at  any  time,  particularly  after  operative 
procedures  (H.  H.  Fitzj. 

Cardiac  hypertrophy  consists  in  a  gradual  thick- 
ening of  the  heart's  tissues,  with  dilatation  and 
enlargement  of  the  muscle  cells;  perhaps  an  increase 
in  their  number.  During  this  period,  which  may  be 
called  the  first  stage,  the  pulse  is  irregular,  but 
its  strength  increases,  the  accentuation  of  the  second 


Fig.  3100. — Bramwell's  "Withered  Apple"  Heart;  natural  size. 

pulmonary  sound  at  the  base  indicating  that  the  right 
ventricle  has  become  enlarged.  This  stage  is  com- 
pleted when  the  hypertrophy  has  been  sufficient  to 
propel  the  blood  column  with  the  required  amount  of 
force.  The  second  stage  is  marked  by  a  return  of  the 
action  of  the  heart  and  pulse  to  their  normal  condi- 
tions. This  stage  may  continue  indefinitely,  so  far 
as  we  know.  If,  however,  the  dilatation  increases, 
as  it  may  from  various  causes,  we  then  enter  upon  a 
period  of  failing  compensation.  This  is  the  third 
stage.  But  now  a  sudden  further  dilatation  will 
mean  heart  failure,  and,  if  no  relief  is  given,  im- 
mediate death.  Loss  of  rest,  excitement,  insufficient 
nourishment,  unusual  exposure,  sudden  strain,  may, 
any  one  of  them,  cause  sudden  dilatation  of  the  heart 
and  death.  And  yet  we  should  remember  that 
cardiac  hypertrophy  itself  is  in  all  instances  a  benign 
process,  devised  by  nature  to  relieve  a  worse  condition. 
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For  in  all  these  cases,  even  in  the  hypertrophied  heart 
of  an  athlete,  the  muscular  tissue  has  doubtless  been 
reinforced  in  order  to  restore  the  tone  of  the  organ,  in 
recompense  for  a  strain,  or,  in  other  words,  a  lacera- 
tion. The  diagnosis  should  present  little  difficulty. 
Except  in  very  stout  persons,  or  women  with  pendu- 
lous breasts,  the  outline  of  the  heart  can  visually  be 
made  out  with  sufficient  accuracy.  Even  if  it  cannot 
be  well  defined,  the  apex  beat  can  be  located  by  the 
stethoscope. 


Fig.  3101. — Callosity   at   Apex    of   Heart    in   a  Case  of  Purpura 
Hemorrhagica;  about  one-half  actual  size. 

Cardiac  hypertrophy  therefore  indicates  the  ex- 
istence of  some  systemic  primary  defect  or  disease, 
which  governs  the  prognosis,  unless  there  happens 
to  be  an  intercurrent  incident  or  accident  to  provoke 
heart  failure.  Cardiac  hypertrophy  in  nephritis 
should  not,  of  course,  be  taken  too  seriously;  the 
nephritis  is  the  chief  danger.  But  the  athlete's  heart 
is  more  liable  to  suffer  from  excitement  or  sudden 
strain  than  the  normal  heart,  so  that  he  should  be 
warned,  in  order  that  he  may  guard  himself  against 
sudden  dilatation.  In  mild  cases,  however,  the 
hypertrophy  may  entirely  disappear.  In  growing 
boys  the  recovery  takes  place  within  a  couple  of  years. 

Heart  Strain. — In  forty  unselected  school  boys, 
ranging  in  years  from  seven  to  fourteen,  taken  out  for 
a  week's  excursion  by  Riviere,  twenty  out  of  thirty- 
three  were  subsequently  found  to  have  acquired 
serious  heart  enlargement.  In  ten  of  these  there  was 
cardiac  shrinkage  in  from  two  to  ten  weeks,  while  in 
the  remaining  ten  the  enlargement  had  persisted  at 
the  end  of  two  and  a  half  months.  In  the  boys 
seven  and  eight  years  of  age,  an  enlargement  occurred 
in  eighty-three  per  cent.;  in  the  boys  of  ten  and  twelve 
in  seventy-five  per  cent.;  in  the  boys  of  thirteen  and 
fourteen,  only  3.6  per  cent.  The  claim  of  Dukes  that 
modern  athleticism  is  injurious  to  the  undeveloped 
youth,  rests  therefore  on  a  sound  basis.  And  it  is 
supported  by  the  evidence  of  Savage,  who  with  his 
associates  has  studied  the  effect  of  Marathon  races  on 
the  heart,  and  has  reached  the  conclusion  that  be- 
tween the  ages  of  twenty  and  forty  athletes  are  best 
able  to  endure  the  unusual  strain.  Exercises  that 
bear  heavily  on  the  legs,  according  to  W.  B.  Anderson, 
give  rise  most  frequently  to  heart  strains,  and  he 
classifies  these  as  the  acute  and  chronic,  putting 
Da    Costa's    irritable    heart    in    the  latter  category. 


Schott's  experience  with  a  t  hides7  is  tut  lie  effect  that  ex- 
ercises carried  to  the  point  of  producing  palpitation 
and  severe  dyspnea  will  cause  cardiac  enlargement 
that  may  become' chronic.  And  yet  John  Morgan" 
has  found  thai  men  who  have  taken  part  in  boat  races 
in  early  life  have  as  a  rule  had  long  and  active  lives. 
On  the  other  hand,  R.  Tait  McKenzie'  claims  (and 
his  views  are  not  necessarily  in  disagreement  with 
those  of  Morgan)  that  men  who  have  been  very 
strenuous  in  athletics  in  early  life  cannot  safely  con- 
tinue them  at  a  later  period.  In  these  persons,  also 
(apart  from  the  possibly  fatty  condition  of  their 
myocardia),  the  strain  on  the  heart  muscle  must  often 
be  severe,  because  there  is  usually  a  disproportion 
between  the  size  of  the  heart  and  the  tissues  to  be 
supplied  with  blood.  For  there  is  no  fixed  relation 
between  the  size  of  the  heart  and  increase  in  the  fatty 
tissues.  More  dangerous  than  athletics,  McKenzie 
holds,  are  strenous  occupations  like  coal  and  iron 
mining,  with  their  unsanitary  conditions.  Among 
accessory  causes  of  heart  strain  must  be  included  mal- 
formations of  the  bony  wall  of  the  chest,  as  in  scoliosis 
or  kyphosis,  or  alterations  in  the  shape  of  its  interior 
as  a  result  of  pursuing  certain  occupations.  For 
example,  the  clerk  writing  at  his  desk,  or  the  dentist 
at  his  chair,  take  positions  which  diminish  the  capacity 
of  the  chest  and  so  embarrass  the  circulation  within  it, 
and  consequently  give  the  heart  greater  work  to  do. 

It  has  been  my  experience  that  adults  as  well  as 
those  in  early  life  may  suffer  for  years  from  severe 
strain  of  the  heart,  and'  yet  ultimately  recover  from  it. 
A  male  patient  of  mine,  thirty-two  years  of  age,  has 
quite  recovered  from  a  severe  cardiac  strain  which 
happened  six  years  ago.  The  outlook  is  much  less 
favorable,  however,  in  older  cases.  Another  patient 
of  mine,  while  on  a  hunting  trip  in  middle  life  sud- 
denly realized  that  he  had  strained  his  heart  in 
attempting  to  roll  over  a  heavy  log  to  build  his  camp. 
He  was  a  physician,  and  was  fully  alive  to  the  fact  that 
his  heart  had  been  permanently  disabled.  Sub- 
sequently, under  a  sudden  dilatation  from  a  cause  in- 
cidental to  the  life  of  any  busy  practitioner,  he  was 
taken  off  without  warning.  The  fatal  issue  in  his 
case  could  hardly  have  been  avoided,  so  long  as  he 
discharged  the  duties  of  his  very  responsible  and 
arduous  position. 


Fig.  3102. — Fibroid  Invasion  of  the  Myocardium.      X  210. 

In  any  case  of  suspected  dilatation,  it  is  extremely 
important  to  determine  how  much  hypertrophy  is 
present,  certainly  to  the  extent  of  noting  the  altered 
location  of  the  apex  beat  or  sound.  Dilatation  is 
characterized  by  a  soft,  weak,  and  irregular  pulse, 
which  is  usually  increased  in  rate  unless  the  nervous 
system  is  implicated  or  there  is  renal  toxemia.  The 
dilatation  may  be  more  or  less  extensive.  But, 
clinically  speaking,  if  the  left  margin  of  the  heart  does 
not  extend  beyond  the  nipple  it  is  not  an  alarming 
sign;  if  it  is  much  beyond  that  point  the  prognosis 
is  unfavorable.  In  mild  cases,  however,  the  dilata- 
tion, as  shown  by  the  apex  beat,  does  not  reach  to  the 

85 


Heart:  Myocardial  Diseases 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


nipple.  If,  (lien,  in  the  course  of  or  after  typhoid 
fever,  diphtheria,  or  any  of  the  acute  or  chronic 
toxemias  that  have  been  mentioned,  the  pulse  becomes 
weak  and  irregular,  no  matter  what  its  rate,  attention 
should  be  directed  to  the  probability  of  some  myo- 
cardial affection  being  present,  and  if  there  is  pre- 
cordial distress,  or  cyanosis,  dyspnea,  some  edema,  or, 
in  extreme  cases,  anginoid  attacks,  a  diagnosis  of 
acute  dilatation  can  be  made  with  a  reasonable  degree 
of  probability,  which  will  amount  to  a  certainty  if  it  is 
found  that  the  heart's  dimensions  have  suddenly 
enlarged.  In  such  cases  we  should  give  the  heart  as 
much  relief  as  is  practicable  by  rest  in  bed;  for  the 
horizontal  position  relieves  the  weakened  organ,  the 
diminished  number  of  cardiac  contractions  ac- 
complishing the  same  as  a  greater  number  when  the 
body  is  vertical.  If  the  parenchymatous  change  is 
associated  with  apyrexia,  sponging  of  the  surface  with 
alcohol  and  water  will  reduce  the  temperature,  while 
there  may  be  also  a  field  for  an  antipyretic  drug,  such 
as  aconite  in  small  doses.  In  apyretic  cases,  as  in  the 
various  forms  of  chronic  cardiac  disease,  it  is  more 
logical  to  relieve  the  peripheral  pressure  by  warmth 
to  the  extremities,  or  by  the  use  of  nitrites  or  nitrates, 
than  to  stimulate  the  heart.  For  whatever  temporary 
gain  may  be  obtained  for  a  tired  heart  by  a  cardiac 
compressor,  cardiac  activity  will  diminish  as  soon  as 
the  physiological  effects  of  the  drug  have  passed  away. 


Fig.  3103.— Cardiac  Fibrosia  and  the  White  Infarct.      X  67. 

We  should  also  hesitate  to  give  drugs  merely  for  the 
purpose  of  lowering  or  increasing  the  pulse  rate, 
because  the  rate  may  be  adapted  to  the  pathological 
condition.  Through  the  influence  of  the  nerve 
centers,  central  or  peripheral,  there  is  always  a 
compensatory  action  of  the  heart,  adapting  its  speed 
or  pressure,  more  or  less  certainly,  to  varying  condi- 
tions. Of  course,  when  the  acute  symptoms  have 
received  proper  attention  no  time  should  be  lost  in 
endeavoring  to  eliminate  the  toxins  (if  there  has 
been  toxemia)  by  such  means  as  are  calculated  to 
remove  or  nullify  the  primary  cause  of  the  dilatation. 

With  our  present  knowledge  of  heart  block,  if  it 
occurs  at  any  time  we  should  suspect  myocardial 
involvement,  though  not  necessarily  at  the  bundle  of 
His  (Lewis).  Thus  far  we  have  no  therapeutic 
resource  for  it. 

Heart  failure  may,  in  the  absence  of  myocardial 
disease,  be  credited  to  vasomotor  paralysis  or  paresis. 
The  usual  remedies  should  be  employed,  of  which 
glonoin  and  strophanthin  stand  in  the  first  rank,  while 
in  desperate  cases  artificial  respiration  may  be 
necessary. 

Fat  Heart. — Von  Leyden's  views  as  to  his  first  two 
varieties  of  the  fat  heart  are  valuable.  In  the  first  of 
them  there  may  be  shortness  of  breath,  asthmatic 
attacks,  and  a  rapid  pulse,  even  when  the  heart  muscle 
is  not  involved,  caused  by  the  extraordinary  efforts 
made  in  the  movements  of  the  obese,  owing  to  me- 
chanical interference  by  the  various  fat  deposits  with 
the  respiration  and  circulation.  Such  persons  seldom 
live  to  old  age,  and  succumb  very  easily  to  intercurrent 
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infective  diseases.  This  form,  however,  is  curable 
under  appropriate  treatment,  such  as  baths,  exercises, 
gymnastics,  and  diet.  Hut  under  certain  circum- 
stances, such  as  psychic  disturbance,  overeating  or 
drinking,  or  training,  it  may  pass  into  his  second 
form.  In  this  one  (lias*,  med.  ItundschaUj  1907, 
S.  276)  the  prognosis  and  treatment  are  different. 
The  prominent  symptom  is  heart  weakness,  with 
precordial  distress  and  orthopnea,  while  the  blood  is 
apt  to  stagnate  in  the  veins,  and  there  are  cough  and 
bloody  expectoration,  with  swelling  of  the  liver.  The 
heart  dilates,  but  the  auscultatory  sounds  vary.  The 
normal  sounds  are  weaker,  however,  and  the  apex 
beat  less  easily  recognized;  or  there  is  a  splitting  of  the 
sounds,  or  sometimes  a  systolic  murmur  at  the  apex 
due  to  muscular  weakness  at  the  mitral.  The  second 
sound  above  the  aorta  is  usually  stronger  than  the 
pulmonary.  The  action  is  also  arrhythmic.  The 
pulse  is  small  and  irregular,  but  may  be  slowed  or 
hastened. 

When  arteriosclerosis  is  detected  in  the  peripheral 
vessels,  or  in  the  contracted  kidney,  by  uranalysis,  we 
can  realize  that  a  fat  heart  already  weak  is  meeting 
increased  resistance,  which  mu§t  tend  to  dilatation 
and  heart  failure. 

The  diagnosis  of  fat  heart  is  comparatively  easy, 
though  always  a  matter  of  inference.  It  cannot  be 
determined  by  physical  signs.  However,  as  Quain 
says,  in  stout  people  when  the  pulse  is  small  and  weak, 
the  first  sound  feeble,  the  impulse  weak,  and  the 
heart's  area  enlarged,  it  may  be  judged  that  there  is  a 
fat  heart,  with  a  fair  degree  of  certainty. 

So  far  as  treatment  is  concerned,  the  condition  does 
not  present  much  difficulty,  provided  the  patient  will 
faithfully  carry  out  some  rational  plan.  A  physician, 
seventy-six  years  of  age,  weighing  377  pounds,  and 
unable  to  walk  without  assistance,  I  reduced  over 
forty  pounds  in  a  few  months,  with  very  little  difficulty, 
relieving  his  rheumatism  and  chronic  eczema,  so  that 
he  was  able  to  resume,  to  some  extent,  his  outside 
practice.  He  took  several  courses  of  the  Nauheim 
treatment,  and  adhered  to  the  rigid  dietary  I  laid 
down.  Some,  however,  women  especially,  are  quite 
willing  to  take  any  prescribed  course  provided  their 
dietary  is  not  restricted,  and  treatment  with  them  is 
consequently  a  failure. 

My  dietary  avoids  fat  meat,  bread  that  contains 
much  starch,  and  coffee,  but  includes  often  the  use  of 
sodium  bicarbonate  advocated  by  Trousseau.  I  have 
found  that  my  plan  will  reduce  at  the  rate  of  from  four 
to  ten  pounds  a  month,  a  rate  that  is  sufficiently  fast. 
Nor  does  it  preclude  tonics,  wine,  or  other  stimulants 
in  moderation.  As  a  matter  of  fact,  1  have  not  had 
occasion  to  use  alcoholics.  One  of  my  dietaries  is  as 
follows : 

8  a.  m.  Breakfast:  Three  ounces  lean  meat  without 
fat;  one  ounce  gluten  or  whole  wheat  bread,  toasted; 
a  cup  of  postum  with  milk,  or  lemonade. 

10.30  a.  M.     A  cup  of  beef  tea. 

1  p.  M.  Luncheon:  Five  ounces  of  lean  meat  or 
fish;  salad  with  French  dressing. 

4  P.  M.  Eight  ounces  of  milk  and  Vichy  water, 
half  and  half. 

7  p.  M.  Dinner:  Three  ounces  of  rare  meat  or  fish, 
with  pickles  or  salad;  one  ounce  graham  bread,  toasted, 
stewed  fruit. 

9.30  p.  M.  Eight  ounces  of  milk  and  Vichy  water, 
half  and  half. 

Vichy  or  plain  water  can  be  taken  as  desired  during 
the  day.  This  is  not  a  severe  dietary,  as  compared 
with  some  that  have  been  recommended.  The  gen- 
eral principles  under  which  I  practise  reduction  are 
restriction  in  the  amount  of  sugar,  starch,  and  fat 
eaten,  the  ingestion  of  enough  water  to  cause  the  nor- 
mal amount  of  urea  to  be  excreted,  and  the  promotion 
of  oxidation  b}r  resistance  exercises  and  by  carbonated 
baths,  which  stimulate  the  skin  and  so  improve  the 
capillary  circulation.     Tea  and  coffee  appear  to  re- 
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strict  oxidation,  and  should  for  that  reason,  if  for  no 
other,  be  prohibited,  or  taken  in  extreme  moderation. 
Acid  fruits  and  drinks  should  be  taken  very  sparingly. 
An  excess  of  them  produces  indigestion.  They  are 
better  cooked.  Sometimes  all  fruits  should  be  for- 
bidden, but  in  general  small  fresh  fruits  may  be  eaten 
with  discretion  in  their  season.  Sometimes  the 
amount  of  both  liquids  and  solids  has  to  be  much  re- 
duced. Laxatives  should  be  taken  so  as  to  produce 
two  full  fecal  movements  daily;  and  stomachics  also, 
if  indigestion  is  acute.  The  patient  should  also  take 
regular  walks  on  level  ground,  of  a  given  distance,  and 
the  distance  should  be  gradually  increased.  Stub- 
born cases  may  require  the  use  of  the  hot  box,  or  some 
other  form  of  hot  air  apparatus.  With  these  methods 
it  is  practicable  to  reduce  the  weight  without  detri- 
ment to  the  general  health.  The  vitality  of  the 
patient  should  never  be  reduced;  on  the  contrary,  it 
should  constantly  increase. 

In  auy  case,  however,  before  instituting  treatment 
we  should  determine  whether  the  fat  heart  belongs 
to  von  Leyden's  first  or  second  class,  and  order  the 
treatment  accordingly.  Obesity  after  middle  life 
should  be  handled  with  extreme  caution.  A  few 
years  ago  a  contractor  past  middle  life  consulted  me 
for  heart  weakness  associated  with  obesity.  He 
was  leading  an  active  outdoor  life.  I  put  him  on  a 
restricted  dietary,  directed  him  to  lead  a  less  active 
life,  and  advised  him  of  danger  in  case  he  neglected 
my  warnings.  He  did  not  visit  me  again,  and  within 
two  weeks  fell  dead  while  dancing  at  a  ball.  This 
man  was  to  external  appearance  in  robust  health, 
notwithstanding  his  obesity.  The  lesson  from  such 
a  case  is  obvious.  As  old  age  approaches  the  danger 
in  obesity  advances  progressively,  so  that  after  middle 
life,  as  has  been  said,  we  should  always  be  cautious 
in  the  treatment  of  these  patients. 

Fatty  Degeneration. — Romberg  maintains  that 
coronary  disease  is  the  most  frequent  cause  of  fatty 
degeneration,  and  that  the  diagnosis  of  coronary 
disease  as  its  cause  is  certain  whenever  there  is  angina 
pectoris  or  cardiac  asthma  with  sclerosis  of  the 
aorta,  in  a  person  over  forty  years  of  age.  In  this 
country  most  attacks  of  angina  pectoris  are  held  to 
be  of  non-organic  origin.  This  is  my  view.  Sclerosis 
of  the  aorta  cannot  always  be  positively  determined 
during  life;  and  cardiac  asthma  is  common  to  heart 
failure  in  any  heart  affection. 

The  first  changes  of  fatty  degeneration  are  of  an 
inflammatory  nature,  as  in  typhoid,  and  are  coinci- 
dent with  inflammation  of  the  heart  walls.  In  the 
first  stage,  called  by  some  the  period  of  acute  myo- 
carditis, the  duration  is  not  long  (as  in  the  eruptive 
fevers,  typhoid,  or  other  acute  toxemias),  and  there 
will  be  present  such  symptoms  as  a  weak  and  inter- 
mittent pulse,  feeble  beat,  or  distant  sound  at  the 
apex,  with  faint  tones,  and  more  or  less  dilatation, 
precordial  pain  and  distress.  These  signs  I  noted 
as  early  as  1879  in  a  fatal  case  of  yellow  fever  that 
occurred  at  the  Presbyterian  Hospital,  when  I  was 
pathologist  to  that  institution.  In  this  stage  the 
heart  may  stop;  not,  however,  from  the  fatty  de- 
generation observed  by  Hayem  in  the  sudden  death 
of  typhoid  fever,  but  from  the  toxemia,  causing  de- 
fective innervation.  For  the  central  nervous  system 
regulates  the  action  of  the  heart,  though  it  may  have 
nothing  to  do  with  its  rhythmic  activity.  To  put  it 
physiologically,  the  contraction  and  relaxation  which 
characterize  the  rhythmic  action  of  the  heart  are  due 
to  the  interaction  of  an  alternating  kind  between 
the  sodium,  potassium,  and  calcium  ions  and  the 
contractile  substance  of  the  heart  muscle. 

In  the  second  stage  the  signs  of  a  dilated  heart  are 
more  pronounced.  The  left  ventricle  may  reach  to 
the  left  nipple,  or  extend  beyond  it;  the  right  ven- 
tricle an  inch  or  more  beyond  the  right  border  of  the 
sternum.     The  apex  may  be  in  the  fifth,  sixth,  or 


seventh  space,  and  the  apex  beat  feeble.  The  pulse 
will  usually  be  soft,  intermittent,  and  infrequent. 
There  may  lie,  and  often  is,  a  want  of  harmony  be- 
tween  the   heart  and  pulse  beats.     These  manifes- 

tal  ions  of  arrhythmia  are  apt  to  be  seen  in  persons  who 
have  passed  middle  life  and  are  inclined  to  be  stout, 
but  are  at  the  same  time  anemic.  In  these  cases 
there  is  often  a  distinct  whiteness  about  the  face, 
which  is  a  noteworthy  sign.  This  is  common  among 
the  upper  classes,  especially  with  those  who  lead  a 
rather  inactive  life.  The  apex  beat  will  be  located 
with  difficulty,  or  not  at  all.  There  will  be  dyspnea 
and  some  precordial  oppression,  with  occasional  at- 
tacks of  dizziness.  Abdominal  symptoms  will  always 
be  in  evidence;  occasionally  gastric  crises  alternating 
with  anginoid  attacks.  Cyanosis  will  occur  at  times. 
Such  patients  will  often  be  irritable  or  whimsical,  or 
nervous  about  trifles,  and  always  concerned  about 
their  health.  There  will  be  a  disinclination  to  under- 
take anything  new,  or  even  to  walk,  and  the  gait  may 
be  uncertain.  Occasionally  there  will  be  hemor- 
rhages, usually  in  the  form  of  epistaxes.  Edema  of 
the  face,  hands,  and  feet  will  occur  at  times.  In- 
dependent of  valve  murmurs  due  to  obstruction,  there 
may  be  systolic  murmurs  from  leakage  at  the  mitral, 
and  if  there  is  hypertrophy  of  the  right  ventricle 
there  will  be  accentuation  of  the  second  pulmonary 
sound.  If  acute  dilatation  takes  place  there  will  be 
precordial  distress,  pain,  and  dizziness,  or  a  faint 
feeling.  And  there  will  be  sharp  anginoid  attacks, 
if  the  dilatation  is  very  acute.  If  there  has  been 
corpulence  it  will  help  in  the  diagnosis;  also  if  there  is 
dyspnea  after  exertion.  Other  signs  which  I  regard 
as  very  important  are:  that  the  apex  beat  is  not  to 
be  detected  in  persons  of  otherwise  normal  build, 
and  that  the  patient  must  sleep  high  at  night,  with 
several  pillows,  or  resting  on  his  arms.  The  urine 
may  contain  a  little  albumin  and  often  a  little  sugar. 
This  stage  may  last  from  two  or  three  to  ten  or  fifteen 
or  even  twenty  years,  depending  on  the  degree  of  the 
degeneration  and  the  ability  of  the  patient  to  care 
for  himself  intelligently. 

In  the  third  stage  there  is  implication  of  other 
organs.  For  example,  there  may  be  attacks  of  cere- 
bral thrombosis  or  embolism  due  to  abnormal  heart 
action;  or  thrombosis  of  peripheral  veins;  but  the 
circulation  may  be  reestablished,  and  the  patient 
resume  a  tolerably  active  life.  Or,  from  a  variety  of 
causes,  perhaps  from  indigestion,  there  may  come  a 
fatal  attack  of  heart  failure.  Or,  particularly  in  old 
people,  a  low  form  of  meningitis,  usually  basilar,  will 
develop  the  Stokes-Adams  group  of  symptoms,  with 
possibly  the  so-called  "heart  block."  And  yet  even 
here  the  symptoms  may  yield  and  life  be  continued 
for  months  or  as  many  as  thirteen  years,  as  in  one  of 
my  cases  of  the  Stokes-Adams  type.  Finally  rupture 
of  the  heart  may  occur.  But  it  must  be  exceedingly 
rare.     Nephritis  is  the  common  terminal  affection. 

Treatment. — In  ordinary  cases  of  fatty  degeneration 
the  patient,  if  anemic,  should  be  put  on  iron;  if  tuber- 
culous, on  malt  preparations  and  creosote  or  cod-liver 
oil;  if  arteriosclerotic,  on  the  iodides;  if  rheumatic,  on 
an  antilithemic  diet  and  antilithemic  remedies,  in 
conjunction  with  the  hot-air  treatment.  In  the  first 
stage,  the  patient  should  be  treated  by  rest  and  an 
appropriate  and  rather  restricted  diet,  and  general 
tonics,  among  which  strychnin  should  have  a  place. 
It  should  be  given  in  small  doses,  say  from  one-fiftieth 
to  one-sixtieth  of  a  grain,  for  adults,  and  should  not 
be  administered  continuously  for  more  than  two  weeks 
at  a  time.  This,  I  hold,  is  important.  In  the  second 
stage  the  Nauheim  system  is  appropriate  in  selecti  <l 
cases.  In  the  third  stage,  where  all  hope  of  cure  is  at  an 
end,  the  use  of  strophanthus  and  drugs  of  the  digitalis 
group,  the  nitrites  and  nitrates,  including  glycerol 
nitrate  and  erythrol  nitrate,  camphor,  and  finally  oxy- 
gen gas,  have  each  their  distinct  field  of  usefulness. 

I  have  been  in  the  habit  of  employing  suprarenal 
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extracl  in  doses  of  one  to  three  grains  of  Armour's 
powder,  in  capsules,  three  times  a  day,  as  a  substitute 
for  nitroglycerin  in  the  weak  heart,  and  have  found 
il  useful,  and  have  observed  no  bad  effects  from  it. 
When  adrenalin  is  given  in  the  form  of  the  chloride 
the  dose  is  usually  fifteen  minims  of  a  1  :  1,000  solu- 
tion, every  fifteen  minutes,  hypodermatically.  But 
in  reference  to  the  adrenalin  chloride,  we  must  realize 
that  there  is  a  lack  of  constancy  in  its  action.  I 
recently  saw  in  consultation  a  patient  where,  in  my 
opinion,  the  fatal  issue  was  hastened  by  adrenalin. 
Physicians  should,  therefore,  be  on  their  guard  against. 
the  internal  administration  of  this  particular  prepara- 
tion, viz.,  the  adrenalin  chloride.  Its  prompt  action 
in  surgical  shock  should  not  blind  us  to  the  fact 
that  its  primary  action  is  followed  by  a  dangerous 
depression. 

In  chronic  heart  insufficiency  I  am  disposed  to  think 
well  of  hypodermatic  injections  of  camphor  and  oil 
Three  grains  of  camphor  in  seven  and  one-half  minims 
of  oil  constitute  a  fair  dose,  which  may  be  given  every 
four  hours.  By  keeping  these  doses  in  hermetically 
sealed  vials,  and  using  a  special  syringe,  I  have  never 
had  any  abscess,  and  have  used  the  method  per- 
sistently for  weeks  at  a  time. 

A  Russian  method  of  treatment,  known  as  the 
"Karell,"  or  "milk  cure,"  has  recently  been  brought 
into  notice.  It  consists  in  limiting  the  dietary  to 
milk  exclusively,  and  to  the  amount  of  about  one 
quart  daily.  This  dietary  may  be  given  for  four  or 
five  days  or  so,  or  occasionally,  according  to  indica- 
tions. Small  quantities  of  milk  are  taken  at  short 
intervals.  The  rationale  of  the  treatment  is  that  the 
formation  of  toxins  in  the  gastrointestinal  tract  is 
arrested  thereby,  flatulence  is  inhibited,  and  the  heart 
is  relieved  of  an  annoying  gastrointestinal  pressure 
either  directly  or  indirectly  by  causing  diuresis.  This 
treatment  is  claimed  to  be  especially  useful  in  car- 
diac insufficiency,  where  there  is  dyspnea,  uremia,  or 
ascites.  It  also  seems  to  increase  the  action  of 
digitalis. 

Another  form  of  treatment  that  has  come  to  notice 
recently  is  the  use  of  cane  sugar.  Dingle10  has  re- 
ported a  case  where  absolute  rest,  a  careful  dietary, 
and  various  drugs  had  failed  to  benefit  a  patient  with 
heart  failure,  and  two  tappings  for  ascites  had  been 
necessary,  but  where  after  cane  sugar  had  been  given 
to  the  extent  of  five  ounces  daily  the  patient  was  so 
much  benefited  that  there  was  no  subsequent  need  of 
tapping. 

In  edema  it  will  be  well  to  limit  the  amount  of  salt 
ingested. 

Among  other  drugs  to  be  mentioned  is  erythro- 
phlein,  or  the  sassy  bark,  which  is  more  prompt  to  slow 
the  pulse  than  digitalis,  though  less  reliable,  and 
irritating  to  the  stomach.  (Wilcox.)  Cactus  grandi- 
florus  I  have  used  considerably  in  cardiac  insufficiency. 
I  use  it  in  doses  of  one  to  two  minims  of  the  fluid- 
extract,  and  have  found  it  efficient  in  mild  cases. 
Crataegus  oxycantha,  or  hawthorne,  has  been  found 
by  Reilly  to  be  a  mild  cardiac  tonic;  he  gives  ten  to 
thirty  minims  of  a  good  fluidextract.  Convallaria  is 
a  heart  tonic,  but  it  is  unreliable.  The  use  of  apocy- 
num  cannabinum,  or  Canadian  hemp,  has  been  re- 
vived lately.  Its  active  principle,  under  the  name  of 
cymarin  tablets  (containing  each -jjtjj  grain)  is  given 
in  doses  of  one  to  three  tablets  three  times  a  day. 
It  is  claimed  to  be  a  diuretic  as  well  as  a  cardiac  tonic. 

On  the  whole,  chronic  heart  affections  are  usually 
quite  amenable  to  treatment;  but  the  application  of 
the  precise  remedy  requires  both  experience  and 
skill. 

As  a  final  resort  in  heart  failure  Bram11  has  used 
artificial  respiration,  and  reported  a  successful  case. 
Having  been  called  to  a  patient  with  heart  failure,  he 
grasped  the  precordial  region  with  his  right  hand  and 
made  sharp  compression  of  the  thoracic  walls  at  the 
rate  of  about  fifty  times  to  the  minute.     After  about 
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thirty  minutes  there  was  a  slight  response  in  the  radial. 
Soon  the  heart  began  to  functionate.  After  some 
hypodermic  cardiac  stimulation  there  was  a  fair  pulse 
in  five  hours.  In  my  own  experience  I  have  re- 
suscitated a  patient  whose  pulse  and  respiration  had 
Stopped  by  using  my  method  of  reviving  the  appar- 
ently drowned,  a  method  applicable  also  in  suspended 
respiration  under  ether  anesthesia.  Placing  my  hand 
under  the  abdomen,  I  pressed  against  the  heart  by 
crowding  stomach  and  intestines  against  it,  making 
pressure  gently  at  first  and  about  four  times  in  a 
minute,  then  gradually  increasing  to  sixteen.  The 
suspended  pulse  and  respiration  slowly  returned,  so 
that  in  an  hour  the  patient  was  out  of  danger.  It  is 
well  also  to  slightly  irritate  the  surface  of  the  chest 
over  the  heart,  as  Abrams  has  shown  that  it  causes 
cardiac  contractions. 

Prognosis. — With  regard  to  prognosis  in  myocardial 
disease,  we  must  assume  from  analogical  reasoning, 
together  with  clinical  experience,  that  parenchy- 
matous changes,  if  not  excessive,  can  disappear  with 
convalescence;  and  yet  by  analogy  we  must  equally 
well  hold  that  they  can  lead  up  to  acute  diffuse 
myocarditis,  and  may  also  terminate  in  fatty  degenera- 
tion. In  very  many  cases,  however,  as  far  as  we  can 
determine  by  clinical  tests,  the  patients  recover 
entirely.  The  same  process  of  reasoning  leads  us  to 
believe  that  even  in  acute  interstitial  disease  the  fibroid 
deposits  may  wholly  disappear.  In  tuberculous  myo- 
carditis there  may  be  a  disappearance  of  all  signs  of  the 
tubercles,  as  in  tuberculous  peritonitis.  The  same 
may  be  said  of  syphilis.  Moreover,  a  moderate 
degree  of  fatty  degeneration  is  present  in  almost  every 
adult  heart,  and  if  a  postmortem  examination  displays 
the  so-called  "tiger's  heart,"  where  the  striatums  of 
fatty  degeneration  show  in  places  through  the 
transparent  endocardium,  one  would  hardly  call  it 
abnormal.  The  prognosis  in  cardiac  syphilis  is  not 
altogether  bad;  if  the  diagnosis  is  made  early  and  the 
proper  treatment  instituted  success  may  be  expected. 
Even  in  advanced  cases,  where  there  is  tabes  dorsalis, 
for  example,  great  improvement  can  sometimes  be 
effected.  Iodides  and  mercury  are  the  proper 
remedies,  but  mercury  is  the  sheet  anchor.  Salvarsan 
of  course  is  useful,  but  is  not  as  valuable  in  chronic  as 
in  acute  cases,  and  should  be  combined  with  mercurials. 
.Sometimes  the  remedies  should  be  given  for  months, 
with  brief  interruptions  of  a  few  weeks. 

It  should  be  remembered  that  there  are  persons 
whose  hearts  functionate  sufficiently  well  until  they 
are  subjected  to  some  special  strain,  physical,  mental, 
or  psychic,  when  the  insufficiency  becomes  apparent. 
Often  a  few  steps  about  a  doctor's  office  is  all  that  is 
required.  To  determine  the  amount  of  this  weakness 
various  methods  have  been  tried  for  more  than  a 
century.  In  fact,  the  determination  of  the  functional 
capacity  of  the  heart  is  a  matter  of  very  great  im- 
portance, not  only  from  the  point  of  view  of  diagnosis, 
but  for  the  purpose  of  controlling  the  effects  of 
treatment.  But  the  methods  used  have  been  open 
to  so  much  criticism  that  internists  have  usually  given 
the  subject  a  pretty  wide  berth.  The  first  material 
advance  was  made  by  Spengler,  in  1887,  when  he 
noted  the  effects  of  exercise  and  change  of  posture  on 
the  pulse  of  typhoid-fever  convalescents.  Of  all  the 
methods  proposed,  three  maybe  taken  as  examples  of 
the  most  recent  that  have  been  published.  Katzen- 
stein's,  published  in  1905,  consists  in  compressing  the 
femorals  or  iliacs  below  Poupart's  ligament  and  noting 
the  effect  on  the  brachial  artery.  In  health}'  persons 
he  has  claimed  an  average  rise  of  five  to  fifteen 
millimeters  Hg  in  from  two  to  five  minutes,  as  shown 
by  the  sphygmomanometer.  In  weak  hearts,  he  has 
reported  that  the  pressure  either  rose  slowly-  or  not  at 
all,  or  fell,  according  to  the  grade  of  weakness  present. 
As  to  the  accuracy  of  this  method,  reports  have 
differed.     In  acute  cases  it  is  of  course  inapplicable. 
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Compression  of  these  vessels  is  not  an  easy  task;  an 
assistant  is  necessary  to  take  the  pulse.  In  ordinary 
private  practice,  a  patient  might  very  reasonably  ob- 
ject to  the  procedure.  Graupner's  method1'  consists 
in  testing  the  pulse  before  and  after  definite  physical 
exertion,  such  as  walking  rapidly  around  the  physi- 
cian's office.  In  the  efficient  heart  the  pulse  should 
rise  rapidly  during  the  exercise  and  then  gradually  re- 
turn to  the  former  rate.  The  blood  pressure  should 
also  rise,  returning  to  the  former  register  somewhat 
more  slowly  than  the  pulse.  Inefficient  hearts  either 
fail  to  react  at  all,  or  only  slightly.  The  older  method 
of  Schapiro13  is  another  good  one,  which  should  be 
practised  more  than  it  is.  The  pulse  is  first  taken  in 
the  recumbent  and  then  in  the  sitting  position.  In 
health  there  is  an  increase  of  frequency  when  the 
individual  assumes  the  sitting  posture  after  lying 
down,  of  from  three  to  ten  beats  per  minute.  In  the 
weak  heart  there  is  an  absence  or  a  diminution  of  this 
frequency  on  changing  from  the  recumbent  to  the 
sitting  position.  I  have  used  this  method  for  several 
years,  with  a  fair  amount  of  success.  For  ordinary 
purposes  we  have  no  better  methods  than  these  two 
latter,  and,  inasmuch  as  they  are  simple,  practical,  and 
fairly  reliable,  it  is  advisable  to  use  one  or  the  other  to 
test  the  functional  capacity  of  the  heart,  until  some- 
thing better  is  presented. 

Thomas  E.  Satterthwaite. 
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Heart,  Neoplasms  of  the. — Primary  tumors  of 
the  heart  are  very  rare.  They  may  arise  in  the  myo- 
cardium, or  in  the  peri-  and  endocardium,  from  which 
points  they  may  invade  the  heart  muscle.  They  may 
also  take  their  origin  from  the  valves.  They  may  be 
single  or  multiple.  They  may  form  nodular  circum- 
scribed masses  in  the  heart  wall,  or  project  as  polypoid 
growths  into  the  heart  cavity.  Only  rarely  do  they 
form  diffusely  infiltrating  growths.  Many  are  of 
congenital  origin.  The  majority  of  cases  occur  in 
young  or  middle-aged  individuals;  a  few  have  been 
found  in  old  age. 

Primary  tumors  of  the  pericardium  are  very  rare. 
Fibroma,  myxoma,  and  pedunculated  lipoma  have 
been  observed.  Metastatic  sarcoma  (lymphosar- 
coma, round-cell  sarcoma,  spindle-cell,  ehondro-  and 
osteosarcoma)  and  carcinoma  (malignant  hyper- 
nephoma)  are  more  common.  They  appear  as  dis- 
seminated nodules  or  diffuse  infiltrations  of  the  peri- 
cardium, often  resembling  pericardial  thickenings 
due  to  inflammation.  A  hemorrhagic  pericarditis 
is  usually  associated  (pericarditis  carcinomatosa 
hemorrhagica).  The  presence  of  areas  of  caseous 
necrosis  may  lead  to  an  incorrect  diagnosis  of  tubercu- 
lous pericarditis.  Microscopic  examination  may  be 
necessary  to  fix  the  diagnosis. 

The  myxoma  is  the  most  frequent  variety  of  primary 
neoplasm  of  the  myocardium,  a  number  of  cases  hav- 
ing been  observed.  Of  these  the  majority  were  pure 
myxomata,  the  others  fibromyomata.  In  one  case  the 
growth  was  described  as  an  angiectatic  myxoma.  As  a 
rule  they  form  polypoid  growths  projecting  into  the 
heart  cavities.     It  is  very  doubtful,  however,  if  some  of 


the  polypoid  formations  found  on  the  endocardium 
were  really  of  the  nature  of  neoplasms ;  rather  is  it  prob- 
able that  they  were  masses  of  newly  formed  connective 
tissue  of  myxomatous  type  resulting  from  the  organi- 
zation of  thrombi.  The  writer  has  found  niyxoma- 
like  formal  ions  in  the  heart-wall  containing  great  num- 
bers of  treponema  pallidum  (congenital  syphilis;. 
They  must  be  interpreted  as  mucoid  gummas.  In  a 
case'  of  fibromyxoma  of  the  left  auricle  occurring  in  a 
girl  of  four  years,  Jacobsthal  found  large  numbers  of 
newly  developed  fibers  of  yellow  elastic  t  issue.  In  the 
majority  of  cases  the  myxomatous  tumor  has  been 
found  in  the  left  auricle,  very  often  being  attached  to 
the  endocardium  by  a  slender  pedicle.  Papillary 
myxomata  have  also  been  found  upon  the  tricuspid 
flaps. 

Next  in  order  of  frequency  of  the  primary  cardiac 
neoplasms  is  the  rhabdomyoma.  Its  peculiar  histolog- 
ical structure  gives  to  it  a  great  interest.  Cases  have 
been  described  by  von  Recklinghausen,  Virchow, 
Hlava,  Kolisko,  Cesaris-Demel,  and  Seiffert.  The 
tumor  is  of  congenital  origin,  and  is  usually  multiple. 
The  nodules  are  not  encapsulated,  but  are  well  out- 
lined from  the  cardiac  muscle,  and  quite  sharply  de- 
marcated from  the  pericardium  and  endocardium. 
The  growths  may  be  as  large  as  walnuts,  and  are  scat- 
tered through  the  ventricular  walls  and  the  inter- 
ventricular septum.  On  section  the  nodules  are 
reddish-gray  in  color.  The  microscopical  appearances 
are  very  striking.  Trabecular  of  varying  thickness 
showing  transverse  striatums  are  arranged  so  as  to 
form  small  spaces.  These  spaces  do  not  communicate 
with  each  other;  they  contain  large  polygonal  cells 
of  irregular  outline  having  one  or  more  oval  nuclei 
which  are  centrally  situated.  Their  protoplasm  shows 
a  faint  striation.  In  some  cases  the  cell  appears  to 
form  part  of  the  wall  of  the  space  and  sends  prolonga- 
tions across  the  latter.  Both  the  protoplasm  and  pro- 
longations of  these  cells  stain  like  muscle.  The  fibers 
resemble  in  all  respects  those  of  the  bundle  of 
His.  The  spaces  and  their  contents  have  received 
very  different  interpretations  from  the  different  observ- 
ers who  have  studied  this  tumor.  Hlava  regarded 
them  as  intracellular,  Kolisko  as  intercellular.  Ac- 
cording to  Seiffert  each  space  and  its  wall  represents  a 
greatly  enlarged  embryonal  heart-muscle  cell.  The 
smallest  tumor  nodules  may  consist  of  bundles  of 
delicately  striated  fibers  only,  without  the  peculiar 
spaces.  Of  the  significance  and  mode  of  formation 
of  the  cardiac  rhabdomyoma  we  as  yet  have  no 
satisfactory  explanation.  It  is  a  striking  fact  that  in 
many  of  these  cases  of  cardiac  rhabdomyoma  there 
is  an  associated  hypoplasia  of  the  cerebral  cortex  and 
malformation  of  the  kidneys. 

Primary  sarcoma  of  the  heart  is  much  more  rare;  and 
it  is  very  probable  that  some  of  the  cases  diagnosed  as 
such  were  secondary  to  some  undiscovered  focus  else- 
where in  the  body.  The  reported  cases  have  been  in 
both  young  and  old  individuals.  The  varieties  ob- 
served were  round  and  spindle-cell  forms,  myxosar- 
coma, fibrosarcoma,  and  angiosarcoma. 

Cases  of  primary  fibro?na  of  the  heart  have  also  been 
reported,  but  the  true  nature  of  these  cases  is  uncer- 
tain. It  is  quite  probable  that  they  represent  organ- 
ized thrombi.  Observations  have  also  been  made  of 
the  primary  occurrence  of  lympkadenoma,  lymphan- 
gioma, cavernous  myoma,  cavernous  angioma,  and 
lipoma  in  the  heart.  They  are  found  particularly  in 
the  wall  of  the  auricles,  especially  the  left.  Some  of 
the  descriptions  given  in  the  literature  are  very  un- 
satisfactory, and  undoubtedly  many  of  these  so-called 
tumors  were  either  thrombi  in  various  stages  or 
young  gummas.  The  polypoid  cysts  which  have  been 
described  by  a  number  of  writers  as  primary  cardiac 
neoplasms  are  without  doubt  to  be  regarded  as  de- 
generating or  partly  organized  polypoid  thrombi. 
They  are  found  most  frequently  in  the  left  auricle,  are 
reddish-gray  in  color,  and  have  a  smooth  shining  sur- 
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face,  On  section  they  show  a  cystic  space  filled  with 
the  products  of  the  simple  softening  of  the  central 
portion  of  the  thrombus.  When  organization  of  the 
periphery  of  the  thrombus  has  begun  the  resemblance 

to  a  true  cyst  is  very  close. 

Primary  neoplasms  of  the  valves  are  mure  rare  than 
those  of  the  heart  wall.  A  papillary  myxoma  of  the 
posterior  tricuspid  flap,  multiple  myxomata  of  the  size 
of  peas  of  the  same  valve,  and  spindle-cell  sarcoma  of 
the  pulmonary  valves  have  been  reported.  The 
possibility  of  incorrect  diagnosis  must  again  be  urged 
here.  The  great  majority  of  myxoma-like  formations 
upon  the  valves  are  organized  thrombi  or  polypoid 
proliferations  of  the  elastic  layer  of  the  flaps  due  to 
mechanical  causes.  They  are  very  common  in  old 
people,  particularly  on  the  noduli  Arantii  of  the  ar- 
terial openings. 

Secondary  neoplasms  of  the  heart  are  also  rare  but 
much  more  frequent  than  the  primary.  Secondary 
carcinoma  is  the  most  common  tumor  of  this  organ 
(carcinoma  of  kidney,  thyroid,  esophagus,  bronchus, 
mamma,  etc.).  Primary  cardiac  cancer  is  of  course  an 
impossibility,  though  in  the  older  literature  descrip- 
tions of  growths  regarded  as  such  are  found.  These 
cases  were  either  cancer-secondaries,  or,  as  was  not 
infrequently  the  case,  sarcomata  were  diagnosed  as 
carcinomata.  Secondary  carcinoma  of  the  heart  may 
arise  through  metastasis,  or  by  extension  through  con- 
tinuity or  contiguity  through  the  pericardium  from 
carcinomatous  growths  in  the  lungs,  esophagus,  or 
secondary  deposits  in  the  mediastinal  lymph  glands. 
Metastatic  carcinoma  of  the  heart  may  arise  from 
emboli  of  cancer  cells  in  the  coronary  vessels,  on  the 
mural  endocardium,  between  the  papillary  muscles, 
and  on  the  valves.  From  a  secondary  focus  thus 
formed  further  extension  may  take  place  through  the 
cardiac  lymph  channels.  In  this  manner  diffuse  car- 
cinomatous infiltration  of  the  entire  cardiac  wall  may 
take  place.  In  other  cases  multiple  metastases  in  the 
heart  may  be  found.  These  may  be  found  in  the 
walls  of  both  auricles  and  ventricles.  There  does  not 
appear  to  be  any  favorite  seat  of  deposit.  In  the 
majority  of  cases  the  carcinoma  is  of  the  medullary 
type.  In  the  event  of  carcinomata  breaking  into  the 
vena  cava  large  emboli  of  carcinomatous  tissue  may  be 
carried  to  the  right  heart  where  they  may  become 
attached  to  the  endocardium  or  develop  as  free 
carcinomatous  masses. 

Secondary  sarcoma  of  the  heart,  while  less  common 
than  secondary  carcinoma,  has  been  observed  by  a 
number  of  writers  (lymphosarcoma,  round-cell  sar- 
coma, melanotic,  osteo-  and  chondrosarcoma).  The 
growths  are  usually  metastatic,  but  the  heart  may  be 
involved  also  by  extension  through  the  pericardium 
from  primary  mediastinal  sarcomas.  The  tumors 
may  be  single  or  multiple.  They  may  be  nodular, 
diffusely  infiltrating,  or  in  the  form  of  flattened  plate- 
like growths  more  or  less  sharply  outlined.  Free 
sarcomatous  masses  may  be  found  in  the  right  heart  in 
cases  in  which  the  primary  tumor  has  invaded  a  large 
vein.  In  a  case  described  by  Osier  of  sudden  death  in 
a  child  the  tricuspid  orifice  was  found  blocked  by  a 
sarcomatous  mass  coming  from  the  renal  vein.  In  a 
case  of  primary  sarcoma  of  the  nose  reported  by  the 
writer  the  entire  heart  wall  was  found  to  be  infil- 
trated with  sarcoma,  while  in  the  right  ventricle  there 
was  a  free  sarcomatous  mass  of  the  size  of  a  walnut. 
Leukemic  infiltrations,  particularly  in  lymphatic 
leukemia,  are  not  rare  in  the  myocardium. 

Small  tumors  of  the  heart  may  produce  no  symp- 
toms; larger  growths  may  lead  to  cardiac  hypertrophy, 
dilatation,  valvular  stenosis  or  insufficiency,  rupture 
of  the  heart  wall,  secondary  embolism,  etc.  As  the 
result  of  injury  to  the  bundle  of  His  from  the  develop- 
ment of  tumor  nodules  in  the  septum  the  patient 
may  show  the  Adams-Stokes  symptom-complex  with 
ociation  of  auricle  and  ventricle.  An  absolute  di- 
agnosis in  the  majority  of  cases  is  impossible.     In  sus- 


pected cases  the  Rontgen  ray  might  reveal  changes  of 
size  or  form  in  the  heart.  If  the  pericardium  is  in- 
volved and  a  pericardial  exudate  present,  some  of  the 
lit  I  it  should  be  wit  hdrawn  for  examination.  The  pres- 
ence of  a  hemorrhagic  exudate  would  be  regarded  as 
favoring  the  presence  of  a  malignant  tumor.  Of 
greater  diagnostic  significance  would  be  the  character 
of  the  cells  found  in  the  exudate.  The  presence  of 
numerous  mitoses  in  these,  particularly  atypical 
mitotic  figures,  could  be  taken  as  almost  positive 
evidence  of  the  presence  of  malignancy.  The  treat- 
ment is  wholly  symptomatic. 

Aldred  Scott    Wartiiint. 

Heart,  Neuroses. — See  Heart,  Functional  Dis- 
orders of. 

Heart,  Pericarditis. — See  Pericardium,  Disease  of . 

Heart,  Physiology. — See  Blood,  Circulation  of. 

Heart,  Rupture  of  the. — This  accident,  while 
quite  rare,  is  doubtless  more  frequent  than  ls  com- 
monly supposed  inasmuch  as  many  cases  of  sudden 
death  (in  which  there  is  no  suspicion  of  foul  play) 
are  diagnosed  as  heart  failure,  or  apoplexy  and  no 
autopsy  is  held,  so  that  the  actual  condition  of  the 
heart  is  not  ascertained.  Devergue  asserts  that  in 
every  forty  cases  of  sudden  death  there  is  one  due  to 
rupture  of  the  heart.  Heart  ruptures  may  be  divided 
into  two  classes:  First,  Those  due  to  degeneration  of 
the  myocardium,  the  so-called  spontaneous  ruptures; 
and  second,  those  due  to  traumatism. 

Instances  of  the  first  class,  while  not  frequent  are 
more  often  observed  than  are  those  of  traumatic  origin. 

Morbid  Anatomy. — -Spontaneous  rupture  of  the 
heart  generally  occurs  in  the  substance  of  the  left 
ventricle  owing  to  the  greater  frequency  of  degenera- 
tive changes  in  this  locality,  and  to  the  greater  strain 
which  this  part  of  the  heart  has  to  bear  in  lifting  the 
blood  through  the  systemic  circulation. 

The  anterior  face  of  the  ventricular  wall  somewhat 
above  the  apex  is  usually  the  site  of  the  tear.  Al- 
though it  is  said  that  the  rent  usually  begins  from 
within  and  proceeds  to  the  outer  face,  the  reverse  may 
happen,  and  it  is  generally  impossible  to  tell  from  in- 
spection upon  which  surface  the  lesion  originated. 
The  sites  of  the  rupture  in  55  cases  collected  by 
Elleaume  were  as  follows:  43  in  the  left  ventricle,  7 
in  the  right,  3  in  the  right  auricle,  and  2  in  the  left 
auricle. 

The  rupture  may  be  complete  or  incomplete,  and 
may  vary  in  extent  from  a  centimeter  to  the  length  of 
the  ventricle.  It  is  usually  single,  but  as  many  as 
five  tears  have  been  noted,  in  one  heart  wall,  some- 
times intercommunicating.  The  rent  is  generally- 
ragged,  irregular,  and  sometimes  ecchymosed  at  the 
edges.  Its  course  through  the  ventricular  wall  may- 
be tortuous  so  that  the  endocardial  and  epicardial 
openings  do  not  correspond.  Usually  the  fissure 
runs  parallel  to  the  course  of  the  muscular  fibers. 
Those  ruptures  which  are  due  to  an  abscess  of  the 
heart  wall  or  to  hemorrhagic  softening  or  to  a  gumma, 
more  frequently  are  in  the  form  of  an  ulceration  or 
perforation.  The  immediate  result  of  this  accident 
is  the  distention  of  the  pericardial  sac  with  blood  which 
generally  forms  clots,  which  with  the  serum  are  found 
in  the  pericardium. 

Cases  have  been  noted  in  which  a  plug  of  fibrin  has 
more  or  less  completely  occluded  the  tear  in  the  heart 
wall. 

Etiology. — This  form  of  rupture  is  always  the 
result  of  disease  of  the  myocardium,  softening,  fatty 
degeneration,  fatty  infiltration,  or  gummata  of  the  car- 
diac wall,  etc.  The  degeneration  is  most  frequent  In- 
dependent upon  occlusion  or  fibrosis  of  the  coronary 
arteries.     This  degeneration  may  be  local  or  general, 
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and  may  result  primarily  in  an  aneurysm  of  the  heart 
or  aorta,  which  may  burst.  Osier  says  ( Prin.  and 
Prac.  of  Med.,  1912,"  p.  830)  that  there  was  rupture 
in  seven  of  the  ninety  cases  of  aneurysm  of  the  heart 
wall  collected  by  Ligget.  Very  rarely  we  have 
abscess  of  the  heart  wall,  which  bursts  and  leads  to 
rupture.  The  exciting  cause  of  the  lesion  may  be  a 
sudden  and  perhaps  an  unusual  motion  like  stumbling 
or  falling,  lifting  or  straining.  A  comparatively 
frequent  cause  in  civilized  countries  is  running  for 
a  railroad  train.  Milne  (Indian  Med.  Gazette, 
Sept.,  1912,  p.  356)  mentions  two  cases  of  rupture 
of  left  ventricle  and  thinks  that  heart  ruptures  are 
not  uncommon  among  hill  coolies  who  carry  pro- 
digious loads  uphill.  A  case  is  given  of  the  rupture 
of  the  right  ventricular  wall  in  a  "rickshaw"  coolie 
simply  from  overexertion.  Anger,  excitement,  and 
mental  or  physical  shock  may  determine  the  accident. 
Not  infrequently  it  occurs  while  the  patient  is  in  per- 
fect rest.  He  may  be  asleep  in  bed.  The  male  sex 
is  considerably  more  liable  to  this  accident  than  the 
female.  It  seldom  occurs  before  the  fiftieth  year, 
more  often  after  the  sixtieth.  Schaps  (Osier,  Prin. 
and  Prac.  of  Med.),  reports  a  case  of  rupture  of  left 
ventricle  in  an  infant  of  four  months  due  to  embolic 
infarction. 

Symptoms. — Seldom  are  the  premonitory  signs  of 
this  disaster  distinctive.  There  would  naturally 
be  signs  of  a  diseased  and  feeble  heart.  Comparatively 
few  diseased  hearts,  however,  go  on  to  rupture.  On 
the  occurrence  of  the  lesion,  death  is  usually  in- 
stantaneous; the  patient  not  infrequently  being  found 
dead  in  bed  with  the  clothes  not  even  disturbed.  In 
case  the  rupture  is  oblique  in  direction  and  small 
in  extent,  the  patient  may  survive  several  hours  or 
even  days. 

Dr.  Langman  has  recently  reported  a  case  of  a  man 
who  had  two  ruptures  of  the  heart  wall,  one  having 
happened  two  weeks  before  the  other.  He  died  four 
hours  after  the  occurrence  of  the  second,  which  was  in 
the  left  ventricle,  the  first  was  in  the  right.  The  heart 
walls  were  thin,  but  not  fatty. 

The  special  symptoms  denoting  approaching  dis- 
solution are  intense  precordial  pain,  restlessness, 
dyspnea,  rapid,  feeble,  and  fluttering  pulse;  vomiting, 
cyanosis,  loss  of  consciousness,  and  convulsions. 

Hampeln  has  observed  that  there  is  greater  pain  in 
rupture  of  the  pericardial  portion  of  the  aorta  than  in 
that  of  the  heart  substance  proper. 

The  physical  signs,  even  when  the  patient's  life  is 
sufficiently  prolonged  for  them  to  be  observed,  are 
more  or  less  indefinite.  The  pulse  is  weak  and  in- 
termittent. The  heart  sounds  are  muffled,  distant, 
and  imperfectly  developed,  with  probably  some 
increase  or  pericardial  dulness. 

Diagnosis. — This  is  so  uncertain  that  it  cannot  as  a 
rule  be  relied  upon,  although  in  some  cases  the  con- 
dition has  been  made  out  ante  mortem.  A  diagnosis 
ought  certainly  to  be  made  in  those  cases  in  which, 
in  addition  to  the  rational  symptoms  already  detailed, 
percussion  affords  evidence  that  the  pericardial  area 
has  recently  undergone  enlargement. 

Prognosis. — This  is  uniformly  unfavorable;  no 
case  of  spontaneous  heart  rupture  having  ever  been 
known  to  recover,  although  life  may  be  prolonged  for 
several  days  and  even  weeks,  by  judicious  treatment 
and  nursing. 

Treatment. — This  is  mainly  palliative  and  can 
have  no  effect  on  the  diseased  condition  of  the  heart. 
Cold  applications,  morphine  hypodermatically,  a 
strict  maintenance  of  the  recumbent  posture,  perfect 
quiet,  and  warmth  to  the  extremities  may  prolong 
life  for  a  limited  period.  Stimulants  are  contrain- 
dicated  and  so  are  operative  procedures;  even  if 
the  patient  had  sufficient  vitality  to  justify  an  at- 
tempt to    suture    the    heart  wall  the  diseased  myo- 


cardial  tissue    could    not   be   expected    to    hold    the 
stitches. 

Traumatic  ruptures,  as  distinguished  from  gunshot 
and  stab  wounds  of  the  heart,  are  quite  rare  This 
organ  from  its  shape  and  position,  its  mobility  and 
the  protection  afforded  it  by  the  elasticity  of  its  walls, 
and  by  its  overlying  and  surrounding  structures,  is 
seldom  ruptured  by  traumatism — except  in  cases  in 
which  the  chest  wall  is  crushed  in.  A  certain  number 
of  cases  of  rupture  of  the  heart  walls  have  occurred 
with  comparatively  little  injury  to  the  chest  wall, 
and  often  without  penetration  of  the  pericardial  sac. 
The  writer  was  able,  some  years  ago,  to  collect  forty- 
five  cases  of  heart  rupture,  not  due  to  stab  or  gunshot 
wounds,  and  generally  speaking  caused  by  an  injury 
from  the  effects  of  which  the  heart  walls  would  be 
expected  to  escape  scot  free.  In  the  majority  of 
these  cases  however  there  was  evidence  of  pre-existing 
disease  or  abnormality  of  the  organ.  But  in  a  few 
cases  the  heart  muscle  was  healthy. 


Fig.  3104. — Showing   Traumatic   Rupture   of   Heart  at   Apes   of 
Right  Ventricle. 

The  writer  reported  the  case  of  a  vigorous  man  of 
twenty-eight  who  was  riding  his  bicycle  rapidly,  when 
the  forward  wheel  struck  a  hose  pipe  which  was  filled 
with  water  and  which  lay  across  the  road.  As  a 
result  of  this  sudden  strain  the  bicycle  broke  at  the 
"head,"  and  the  rider  was  thrown  to  the  ground  with 
great  violence,  the  detached  handle-bar  post  inter- 
posing itself  between  his  body  and  the  hard  road. 
This  impact  fractured  the  sixth  costal  cartilage  some- 
what to  the  left  of  the  sternum  and  drove  the  distal 
end,  attached  to  the  rib,  into  the  pericardial  sac. 
The  sac  did  not  tear;  but  the  force  of  the  blow  was  so 
great  that  the  right  ventricle  was  torn  entirely  through. 
A.  triangular  flap  (Fig.  3104)  of  the  heart  wall 
had  been  lifted  up,  and  when  it  was  turned  back 
the  ventricular  cavity  wasexposed.  The  heart  weighed 
eleven  and  one-quarter  ounces,  and  its  valves  and 
muscular  substance  were  healthy  and  competent. 
The  man  lived  for  an  hour  and  a  half  after  the  accident 
and  partly  recovered  from  shock.  The  cause  of  death 
was  apparently  the  distention  of  the  pericardium 
with  bloody  of  which  from  eight  to  ten  ounces,  mostly 
coagulated,   was   found  in  the  sac. 

Of  traumatic  ruptures  a  majority  occur  in  the  right 
ventricle  near  its  apex.  Of  Gamgee's  28  cases,  in  9 
there  was  no  fracture  of  ribs  or  sternum  and  either 
no  bruise  of  the  parietes  or  a  very  slight  one.     The 
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pericardium  was  intact  in  at  least  one-half  of  the 
cases,  and  in  22  in  which  the  principal  seat  of  the 
injury  was  noted,  the  right  ventricle  was  torn  in  8; 
the  left  in  3.  The  left  auricle  was  injured  in  7  and 
the  right  in  4.  The  apex  of  the  right  ventricle  is  a 
favorite  spot  for  traumatic  rupture,  first,  on  ac- 
count of  its  exposed  position  as  it  comes  in  contact 
with  the  chest  wall  in  systole,  and  second,  because 
the  myocardium  is  thinnest  at  this  point.  Ruptures 
of  the  muscular  fibers  most  frequently  occur  in  systole 
when  they  are  tense  and  firm  and  offer  the  greatest 
resistance  to  tin'  impact  of  the  opposing  force.  If 
ruptured  in  diastole  when  the  ventricles  are  filled  with 
blood,  their  walls  being  flaccid,  the  seat  of  rupture 
will  be  in  the  resisting  valves,  or  in  the  interventricular 
septum. 

The  symptoms  of  intense  pericardial  pain,  weak, 
fluttering  or  intermittent  pulse,  dyspnea,  lividity, 
cold  extremities,  sweating,  and  convulsions,  are 
much  the  same  as  in  cases  of  spontaneous  rupture. 
With  the  history  of  a  blow  upon  the  chest,  especially 
if  the  ribs  or  their  cartilages  are  found  fractured,  the 
diagnosis  of  heart  rupture  might  be  made  out  and 
bold  surgery  might  save  a  life.  No  other  treatment 
could  be  anything  more  than  palliative. 

Richakd  Cole  Newton. 

Heart,  Sounds  of. — See  Cardiac  Murmurs. 

Heart,  Surgery  of  the. — See  Heart,  Wounds  of. 

Heart,  Syphilis  of  the. — That  syphilis  plays  a 
very  important  part  in  the  etiology  of  cardiac  affec- 
tions has  long  been  suspected  by  both  clinicians  and 
pathologists,  although  the  amount  of  evidence  afforded 
by  the  literature  is  very  small.  Many  text-books  still 
say  that  cardiac  syphilis,  particularly  the  congenital 
form,  is  not  common.  Before  the  discovery  of  the 
spirochete  the  pathologist  himself  was  able  to  recog- 
nize but  few  lesions  of  the  heart  absolutely  pathog- 
nostic  of  syphilis.  The  gumma  could  be  safely  recog- 
nized as  syphilitic,  but  cardiac  gummas  are  not  com- 
mon ;  and  the  assumption  that  certain  forms  of  chronic 
myocarditis,  fibroid  heart,  coronary  sclerosis,  cardiac 
infarction,  aneurysm,  etc.,  were  syphilitic,  because 
they  were  found  so  often  in  connection  with  other 
lesions  of  syphilis  rested  upon  purely  circumstantial 
evidence  until  the  discovery  of  the  spirochete  gave  a 
positive  criterion  for  the  pathologic  diagnosis  of 
syphilis. 

Recent  studies  of  cardiac  syphilis  (Warthin)  show- 
that  the  primary  lesions  produced  in  the  heart  by  the 
Spirochoeta  pallida  may  be  either  parenchymatous  or 
interstitial.  The  parenchymatous  lesions  are  a  pecu- 
liar pale  degeneration,  fatty  degeneration,  simple 
atrophy  and  necrosis;  the  interstitial  lesions  are  the 
occurrence  of  a  peculiar  form  of  edema  (myxedema), 
vascular  and  perivascular  infiltration,  interstitial 
myocarditis,  gummas,  and  localized  myxoma-like  for- 
mations. Localized  infiltrations  and  gumma-like 
proliferations  occur  also  in  endocardium  and  peri- 
cardium. The  parenchymatous  changes  may  occur 
absolutely  independently  of  the  interstitial,  and  the 
latter  may  be  found  with  no  associated  changes  in  the 
neighboring  heart  muscle.  The  more  marked  the 
interstitial  changes,  the  more  likely  are  parenchyma- 
tous changes  to  be  associated  with  them;  but  the  most 
marked  parenchymatous  lesions  occur  without  any 
interstitial  changes.  The  purely  parenchymatous 
lesions  are  found  especially  in  virulent  congenital  and 
active  secondary  and  early  tertiary  syphilis;  in  milder 
and  older  infections  the  interstitial  changes,  particu- 
larly the  localized  vascular  and  perivascular  prolifera- 
tions, predominate.  The  myxoma-like  formations 
resembling  undifferentiated  gummas  also  occur  in 
more  localized  and  milder  infections. 

It  is  of  very  groat  importance  to  know  that  the 
heart  is  so  frequently  the  seat  of  spirochete  localiza- 

92 


tion.  The  cardiac  localization  of  spirochetes  has 
been  found  to  be  more  common  even  than  the  hepatic. 
Spirochetes  may  be  found  in  gnat  numbers  in  the 
heart  when  no  others  can  be  found  elsewhere  in  the 
body.  In  such  cases  i  In-  cardiac  muscle  may  show  at 
times  no  lesions  that,  according  to  the  older  knowl- 
edge, would  be  classed  as  Syphilitic,  indeed,  no  other 
organ  or  tissue  may  show  any  histologic  sign>  of 
syphilis  even  when  the  organisms  are  present  in  the 
heart  in  great  numbers.  That  syphilis  can  produce 
purely  parenchymatous  lesions  primarily  in  the 
myocardium  opens  up  greatly  the  possibilities  of  this 
infection  as  a  factor  in  the  increasing  myocarrlial 
affections  of  unknown  origin.  To  what  extent  the 
Spirocha  ta  pallida  istheei  iological  agent  in  these  latter 
conditions  cannot  be  estimated  with  certainty  at  the 
present  time,  but  it  is  becoming  more  and  more 
probable  that  syphilis,  both  congenital  and  acquired, 
is  one  of  the  most  important  factors  in  the  production 
of  cardiac  disease,  both  myocardial  and  endocardial. 


Congenital  Syphilis. — Parenchymatous  Lesions. 
1.  Localization  of  Spirochetes  in  the  Myocardium 
without  Recognizable  I  ions. — Large  colonies  of 

spirochetes  may  be  found  in  the  myocardium,  either 
in  the  tissue  spaces  of  certain  muscle  areas,  or  about 
the  blood-vessels,  without  any  changes  in  the  neigh- 
boring heart-muscle  that  can  be  recognized  by  any  of 
the  technical  methods  employed  at  the  present  time. 
The  muscle  stains  as  well  as  normal  heart-muscle, 
it  contains  no  vacuoles  or  granules,  and  presents  all 
the  appearances  of  normal  muscle.  The  spirochetes 
lie  in  the  intermuscular  spaces,  often  in  great  numbers. 
Sometimes  they  appear  within  the  muscle-substance, 
as  shown  in  cross-sections,  but  this  is  not  common. 

2.  Pale  Degeneration  of  the  Heart-muscle  in  Asso- 
ciation  with  Spirochceta  Pallida. — One  of  the  earliest 
recognizable  changes  in  the  heart -muscle  in  areas  con- 
taining spirochetes  is  the  loss  of  color  in  the  muscle- 
fiber  and  its  failure  to  take  eosin  in  the  normal  way. 
Compared  with  normal  areas  such  affected  muscle 
appears  very  light  and  clear,  with  a  loss  of  its  stria- 
tions,  and  shows  vacuolated  or  light-staining  nuclei. 
In  the  severe  grades  of  this  change  the  muscle  passes  so 
insensibly  into  the  connective  tissue  that  it  is  difficult 
to  separate  the  two,  so  closely  do  they  come  to  resem- 
ble each  other  in  ordinary  stained  sections.  Vacuoles 
may  or  may  not  be  present  in  these  fibers.  The 
appearance  of  the  fiber  is  not  wholly  like  that  of  Zen- 
ker's necrosis,  as  it  is  less  waxy  or  hyaline,  appearing 
"washed-out."  The  fibers  are  also  smaller  than  nor- 
mal. This  form  of  degeneration  may  occur  as  a  purely 
parenchymatous  change,  but  is  most  commonly  asso- 
ciated with  interstitial  changes,  particularly  with  the 
mucoid  edema  so  frequently  seen  in  congenital  cases. 
This  change  is  probably  to  be  interpreted  as  being  of 
the  nature  of  a  serous  atrophy  or  liquefaction  necro- 
sis, but  there  is  never  any  fraying-out  of  the  cell  proto- 
plasm as  in  ordinary  liquefaction  necrosis. 

3.  Fatty  Degeneration. — A  marked  fatty  degenera- 
tion of  the  cardiac  muscle  is  often  the  only  tissue- 
lesion  associated  with  the  presence  of  the  spirochete 
colonies  in  the  myocardium.  It  occurs  as  a  focal 
change,  visible  to  the  naked  eye  as  yellowish  pin-head 
spots,  but  often  larger.  Microscopically,  the  fibers 
are  atrophic  and  filled  with  large  droplets  of  fat,  the 
droplets  as  a  rule  being  larger  than  those  commonly 
seen  in  fatty  degeneration  of  the  heart  muscle  in  such 
conditions  as  anemia,  phosphorus  poisoning,  etc. 
Usually  two  or  three  large  vacuoles  replace  the  cyto- 
plasm. This  fatty  degeneration  of  the  fibers  occurs 
also  in  the  muscle  surrounding  the  areas  of  interstitial 
infiltration  and  proliferation.  In  these  areas  of  fatty 
degeneration  fewer  spirochetes  are  usually  found  than 
in  the  focal  areas  of  fatty  degeneration  unaccompanied 
by  interstitial  changes.  In  the  case  of  severe  vascular 
and  perivascular  infiltration  and  proliferation  irregu- 


, 


REFERENCE    HANDBOOK    OF   THE    MEDICAL    SCIENCES 


Heart,  Syphilis  of 


lar  areas  of  fatty  degeneration  occur  along  the  affected 
areas,  but  this  is  probably  a  secondary  change  to  the 
circulatory  disturbance.  In  the  focal  areas  without 
other  changes  than  the  mere  presence  of  the  spiro- 
chetes, the  occurrence  of  the  fatty  change  must  be 
explained  as  due  to  the  presence  of  the  organism — 
the  latter  probably  robbing  the  tissues  of  their  oxygen 
and  food  supply.  '  Following  the  focal  fatty  degenera- 
tion there  may  occur  later  a  deposit  of  lime  salts,  so 
that  focal  areas  of  calcification  can  be  produced  by 
syphilis,  and  their  occurrence  should  lead  to  a  sus- 
picion  of  this  infection. 

4.  Sim  pie  Atrophy. — Colonies  of  spirochetes  can 
sometimes  be  located  by  the  presence  of  focal  areas 
of  simple  atrophy,  the  muscle  showing  no  other  change 
than  a  marked  reduction  in  size.  The  interstitial 
substance  may  or  may  not  be  increased  or  show  pro- 
liferation, and  the  pale  degeneration  and  fatty  degen- 
eration may  be  associated  with  the  atrophy. 

5.  Necrosis. — In  virulent  cases  of  congenital  syphilis 
in  which  the  tissues  of  the  body  show  enormous 
numbers  of  spirochetes,  yellowish  or  light-colored 
areas  may  be  found  in  the  myocardium  as  well  as  in 
other  parts  of  the  body.  These  areas  rarely  exceed 
five  millimeters  in  diameter,  and  are  usually 
much  smaller.  In  the  heart  the  muscle  in  these 
areas  appears  as  fine  fibrillar  without  nuclei,  or  is 
entirely  absent,  its  place  being  taken  by  a  collection 
of  lymphocytes,  plasma  cells  and  fibroblastic  cells. 
Around  the  borders  fibers  showing  transition  stages  of 
liquefaction  necrosis  are  seen,  and  the  surrounding 
tissue  appears  as  in  a  chronic  edema,  the  tissue- 
elements  being  pushed  apart,  and  the  spaces  filled  with 
a  fine  albuminous  precipitate,  a  mucoid  substance  and 
cells.  With  the  specific  mucin  dyes,  as  cresyl  violet, 
reactions  for  mucin  are  almost  always  obtained  in 
these  areas  of  liquefaction  necrosis.  Such  changes 
may  be  absolutely  independent  of  any  vascular 
changes,  and  are  wholly  the  result  of  the  spirochetes 
that  lie  packed  in  great  numbers  in  these  necrotic 
areas.  Vascular  changes  may,  however,  be  associated 
with  such  focal  necroses. 

Interstitial  Changes. — 1.  Edema. — In  the  hearts  of 
congenital  syphilis  pale  areas,  moist  and  translucent, 
may  be  seen  even  with  the  naked  eye,  or  the  entire 
heart  wall  may  be  very  pale,  translucent  and  moist. 
On  microscopical  examination  the  pale  foci  are  found 
to  be  areas  in  which  the  changes  are  wholly  suggestive 
of  edema.  The  muscle  fibers  are  pushed  apart,  the 
reticulum  is  fibrillated  and  contains  fine  granules,  the 
number  of  wandering  cells  more  or  less  increased.  The 
presence  of  fat  vacuoles  in  the  muscle  fibers  adds  to  the 
general  picture  of  a  severe  local  edema,  so  that  the 
average  observer  would  pass  it  as  an  edema.  But  the 
Levaditi  preparations  show  these  apparently  edema- 
tous areas  to  be  filled  with  spirochetes,  and  the  mucin 
tests  show  very  frequently  the  presence  of  a  mucin- 
like  substance,  so  that  the  edema  is  more  of  the  nature 
of  a  myxedema.  In  these  areas  the  spirochetes  often 
appear  closely  applied  to  the  capillary  walls.  Some 
of  these  areas  are  relatively  poor  in  cells,  but  the 
majority  show  a  fibroblastic  proliferation,  large  pale 
epithelioid  cells  occurring,  their  cell  bodies  lightly 
staining  and  their  whole  appearance  washed  out. 
Mononuclear  white  cells,  plasma  cells  and  lympho- 
cytes are  present  in  varying  numbers;  and  every 
transition  exists  between  these  pale,  non-cellular 
watery  areas  and  those  containing  many  cells. 

2.  Interstitial  Proliferation. — This  may  occur  as  the 
first  recognizable  tissue  lesion,  but  usually  after  it  has 
reached  a  certain  point  the  parenchyma  shows 
degenerative  changes  also.  In  the  heart  the  prolifera- 
tion appears  to  be  always  primarily  vascular  or  peri- 
vascular, the  endothelial  cells  of  the  capillaries  pro- 
liferating and  forming  rods  and  groups  of  pale  epi- 
thelioid cells,  the  capillary  becoming  thicker  and 
thicker  as  the  mass  of  cells  in  its  walls  increases.  Now 
capillaries  arc  produced  and  the  area  may  come  to  be 


highly  vascularized,  but  the  new  vessels  are  quickly 
obliterated  by  the  proliferation  of  the  wall.  In  the 
larger  vessel's,  particularly  in  the  arterioles,  the 
proliferation    is  almost  wholly    perivascular   and    Hie 

spirochetes  an;  found  in  gnat  numbers  in  the  peri- 
vascular lymphatics.    Later  these  areas  may  become 

fibroid,  and  every  possible  transition  stage  is  found 
between  t  he  focal  edemas  anil  the  areas  of  proliferation 
that  may  be  interpreted  as  non-caseating  gummas 
when  sharply  localized.  In  the  congenital  syphilis 
cases  caseation  of  these  areas  must  be  very  rare,  as  I 
have  never  found  it.  Such  areas  of  proliferation 
without  caseation  exist  also  in  acquired  syphilis. 

3.  Myxoma-like  Areas. — A  very  striking  finding  in 
the  hearts  of  congenital  syphilis  is  the  occurrence  of 
round  translucent  areas  that  microscopically  suggest, 
myxomata  and  have  been  mistaken  for  such.  With 
ordinary  stains,  hematoxylin  and  eosin,  they  appear 
as  sharply  circumscribed  spherical  areas  in  which  the 
heart  muscle  fibers  have  practically  dispapeared,  only 
a  few  atrophic  fibrillae  being  left.  A  gelatinous  tissue 
containing  branching  epithelioid  cells  and  lympho- 
cytes forms  the  main  part  of  the  area,  and  new  capilla- 
ries occur  in  it.  Mucin  tests  show  the  presence  of  a 
large  amount  of  mucin,  so  that  the  resemblance  to  a 
myxoma  is  greater  still  in  preparations  stained  in  this 
manner.  Levaditi  preparations  show  the  presence  of 
spirochetes  in  varying  numbers  in  these  areas, 
although  the  number  is  usually  not  so  great  as  in  the 
focal  fatty  areas  and  edemas.  It  is  probable  that  the 
infection  is  a  less  virulent  and  more  sharply  localized 
one.  These  areas  may  be  regarded  as  young  or  undiffer- 
entiated gummas — myxogummas — without  fibroid 
change  or  caseation,  the  tissue  remaining  in  fibro- 
blastic semi-gelatinous  state.  The  infiltration  of 
lymphocytes  is  often  very  slight,  so  that  if  the  Levaditi 
stain  be  not  used  for  the  demonstration  of  the  spiro- 
chetes, the  true  nature  of  the  process  would  not  be 
suspected. 

4.  Gumma. — Typical  caseating  gummas  have  been 
described  as  occurring  in  the  hearts  of  congenital 
syphilis,  but  they  are  not  common.  They  have 
presented  appearances  similar  to  those  seen  in  acquired 
syphilis.  The  wall  of  the  right  ventricle  is  said  to  be 
more  frequently  affected  than  the  left. 

5.  Endocardial  Lesions. — Fibroblastic  proliferations 
and  infiltrations  of  the  endocardium  occur  in  congeni- 
tal syphilis.  Fibrous  thickenings  of  the  valves  or 
parietal  endocardium  may  result  (sclerosis).  Valvu- 
lar lesions  may  result;  the  aortic  and  pulmonary 
valves  are  most  frequently  affected.  Syphilitic  lesions 
of  the  endocardium  may  favor  the  occurrence  of 
infections  of  the  valves  with  the  progenic  organisms, 
thus  causing  valvular  lesions.  Thrombosis  is  a  direct 
sequel  of  the  syphilitic  changes  in  the  endocardium; 
and  some  of  the  pedunculated  myxoma-like  polyps  of 
the  heart-wall  may  be  of  syphilitic  origin. 

6.  Pericardial  Lesions. — The  pericardium  is  less 
frequently  affected  in  congenital  syphilis  than  the 
endocardium,  but  localizations  of  spirochetes  occur 
in  the  subserous  tissues  giving  rise  to  lymphocyte 
infiltrations,  fibroblastic  proliferations  and  myxoma- 
like  formations.  Some,  at  least,  of  the  pericardial 
scleroses  ("soldier  spots")  are  the  result  of  healed 
congenital  syphilitic  lesions  of  the  epicardium. 

Acquired  Cardiac  Syphilis. — Acquired  syphilis  of 
the  myocardium  may  manifest  itself  in  the  form  of  a 
local  or  diffuse  parenchymatous  or  interstitial  myo- 
carditis or  as  a  gummatous  myocarditis.  The  inter- 
stitial induration  is  by  far  the  more  common  process; 
it  may  be  the  result  of  the  direct  action  of  the  spiro- 
chetes or  secondary  to  a  syphilitic  endarteritis. 

In  acquired  syphilis,  as  well  as  in  congenital, 
colonies  of  spirochetes  may  be  found  in  the  myocar- 
dium, at  times  without  any  apparent  change  in  the 
heart  muscle;  or  they  may  produce  purely  parenchy- 
matous lesions  (fatty  degeneration,  pale  degeneration, 
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atrophy,  etc.).  All  stages  oi  parenchymatous  and 
inters!  it  ial  lesions  may  he  found  in  acquired  syphilis, 
as  in  the  congenita)  infection,  although  the  earlier 
myocardial  lesions  of  acquired  syphilis  are  rarely  seen, 
except  in  syphilitic  eases  dying  from  some  other  cause. 
Systematic  examination  microscopically  of  the  hearts 
of  relatively  recent  syphilitica  and  of  those  in  early 
tertiary  stage  shows,  however,  a  very  high  frequency 
of  parenchymatous  and  interstitial  myocardial  lesions 
associated  with  the  localization  of  spirochete  colonies. 

In  its  earliest  stages  the  interstitial  change  is  found 
as  a  cellular  infiltration  along  the  small  vessels  of  the 
intermuscular  connective  tissue.  Fibroblastic  pro- 
liferation occurs  in  the  latter,  leading  gradually  to  the 
formation  of  small  scattered  nodules  of  granulation 
tissue,  which  soon  become  converted  into  scar  tissue. 
In  the  fibroid  areas  thus  formed  remains  of  degen- 
erated muscle,  pigment,  fat  droplets,  etc.,  are  found. 
The  newly  formed  fibrous  tissue  may  undergo  casea- 
tion or  become  calcified.  The  neighboring  muscle 
shows  extensive  atrophy  and  fatty  degeneration. 
When  the  spirochetes  are  present  in  great  numbers 
the  interstitial  changes  may  be  myxomatous  in  char- 
acter as  in  congenital  syphilis.  A  mucoid  change  is 
not  uncommon  in  the  perivascular  proliferations  of 
acquired  syphilis.  Such  areas  always  indicate  the 
presence  of  large  numbers  of  spirochetes.  In  other 
cases  the  cellular  infiltration  is  in  the  form  of  bands  or 
sheets  running  parallel  with  the  axis  of  the  muscle 
bundles.  These  may  or  may  not  be  sharply  defined; 
usually  the  new  tissue  sends  out  fine  prolongations 
into  the  neighboring  muscle.  As  the  cellular  infiltra- 
tion develops  it  becomes  gradually  changed  into  a 
coarse  hyaline  variety  of  fibrous  tissue  containing  few 
nuclei.  Through  atrophy  of  the  intervening  muscle 
the  bands  of  connective  tissue  gradually  coalesce  and 
may  come  to  make  up  the  entire  thickness  of  the 
heart  wall  from  pericardium  to  endocardium.  The 
left  ventricle,  the  anterior  wall,  the  apex,  and  the 
septum  ventriculorum  are  most  commonly  affected, 
the  papillary  muscles  and  the  walls  of  the  auricles 
only  rarely. 

In  many  cases  the  fibroid  change  is  directly  depend- 
ent upon  the  presence  of  an  obliterating  endarteritis 
in  the  coronary  arteries.  Complete  occlusion  of  a 
terminal  branch  produces  anemic  infarction,  the 
necrosed  muscle  being  replaced  by  scar  tissue;  slowly 
progressive  obliteration  of  the  vessels  leads  to 
degenerative  changes  in  the  muscle  with  secondary 
inflammation  and  proliferation  of  the  interstitial 
tissue.  To  the  naked  eye  the  fibroid  areas  appear  as 
white,  glistening,  tendon-like  bands  or  masses.  The 
weakening  of  the  heart  wall,  due  to  the  inability  of  the 
new  connective  tissue  to  contract  against  the  intra- 
cardiac pressure,  often  leads  to  an  aneurysmal  dilata- 
tion at  the  point  of  greatest  change.  Thrombosis  of 
the  left  ventricle  is  practically  always  the  result  of 
syphilitic  lesions  of  the  heart  wall. 

The  gummatous  form  of  myocarditis  is  of  much 
less  common  occurrence.  It  is  usually  associated  with 
a  more  or  less  diffuse  interstitial  change.  It  is  proba- 
ble that  in  many  cases  the  fibroid  myocarditis  found 
at  autopsy  is  the  result  of  antecedent  gummatous 
processes.  Gummata  may  be  found  in  any  part  of 
the  heart  wall,  in  the  myocardium,  or  beneath  the 
peri-  or  endocardium.  Their  favorite  location  is  in 
the  auricular  and  ventricular  septum,  very  frequently 
affecting  the  main  trunk  of  the  bundle  of  His.  To  the 
naked  eye  they  appear  as  yellowish  or  grayish  cheesy 
nodules,  varying  in  size  from  a  mustard  seed  to  a 
walnut,  and  are  usually  surrounded  by  a  dense 
fibrous  capsule.  Fresh  gummata  are  red  or  pink 
in  color  and  of  a  soft  homogeneous  structure.  They 
do  not  possess  a  fibrous  capsule  and  are  not  sharply 
oulined  from  the  surrounding  tissue.  Usually  the 
heart  gummata  are  solitary,  but  in  many  cases  multi- 
ple caseous  nodules  are  found  scattered  throughout 
the  cardiac  wall.     When  the  gumma  is  located  just 


beneath  the  peri-  or  endocardium  chronic 
pericarditis  and  sclerosis  of  the  endocardium  are 
usually  present.  Hypertrophy  and  dilatation  of  the 
heart  are  frequent  secondary  changes  dependent  upon 
the  myocardial  condition.  On  microscopical  exami- 
nation the  gummata  of  the  heart  are  distinguished 
from  those  in  other  regions  of  the  body  by  the  cellular 
nature  of  the  process,  the  rarity  of  giant  cells  and  the 
relatively  slight  degree  of  caseation.  The  mj 
gumma  is  rare  in  acquired  syphilis,  and,  when  found, 
shows  the  presence  of  enormous  numbers  of  spiro- 
chetes. In  the  caseating  gummas  they  are  usually 
few  in  number,  and  often  cannot  be  demonstrated. 
Obliterating  endarteritis  of  the  coronary  arteries  may 
or  may  not  be  associated  with  gummatous  myo- 
carditis but  usually  is. 

The  involvement  of  the  coronary  arteries  plays  a 
very  prominent  part  in  the  pathology  and  symptoma- 
tology of  cardiac  syphilis.  Two  types  of  vascular 
syphilis  occur,  sometimes  distinct,  but  usually 
associated:  obliterating  endarteritis  and  proliferative 
periarteritis.  The  former  Is  the  more  common  in 
acquired  syphilis,  the  latter  in  congenital;  but  the 
spirochetes  have  an  especial  predilection  for  the 
perivascular  lymph  spaces,  so  that  frequently  enough 
they  are  found  colonized  around  the  coronary  vessels 
in  acquired  syphilis,  producing  the  same  changes  as 
those  found  in  congenital  cases,  although  the  fibroid 
Btage  is  the  one  usually  seen  at  autopsy.  It  Is  always 
easier  to  demonstrate  the  spirochetes  in  the  perivas- 
cular proliferations  than  in  the  intimal.  As  a  result 
of  the  nutritional  disturbance  arising  from  the 
coronary  changes  the  myocardium  receives  perhaps 
as  much  damage  secondarily  as  it  does  primarily  from 
the  spirochetes.  It  is  also  possible  that  the  lowered 
nutrition  resulting  from  the  vascular  changes  makes 
the  muscle  more  susceptible  to  the  spirochete.  Never- 
theless, the  most  severe  myocardial  changes  may  exist 
without  any  apparent  change  in  the  coronaries  down 
to  the  smallest  arterioles  but  changes  in  the  latter  are 
always  present  except  in  the  pure  parenchymatous 
lesions  caused  by  the  spirochetes. 

Scleroses  of  the  epicardium  are  very  common  in 
acquired  syphilis.  Occasionally  it  is  possible  to  trace 
a  connection  between  these  and  syphilis  of  the  myo- 
cardium. In  other  cases  spirochetes  are  localized  in 
the  subepicardial  tissues,  producing  local  mononu- 
clear infiltrations  and  fibroblastic  proliferations. 
Likewise,  thickenings  of  the  endocardium,  valvular 
and  parietal,  are  very  common  in  syphilitic  hearts, 
i.e.  in  the  hearts  of  syphilitics.  The  spirochetes  may 
be  localized  primarily  in  the  endocardium  or  just 
beneath  it;  or  the  changes  may  be  secondary.  The 
endocardium  of  the  left  ventricle  below  the  aortic 
valves,  and  the  semilunar  valves  themselves  are  the 
especial  sites  of  such  changes.  Aortic  stenosis  and 
insufficiency  may  be  directly  produced  by  such  locali- 
zations of  spirochetes. 

Slight  degrees  of  interstitial  myocarditis  and  gum- 
mata of  small  size  give  rise  either  to  circulatory  dis- 
turbances or  to  general  symptoms.  In  the  majority 
of  cases  the  onset  is  slow  and  insidious,  the  sj'mptoms 
of  serious  myocarditis  developing  only  when  extensive 
involvement  of  the  heart  muscle  has  occurred.  Con- 
sequently sudden  death  from  acute  cardiac  insufficiency 
is  very  common,  occurring  in  two-thirds  of  the  cases. 
In  those  cases  which  are  observed  for  some  time  before 
death  dyspnea,  venous  stasis,  ascites,  and  general 
edema  gradually  developed  without  the  presence  of  the 
physical  signs  of  valvular  disease.  Extensive  fibroid 
change  or  gummata  of  large  size  may  lead  to  aneurys- 
mal dilatation  of  the  heart  wall,  general  hypertrophy, 
or  dilatation  accompanied  by  the  gradually  developing 
symptoms  of  cardiac  insufficiency.  When  gummatous 
or  fibroid  changes  involve  the  bundle  of  His  the 
Adams-Stokes  symptom-complex  may  be  present. 
Marked  arrhythmia  is  very  characteristic  of  cardiac 
syphilis  in  general.     Rupture  of  a  softened  gumma 
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into  the  blood  stream  very  frequently  leads  to  throm- 
bosis and  embolism.  In  the  reported  eases  the  emboli 
were  found  in  the  vessels  of  the  retina  and  choroid 
and  in  the  coronary  and  pulmonary  arteries.  Symp- 
toms of  angina  pectoris  are  very  common,  and  myo- 
cardial and  coronary  syphilis  arc  (lie  most  common 
causes  of  angina.  A  form  of  syphilitic  angina  pec- 
toris has  been  described  by  some  writers  who  have 
attributed  it  to  a  specific  action  of  the  syphilitic  poison 
upon  the  neuromuscular  apparatus  of  the  heart  wall 
or  upon  the  sympathetic  nerves.  The  progress  of 
cardiac  syphilis  is  usually  very  slow,  periods  of  appar- 
ently good  health  may  alternate  with  extended  attacks 
of  cardiac  insufficiency.  In  either  period  slight  acci- 
dents may  cause  sudden  death.  This  may  be  due 
to  rupture  of  the  heart  or  to  occlusion  of  the  coronary 
arteries,  either  through  fibroid  changes,  or  through 
thrombosis  or  embolism. 

The  diagnosis  of  syphilitic  disease  of  the  heart  rests 
upon  the  exclusion  of  other  causal  factors  and  the 
establishment  of  the  existence  of  a  syphilitic  infection, 
either  past  or  present.  In  doubtful  cases  the 
Wassermann  reaction  should  be  taken  and  the  thera- 
peutic test  should  be  employed.  A  negative  reaction 
cannot  be  taken  as  indicating  the  non-existence  of 
syphilis.  The  prognosis  in  undoubted  cases  of 
syphilitic  myocarditis  is  very  unfavorable  if  the 
condition  is  well  advanced.  Only  in  the  earliest 
stages,  before  much  structural  change  of  the  heart 
wall  has  occurred,  is  there  hope  of  a  cure.  The  treat- 
ment is  that  pursued  in  cases  of  syphilis  in  general, 
with  special  treatment  directed  to  the  myocardial 
condition.  The  use  of  salvarsan  in  well-marked 
syphilis  of  the  heart  is  attended  with  danger.  Any 
intercurrent  infection,  poison  or  drug  that  may  cause 
even  slight  myocardial  changes  may  upset  cardiac 
sufficiency,  and  the  patient  may  die  suddenly  of  acute 
dilatation.  The  most  important  line  of  procedure  at 
the  present  time  is  a  better,  early  and  prolonged 
treatment  of  syphilis.  It  is  very  probable  that  sys- 
tematic treatment  of  all  cases  of  syphilis,  if  continued 
faithfully  for  four  or  five  years,  would  greatly  diminish 
the  number  of  cases  of  myocardial  syphilis. 

Aldred  Scott  Warthin. 

Heart,  Therapeutics  of. — See  Heart,  Functional 
Disorders  of. 

Heart,  Thrombosis  of  the. — The  blood  clots  found 
within  the  heart  cavities  may  be  divided  into  three 
classes:  -postmortem  clots,  antemortem  or  agonal  clots, 
and  true  thrombi.  The  postmortem  clot  is  formed 
after  the  heart  has  ceased  to  beat;  it  is  a  soft,  dark-red, 
jelly  clot  filling  up  the  cavity  of  the  auricle  or  ventricle 
and  not  adherent  to  the  heart  wall.  It  is  commonly 
known  as  cruor  or  the  "currant-jelly  clot."  In  leukemia 
with  high  white-cell  count  the  postmortem  clot  may 
be  pale  or  yellowish  ("chicken-fat  clot").  Such  co- 
agula  are  found  usually  in  the  right  auricle  and 
ventricle,  but  may  be  present  in  all  four  of  the 
cavities.  When  coagulation  occurs  rapidly  after  death 
the  clot  is  uniformly  red  throughout;  but  if  coagu- 
lation is  delayed  the  uppermost  portion  of  the  clot 
may  be  light-colored  or  yellowish  from  the  sinking  of 
the  red  cells.  In  themselves  the  postmortem  clots 
are  of  significance  only  in  so  far  as  the  character  of 
the  blood  and  its  coagulability  are  concerned.  If 
coagulation  takes  place  while  the  ventricles  are  con- 
tracted in  rigor  mortis  the  clots  will  be  found  in  the 
auricles  only,  but,  if  coagulation  be  delayed  until  the 
contraction  of  the  ventricles  has  passed,  the  ven- 
tricular cavities  may  again  become  filled  with  blood 
which  later  coagulates. 

The  antemortem  or  agonal  clot  is  a  white  or  mixed 
clot  found  in  the  periphery  of  the  large  veins,  right  and 
left  auricles,  and  right  ventricle,  but  rarely  in  the  left 
ventricle.  Such  clots  consist  of  fibrin  with  few  or 
many  leucocytes,  while  that  part  of  the  clot  toward  the 


axial  stream  may  contain  red  blood  cells.  They  de- 
velop during  the  slowing  of  the  blood  stream  in  cases 
of  slow  death,  and  are  formed  only  in  the  peripheral 
stream  where  there  are  no  red  cells.  As  the  current 
becomes  slower  red  cells  are  caught  in  that  portion  of 
the  clot  toward  the  central  stream.  As  soon  as  death 
occurs  and  the  current  comes  to  a  standstill,  the  blood 
in  the  central  stream  coagulates  forming  a  postmortem 
currant-jelly  clot.  Combinations  of  agonal  and  post- 
mortem clots  are  thus  formed  and  are  distinguished 
by  the  presence  of  a  central  red  clot  surrounded  by  a 
peripheral  layer  of  white  clot.  The  agonal  clot  is 
soft,  but  much  firmer  than  the  currant-jelly  clot.  It 
is  not  attached  to  the  endocardium  and  is  easily  re- 
moved from  between  the  trabecula;  of  the  ventricular 
wall.  It  is  further  distinguished  from  true  cardiac 
thrombi  in  its  moistness,  translucency,  and  greater 
elasticity.  On  microscopical  examination  the  agonal 
clot  is  found  to  consist  almost  entirely  of  a  coarse 
reticulum  of  fibrin;  on  the  other  hand  the  fibrin  in  the 
postmortem  jelly  clot  is  in  the  form  of  fine  fibrillse. 
The  significance  of  the  agonal  clot  is  only  that  of  a 
slowdy  progressive  heart  failure;  in  cases  of  sudden 
death  without  previous  impairment  of  cardiac  effi- 
ciency the  white  peripheral  clots  are  either  very  small 
or  absent,  while  in  cases  of  slow  death  in  chronic  val- 
vular disease,  cachexias,  etc.,  they  may  be  very  large. 
Care  should  be  taken  to  differentiate  between  these 
and  the  true  heart  thrombi  for  which  they  are  fre- 
quently mistaken. 

The  true  heart  thrombi  are  yellowish,  reddish,  or 
reddish-gray  or  brown,  opaque,  dry,  inelastic,  brittle, 
and  in  the  great  majority  of  cases  more  or  less  adherent 
to  the  endocardium.  The  conditions  under  which 
they  are  formed  are  practically  the  same  as  those  of 
thrombosis  of  the  blood-vessels,  the  chief  factors  being 
lesions  of  the  endocardium  (thromboendocarditis), 
disturbances  of  the  circulation,  and  changes  in  the 
chemical  composition  of  the  blood.  Of  these  the 
endocardial  changes  are  by  far  the  most  important. 
The  exciting  agents  are  most  frequently  streptococci 
and  staphylococci,  after  these  the  pneumococcus, 
influenza-bacillus,  gonococcus  and  other  bacteria,  and 
more  rarely  the  tubercle-bacillus.  The  bacteria  may 
produce  lesions  locally  in  the  endocardium  by  their 
presence  or  through  the  action  of  their  toxins.  Syphilis 
is  indirectly  a  very  common  cause  of  cardiac  throm- 
bosis in  that  it  produces  anemic  infarction  of  the  myo- 
cardium as  a  result  of  changes  in  the  coronary  vessels. 
On  the  damaged  endocardium  over  the  myocardial 
necrosis  a  thrombus  is  formed.  Changes  in  the  char- 
acter Of  the  blood  (anemia,  cachexia,  intoxications, 
etc.)  and  disturbances  of  the  circulation  are  also  factors 
in  the  production  of  cardiac  thrombi.  At  the  point 
of  lesion  blood  plates  are  first  deposited,  followed 
by  the  processes  of  conglutination  and  coagulation  as 
in  the  formation  of  thrombi  in  the  vessels.  The  re- 
sulting thrombus  is  usually  a  mixed  clot,  very  fre- 
quently laminated.  When  formed  in  the  peripheral 
stream  with  rapid  circulation  it  may  be  entirely  white; 
if  the  current  is  very  much  slowed  it  may  be  red 
throughout.  In  old  red  thrombi  the  diffusion  of  the 
hemoglobin  from  the  red  cells  may  give  a  washed-out 
reddish  or  brown  color.  The  latter  color  is  also  the  re- 
sult of  the  formation  of  blood  pigment  from  the  dis- 
integration of  the  red  cells.  The  surface  of  the  throm- 
bus is  not  infrequently  ribbed;  this  appearance  has 
been  explained  as  being  due  to  wave-like  movements 
in  the  blood,  the  process  being  analogous  to  the  for- 
mat ion  of  wave  marks  on  sandy  bottoms.  The  general 
external  appearances  of  cardiac  thrombi  are  dependent 
upon  the  maimer  of  formation,  rapidly  of  development 
and  the  local  conditions  of  the  circulation.  The  size 
and  shape  of  cardiac  thrombi  show  great  variation. 
They  may  be  so  small  as  to  be  hidden  between  the 
muscle  columns,  or  so  large  as  completely  to  fill  one  of 
the  heart  cavities.  They  may  appear  as  small  globu- 
lar  masses     projecting    from     between     the     muscle 
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trabecular  (globular  vegetations);  or  as  Hat,  circum- 
scribefl  masses  firmly  attached  to  the  heart  wall.  On 
the  valves  they  may  form  beadlike  excrescences  or 
vegetations.  Not  infrequently  the  thrombus  is 
attached    to  the  endocardium    by   a   pedicle    (heart 

polyp);  as  the  result  of  the  tearing  of  such  attach- 
ment free  globular  thrombi  may  be  formed  (ball 
thrombi).  In  rare  cases  the  thrombus  may  be 
spread  over  the  endocardium  like  a  false  membrane. 

The  thrombus  when  cut  into  may  be  found  to  be 
made  up  of  dry  and  brittle  laminations,  in  some  in- 
stances the  central  portion  of  the  thrombus  is  under 
slight  pressure  easily  crumbled  to  dust.  In  other 
cases  the  central  portion  may  be  cystic,  the  cavity 
filled  with  a  thick  reddish-brown  or  pus-like  substance. 
Such  secondary  degenerations  are  of  frequent  occur- 
rence. The  most  common  is  a  simple  softening  or 
liquefaction  (autolysis);  when  many  leucocytes  are 
present  a  grayish  pus-like  fluid  may  be  formed;  if  the 
degenerating  portion  is  made  up  of  red  cells  alone  a 
grumous  reddish-brown  fluid  results.  Calcification 
of  the  thrombus  may  also  take  place,  resulting  in  the 
formation  of  a  cardiolith.  As  a  more  favorable 
sequela  of  cardiac  thrombosis  organization  of  the 
thrombus  may  occur,  the  latter  becoming  ultimately 
converted  into  a  nodular  or  diffuse  fibrous  thickening 
of  the  endocardium.  In  some  cases  both  the  degener- 
ating and  the  organized  thrombi  have  been  mistaken 
for  cardiac  neoplasms,  cysts,  and  fibroma  respectively. 
It  is  also  not  improbable  that  some  of  the  growths  on 
the  endocardial  surface  described  as  myxoma  were 
recently  organized  thrombi. 

The  microscopical  examination  shows  the  cardiac 
thrombi  to  be  composed  of  fibrin,  disintegrated  blood 
cells,  blood  pigment,  masses  of  calcification,  etc.  In 
case  of  simple  softening  of  the  central  portion  the 
cavity  thus  formed  contains  granular  debris,  blood 
pigment,  etc.  In  recent  thrombi  the  leucocytes  pres- 
ent may  still  show  traces  of  their  nuclei.  If  organiza- 
tion has  begun  fibroblasts  and  new  capillaries  may  be 
seen  extending  from  the  endocardium  into  the 
thrombus. 

Thrombi  are  more  frequently  found  in  the  right  side 
of  the  heart  than  in  the  left  and  in  the  auricles  rather 
than  in  the  ventricles.  In  the  auricles  the  appendix, 
and  in  the  ventricles  the  neighborhood  of  the  apex  are 
the  favorite  seats  of  location.  Predilected  sites  are 
the  remains  of  valves,  the  valvula  Thebesii  in  the 
right  auricle,  and  the  valvula  foraminis  ovalis  in  the 
left.  The  pedunculated  thrombi  (cardiac  polyps)  are 
of  frequent  occurrence  in  the  right  ventricle,  while  the 
free  ball  thrombi,  in  the  majority  of  recorded'  cases, 
were  found  in  the  dilated  left  auricle  in  cases  of  mitral 
stenosis.  Cardiac  thrombi  may  be  single  or  multiple, 
and  may  be  found  at  any  age.  According  to  their 
location  in  the  heart  they  are  also  designated  as  pari- 
etal and  valvular. 

Etiology. — The  changes  in  the  endocardium  leading 
to  thrombosis  are  either  inflammatory,  or  degenerative, 
or  necrotic  in  nature.  These  lesions  may  be  the  result 
of  the  local  action  of  pathogenic  bacteria  or 
due  to  general  intoxications,  disturbances  of  nutrition, 
changes  in  the  blood,  etc.  The  pus-forming  organisms, 
gonococcus,  and  tubercle  bacillus  have  been  found  in 
cardiac  thrombi  under  such  conditions  as  to  make  it 
very  probable  that  they  were  the  exciting  factors  of 
the  thrombosis.  The  valvular  vegetations  are  in  the 
majority  of  cases  due  to  bacteria.  In  the  acute  in- 
fections fatty  degeneration  of  the  endocardial  endo- 
thelium not  infrequently  leads  to  thrombosis.  Local 
changes  in  the  myocardium,  such  as  anemic  infarc- 
tion, myocarditis,  etc.,  are  usually  associated  with  the 
formation  of  thrombi  on  the  overlying  endocardium. 
Aneurysmal  dilatations  of  the  cardiac  wall  are  very 
likely  to  be  partly  or  wholly  filled  by  a  thrombus. 
Thrombosis  of  the  left  ventricle  is  practically  always 
the  result  of  changes  in  the  heart  wall  due  to  syphilis. 


In  many  chronic  disease's  in  which  there  are  general 
disturbances  of  nutrition,  systemic  intoxication,  etc., 
as  in  chronic  nephritis,  pulmonary  tuberculosis, 
chronic  valvular  disease,  etc.,  heart  thrombi  are  fre- 
quent ly  found.  In  pulmonary  I  uberculosis  they  are  of 
such  frequent  occurrence  as  to  give  rise  to  the  sus- 
picion that  in  many  cases  they  may  be  due  to  the  local 
action  of  tubercle  bacilli  which  have  lodged  upon  the 
endocardium.  Cardiac  thrombosis  often  occurs  in 
cases  of  general  cachexia  (marasmic  thrombi).  In 
severe  superficial  burns  of  the  skin  the  changes  pro- 
duced in  the  blood  may  lead  to  the  formation  of 
thrombi,  both  in  the  right  side  of  the  heart  and  in 
the  pulmonary  arteries.  Small  emboli  coming  from 
venous  thrombi  and  lodging  upon  the  valves  or  be- 
tween the  muscle  trabecule  of  the  right  ventricle  may 
give  rise  to  secondary  or  induced  thrombi.  Sclerotic 
changes  in  the  valves  or  mural  endocardium  followed 
by  atheromatous  degeneration  or  calcification  may 
also  become  the  seat  of  thrombosis.  Dilatation  of 
the  heart  and  slowing  of  the  blood  stream  are  favoring 
factors  in  all  of  the  conditions  named  above,  but  are 
pn  ibably  not  in  themselves  sufficient  to  cause  thrombo- 
sis; the  changes  in  the  endocardium  must  be  regarded 
as  of  prime  importance. 

Symptoms. — Thrombi  of  large  size  may  exist  indefi- 
nitely without  serious  impairment  of  cardiac  efficiency. 
In  the  majority  of  cases  the  symptoms  produced  can- 
not be  differentiated  from  cardiac  insufficiency  due  to 
other  causes.  The  physical  signs  are  those  of  dilata- 
tion; in  case  of  the  blocking  of  a  valvular  orifice  by  the 
thrombus  the  heart's  action  is  usually  too  weak  to 
produce  audible  murmurs.  The  valvular  vegetations 
may  give  rise  to  symptoms  of  stenosis  or  insufficiency. 
In  the  case  of  the  ball  thrombi  so  frequently  formed  in 
the  left  auricle  in  mitral  stenosis  sudden  death  or  the 
most  serious  disturbances  of  circulation  may  be  caused 
by  the  complete  or  partial  blocking  of  the  mitral 
orifice.  The  occurrence  of  embolism,  either  of  the 
pulmonary  or  of  the  systemic  arteries,  is  the  symptom 
of  greatest  value  in  the  diagnosis  of  cardiac  thrombo- 
sis and  the  symptoms  would  resemble  those  of  throm- 
boendocarditis  verrucosa.  Embolic  abscesses  may 
be  produced  throughout  the  body  in  the  case  of  em- 
boli arising  from  thrombi  caused  by  pyogenic  bacteria. 
In  the  case  of  a  patent  foramen  ovale  paradoxical 
embolism  from  thrombi  in  the  right  side  of  the  heart 
may  occur.  In  general  it  may  be  said  that  the  diag- 
nosis of  cardiac  thrombosis  is  usually  impossible,  hav- 
ing been  made  in  but  few  cases.  Aside  from  the  occur- 
rence of  embolism  the  irregularity  of  the  symptoms 
and  physical  signs  may  excite  suspicion  of  a  movable 
body  within  the  heart. 

Prognosis. — This  is  bad,  not  only  because  of  the 
interference  of  the  heart's  action  and  the  danger  of 
embolism,  but  also  because  of  the  conditions  which 
have  led  to  the  thrombosis.  The  treatment  is  directed 
chiefly  to  the  latter  and  to  the  support  of  the  heart. 
Aldred  Scott  Warthin. 


Heart,  Tuberculosis  of  the. — Tuberculosis  of  the 
mvocardium  is  very  rare.  The  first  recorded  case  is 
that  of  Townsend  in  1832.  In  1894  Valentin  collected 
thirty-six  cases  from  the  literature,  and  estimated  that 
the  condition  occurred  but  once  in  1,000  tuber- 
culous bodies.  Hand,  in  1898,  collected  forty-two 
cases,  and  in  1899  Thiry  was  able  to  gather  sixty-three 
eases  from  the  literature  up  to  that  year.  With  the 
exception  of  a  few  cases  the  condition  was  secondary 
to  tuberculous  disease  elsewhere  in  the  body.  Demme 
and  Knopf  have  reported  cases  thought  to  be  primary. 
The  majority  of  the  cases  occurred  before  the  fifteenth 
year,  several  in  infants.  The  ventricles  are  more 
often  affected,  the  wall  of  the  right  auricle  next  in 
frequency.     In  the  majority  of  cases  the  lesions  are 
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characterized  by  the  scarcity  of  tubercle  bacilli  found 
in  them. 

The  infection  of  the  myocardium  occurs  either  by  di- 
rect extension  from  the  pericardium  or  endocardium, 
or  by  hematogenous  or  lymphogenous  metastasis. 
According  to  some  writers  a  retrograde  lymphogenous 
metastasis  from  the  bronchial  lymph  glands  forms  the 
most  common  means  of  infection.  This  is  denied  by 
others,  inasmuch  as  the  lack  of  collateral  anastomosis 
of  the  cardiac  lymph  vessels  does  not  favor  retrograde 
metastasis.  In  the  miliary  cases  the  avenue  of  in- 
fection is  usually  through  the  veins. 

The  disease  may  manifest  itself  in  several  forms:  (1) 
Scattered  miliary  nodules  through  the  muscle;  (2) 
larger  caseous  nodules  varying  in  size  from  a  pea  to  a 
hen's  egg,  usually  multiple,  but  occasionally  single;  (3) 
diffuse  tuberculous  myocarditis  in  the  form  of  a  fibroid 
change  with  scattered  caseous  nodules  of  small  size; 
(4)  fibroid  myocarditis  with  small  non-caseating  tuber- 
cles. The  third  and  fourth  forms  are  very  rare;  and 
are  with  difficulty  distinguished  from  syphilitic  proc- 
esses, as  the  bacilli  are  found  in  such  scanty  numbers 
as  to  be  very  difficult  of  demonstration.  The  miliary 
tubercles  are  usually  most  numerous  just  beneath  the 
epicardium,  occasionally  beneath  the  endocardium. 
They  rarely  extend  far  into  the  muscle.  The  large 
caseous  tubercles  represent  a  more  chronic  infection; 
they  may  be  encapsulated  or  show  extensive  signs  of 
healing.  In  these  cases  the  pericardium  is  almost  al- 
ways involved,  the  endocardium  only  rarely  when  the 
lesion  is  in  the  ventricles.  In  the  case  of  a  tubercle  of 
large  size  developing  in  the  auricular  wall  both  peri- 
anal endocardium  are  soon  involved.  Perforation 
into  the  auricular  cavity  may  take  place  and  give  rise 
to  a  general  miliary  tuberculosis.  In  a  case  reported 
by  Puschmann  there  was  an  acute  miliary  tuberculosis 
which  seemed  to  have  taken  its  origin  from  a  thrombus 
containing  numerous  tubercle  bacilli  which  was  at- 
tached to  a  caseating  tubercle  in  the  auricular  wall. 

With  slowly  developing  tubercles  there  is  always 
associated  an  interstitial  myocarditis.  In  the  case  of 
the  large  caseous  tubercle  this  process  is  confined  to  its 
immediate  vicinity.  This  form  of  interstitial  myo- 
carditis is  much  less  important  than  the  diffuse  form 
associated  with  scattered  tubercles  of  slow  growth  and 
showing  little  tendency  to  caseate.  In  spite  of  the 
weakening  of  the  cardiac  wall  through  replacement  of 
the  muscle  by  connective  tissue  and  through  caseation 
of  the  tubercle,  a  rupture  or  aneurysm  of  the  wall  is  not 
likely  to  occur  in  these  cases  because  of  the  diminished 
blood  pressure.  In  none  of  the  recorded  cases  of  myo- 
cardial tuberculosis  has  this  event  been  observed. 
Further,  there  is  usually  extensive  fatty  degeneration 
of  the  heart  muscle  in  the  neighborhood  of  the  tuber- 
culous process,  and  this  diminishes  to  a  still  greater 
degree  the  efficiency  of  the  heart's  action.  Calcifica- 
tion or  encapsulation  of  the  caseous  tubercles  may 
occur  here  as  elsewhere.  Complete  healing  may  re- 
sult, the  tubercle  being  wholly  replaced  by  connective 
tissue. 

Within  very  recent  years  the  presence  of  tubercle 
bacilli  in  parietal  thrombi  and  endocardial  vegetations 
has  been  many  times  demonstrated,  and  it  is  very 
probable  that  tuberculous  endocarditis  is  of  much 
more  frequent  occurrence  than  is  usually  supposed. 
The  great  frequency  of  cardiac  thrombi  in  pulmonary 
tuberculosis  suggests  the  possibility  of  their  formation 
by  the  lodgment  of  bacilli  upon  the  endocardium. 
The  appearances  are  those  of  an  ordinary  verrucose 
endocarditis.  Microscopically  the  tuberculous  thrombi 
contain  granulation  tissue  with  typical  giant  cells, 
epithelioid  nodules  that  caseate  and  contain  tubercle 
bacilli  in  large  or  small  numbers  (thromboendocarditis 
tuberculosa  s.  caseosa).  In  the  great  majority  of  cases, 
however,  the  cardiac  vegetations  found  in  tuberculosis 
represent  a  thromboendocarditis  simplex.  They  may 
be  the  result  of  secondary  infection  or  due  to  the  ac- 
tion of  toxins.     Tubercle  bacilli  may  occur  in  these 
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secondarily.  Secondary  involvement  of  the  myocar- 
dium may  follow  the  development  of  endocardial 
tubercles. 

Tuberculosis  of  the  myocardium  presents  no  charac- 
teristic symptom  complex,  and  in  the  great  majority 
of  cases  cannot  be  diagnosed.  The  symptoms  de- 
pending directly  upon  the  condition  would  be  those  of 
a  myocarditis.  Involvement  of  the  pericardium  may 
give  rise  to  such  definite  signs  and  symptoms  as  to  per- 
mit of  the  diagnosis  being  made.  In  case  of  peri- 
cardial effusion  a  bacteriological  examination  of  fluid 
obtained  by  puncture  could  be  made.  The  termina- 
tion of  the  cases  is  by  death,  due  usually  to  the  gen- 
eral tuberculosis  rather  than  to  the  condition  of  the 
heart.  Rarely  solitary  tubercles  of  small  size  and 
slow  growth  may  heal.  For  the  great  majority  of  the 
cases  there  is  no  treatment  beyond  that  of  a  purely 
symptomatic  nature.  Aldred  Scott  Warthin. 


Heart,  Valvular  Lesions  of  the. — General 
Etiology. — The  great  majority  of  cases  of  chronic 
valvular  lesions  originate  in  acute  or  chronic  endo- 
carditis. A  single  attack  of  acute  rheumatism  may 
leave  the  valves  in  a  seriously  damaged  condition, 
but  more  frequently  contraction  and  thickening  of 
the  valvular  apparatus  continue  after  the  acute  stage 
has  passed  off,  and  the  leaflets  gradually  become 
deformed  and  defective  in  function.  Recurring 
attacks  of  endocarditis  are  liable  to  occur  in  valves 
once  damaged  by  this  cause,  and  slight  defects  may 
thus  terminate  in  serious  and  irreparable  injury. 

Valvular  deformity  may  also  originate  in  a  chronic 
sclerotic  process,  comparable  to  the  changes  which 
take  place  in  sclerosis  of  the  vessels.  Although  this 
chronic  process  may  originate  from  rheumatic  in- 
fluences, yet  there  are  a  number  of  causes  which, 
when  taken  collectively,  exert  a  more  frequent 
influence. 

That  high  arterial  pressure  is  capable  of  producing 
valvular  lesions  is  shown  very  clearly  by  the  experi- 
ments of  Roy  and  Adami.  These  observers  narrowed 
the  aorta  of  the  dog  by  clamping  and  thus  induced  a 
fringe  of  swollen  tissue  at  the  free  edge  of  the  valve, 
due  to  infiltration  of  cells  and  edema. 

Clinically  it  is  well  recognized  that  long-continued 
high  arterial  pressure  may  result  in  sclerosis  and 
thickening  of  the  valves.  More  particularly  is  this 
noticed  in  the  aortic  segments  which  have  to  bear  tin- 
brunt  of  increased  strain  in  the  arterial  system;  the 
mitral  cusps  often  suffer  as  well,  and  thickening  of 
their  free  borders  is  very  frequent  in  cardiac  hyper- 
trophy, a  condition  in  which  they  are  subjected  to 
increased  strain. 

The  proportion  of  cases  originating  in  acute  and  in 
chronic  endocarditis,  has  been  variously  estimated. 
It  is  more  common  to  trace  an  origin  in  acute  endo- 
carditis, resulting  from  rheumatism  or  other  infectious 
processes,  in  the  mitral  than  in  the  aortic  segments. 
In  aortic  lesions  the  process  is  frequently  chronic 
from  the  outset. 

Guttmann  regards  three-fourths  of  all  valvular 
cases  as  beginning  in  a  chronic  fashion,  and  Worob- 
jew's  {Deut.  Arch.  f.  klin.  Med.,  69,  466)  analysis  of 
180  cases  also  confirms  this  view.  Most  writers  have, 
however,  regarded  the  rheumatic  cases  as  the  most 
frequent;  Schott  attributes  54  per  cent.,  and  Gibson 
63  per  cent,  of  cases  to  a  rheumatic  origin. 

Aortic  Incompetence. — Etiology. — Although  occur- 
ring at  all  ages  and  in  both  sexes,  it  is  far  more  com- 
monly met  in  males  about  the  middle  period  of  life. 
Under  the  age  of  twenty-five  most  cases  are  due  to  a 
rheumatic  origin,  and  in  these  it  is  usual  to  find  the 
mitral  valve  also  affected.  A  belief  in  the  influence  of 
syphilis  as  the  most  frequent  etiological  factor  in  aortic 
incompetence  is  gradually  gaining  ground.  In  a  recent 
important  study  by  Longcope  {Arch.   Internal  Med., 
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Jan.,  1913)  seventy-five  per  cent,  of  cases  of  aortic  in- 
sufficiency in  adults  are  attributed  to  syphilis.  The 
morbid  process  begins  in  the  rool  of  the  aorta,  being 
often  associated  with  dilatation  and  eventually  with 
involvement  of  the  aortic  segments.  Although  there 
is  reason  to  believe  that  tin-  h-sion  originates  in  the 
secondary  stage,  yet  the  process  is  usually  latent  for 
;i  long  period  and  is  only  recognized  by  clinical  symp- 
toms and  signs  many  years  after  the  original  infection. 
All  conditions  leading  to  continued  or  even  inter- 
mittent high  pressure  tend  to  the  development  of 
fibroid  thickening  of  the  cusps,  inducing  retraction 
and  incompetence.  Incompetence  is  consequently 
often  seen  in  arteriosclerosis,  chronic  Bright's  disease, 
gout,  plumbism,  and  chronic  alcoholism.  Those 
engaged  in  laborious  physical  work  constitute  the 
greater  number  of  cases.  It  is  consequently  fre- 
quent in  laborers,  and  is  occasionally  seen  in  athletes. 
Old  soldiers  often  suffer  from  the  disease,  owing  partly 
to  laborious  physical  exertion,  partly  to  chronic 
alcoholism,  and  particularly  to  specific  infection. 
Tabetics  are  not  infrequently  attacked  by  aortic 
insufficiency,  a  fact  attributed  by  Gowers  to  a  com- 
mon origin  in  syphilis.  Owing  to  the  frequent 
involvement  of  the  coronary  vessels  in  the  sclerotic 
processes  at  the  root  of  the  aorta,  the  arterial  cases 
are  usually  more  serious  than  those  due  to  stationary 
rheumatic  endocarditis. 

Morbid  Anatomy. — In  the  great  majority  of  cases 
aortic  incompetence  is  due  to  a  chronic  sclerotic  proc- 
ess in  the  valves.  Their  free  edges  become  thickened 
and  retracted,  and  the  cusps  fail  to  support  a  column 
of  water  when  poured  into  the  aorta.  Their  edges 
frequently  adhere  to  each  other,  causing  more  or  less 
obstruction.  Patches  of  atheroma  are  often  present 
on  the  valves,  and  in  old-standing  cases  there  may  be 
an  abundant  deposit  of  lime  salts,  giving  a  hard  bony 
feel  to  the  margins  of  the  orifice.  When  extreme 
adhesions  and  stenosis  are  present,  a  transverse  bar  is 
sometimes  seen  running  from  the  united  cusps  to  the 
wall  of  the  aorta,  and  represents  the  margins  of  the 
original  segments.  The  mitral  valve  is  frequently 
involved  in  the  sclerotic  process,  in  the  rheumatic 
cases.  The  root  of  the  aorta  often  presents  athero- 
matous and  calcareous  plates  and  in  many  instances  it 
is  dilated.  Characteristic  syphilitic  lesions  involv- 
ing the  root  and  ascending  portion  of  the  aorta  are 
frequently  found,  and  the  thickened  and  puckered 
cusps  form  a  part  of  the  morbid  process.  In  this 
affection  the  aorta  often  presents  a  diffuse  dilatation 
and  the  mouths  of  one  or  other  coronary  arteries 
may  be  narrowed  or  almost  obliterated  by  the  syphili- 
tic plaques.  Fresh  endocarditis  is  frequently  added 
on  to  older  lesions,  and  it  is  not  uncommon  to  find  a 
row  of  warty  granulations  along  the  edge  of  the  valve. 
Vegetations  are  found  in  the  course  of  acute  rheu- 
matism and  in  malignant  endocarditis.  They  may 
interfere  mechanically  with  the  closure  of  the  valves, 
or  in  the  latter  instance  cause  incompetence  from 
rupture  of  one  of  the  segments. 

Dilatation  of  the  root  of  the  aorta,  the  result  of  athe- 
romatous or  syphilitic  changes,  is  a  rare  cause  of 
aortic  insufficiency.  A  series  of  cases  has  been  re- 
corded by  Pitt  (Trans.  Path.  Soc,  1898)  in  which 
incompetence  was  induced  in  this  way,  without 
marked  changes  in  the  valve.  In  aneurysm  it  is  very 
common  to  find  aortic  regurgitation,  but  in  such  cases 
it  is  usually  due  to  a  coexisting  sclerotic  change  in  the 
valve.  With  advancing  age  the  aortic  orifice  becomes 
wider,  but  the  comparative  rarity  of  aortic  incompe- 
tence in  old  people  would  seem  to  indicate  that  the 
dilatation  is  insufficient  to  allow  of  regurgitation. 

Osier  has  pointed  out  the  frequency  with  which 
sclerosis  and  insufficiency  occur  in  those  cases  of 
malformation  in  which  two,  instead  of  three  cusps 
exist. 

Rupture  of  the  aortic  cusps  occurring  spontaneously, 
or  more  commonly  from  violent  efforts,  or  as  the  result 


of  severe  direct  injury  to  the  chesl  has  been  recorded  in 
a  number  of  installer  and  a  rare  cause  of  aortic  in- 
competence. I'arie  has  shown  that  rupture  may  be 
produced  experimentally,  and  thai  the  aortic  cusps 

suffer  more  readily  than  other  valves.  Although 
perfectly  healthy  valves  may  suffer  in  this  way,  yet  in 
most   instances  there  i-   .  .  id(  ace  of  pre  rotic 

change.  The  average  age  at  which  rupture  occurs  is 
thirty-nine,  a  period  of  life  at  which  degenerative 
changes  are  common,  and  is  suggestive  of  previous 

disease. 

Important  secondary  changes  take  place  in  the 
cardiac  chambers  as  the  result  of  aortic  incompetence. 
The  left  ventricle  is  obliged  to  accommodate  not  only 
the  usual  amount  of  blood  from  the  auricle,  but  also 
that  which  regurgitates  during  diastole  of  the  ventricle 
The  consequence  is  that  this  chamber  becomes  dilated 
to  an  extent  corresponding  with  the  volume  of  blood 
passing  from  the  aorta,  and  the  degree  to  which 
dilatation  takes  place  is  thus  an  index  to  the  extent  of 
regurgitation.  In  the  severer  types  of  the  disease 
dilatation  is  extreme,  and  the  heart  reaches  a  size 
seldom  attained  under  other  circumstances,  the  cor 
bovinum.  Although  dilatation  is  primary  and  the 
cavity  remains  greatly  enlarged,  some  hypertrophy  of 
the  ventricular  wall  also  results,  and  thus  balances  or 
compensates  for  the  diseased  valve.  Owing  to  the  dif- 
ficulty it  experiences  in  propelling  blood  into  a 
ventricle  already  distended,  the  auricle  in  turn  dilates 
and  hypertrophies,  and  eventually  the  right  heart 
becomes  involved  as  in  mitral  disease. 

Symptoms. — This  lesion  is  most  frequently  dis- 
covered during  the  routine  examination  of  patients  in 
apparent  health,  or  in  the  subjects  of  other  maladies. 
Compensation  is  often  well  maintained  for  years,  and 
during  this  period  there  are  few  or  no  subjective  symp- 
toms, and  indeed  there  is  usually  much  less  discom- 
fort than  in  mitral  lesions.  Dizziness,  palpitation,  and 
precordial  pain  are  sometimes  noticed,  and  dyspnea 
on  exertion  is  often  an  early  symptom  of  failing  com- 
pensation. The  facies  presents  in  many  instances  a 
pale  and  anxious  aspect,  contrasting  with  the  cyanosis 
of  mitral  affections. 

An  exception  to  the  insidious  onset  is  seen  in  cases  of 
ruptured  valve.  Here  the  abrupt  onset  with  severe 
precordial  pain  and  dyspnea,  the  development  of  a 
diastolic  murmur,  sometimes  so  loud  as  to  be  per- 
ceptible to  the  patient  himself,  the  occurrence  im- 
mediately or  shortly  after  some  unusual  strain  or 
external  violence  to  the  chest,  form  a  clinical  picture 
which  is  very  striking.  The  severer  cases  may 
terminate  fatally'  in  a  few  weeks,  but  for  the  most  part 
they  survive  for  a  longer  period.  Two  of  Barie's 
cases  lived  for  eleven  and  thirteen  years  respectively. 

Failing  compensation  is  marked  by  dyspnea,  palpi- 
tation, and  swelling  of  the  feet.  Dyspnea,  as  in  other 
forms  of  cardiac  disease,  comes  on  from  exertion,  espe- 
cially in  mounting  a  hill  or  climbing  a  stair.  As  the 
malady  advances  there  are  often  attacks  of  paroxysmal 
dyspnea,  coming  on  especially  at  night,  and  known  as 
cardiac  asthma.  Loss  of  sleep  and  a  moderate  loss  of 
flesh  give  the  patient  a  worn  and  anxious  aspect. 
Edema,  if  present,  is  usually  moderate  in  extent, 
except  in  advanced  cases  in  which  there  is  secondary 
mitral  incompetence,  when  it  may  attain  a  high  grade. 

Pain  is  more  commonly  present  in  aortic  than  in 
other  valvular  lesions.  It  varies  much  in  intensity, 
from  a  sense  of  weight  and  uneasiness  to  agonising 
attacks  of  angina.  The  pain  is  frequently  induced  by 
exertion,  and  is  felt  over  the  precordium  and  in  the 
same  sites  as  angina,  with  which  some  of  the  attacks 
are  identical. 

In  advanced  stages  of  the  disease  orthopnea  and 
Cheyne-Stokes  breathing,  either  with  or  without 
general  anasarca  and  the  visceral  congestion  of  mitral 
lesions,  may  be  present. 

.Mental  disturbance  develops  more  commonly  in 
aortic  than  in  other  valvular  affections,   and  shows 
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itself  in  restlessness  ;in<l  change  of  temper.  In  some 
instances  delusions  are  prominent  and  the  patient  may 
require  restraint. 

The  symptoms  in  many  instances  are  dominated  by 
those  of  arteriosclerosis  or  chronic  renal  disease,  in 
which  (he  incompetent  valve  is  merely  an  incident 
Sudden  death  is  an  accident  which  may  ensue  even  in 
apparent  health.  Such  an  occurrence  is  more  liable 
to  happen  when  there  is  disease  of  the  coronary 
vessels.  Death  occasionally  comes  rather  unex- 
pectedly after  the  symptoms  of  ruptured  compensation 
have  lasted  for  some  time,  but  the  more  common 
termination  is  by  gradual  failure,  dropsy,  and  asystole. 

Physical  Signs. — Visible  pulsation  in  the  arteries  of- 
ten suggests  the  existence  of  aortic  incompetence. 
Throbbing  of  the  carotids,  visible  pulsation  in  the 
radial  and  temporal  arteries,  and,  in  severe  cases,  even 
in  the  digital  branches  of  the  hands  and  feet  are  dis- 
tinctly seen.  Pulsation  of  the  palate  and  uvula  has 
been  observed,  and  the  pulse  may  be  counted  in  the 
retinal  arteries  with  the  ophthalmoscope.  Capillary 
pulsation  is  seen  in  the  finger  nails,  and  is  also  readily 
observed  in  the  lips  when  a  glass  slide  is  pressed  on 
them.  The  pulse  has  certain  characters  which  at 
once  reveal  the  nature  of  the  affection  to  the  practised 
finger.  The  wave  is  large,  it  strikes  the  finger 
suddenly  and  as  rapidly  recedes,  these  characters 
being  more  marked  when  the  arm  is  raised.  Since  the 
appearance  of  Corrigan's  paper,  this  pulse  has  gone 
by  his  name,  and  is  also  known  as  the  water-hammer 
or  collapsing  pulse.  It  is  regular  in  volume  and 
rhythm  except  in  the  later  stages,  when  slight  irregu- 
larity may  develop.  The  arteries  are  frequently 
thickened  and  this  featvire  is  seen  even  in  young 
people  suffering  from  the  rheumatic  form  of  the 
disease . 

Examination  of  the  heart  shows  the  presence  of  very 
distinctive  signs,  the  more  important  being  the  in- 
creased size  of  the  organ  and  the  diastolic  murmur  at 
the  base.  These  signs,  taken  in  conjunction  with  the 
arterial  phenomena,  render  the  affection  one  of  the 
easiest  of  cardiac  lesions  to  recognize. 

Inspection  often  shows  a  slight  degree  of  fulness  in 
the  cardiac  region,  particularly  in  children  and  young 
adults,  in  whom  the  chest  wall  is  more  elastic.  Visible 
pulsation  is  seen  below  and  outside  the  normal  apex 
site,  and  retraction  may  be  seen  in  the  third  and  fourth 
spaces  due  to  atmospheric  pressure  during  systole. 

On  palpation  the  cardiac  impulse  is  forcible  and 
heaving,  and  the  apex  is  felt  in  the  nipple  line  or  as  far 
out  as  the  mid-axilla,  in  the  fifth,  sixth,  or  even  the 
seventh  space.  The  increased  area  of  the  heart  is 
also  shown  by  percussion,  the  dulness  extending  down 
and  to  the  left  side. 

The  most  characteristic  sign  is  found  on  auscultation 
in  a  diastolic  murmur,  due  to  the  reflux  of  blood  to  the 
ventricle.  It  is  usually  a  soft  prolonged  souffle, 
beginning  with  the  second  sound,  and  occupying  the 
greater  part  of  the  diastolic  interval;  it  is  sometimes 
shorter  or  its  character  may  be  harsh.  Although 
sometimes  having  its  site  of  maximum  intensity  at 
the  aortic  cartilage,  it  is  usually  best  heard  about  the 
pulmonary  region.  It  is  transmitted  down  the 
sternum,  especially  to  its  left  side,  and  is  occasionally 
heard  only  at  the  lower  sternal  region.  It  is  fre- 
quently transmitted  to  the  apex,  and  when  loud 
is  heard  all  over  the  front  and  back  of  the  chest.  The 
diastolic  murmur  in  question  is  one  of  the  most  per- 
sistent of  cardiac  murmurs.  It  occasionally  disap- 
pears during  periods  of  asystole,  to  reappear  with 
increasing  cardiac  power.  Instances  have  been 
reported  in  which  the  murmur  disappeared  from 
closure  of  the  orifice  by  a  vegetation,  and  Musser  has 
recorded  a  remarkable  case  in  which  the  leak  ceased 
owing  to  wearing  down  of  the  thickened  corpora 
Arantii.  A  systolic  murmur  commonly  precedes  the 
diastolic  sound,  and  with  it  gives  the  well-known  to- 
and-fro  murmur. 


The  second  sound  is  often  dull  anil  indistinct  and 
may  be  enl  irely  lost  .  When  absent  it  indicates  serious 
deformity  of  t  lie  valve  segments  and  is  usually  a  sign  of 
extensive  regurgitation.  'Hie  sound  should  lie  listened 
for  in  the  art  erics  of  the  neck,  as  it  may  lie  present ,  but 

obscured  by  murmurs  at  the  base  of  the  heart. 
The  gradual  development   of  aortic  incompetenci 

may  sometimes  be  traced  from  an  accentuated  second 
sound   in  arterial  sclerosis  to  the  diastolic  murmur  of 

the  incompetent  valves. 

A  presystolic  murmur  at  the  apex  was  first  described 
by  Flint  in  cases  of  aortic  incompetence,  and  com- 
monly goes  by  his  name.  It  exactly  resembles  the 
rumbling  murmur  heard  in  many  cases  of  mitral 
stenosis.  Thayer  in  a  recent  study  of  this  murmur 
states  that  it  was  present  in  sixty  per  cent,  of  his 
cases,  and  that  thrill,  snapping  first  sound,  and  the 
tapping  impulse  of  mitral  stenosis  were  also  occasion- 
ally noticed.  The  pulse  characters  form  the  best 
guide  in  distinguishing  the  two  conditions,  but  when 
they  are  combined  it  is  often  difficult  or  impossible 
to  state  whether  the  murmur  is  associated  with  mitral 
stenosis  or  is  due  to  aortic  incompetence. 

The  temperature  in  cardiac  disease  is  usually  sub- 
normal. Elevation  of  temperature  is  sometimes  the 
first  evidence  of  a  fresh  endocarditis.  It  may,  how- 
ever, signify  some  rheumatic  or  other  inflammatory 
complication.  In  the  advanced  stage  of  cardiac 
disease  it  is  most  often  due  to  a  bronchopneumonia, 
and  is  frequently  seen  a  few  days  preceding  death. 

Diagnosis. — The  physical  signs  of  a  well-marked 
case  of  aortic  incompetence  are  unmistakable.  The 
diastolic  murmur  is  a  very  constant  feature,  only 
seldom  disappearing  in  advanced  cases  with  asystole. 
Temporary  diastolic  murmurs  are  occasionally  heard 
in  arteriosclerois,  the  valve  probably  yielding  to  the 
increased  blood  pressure.  Allbutt  regards  such  cases 
as  the  early  stage  of  the  affection.  A  diastolic  mur- 
mur is  sometimes  heard  in  mitral  stenosis  at  the 
pulmonary  area,  and  represents  a  temporary  incom- 
petence of  the  pulmonary  leaflets  from  increased 
pressure  in  this  vessel.  Such  a  murmur  is  dis- 
tinguished by  the  small  pulse  of  mitral  disease,  instead 
of  the  large  collapsing  pulse  of  aortic  incompetence. 

The  degree  of  regurgitation  is  estimated  by  the  size 
of  the  ventricle  and  the  character  of  the  pulse. 
Disappearance  of  the  second  sound  at  the  base 
and  in  the  arteries  of  the  neck  also  indicates  free 
regurgitation. 

It  is  of  great  importance  from  a  therapeutic  stand- 
point to  distinguish  the  syphilitic  cases.  The 
Wassermann  test  is  invaluable  for  this  purpose, 
being  often  positive  when  no  other  evidence  of  the 
disease  exists.  A  history  or  evidence  of  syphilis  or 
the  presence  of  the  Argyll-Robertson  pupil  may 
however  give  the  clue  to  the  underlying  condition. 

Aortic  Stenosis. — Etiology. — Although  occurring 
at  all  ages,  and  sometimes  as  the  result  of  changes  in 
early  life,  aortic  stenosis  is  most  common  in  old  men 
with  calcareous  arteries. 

In  high  degrees  of  the  affection  the  valves  are  thick- 
ened and  calcareous  and  the  orifice  may  become  so 
narrowed  as  hardly  to  admit  a  probe.  In  rare  cases 
the  obstruction  is  subvalvular  and  the  result  of  an 
attack  of  fetal  endocarditis.  Stenosis,  apart  from 
the  slighter  grades  of  the  affection,  and  unassociated 
with  aortic  incompetence,  is  a  rather  rare  condition. 

The  symptoms  are  similar  to  those  found  in  aortic 
regurgitation,  and  depend  rather  on  associated  condi- 
tions, such  as  generalized  arteriosclerosis,  sclerosis  of 
the  root  of  the  aorta,  disease  of  the  coronary  vessels, 
and  myocarditis,  than  on  the  aortic  lesion  itself. 

The  onset  of  the  affection  is  insidious,  and  there  is  a 
long  period  of  latency.  Uneasiness  or  pain  in  the 
cardiac  region,  sometimes  assuming  the  characters  of 
true  angina,  cardiac  oppression,  palpitation  and 
dizziness,    dyspnea,    and    syncopal  or  even  epileptic 
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attacks,  may    be  among   the  earlier  symptoms.     In 

the  later  stall's  dilatation  of  the  I'll  ventricle  takes 
place  and  relative  mitral  insufficiency  ensues.     Dropsy 

and  the  usual  evideni f  venous  stasis  sol  in,  and  the 

clinical  picture  assumes  the  type  seen  in  the  more 
advanced  stages  of  mitral  disease. 

The  diagnosis  rests  on  the  physical  signs.  The 
peripheral  arteries  are  usually  thickened  and  calcare- 
ous, while  the  characters  of  the  pulse  afford  valuable 
evidence  of  the  nature  of  the  lesion.  It  is  small, 
often  of  high  tension,  the  upstroke  is  slow  and  gradual, 
the  wave  is  well  sustained  and  it  falls  away  slowly. 
These  features  are  well  shown  in  a  sphygmographic 
tracing;  the  upstroke  is  oblique  and  is  sometimes 
interrupted  by  an  anacrotic  notch,  like  the  dicrotic 
notch  in  the  downstroke.  This  notch  has  been 
regarded  as  a.  double  effort  on  the  part  of  the  ventricle 
during  systole,  but  it  occurs  in  other  conditions  and 
has  no  special  diagnostic  significance;  the  apex  of  the 
curve  is  rounded  and  the  downstroke  gradual.  The 
pulse  rate  is  often  infrequent,  falling  to  60  or  below. 
(Vide  Clin.  Soc.  Trans.,  1897.) 

Evidence  of  hypertrophy  of  the  ventricle  is  present, 
but  the  enlargement  does  not  reach  the  degree  seen  in 
aortic  incompetence.  Inspection  and  palpation  reveal 
an  apex  beat  below  and  outside  the  normal  site,  with  a 
strong  heaving  character.  Emphysema  of  the  lungs, 
however,  is  frequently  present  and  prevents  the  apex 
site  from  being  determined,  rendering  it  weak  and 
indistinct.  Under  these  circumstances  cardiac  <  1  ill- 
ness is  often  lessened.  A  systolic  thrill  about  the 
aortic  cartilage  is  commonly  present;  it  is  often  well 
marked  and  of  great  intensity,  and  is  sometimes 
transmitted  to  the  vessels  of  the  neck,  or  felt  in  the 
episternal  notch.  With  failing  cardiac  power  the 
thrill  may  lessen  or  disappear.  On  auscultation  a 
rough  harsh  murmur  is  heard  in  the  aortic  region, 
occasionally  having  a  musical  character.  It  is 
prolonged  through  the  whole  of  systole,  often  com- 
pletely obscuring  both  sounds  of  the  heart,  the  second 
being  lost  from  the  rigid  character  of  the  valves.  It 
is  best  heard  about  the  aortic  cartilage  and  trans- 
mitted to  the  vessels  at  the  root  of  the  neck.  It  is 
heard  over  the  cardiac  area  with  diminishing  intensity 
toward  the  apex,  and  in  many  cases  it  is  so  loud  that 
it  is  heard  all  over  the  chest  and  even  at  a  short 
distance  from  the  patient.  In  the  terminal  stages  of 
the  malady,  with  failing  cardiac  action,  the  murmur 
may  lose  something  of  its  intensity  and  roughness. 

Diagnosis. — A  common  error  is  to  regard  all  aortic 
systolic  murmurs  as  due  to  stenosis.  Murmurs  in 
this  region  are  most  frequently  due  to  atheroma  of  the 
root  of  the  aorta,  to  slight  sclerotic  changes  in  the 
valves,  or  they  are  of  a  functional  character.  They 
are  then  often  less  loud  and  rough  than  in  cases  of 
stenosis.  Coarse  atheromatous  changes  in  the  aorta 
may,  however,  cause  both  a  rough  murmur  and  a 
thrill,  and  it  may  prove  difficult  or  impossible  to 
distinguish  such  a  condition  from  true  stenosis.  An 
accentuated  second  sound  is  common  in  atheromatous 
states,  and  is  not.  likely  to  be  present  in  stenosis  owing 
to  the  rigid  state  of  the  valves. 

The  peculiar  characters  of  the  pulse,  the  marked 
characters  of  the  murmur,  and  the  presence  of  thrill 
form  a  combination  of  signs  which  are  highly  character- 
istic and,  when  distinct,  are  unmistakable. 

Mitral  Incompetence. — This  may  result  from 
acute  or  chronic  endocarditis,  from  rupture  of  the 
chorda?  tendinese,  or  from  dilatation  of  the  ventricle 
preventing  the  apposition  of  the  valve  segments. 

In  young  people  a  large  proportion  of  cases  originate 
in  acute  endocarditis;  hence  the  frequency  with  which 
a  history  of  acute  rheumatism  occurs  in  the  clinical 
history.  It  is  by  no  means  infrequent  to  obtain  no 
history  of  rheumatic  conditions,  even  in  children 
and  young  people,  while  in  older  individuals  a  chronic 
sclerotic  process  is  often  the  primary  change. 
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The  mitral   valve  is  much  more  liable   to  rheumatic 

inflammation  than  the  aortic,  and  in  fact  the  latter 
valve  seldom  suffers  from  this  cause  without  involve- 
ment of  t  he  former. 

In  malignant  endocarditis,  rapid  ulceration  or 
necrosis  of  the  valves,  or  rupture  of  the  chorda;,  is 

occasionally  responsible  for  serious  destruction  of  the 
valve.  Rupture  of  the  chorda-  also  occurs,  apart 
from  acute  endocarditis,  as  a  result  of  strain  or  external 
violence,  although  such  cases  are  very  unusual. 
Cardiac  dilatation,  resulting  from  strain  or  from  myo- 
cardial changes,  often  produces  relative  mitral  incom- 
petence, even  with  perfectly  healthy  valves.  This 
condition  is  frequent  as  a  temporary  manifestation 
in  the  acute  dilatation  of  infectious  disease  and  in 
anemia.  In  aortic  lesions  and  in  chronic  dilatation 
or  myocarditis,  incompetence  occurs  owing  to  this. 
mechanism. 

Morbid  Anatomy. — The  changes  in  old-standing 
cases  consist  in  thickening  and  rigidity  of  the  valvular 
segments.  In  cases  due  to  endocarditis,  there  is 
almost  invariably  some  degree  of  narrowing.  The 
orifice  is  naturally  wider  than  normal  when  relative 
incompetence  is  present. 

Secondary  changes  of  a  compensatory  character 
take  place  in  the  various  cardiac  cavities.  The  left 
auricle  dilates  to  accommodate  the  extra  current  of 
blood  passing  through  the  leaking  valve,  and  also 
hypertrophies  to  cope  with  the  increased  work  thrown 
upon  it.  The  ventricle  undergoes  similar  changes, 
being  stimulated  by  the  increased  flow  from  the  left 
auricle.  The  circulation  in  the  pulmonary  circuit  is 
impeded  by  the  overfilled  auricle,  and  in  consequence 
the  right  ventricle  and  ultimately  the  right  auricle 
dilate  and  hypertrophy. 

The  tricuspid  orifice,  owing  to  dilatation,  may 
become  incompetent,  a  feature  which  accounts  for 
certain  clinical  phenomena  in  the  advanced  stage  of 
the  affection.  Sclerotic  changes  occasionally  occur 
both  in  the  trunk  and  in  the  smaller  branches  of  the 
pulmonary  artery,  owing  to  the  increased  blood 
pressure. 

A  deposit  of  fibrin  among  the  musculi  pectinati 
or  chordoe  tendinese  is  seen  in  the  dilated  cardiac 
chambers,  and  forms  the  usual  source  of  emboli. 

Venous  stasis  in  the  various  organs  is  frequent  in 
mitral  lesions.  The  lungs  are  affected  earliest,  and 
undergo  the  change  known  as  brown  induration. 
The  capillaries  are  overfilled  and  consequently  thrown 
into  loops,  while  blood  pigment  passes  to  the  alveolar 
walls,  and  a  slight  increase  of  interstitial  tissue,  the 
result  of  chronic  congestion,  takes  place.  The 
epithelial  lining  in  the  alveoli  is  somewhat  swollen, 
and  contains  specks  of  pigment. 

Hemorrhagic  infarcts  are  common  in  the  advanced 
stages.  They  are  often  attended  by  hemoptysis  and 
a  localized  pleuritis.  Edema  of  the  lungs  and  hy- 
drothorax  are  frequent  as  manifestations  of  part  of 
a  general  dropsy,  and  a  terminal  bronchopneumonia 
is  a  common  cause  of  death. 

The  liver  shows  dilatation  of  the  radicles  of  the 
hepatic  veins  in  the  centers  of  the  lobules,  with  an 
exudation  of  pigment  in  the  surrounding  cells,  while 
the  periphery  of  the  lobule  undergoes  fatty  changes 
owing  to  deficient  oxygenation.  To  the  naked  eye 
the  cut  surface  presents  a  mottled  appearance,  the 
dark-colored  centers  contrasting  with  the  pale  pe- 
ripheral portions  of  the  lobules,  and  giving  the  organ 
the  name  of  the  nutmeg  liver.  When  congested  it  is 
enlarged  and  extends  below  the  costal  border,  and  in 
the  later  stages  fibroid  changes  may  supervene,  the 
organ  becoming  indurated  and  uneven  on  the  sur- 
face, a  condition  known  as  cardiac  cirrhosis. 

Somewhat  similar  changes  take  place  in  the 
kidneys;  these  organs  are  enlarged  and  congested  in 
the  earlier  stages,  and  eventually  may  become  cirrhotic 
and  contracted. 

Edema  and  congestion  of  the  gastrointestinal  tract, 
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and  subcutaneous  edema  with  effusion  into  the  serous 
sacs,  are  also  present  in  the  advanced  stages  of  the 
affection. 

Symptoms. — These  vary  greatly  according  to  the 
character  and  stage  of  the  disease. 

In  acute  endocarditis  the  development  of  a  mitral 
incompetence  is  revealed  only  by  the  physical  signs; 
dropsy  and  dyspnea  are  only  exceptionally  present 
even  in  the  graver  forms  of  endocarditis,  and  the 
clinical  picture  is  that  of  the  primary  infectious  process. 
In  chronic  cases  compensation  may  be  maintained 
for  a  long  period,  even  when  the  serious  nature  of  the 
lesion  is  shown  by  a  greatly  enlarged  heart  and  an  apex 
murmur.  Although  some  individuals  pass  through  a 
long  life  with  little  or  no  discomfort,  it  is  more  usual 
to  find  some  dyspnea  on  exertion.  The  facial  ap- 
pearance is  often  suggestive.  The  lips  and  cheeks 
may  be  of  a  deeper  tinge  than  usual,  the  veins  of  the 
neck  are  distended,  and  there  is  stellate  enlargement 
of  the  veinules  of  the  cheeks,  and  occasionally  clubbing 
of  the  finger  nails.  Attacks  of  palpitation  are  often 
induced  by  exertion,  but  they  may  also  result  from 
flatulence.  A  dry  hacking  cough  or  recurring  attacks 
of  bronchitis  are  frequently  found. 

Among  the  graver  symptoms  are  a  weak,  irregular 
pulse,  dropsy,  and  increasing  dyspnea.  Breathless- 
ness  is  brought  on  by  even  slight  exertion,  ultimately 
becoming  constant  even  at  rest.  The  respirations  are 
deep  and  labored,  accompanied  by  contractions  of 
the  extraordinary  muscles  of  respiration,  and  the 
patient  rests  propped  up  by  pillows,  or  leaning  for- 
ward in  an  arm-chair.  Attacks  of  Cheyne-Stokes 
breathing  are  often  seen,  or  again  paroxysms  of 
dyspnea  often  occurring  at  night  and  interfering  with 
rest. 

Accompanying  the  dyspnea  is  edema,  which  begins 
about  the  feet  and  ankles,  noticed  first  after  being  up, 
and  disappearing  with  a  night's  rest.  Unless  checked 
by  suitable  treatment  it  gradually  increases,  and 
extends  to  the  thighs,  scrotum,  and  serous  sacs. 
The  face  remains  free,  but  the  upper  extremities  some- 
times share  in  the  progressing  edema.  The  edema 
is  firm  and  hard,  and  is  accompanied  by  cold- 
ness and  cyanosis  of  the  extremities,  and  lividity  of 
the  face.  When  the  abdomen  becomes  distended 
with  fluid  it  still  further  embarrasses  the  breathing. 

Hydrothorax  is  usually  bilateral,  but  in  some  in- 
stances occurs  chiefly  on  one  side.  In  some  cases  the 
dropsical  effusion  affects  principally  the  serous  sacs, 
particularly  the  peritoneum,  and  requires  periodic 
removal.  It  sometimes  collects  with  extraordinary 
rapidity,  after  a  period  of  absence. 

Sleeplessness,  starting  from  sleep,  and  bad  dreams 
occasionally  occur,  even  apart  from  the  severer  symp- 
toms of  failure  of  compensation. 

Of  the  various  organs  the  liver  is  enlarged  and  some- 
what tender,  frequently  reaching  as  low  as  the 
umbilicus.  A  slight  tinge  of  jaundice  is  very  common, 
and  bile  may  be  detected  in  the  urine.  The  secretion 
of  urine  is  greatly  diminished,  sometimes  falling  to 
three  or  four  ounces,  or  even  being  suppressed.  It 
is  of  high  specific  gravity,  it  deposits  a  sediment  of 
urates,  and  shows  albumin  in  small  or  moderate 
quantities,  and  often  granular  and  hyaline  casts. 
With  the  disappearance  of  dropsy  diuresis  sets  in,  and 
the  urine  may  run  up  to  two  or  three  times  its  normal 
quantity,  with  disappearance  of  albumin  and  later 
of  casts.  Gastric  symptoms  such  as  flatulence  and 
sometimes  nausea  and  vomiting,  are  not  uncommon. 

With  appropriate  treatment  dyspnea  and  edema 
may  disappear,  and  Uie  patient  be  restored  to  com- 
parative health.  Sooner  or  later,  however,  the  same 
symptoms  recur,  particularly  in  individuals  who  are 
unable  to  obtain  the  necessary  rest.  It  is  frequent  to 
note  several  such  attacks  before  the  fatal  issue. 

Eventually  a  period  is  reached  when  the  heart, 
in  consequence  either  of  extreme  dilatation  or  of 
myocardial  degeneration,  fails  to  respond  to  treatment . 


The  terminal  illness  is  frequently  very  prolonged,  and 
for  several  months  the  unfortunate  individual 
struggles  with  dyspnea  and  dropsy,  and  eventually 
succumbs  in  exhaust  ion. 

Physical  Signs. — The  most  characteristic  sign  is  a 
systolic  murmur,  heard  best  at  the  apex.  It  is  variable 
in  character,  being  sometimes  loud  .and  bellows-like, 
sometimes  having  a  musical  character,  or  again  being 
extremely  soft  and  distant.  Faint  systolic  murmurs 
at  the  apex  also  occur  with  slight  defects  in  the  valve, 
and  in  conditions  of  temporary  dilatation,  while  a 
loud  bellows  or  a  musical  murmur  usually  indicate 
more  definite  changes  in  the  valve.  The  murmur  of 
incompetence  may,  if  faint,  be  localized  at  the  apex, 
but  it  is  usually  transmitted  to  the  axilla,  or  heard  in 
the  back  at  or  above  the  angle  of  the  scapula;  it  is 
often  heard  up  to  the  pulmonary  cartilage  and  near 
to  the  ensiform,  and  it  may  even  have  its  site  of  maxi- 
mum intensity  at  the  pulmonary  area.  The  first 
sound  is  often  obscured  or  replaced  by  the  murmur, 
while  the  second  sound  is  accentuated  at  the  pul- 
monary area.  With  failing  power  of  the  right 
ventricle  accentuation  disappears,  and  is  thus  of 
unfavorable  omen. 

A  thrill  is  of  the  rarest  occurrence  in  mitral  incom- 
petence. When  there  is  any  considerable  degree  of 
regurgitation  there  is  enlargement  of  the  left  ventricle. 
The  impulse  is  strong  and  heaving,  and  lies  in  a  line 
with,  or  outside  the  nipple;  a  well-marked  epigastric 
pulsation  is  often  present  owing  to  hypertrophy  of 
the  right  ventricle.  As  dilatation  or  weakness 
supervenes,  the  impulse  becomes  weak  and  diffuse. 
Fulness  and  distention  are  sometimes  seen,  particu- 
larly in  the  yielding  chest  walls  of  children.  Percus- 
sion shows  an  increase  in  dulness  to  the  left  and  often 
to  the  right,  extending  beyond  the  right  sternal 
border  or  even  to  the  parasternal  line.  Upward, 
dulness  often  begins  a  space  higher  than  normal. 

Diagnosis. — It  is  not  uncommon  to  find  a  systolic 
murmur  at  the  apex  in  the  absence  of  any  other  sign 
of  cardiac  disease.  Its  chief  importance  is  the 
mental  disquietude  it  may  cause  in  nervous  patients, 
and  the  unfavorable  light  in  which  it  is  usually  re- 
garded by  life  insurance  companies.  Such  murmurs 
are  sometimes  evidence  of  slight  valvular  damage, 
but  in  the  absence  of  symptoms  and  of  other  signs 
of  disease,  such  as  enlargement  and  pulmonary  ac- 
centuation, they  may  be  disregarded.  A  murmur 
heard  toward  the  end  of  inspiration,  and  attributed 
to  the  entry  of  air  into  the  pulmonary  vesicles  during 
systole,  is  not  uncommon,  and  is  known  as  the 
cardiorespiratory  murmur.  It  has  usually  no  cardiac 
significance.  It  is  not  always  possible  to  distinguish 
regurgitation  clue  to  a  valvular  lesion  from  that  of 
muscular  dilatation.  In  elderly  individuals,  in 
Bright's  disease  or  arterial  sclerosis,  or  in  anemia, 
the  latter  condition  may  be  suspected.  A  history  of 
rheumatism  or  chorea,  on  the  other  hand,  suggests 
endocarditis.  In  some  instances,  as  in  anemia  and 
in  acute  dilatation  from  strain  or  infectious  fevers, 
any  doubt  is  often  cleared  up  by  the  gradual  disap- 
pearance of  the  morbid  signs. 

Mitral  Stenosis. — Narrowing  of  the  mitral  valve 
is  for  the  most  part  a  disease  of  the  first  half  of  adult 
life,  often  starting  from  an  acute  endocarditis  in  child- 
hood. It  is  much  more  common  in  females,  owing 
doubtless  to  the  greater  frequency  of  rheumatism  in 
young  girls  than  in  males  of  the  same  age.  Although 
the  lesion  is  often  regarded  as  of  purely  rheumatic 
origin,  it  is  remarkable  how  often  a  history  of  acute 
rheumatism  is  absent.  In  children,  however,  rheu- 
matism, as  pointed  out  by  Cheadle,  is  frequently  an 
ill-marked  condition,  the  articular  manifestations 
being  slight,  or  replaced  by  such  symptoms  as 
tonsillitis,  growing  pains,  or  erythema,  and  yet  in 
these  apparently  slight  cases  severe  forms  of  endocar- 
ditis may  develop. 
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Cases  of  mitral  stenosis  are  occasionally  found  in  a 
first  attack  of  acute  rheumatism,  a  faci  strongly 
suggestive  of  an  old-standing  latent  rheumatic  in- 
fluence. An  absence  of  a  history  of  acute  rheumatism 
is  therefore  uo  evidence  oi  a  non-rheumatic  origin. 

Mitral  stenosis  is  occasionally  found  in  arterio- 
sclerotic cases  and  in  interstitial  nephritis,  a  fact 
which  has  suggested  an  arterial  origin  for  some  of  the 
cases.  In  .r>\2  autopsies,  in  eases  of  interstitial 
nephritis,  Pitt  found  mitral  stenosis  thirty-three 
times,  and  other  writers  have  recorded  the  association 
of  the  two  condit  ions. 

In  most  if  not  all  instances  of  rheumatic  endocardi- 
tis, there  is  some  narrowing  of  the  mitral  orifice,  but 
it  is  only  when  this  is  considerable  that  the  signs  be- 
come distinct. 

Anatomically  the  valve  curtains  are  rigid,  thick- 
ened, and  adherent,  and  form  a  diaphragm  perforated 
by  the  mitral  orifice,  which  is  reduced  to  a  narrow 
slit-like  opening,  often  termed  the  "button-hole" 
orifice.  Less  commonly  the  valves  project  in  a  funnel- 
shaped  fashion  toward  the  ventricle.  The  chords 
tendinese  are  thickened  and  adherent,  while  a  deposit 
of  calcareous  salts  is  frequent  in  the  valve  and  even 
in  the  chorda?  themselves. 

The  secondary  changes  are  seen  first  in  the  left 
auricle  which  becomes  hypertrophied  and  often 
dilated.  According  to  Samwav's  observations  hyper- 
trophy is  the  primary  change,  dilatation  occurring 
later.  He  found  that  cases  of  stenosis  dying  from 
cardiac  failure  presented,  in  addition  to  hypertrophy, 
a  marked  degree  of  dilatation,  whereas  those  dying 
from  surgical  diseases  or  affections  apart  from  the 
heart  usually  showed  hypertrophy  only. 

The  state  of  the  left  ventricle  varies  greatly. 
Theoretically  it  is  argued  that  the  diminished  quant  ity 
of  blood  passing  through  the  narrowed  orifice  cannot 
induce  hypertrophy  or  dilatation,  and  that  the 
ventricle  remains  of  normal  size  or  even  undergoes  a 
certain  degree  of  atrophy.  This  view  is  certainly 
correct  for  some  cases;  at  the  same  time  hypertrophy 
is  seen  in  a  considerable  proportion  of  cases,  and  ac- 
cording to  Baumbach,  who  enters  into  this  question 
very  fully,  a  moderate  degree  of  hypertrophy  is  present 
in  almost  all  cases.  Mitral  regurgitation  may  be 
regarded  as  responsible  for  this  hypertrophy  in  some 
instances,  while  in  others  there  are  pericardial  ad- 
hesions or  arteriosclerosis.  The  cavities  of  the  right 
side  undergo  a  marked  degree  of  dilatation  and  hyper- 
trophy, and  the  contrast  between  the  enlarged  right 
ventricle  and  the  small  left  is  sometimes  very 
striking. 

Symptoms. — Some  degree  of  dyspnea  is  almost 
always  present  on  exertion,  and  this  with  palpitation 
may  continue  for  years.  When  the  disease  dates 
from  childhood  there  is  frequently  a  stunted  growth, 
the  chest  is  ill-developed,  and  there  is  diminished 
physical  and  mental  vigor.  The  lips  are  often  of  a 
deep  blue  tinge,  and  in  old-standing  cases  there  is 
sometimes  clubbing  of  the  nails  of  the  fingers  and 
even  of  the  toes. 

As  compensation  fails  dyspnea  becomes  more  and 
more  troublesome,  and  signs  of  venous  stasis  similar  to 
those  seen  in  mitral  incompetence  are  found  in  the 
various  organs.  Pulmonary  symptoms  are  common 
and  these  patients  are  very  subject  to  recurring 
attacks  of  bronchitis. 

Attacks  of  hemoptysis  occasionally  occur,  and, 
unless  due  to  infarction,  often  have  a  beneficial 
effect,  relieving  pulmonary  congestion  and  the  em- 
barrassed right  heart.  Other  signs  of  venous  conges- 
tion are  observed  in  recurring  attacks  of  epistaxis 
from  which  some  patients  suffer,  while  hemorrhoids 
or  menorrhagia  occur  in  others. 

Dropsy  of  the  extremities  is  seldom  a  prominent 
feature,  and  any  edema  present  is  usually  slight. 
Signs  of  a  venous  obstruction  often  fall  chiefly  or 
Exclusively  on  the  portal  system,  and  hepatic  enlarge- 


ment or  even  cirrhosis  may  he  present  with  ascites,  in 
eases  which  show  little  or  no  edema  of  the  lower 
extremities. 

Welch  (Trans.  Am.   Phys.,   1900)    has    called  atten 

timi  to  venous  thrombosis  in  cardiac  di  ea  e,  oc- 
curring in  serious  failure  of  compensation,  and  more 

particularly  in  mitral  stenosis.  The  veins  affected 
are  most  frequently  those  conveying  blood  from  the 
neck  and  upper  extremity,  and  more  commonly  on 
ill-  left  than  the  right  side.  The  peculiar  localization 
of  the  thrombosis  is  to  be  attributed  to  the  greater 
li  ii  tli  and  obliquity  of  the  left  innominate  vein,  and 
to  pressure,  direct  or  indirect,  on  the  left  subclavian 
vein  from  the  dilated  left  auricle  and  pulmonary 
veins. 

Symptoms  of  ruptured  compensation  often  first 
appear  during  pregnancy  or  labor,  or  follow  parturi- 
tion; alarming  or  even  fatal  attacks  of  pulmonary 
edema  sometimes  appear,  or  persistently  rapid  action 
of  the  heart  leading  to  asystole.  Pregnancy  is  a 
complication  in  which  there  is  always  serious  risk, 
although  in  favorable  cases  there  is  little  or  no  dis- 
turbance. Subsequent  pregnancies  are  sometimes 
passed  without  special  difficulty,  when  earlier  ones 
had  caused  «reat  disturbance. 

Hysterical  manifestations  are  not  uncommon  in  the 
course  of  mitral  stenosis,  both  conditions  being  com- 
mon in  young  women.  Cardiac  symptoms  often 
predominate,  and  severe  attacks  of  pseudoangina, 
of  palpitation,  or  of  dyspnea  may  occur  in  well- 
compensated  cases.  Without  a  correct  appreciation 
of  the  neurotic  element  in  such  individuals  these  symp- 
toms may  lead  to  undue  alarm. 

Embolism  is  more  common  in  this  than  in  other 
forms  of  valvular  lesions.  If  it  occurs  in  the  brain 
this  accident  shows  itself  in  the  form  of  hemiplegia, 
and  if  the  embolus  lodge  on  the  left  side,  there  will  be 
aphasia. 

The  physical  signs  when  well  marked  are  ex- 
tremely characteristic,  but  in  the  advanced  stage  of 
the  disease  they  are  often  indefinite  or  equivocal. 
The  more  important  are:  the  presystolic  thrill  and 
murmur,  the  snapping  first  sound,  the  accentuated 
pulmonary  second,  and  evidence  of  enlargement  of 
the  right  heart. 

The  pulse  is  small,  somewhat  increased  in  rate,  and 
often  of  good  tension;  it  is  usually  regular  until  a  late 
stage  of  the  malady,  when  extreme  rapidity  and 
arrhythmia  may  set  in.  The  thrill,  which  is  one  of 
the  most  characteristic  signs  of  the  disease,  is  felt  at 
the  apex,  and  when  the  heart  is  not  unduly  rapid  it  is 
readily  made  out  distinctly  to  precede  the  systolic 
impulse.  It  is  sometimes  prolonged,  running  through 
the  whole  diastolic  interval,  or  it  may  immediately 
precede  the  impulse,  and  is  then  strictly  presystolic. 
When  present  it  is  pathognomonic  of  stenosis.  The 
cardiac  impulse  often  gives  the  impression  of  a  jet  of 
liquid  being  projected  against  the  hand.  The 
murmur  in  typical  cases  is  loud  and  rough,  and  is 
commonly  compared  to  the  sound  "rrrb."  It  runs 
up  to  and  terminates  in  a  loud,  abrupt,  and  snapping 
first  sound.  The  murmur  may  be  prolonged  through 
the  diastolic  interval,  but  in  the  great  majority  of 
instances  it  occurs  at  the  end  of  this  period.  In 
either  case  it  is  usually  spoken  of  as  the  presystolic 
murmur.  The  murmur  is  in  most  instances  localized 
at  or  about  the  apex,  although,  as  pointed  out  by 
Griffiths,  it  is  sometimes  transmitted  to  the  axilla 
or  even  heard  in  the  back.  The  murmur  is  sometimes 
represented  by  a  mere  rumble,  and  in  the  absence  of 
the  snapping  first  sound  is  easily  missed  by  the  un- 
trained ear.  With  advancing  cardiac  weakness 
or  in  the  extreme  irregularity  due  to  auricular  fibrilla- 
tion, both  thrill  and  murmur  often  disappear.  A  sys- 
tolic  murmur  is  frequently  present,  due  to  associated 
incompetence.  It  may  persist  when  the  thrill  and 
presystolic  murmur  have  disappeared. 

Hardlv  less  characteristic  than  the  murmur  is  the 
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abrupt  snapping  first  sound  in  which  it  terminates. 
It  is  often  mistaken  for  the  second  sound,  but  the 
distinction  can  be  made  by  noting;  that  it  is  syn- 
chronous  with  the  apex  impulse.  The  second  sound 
is  often  lost  at  the  apex,  and  is  sometimes  reduplicated 
al  this  region;  in  the  pulmonary  area  it  is  accentuated 
and  even  ringing,  losing  these  characters  with  fail- 
ing power  in  the  right  ventricle.  Willi  high  tension 
in  the  pulmonary  artery,  a  faint,  whiffling,  diastolic 
murmur  is  occasionally  heard.  This  is  regarded  by 
Gibson  and  others  as  due  to  a  temporary  incompetence 
at  tin'  pulmonary  orifice. 

Evidence  of  enlargement  of  the  righl  heart  is  often 
present,  as  shown  by  the  increased  impulse  over  the 
lower  sternal  region,  and  by  an  extension  of  dulness 
to  the  right  border  of  the  sternum  or  beyond,  reaching 
in  extreme  cases  as  far  as  the  right  nipple  line.  With 
failing  compensation  and  particularly  in  advanced 
slimes  of  the  disease  the  thrill  and  murmur  often 
disappear,  and  the  lesion  is  readily  overlooked.  A 
sharp  first  sound,  evidence  of  enlargement  of  the  right 
heart,  sometimes  a  gallop  rhythm,  together  with  a 
small  pulse  should  suggest  stenosis,  and  with  recovery 
the  thrill  and  murmur  often  reappear. 

Diagnosis. — A  presystolic  murmur  is  occasionally 
heard  in  conditions  other  than  mitral  stenosis. 

The  Flint  murmur  has  already  been  referred  to 
under  aortic  incompetence.  In  an  adherent  pericar- 
dium and  in  vegetative  endocarditis  of  the  mitral 
valve,  a  murmur  of  this  character  is  sometimes  found, 
usually  of  the  low  rumbling  variety  rather  than  of  the 
loud  and  rough  character.  Ewart  and  Rutherford 
have  recorded  a  case  in  which  all  the  typical  signs  of 
stenosis  were  present  and  in  which  the  autopsy  showed 
a  fibrinous  polyp  hanging  from  the  auricle  through  the 
mitral  orifice. 

Tricuspid  Regurgitation. — Regurgitation  at  this 
orifice  is  very  generally  admitted  to  occur  in  health, 
resulting  from  conditions,  such  as  violent  exercise, 
which  temporarily  raise  the  blood  pressure  in  the 
pulmonary  circuit.  This  is  often  spoken  of  as  the 
safety-valve  action,  preventing  the  lungs  from  be- 
coming unduly  congested. 

In  the  great  majority  of  instances,  tricuspid  in- 
competence is  the  result  of  dilatation  of  the  right  ven- 
tricle, inducing  relative  incompetence  at  this  orifice; 
in  only  a  comparatively  few  cases  does  the  lesion 
depend  on  organic  changes  in  the  valves. 

Dilatation  of  the  right  ventricle  is  always  a  second- 
ary process.  It  constantly  occurs  in  old-standing 
mitral  lesions,  and  as  the  result  of  obstruction  in 
the  pulmonary  circuit,  from  emphysema  or  fibrosis 
of  the  lungs.  In  dilatation  of  the  left  ventricle,  from 
whatever  cause,  the  right  ventricle  is  commonly 
included  in  the  morbid  process. 

The  valve  may  be  affected  by  endocarditis,  acute 
or  chronic,  or  by  degenerative  changes.  Under 
these  circumstances  the  valves  of  the  left  heart  are 
almost  invariably  the  seat  of  similar  lesions.  In 
malignant  endocarditis,  the  valve  is  occasionally 
affected  alone.  In  thirty-nine  instances,  Pitt  found 
ten  in  which  this  valve  was  alone  attacked. 

Symptoms. — These  are  similar  to  those  found  in 
mitral  disease,  and  consist  in  breathlessness,  with 
evidence  of  obstruction  in  both  the  systemic  and  the 
portal  venous  systems. 

Physical  Signs. — A  systolic  bruit  is  sometimes  heard 
in  the  lower  sternal  region,  having  its  maximum 
intensity  just  to  the  right  of  the  sternum  about  the 
fourth  and  fifth  ribs,  and  occasionally  transmitted 
to  the  right  as  far  as  the  parasternal  line.  It  is  not 
heard  at  the  apex,  although  it  may  be  difficult  to 
differentiate  it  from  a  coexisting  mitral  murmur.  In 
some  instances  a  difference  in  timbre  may  be  noticed. 
Owing  to  a  debilitated  condition  of  the  right  ventricle 
the  murmur  may  be  absent  even  in  well-marked 
cases,  and  again,  it  may  disappear  under  the  influence 


of  rest    and   digitalis.      The  enlargement    of   the   right 

ventricle  causes  increased  pulsation  in  the  epigastric 
and  lower  sternal  regions.  Dulness  extends  to  the 
right  border  of  the  sternum  or  for  two  or  three  finger- 
breadths  beyond,  although  it  is  frequently  masked 
by  emphysema . 

Pulsation  in  the  veins,  accompanying  each  systole 
of  the  heart ,  forms  important  evidence  of  I  he  condition 
under  discussion.  It  depends  on  a  rellux  of  blood  in 
the  dilated  veins  after  their  valves  have  become  in- 
competent. II  is  seen  in  the  external  and  internal 
jugulars,  and  sometimes  even  in  more  distant  veins, 
such  as  the  brachial.  Care  must  be  taken  not  to 
confuse  true  venous,  or,  as  it  is  sometimes  termed, 
positive  pulsation,  with  certain  undulatory  move- 
ments of  these  vessels.  If  the  vein  is  emptied  from 
below,  positive  pulsation  continues. 

Venous  pulsation  is  also  observed  in  the  liver.  The 
enlarged  organ,  grasped  between  the  hands,  presents  a 
true  expansile  pulsation,  and  not  merely  a  transmitted 
epigastric  impulse  from  an  enlarged  right  ventricle. 

Tricuspid  Stenosis. — This  condition,  although  rare, 
is  more  frequent  than  are  lesions  at  the  pulmonary 
orifice.  Pitt  found  it  eighty-seven  times  in  12,000 
autopsies. 

Congenital  stenosis  is  not  uncommon  in  still-born 
children,  or  in  those  who  have  lived  a  few  days.  It 
is  frequently  associated  with  other  cardiac  abnormali- 
ties or  defects. 

It  has  been  asserted  that  almost  all  cases  are  of  con- 
genital origin,  but  this  view  is  not  borne  out  by 
statistics.  In  Pitt's  series  of  87  cases,  only  one  patient 
died  under  ten,  and  in  Herrick's  tabulation  of  40 
cases  the  youngest  patient  was  twelve  years  old,  with 
a  history  of  acute  rheumatism  two  years  previously, 
facts  which  strongly  suggest  an  acquired  origin.  In 
the  great  majority  of  cases,  tricuspid  stenosis  is 
associated  with  a  similar  process  in  the  mitral,  and 
often  with  disease  of  the  aortic  segments  as  well. 
In  Leudet's  series  of  114  cases  the  tricuspid  valve  was 
affected  alone  in  only  one  instance,  and  in  Herrick's 
once  in  40  cases.  Females  are  affected  about  four 
times  as  often  as  males.  A  history  of  acute  rheuma- 
tism was  present  in  10  or  25  per  cent,  of  Herrick's 
series,  chorea  in  2,  doubtful  rheumatism  in  4,  no 
rheumatism  in  9,  and  in  15  there  was  no  record.  In 
Pitt's  cases,  however,  rheumatism  played  a  pre- 
dominant role  in  the  etiology. 

A  fatal  issue  usually  results  under  thirty  years  of 
age,  and  in  only  twelve  cases  out  of  151  (Leudet's  and 
Herrick's  series)  did  the  patient  reach  the  age  of 
fifty.  The  symptoms  are  those  of  mitral  stenosis  of 
the  most  pronounced  form.  Dyspnea  and  cyanosis 
are  often  extreme,  and  Broadbent  regards  pronounced 
dropsy  as  evidence  of  the  disease.  The  diagnosis  has 
been  made  in  a  few  instances  during  life,  but  in  the 
great  majority  of  cases  it  has  been  overlooked. 

A  presystolic  murmur  and  snapping  first  sound  heard 
at  the  ensiform  cartilage  or  a  little  to  the  right,  and 
fading  off  and  again  becoming  marked  at  the  mitral, 
has  been  correctly  interpreted  as  indicating  stenosis 
of  both  orifices,  and  in  a  few  cases  a  thrill  has  been 
detected  in  the  tricuspid  region.  The  murmurs  in  the 
tricuspid  and  mitral  regions  have  also  been  noted  as 
having  a  different  character,  but  the  characters  of  the 
cardiac  sounds  are  often  rendered  difficult  of  interpre- 
tation owing  to  rapid  or  irregular  cardiac  action. 
The  heart  is  enlarged  to  the  right  as  in  mitral  stenosis, 
while  both  the  venous  and  the  hepatic  forms  of 
pulsation  are  often  present  owing  to  associated  tri- 
cuspid regurgitation. 

Pulmonary  Orifice. — Disease  of  the  pulmonary 
valves  is  usually  congenital,  and  is  then  commonly 
associated  with  other  cardiac  anomalies.  Only  a 
few  of  these  cases  reach  adult  life. 

The  majority  of  acquired  cases  are  due  to  malignant 
endocarditis.     Congenital  absence  of  one  of  the  cusps 
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may  lead  to  sclerotic  processes  in  later  years,  as  in 
aortic  disease. 

Acute  rheumatism  is  not  a  frequent  cause,  being 
present  in  only  seven  of  twenty-nine  cases  collected 
by  <  ierhardt. 

Obstructive  disease  is  difficult  to  recognize  owing  to 
the  frequent  occurrence  of  systolic  murmurs  in  the 
pulmonary  area  from  other  causes.  A  distinct  thrill, 
a  harsh  murmur,  and  evidence  of  enlargement  of  the 
right  ventricle  are  the  signs  which  may  be  found,  but 
similar  signs  may  be  caused  by  the  pressure  of  an 
aneurysm  or  tumor  on  the  trunk  of  the  vessel. 

Incompetence  gives  rise  to  a  diastolic  murmur  in  the 
pulmonary  region,  often  louder  during  expiration,  and 
transmitted  down  the  left  sternal  border.  It  is  not 
heard  toward  the  apex  or  in  the  vessels  of  the  neck. 

Enlargement  of  the  right  ventricle  is  usually  con- 
siderable and  the  apex  is  pushed  to  the  left.  There  is 
an  absence  of  the  arterial  phenomena  of  aortic  disease, 
but  Gerhardt  has  shown  that  graphic  representations 
of  the  pulmonary  pulsations  show  analogous  changes. 
By  introducing  a  manometer  into  one  nostril,  closing 
the  opposite  one  by  pressure,  and  directing  the  patient 
to  cease  breathing,  he  obtained  a  tracing  showing 
larger  excursions  of  the  lever,  and  a  more  sudden  rise 
and  fall  than  is  obtained  either  in  health  or  in  aortic 
incompetence. 

Cyanosis,  venous  enlargement,  and  pulmonary 
embolism  have  also  been  noticed  in  disease  of  this 
orifice. 

Tuberculosis  is  not  an  uncommon  mode  of  death, 
and  is  attributed  to  the  anemic  condition  of  the 
lungs. 

Combined  Valvular  Lesions. — In  a  large  propor- 
tion of  cases  more  than  one  valve  is  affected,  or  there 
may  be  both  incompetence  and  obstruction  at  one 
orifice.  The  general  features  and  signs  usually  point 
to  predominant  disease  of  one  valve.  Aortic  and 
mitral  incompetence  are  often  associated,  while  mitral 
stenosis  is  frequently  accompanied  by  slight  sclerosis 
of  the  aortic  segments,  having  no  clinical  significance. 

Prognosis  of  Valvular  Disease. — The  prognosis  is 
based  partly  on  an  estimate  of  the  extent  and  charac- 
ter of  the  valvular  lesion,  partly  on  the  general  health 
and  habits  of  the  patient. 

Aortic  incompetence  is  usually  regarded  as  the  most 
serious  of  valvular  affections.  The  arteriosclerotic 
eases,  owing  to  the  frequency  with  which  the  coronary 
vessels  are  involved,  are  more  serious  than  stationary 
rheumatic  conditions.  Of  the  valvular  affections, 
aortic  incompetence  is  the  one  in  which  sudden  death 
is  most  apt  to  occur.  Favorable  features  are  a  moder- 
ate degree  of  cardiac  enlargement,  a  pulse  not  showing 
the  collapsing  character  to  a  high  degree,  a  distinct 
second  sound  in  the  arteries  of  the  neck,  and  an  ab- 
sence of  cardiac  symptoms.  According  to  X.  S. 
Davis  the  average  duration  of  life  after  compensation 
begins  to  break  down  is  3.8  years,  a  period  which 
closely  corresponds  to  Balfour's  estimate  of  four 
years. 

Aortic  stenosis  is  usually  regarded  as  the  least  serious 
of  valvular  lesions.  In  moderate  grades  of  the  disease 
but  little  disturbance  of  function  takes  place.  More 
serious,  however,  are  the  cases  with  evidence  of  a  high 
degree  of  stenosis,  as  shown  particularly  by  the  pulse. 
Arteriosclerosis  always  suggests  the  possibility  of 
disease  of  the  coronary  arteries,  and  anginal  attacks 
convert  such  a  suggestion  to  a  certainty. 

Sudden  death  is  rare,  although  it  may  occur  from 
disease  of  the  coronary  vessels,  and  has  also  resulted 
from  occlusion  of  an  extremely  narrowed  orifice. 

Mitral  lesions  are  on  the  whole  less  serious  than 
aortic  regurgitation.  Stenosis  is  usually  regarded  as  a 
more  serious  affection  than  incompetence.  Osier 
regards  the  latter  as  almost  as  serious  as  the  former. 

In  many  cases  in  which  a  mitral  systolic  murmur  is 
heard  at  the  apex,  this  lesion  shows  no  tendency  to 
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shorten  life,  and  in  the  absence  of  cardiac  symptoms, 
and  of  other  signs  of  cardiac  disease,  its  presence  may 
be  regarded  with  but  slight  apprehension.  More 
serious  are  the  cases  in  which  a  considerable  degree 
of  regurgitation  is  revealed  by  marked  enlarge- 
ment of  the  ventricle,  but  even  here  the  patient, 
may  enjoy  a  long  period  of  good  health,  provided  that 
Symptoms  of  cardiac  disturbance  are  absent. 

A  cardiopulmonary  murmur  is  not  uncommon  at  the 
apex,  and  is  heard  best  or  exclusively  at  the  end  of 
inspiration.  It  is  frequent  in  pulmonary  tuberculosis, 
and  in  the  absence  of  other  evidence  of  cardiac  disease 
may  be  disregarded. 

The  mere  loudness  of  a  murmur  is  in  itself  no  index 
to  the  severity  of  the  lesion.  Very  soft  murmurs  tire 
often  heard  in  failing  hearts,  while  loud  rasping  mur- 
murs, although  indicative  of  valvular  damage,  may  be 
present  with  perfect  compensation. 

Mitral  stenosis  is  not  incomparable  with  longevity, 
but  in  most  cases  there  is  a  marked  shortening  of  life. 
Broadbent  found  the  average  age  at  death  to  be  thirty- 
three  years  in  males  and  thirty-eight  in  females,  and 
other  estimates  agree  closely  with  this.  Of  other 
influences  affecting  the  duration  of  cardiac  disease 
experience  shows  that  children  bear  these  lesions 
badly,  and  such  cases  frequently  terminate  fatally  at 
or  shortly  after  puberty.  Females  bear  valvular 
disease  better  than  males,  a  fact  which  is  probably 
to  be  attributed  to  their  less  active  habits  and  to  then- 
less  frequent  indulgence  in  alcoholic  excess.  An 
exception  to  this  rule  is  sometimes  seen  as  the  result 
of  pregnancy,  in  which  the  increased  strain  occasion- 
ally results  in  serious  and  even  fatal  cardiac  failure. 

Laborious  occupations  are  unfavorable,  as  are  also 
sexual  and  alcoholic  excess,  and  the  free  use  of  tobacco. 

Finally  poor  general  health,  anemia,  recurring 
attacks  of  bronchitis,  hepatic  and  renal  engorgement, 
and  pulmonary  embolism  are  all  unfavorable  signs. 

Recurring  attacks  of  rheumatism  often  exert  a  most 
unfavorable  influence  owing  to  fresh  attacks  of  en- 
docarditis, and  in  children  rheumatic  inflammations 
occasionally  progress  to  a  fatal  issue  within  a  few 
weeks  or  months. 

Acute  disease,  particularly  pneumonia,  is  often  ill 
borne,  and  if  survived  is  sometimes  followed  by  loss 
of  compensation.  I  have  known  several  cases  of 
mitral  stenosis  date  their  symptoms  from  an  attack 
of  pneumonia. 

Treatment. — During  the  period  of  compensation  no 
very  active  treatment  should  be  directed  toward  the 
heart. 

It  is  important  in  this  stage  to  keep  the  general 
health  up  to  the  best  possible  point.  For  this  purpose 
the  diet  should  be  plain  and  nourishing,  and  the 
coarser  vegetables  should  be  avoided  as  tending 
toward  flatulence.  Alcohol  is  unnecessary  in  young 
people,  and  if  used  at  all  should  be  taken  in  strict 
moderation  with  food.  Tobacco  is  injurious,  while 
tea  and  coffee  must  be  avoided  should  they  cause  any 
cardiac  palpitation  or  uneasiness. 

In  rheumatic  cases  special  care  should  be  taken  to 
see  that  the  patient  is  suitably  clad,  and  even  with 
slight  rheumatic  manifestations  he  should  be  con- 
fined to  bed  or  the  house.  When  there  is  reason  to 
believe  that  syphilis  is  the  etiological  factor,  an 
exception  should  be  made  to  the  statement  that  active 
treatment  is  unnecessary  during  the  stage  of  compensa- 
tion. Active  measures,  including  the  use  of  salvarsan, 
mercury,  and  iodide  of  potassium  should  be  employed. 
Unfortunately  many  cases  of  vascular  svphilis  are 
extremely  refractory  to  treatment  and  the  \\  assermann 
test  frequently  continues  positive  in  spite  of  the  most 
active  use  of  these  remedies.  There  are  cases,  how- 
ever, where  marked  improvement  occurs,  and  it  is 
reasonable  to  assume  that  extension  of  the  morbid 
condition  may  be  checked,  even  when  the  resulting 
danger  to  the  heart  is  beyond  repair. 
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Exercise  and  athletics  are  beneficial  provided  they 
cause  no  undue  fatigue  or  are  not  pushed  to  the  point 
of  inducing  dyspnea.  The  more  violent  forms  of 
exercise  such  as  football  or  even  tennis  should  be 
forbidden,  but  golf,  mild  bicycling,  or  rowing  and 
walking  are  safer,  inasmuch  as  they  throw  much 
less  strain  on  the  heart.  In  cases  in  which  for  any 
reason  it  is  judged  unwise  to  allow  even  easy  exercise, 
rest  in  the  open  air  is  beneficial. 

Medicinally,  an  occasional  aperient  should  be  given. 
Tonic  doses  of  iron  or  arsenic,  particularly  when 
anemia  is  present,  or  strychnine  are  valuable.  Small 
doses  of  digitalis  (1TI  v.  to  x.  of  the  tincture)  may  In' 
administered  should  any  tendency  to  dyspnea  or  palpi- 
tation exist,  and  the  use  of  this  drug  is  sometimes  con- 
tinued for  lengthened  periods  with  decided  benefit. 

When  compensation  begins  to  fail,  and  dyspnea, 
dropsy,  and  palpitation  become  marked,  a  more  active 
plan  of  treatment  is  required. 

In  most  instances  of  uncomplicated  valve  lesions 
failure  of  compensation  is  due  to  dilatation,  brought 
about  for  the  most  part  by  excessive  muscular  work, 
although  in  some  cases  it  is  induced  by  severe  mental 
strain.  The  first  object  is  therefore  to  secure  physical 
and  sometimes  mental  rest.  When  the  symptoms  are 
at  all  severe,  absolute  rest  in  bed  must  be  enjoined; 
and  treatment  by  this  method  alone  is  sometimes 
sufficient  to  relieve  dyspnea  and  remove  dropsy. 
It  is,  however,  advisable  in  most  instances  to  use  me- 
dicinal or  other  agents,  which  hasten  recovery  and 
alleviate  distress. 

Of  the  cardiac  stimulants  by  far  the  most  valuable 
is  digitalis.  This  remedy  slows  and  strengthens  the 
muscular  contraction  of  the  heart,  while  the  pulse 
rate  is  reduced  and  becomes  more  regular,  the  pe- 
ripheral arteries  are  contracted,  the  renal  arteries 
relax,  and  a  large  volume  of  blood  passes  through 
the  kidneys  as  shown  by  the  free  diuresis. 

In  aortic  incompetence  the  objection  to  digitalis  is 
sometimes  raised  that  it  prolongs  diastole  and  hence 
allows  of  freer  regurgitation.  This  objection  is 
largely  theoretical,  and  many  cases  receive  a  marked 
degree  of  benefit  from  the  increased  muscular  action; 
dyspnea  is  relieved,  and  in  favorable  cases  compensa- 
tion is  restored.  The  remedy  should  be  given  cau- 
tiously and  in  small  closes.  It  is  in  mitral  disease, 
particularly  when  dropsy  and  dyspnea  are  present, 
that  digitalis  produces  the  most  brilliant  results. 
Dyspnea  is  relieved,  free  diuresis  is  set  up,  and  dropsy 
lessens  and  disappears. 

In  mitral  incompetence,  not  only  is  the  muscle 
stimulated,  but  the  regurgitation  is  lessened  owing  to 
the  more  perfect  closure  of  the  auriculoventricular 
ring.  In  stenosis  the  lengthened  diastolic  period 
allows  more  time  for  blood  to  pass  from  the  engorged 
auricle  through  the  narrowed  valve. 

In  cases  of  extreme  irregularity  due  to  auricular 
fibrillation  digitalis  often  exercises  its  most  beneficial 
influence.  Mackenzie  believes  that  it  is  of  real  ser- 
vice only  in  such  cases,  but  this  view  is  probably  too 
narrow.  The  drug  should  be  continued  in  small 
doses  after  the  heart  has  come  under  control  and  may 
be  kept  up  with  benefit  for  months  or  years  or  as 
long  as  the  irregularity  persists. 

The  action  of  digitalis  is  somewhat  slow  and  it  is  not 
until  the  third  day  that  the  full  effects  of  the  drug  are 
seen.  When  marked  slowing  of  the  pulse  to  tiO  or 
under,  or  a  fall  in  the  quantity  of  urine  occurs,  the 
dose  should  be  lessened  or  stopped,  owing  to  the 
danger  of  toxic  manifestations,  which  reveal  them- 
selves in  the  form  of  nausea  and  vomiting,  weakness 
and  irregularity  of  the  pulse,  or  a  double  beat  of  the 
heart  to  one  of  the  pulse. 

The  drug  should  be  given  freely  for  from  forty-eight 
to  seventy-two  hours  when  the  symptoms  are  at  all 
urgent — say  in  doses  of  Ttlxv.  of  the  tincture  or  oiv. 
of  the  infusion  every  three  or  four  hours.  Smaller 
doses  are  usually  sufficient    (ulx.-xv.   t.i.d.)   in   the 


absence  of  severe  symptoms.  Nausea  and  vomiting 
are  sometimes  produced  by  even  moderate  doses,  and 
in  such  cases  rectal  administration  of  one  or  more 
large  doses  of  the  fluid  extract  arc  often  extremely 
beneficial.  Five  or  ten  minims  (lTli.-gr.  i.  digitalis) 
administered  with  starch  in  this  way  often  act 
rapidly,  and  I  have  seen  the  pulse  slowed  and  dyspnea 
relieved  in  the  course  of  a  few  hours.  An  old  and 
reliable  preparation  is  Guy's  pill,  consisting  of  gr.  i. 
each  of  digitalis,  squills,  and  pil.  hydrarg. 

Strophanthus  is  a  valuable  substitute  for  digitalis. 
It  acts  iin  the  heart  like  digitalis,  but  lias  not  the  same 
tonic  effects  on  the  arteries.  It  is  consequently  some- 
times preferred  in  arteriosclerotic  cases  with  increased 
arterial  tension.  It  is  inferior  to  digitalis  in  removing 
dropsy,  but  is  sometimes  of  value  in  alleviating  cardiac 
symptoms  when  this  drug  fails.  Strophanthin  in  doses 
of  2^1;  to  T,l,(r  gr.  is  a  valuable  and  powerful  remedy  in 
heart  failure.  The  preparation  should  be  adminis- 
tered intravenously  or  intramuscularly.  In  patients 
under  the  influence  of  digitalis  the  drug  should  not  be 
administered  owing  to  the  risk  of  producing  an  unto- 
ward or  even  a  fatal  result.  Sparteine  acts  in  a 
similar  manner  to  strophanthus,  but  as  a  rule  is 
inferior  to  it. 

Caffeine  is  occasionally  useful  as  a  substitute  for 
digitalis.  It  sometimes  induces  restlessness  and 
insomnia. 

Strychnine  is  a  much  overrated  drug,  and  although 
frequently  used  as  a  cardiac  tonic  has  little  or  no 
influence  on  the  heart. 

Diffusible  stimulants  such  as  alcohol,  ether,  and 
ammonia  are  of  value  in  emergencies,  and  until  the 
more  slowly  acting  stimulants  affect  the  heart. 

A  dose  of  calomel,  gr.  v.  with  gr.  x.  of  bicarbonate  of 
soda,  is  often  administered  with  benefit  preceding  the 
course  of  digitalis.  It  relieves  portal  congestion  and 
engorgement  of  the  right  heart,  and  increases  the 
efficacy  of  digitalis. 

In  arteriosclerotic  cases  the  long-continued  adminis- 
tration of  iodides  often  proves  of  much  value  in  con- 
trolling palpitation  and  other  symptoms,  possibly  by 
lowering  peripheral  resistance.  Nitroglycerin  is  also 
a  valuable  agent  in  lessening  peripheral  resistance  and 
is  often  advantageously  given  with  digitalis  in  doses 
of  mi.  of  the  one-per-cent.  solution.  Sodium  nitrite 
gr.  ii.  to  v.  and  erythrol  tetranitrate  are  used  as  substi- 
tutes for  nitroglycerin. 

Obstinate  or  persistent  symptoms  often  require 
special  measures  for  their  mitigation  or  relief. 

Dyspnea  continuing  after  the  use  of  digitalis,  and 
especially  when  nocturnal  in  character,  is  often 
relieved  in  a  remarkable  manner  by  a  hypodermic 
injection  of  morphine,  and  in  advanced  cases  this  drug 
is  invaluabl. 

Sleeplessness  sometimes  yields  to  paraldehyde, 
trional,  or  sulphonal,  but,  as  it  is  often  dependent 
on  dyspnea,  these  remedies  are  much  inferior  to 
morphine. 

Pain  over  the  cardiac  region  is  often  alleviated  by 
the  iodides,  especially  in  arterial  cases,  or  by  nitro- 
glycerin. 

Dropsy  may  be  diminished  by  free  purgation.  For 
this  purpose  calomel,  salines,  and  hydragogues,  especi- 
ally compound  jalap  powder,  are  most  serviceable. 
Sodium  chloride  holds  the  fluids  in  the  tissues  and  a 
salt-free  diet  is  often  followed  by  a  rapid  diminution 
of  the  dropsical  fluids. 

Needle  puncture  of  the  distended  limb  with  strict 
aseptic  precautions  allows  considerable  quantities  of 
the  fluid  to  drain  away.  Southey's  tubes  are  also  very 
efficacious,  and  there  is  considerable  danger  of  inflam- 
matory changes  taking  place  in  the  subcutaneous 
tissues. 

Theobromine  in  doses  of  gr.  lx.  to  gr.  xc.  daily  may 
be  used  with  occasional  benefit  as  a  diuretic  when  the 
urinary  secretion  is  persistently  small. 

When  considerable  quantities  of  fluid  collect  in  the 
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abdominal  or  the  pleural  cavity  paracentesis  is  neces- 
sary and  may  be  repeated  as  often  as  required. 

Palpitation  is  much  relieved  by  an  ice-bag  over  the 
precordial  region.  A  diffusible  stimulant,  or  strych- 
nine in  full  doses  often  proves  of  signal  service,  It  the 
attack  is  severe,  a  hypodermic  injection  of  morphine 
may  be  given.     Strict  attention  to  diei  together  with 

quiet  and  rest  is  also  essential.  In  cases  where  the 
neurotic  element  is  marked  bromides  may  prove 
serviceable. 

Vomiting. — Food  must  sometimes  be  withheld  for 
some  hours,  or  replaced  by  sips  of  hot  water,  brandy, 
or  champagne.  After  the  vomiting  has  yielded  or 
lessened,  liquid  food  may  be  cautiously  tried.  Milk 
may  be  given  freely  diluted  with  lime  water,  Vichy,  or 
effervescing  waters,  and  peptonized  beef  essences  are 
often  tolerated  when  other  foods  are  rejected.  In 
obstinate  cases  rectal  alimentation  may  become 
requisite.  The  frequent  action  of  digitalis  in  inducing 
vomiting  must  be  remembered  in  this  connection. 
It  must  often  be  withheld  for  a  period,  but  should  not 
be  given  up  without  good  reason. 

Venesection  is  occasionally  required  when  marked 
cyanosis  or  dyspnea  is  present,  and  ten,  twenty,  or 
even  thirty  ounces  of  blood  may  be  abstracted  from 
the  arm.  A  valuable  measure  which  has  largely  fallen 
into  disuse  is  the  application  of  a  few  leeches  to  the 
precordial  region  followed  by  hot  fomentations  to 
encourage  bleeding. 

During  the  past  few  years  much  has  been  written  on 
the  Nauheim  methods,  consisting  in  bathing  in  aerated 
water,  and  movements  with  resistance.  The  baths 
lessen  the  peripheral  resistance,  and  the  movements 
tend  to  empty  the  veins.  Percussion  and  skiagraphs 
show  a  lessening  of  cardiac  dilatation  after  application 
of  these  methods.  They  seem  to  be  more  successful 
at  the  natural  springs  than  when  applied  in  hospitals 
or  other  localities.  Frederick  G.  Finley. 


Heart,  Wounds  of  the. — Wounds  of  the  heart 
may  be  either  non-penetrating  or  penetrating,  injur- 
ing the  cardiac  wall,  or  opening  a  cavity.  The  left 
ventricle  is  most  frequently  injured,  and  the  left 
auricle  is  least  so. 

On  account  of  the  wall  being  three  times  as  thick 
and  the  columns  carnese  larger  and  more  numerous, 
the  bleeding  is  less  profuse  in  the  left  ventricle  than 
in  the  right,  and,  therefore,  wounds  are  less  dangerous. 
Auricular  wounds  are  more  fatal  than  ventricular 
because  the  walls  are  thinner  and  have  less  contractil- 
ity. Wounds  of  the  apex  and  interventricular 
septum,  provided  there  is  no  injury  to  the  coronary 
arteries,  are  less  dangerous  than  either.  A  needle 
puncture  will  rarely  cause  hemorrhage  from  a  ven- 
tricle, but  excessive  bleeding,  which  is  mostly  systolic, 
is  liable  to  follow  a  like  injury  to  an  auricle.  A  wound 
inflicted  during  diastole  is  less  dangerous  than  a  sim- 
ilar injury  during  systole,  and  perpendicular  wounds 
are  more  fatal  than  diagonal.  The  presence  of  the 
foreign  body  in  the  heart,  the  size  of  the  wound,  the 
location  of  the  wound,  the  number  of  wounds,  the 
connecting  cavities,  the  attending  syncope,  the  in- 
volvement of  Hugo  Kronecker's  coordination  center 
or  Walter  Haskell's  bridge,  and  the  degeneracy  of  the 
cardiac  muscle  are  important  factors  in  determining 
the  outcome. 

Pericarditis,  myocarditis,  endocarditis,  traumatic 
valvular  disturbances,  cerebral  embolism,  pulmonary 
embolism,  and  empyema  frequently  are  secondary 
complications.  When  the  wound  heals  spontanei  u  i  - 1 y 
there  is  a  possibility  of  cicatricial  stretching,  cardiac 
aneurysm  and  subsequent  rupture  for  as  Matas  sa  j  s, 
"true  myocardial  regeneration  is  largely  prevented  in 
the  unsutured  cases  by  the  greater  size  of  the  organized 
thrombus,  which  fills  the  wound  tract.  Therefore 
the  cicatrix  in  a  spontaneously  healed  wound  remains 
as   a   locus   minoris   resistentia?,    which   is   always    a 


menace  to  "the  patient's   life."     Izzo  reported  a  i 
of  a  man  stabbed  in  the  left  ventricle,  who  v..i    con- 
veyed to  the  hospital,  from  which  he  was  di  chi 
a    cured  on  the  twenty-eighth  d  ■         fter- 

ward,  while  Lifting  a  heavy  body,  he  fell  and  quickly 
died.     At  the  autopsj  the  cicatrix  of  the  lefl  ventricle 
was  found  ruptured.     Loison  has  collected  nine  such 
e:i  e  .     Iii  addition  to  the  injurie    cau  ed  by  bul 
daggers,  knives,  needles,  and  various  implements  of 

war,    the    heart    mas    be   wounded   by   a    fractured  rib, 

by  a  foreign  body  that  ha  pi  rfi  rated  the  esophagus, 
or  by  blows  upon  the  chest.  Bernstein  reports  eight 
ca  e  in  which  the  force  was  sufficient  to  separate  the 
heart  entirely  from  the  body. 

Traumatic  ruptures  are  more  frequent  after  a  full 
meal.  the  distended  stomach  pushes  the  heart  up- 
ward and  forward,  and  causes  a  large  area  of  the  organ 
to  be  in  contact  with  the  thoracic  wall,  and  therefore 
receive  the  impact.  Newton  and  Gamgee  have  col- 
lected forty-five  cases  in  which  traumatisms  caused 
rupture  of  the  heart  without  opening  the  pericardium. 
All  were  fatal.  Only  one  of  Gamgee's  cases  survived 
the  injury  fourteen  hours.  The  fatality  is  easily 
understood,  for,  there  being  no  exit,  as  soon  as  the 
accumulation  of  blood  exceeds  the  limit  of  pericardial 
distensibility  the  cardiac  movements  are  mechanically 
stopped.  The  surgeon  not  only  would  be  justified, 
but  it  is  his  bounden  duty  to  operate  upon  every  one 
of  these,  case-,  for  it  is  more  important,  if  possible,  to 
le  a  drowning  heart  than  to  relieve  a  strangulated 
hernia. 

Pathological  rupture  of  the  heart  may  occur  any- 
where, but  is  usually  found  in  the  left  ventricle  near 
the  septum,  and  may  be  due  to  fibroid  and  fatty  degen- 
eration, suppurative  myocarditis,  myocardial  gumma, 
echinococci  or  aneurysmal  dilatations.  The  general 
condition  of  the  patients  and  their  myocardial  degen- 
eracy place  them  beyond  the  utmost  reach  of  human 
help.  It  is  possible  for  a  foreign  body,  as  a  gun 
missile,  to  remain  quiescent  for  years  in  the  myocar- 
dium, as  in  the  case  of  a  British  officer,  reported  by 
Stevenson,  who  carried  a  bullet  encapsulated  for 
eleven  years,  or  the  still  more  remarkable  case  of  Beers 
(Lancet-Clinic,  1898)  of  an  American  soldier  who 
survived  the  lodgment  of  a  bullet  in  the  wall  of  the 
left  ventricle  for  thirty-seven  years.  They  can  be 
easily  located  by  radioscopy  and  should  be  removed 
if  exerting  a  baneful  influence. 

Symttoms. — There  is  no  certain  cardinal  sign  by 
which  an  injury  of  the  heart  can  be  denoted;  but  when 
we  consider  the  location  of  the  external  wound  and, 
if  large,  the  usually  profuse  hemorrhage  from  it, 
which  may  spurt,  in  connection  with  pain,  pallor, 
and  restlessness,  and  generally  dyspnea,  it  can  usually 
be  recognized.  More  frequently  the  bleeding  i? 
internal  and,  the  pleura  being  also  wounded,  the  blood 
runs  into  the  pleural  cavity,  producing  acute  anemia 
with  the  additional  symptoms  of  an  increasing  pneu- 
mohemothorax,  with  Nietert's  characteristic  splash- 
ing sound.  If  the  opening  is  small  the  bleeding  is 
practically  confined  to  the  pericardium  and  we  have 
grave  cardiac  disturbances  from  compression.  The 
pulse  is  weak,  irregular,  intermittent  and  often  imper- 
ceptible in  the  extremities.  Discoloration  of  the  face, 
engorged  and  beating  jugulars  bespeak  auricular  com- 
pression. Often  the  apex  cannot  be  detected  and  the 
heart  sounds  are  distant  and  frequently  imperceptible. 
Percussion  elicits  increased  dullness  of  a  triangular 
shape.  Bulging  of  the  thoracic  w7all  is  observed  in 
many  cases.  Cardiac  tamponade  does  not  neces- 
sarily mean  that  there  is  an  injury  of  the  heart,  as  it 
may  occur  when  the  pericardium  is  opened  along  with 
a  wound  of  the  internal  mammary  vessels,  pericardial 
vessels,  coronary  or  any  vessels  within  the  fibrous 
sheath.  The  x-ray  furnishes  valuable  assistance, 
since  it  shows  an  enlargement  of  the  cardiac  outline 
and  the  presence  of  any  foreign  body,  as  in  a    case 
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that  came  under  my  observation.  In  children  the 
heart  is  an  intercostal  space  higher  than  in  adults. 
In  the  fourth,  fifth,  and  sixth  intercostal  spaces  neai 
the  lift  edge  of  the  sternum  the  heart  comes  close  to 
the  surface  and  can  be  easily  injured.  Frequent 
attacks  of  syncope  are  common.  The  mind  is 
usually  clear,  but  the  countenance  depicts  an  anxiety 
and  distress  that  seemingly  would  welcome  death, 
with  the  wintry  sterility  of  the  grave,  as  a  sympathiz- 
ing friend.  With  the  pulsation  of  the  heart  a  foreign 
body,  as  a  needle,  may  be  seen  to  move  under  the 
skin — a  symptom,  centuries  ago,  enshrined  in  the 
magnificence  of  indestructible  verse, 

"He  fell,  the  spear  point  quivering  in  his  heart. 

Which,  with  convulsive  throbbing,  shook  the  shaft." 

Prognosis. — The  chief  dangers  are  shock,  hemor- 
rhage, and  infection.  Ninety  per  cent,  are  penetrating, 
and  of  these  only  nineteen  per  cent,  are  instantly  fatal. 
The  statistics  of  Rehn  show  that  of  seventy-five 
deaths  in  the  operative  cases,  sixteen  occurred  on  the 
operating  table  or  within  the  first  hour  after  the  opera- 
tion, and  seventeen  from  seven  hours  up  to  two  days, 
which  makes  a  mortality  of  forty-four  per  cent,  from 
hemorrhage  and  collapse.  Thirty  died  as  a  conse- 
quence of  infection,  which  is  forty  per  cent.  There- 
fore, eighty-four  per  cent,  of  the  seventy-live  patients 
died  of  hemorrhage  and  infection.  In  nearly  all  of 
the  infective  cases  the  patients  died  of  purulent 
pericarditis  or  empyema.  In  twelve  of  these  the 
pericardium  was  primarily  closed.  Of  124  cases  of 
heart  suture  there  were  forty-nine  recoveries,  or 
about  forty  per  cent.  One  hundred  and  nine  were 
stall  wounds,  with  forty-three  recoveries,  or  about 
thirty-nine  per  cent.,  and  fifteen  gunshot  wounds, 
with  six  recoveries,  or  about  forty  per  cent.  Loison 
claims  that  one-third  of  the  gunshot  cases  die  within 
an  hour  after  the  injury  and  hence  the  infrequency 
of  suturing.  Fifty-five  times  the  left  ventricle  was 
penetrated,  with  twenty-five  recoveries,  or  forty-five 
per  cent.,  and  fifty  times  the  right  ventricle  with 
sixteen  recoveries,  or  thirty-two  per  cent.  The  right 
auricle  was  involved  in  four  cases,  the  left  in  three 
cases,  one  case  the  septum,  without  penetrating  the 
ventricles,  and  in  eleven  cases  Rehn  failed  to  give  the 
location  of  the  wounds.  Perforations  of  the  auricles 
are  so  infrequent  that  no  reliable  statistics  have  been 
gathered,  but  we  are  safe  in  assuming  a  much  greater 
mortality. 

Treatment. — I  presume  no  one  will  question  the 
propriety  of  immediate  operative  interference,  as 
experience  teaches  that  about  forty  per  cent,  of  cases 
recovered  in  which  the  heart  had  been  sutured  as 
against  ten  per  cent,  of  recoveries  in  which  no  opera- 
tion had  been  performed.  According  to  Rehn  there 
is  not  a  single  death  attributable  to  surgical  manipula- 
tion; and  though  sixteen  patients  have  died  upon  the 
table,  other  causes  were  obvious.  In  the  case  of  a 
girl  sixteen  years  of  age  Podrez  probed  the  left  ven- 
tricle for  a  bullet,  made  ten  insertions  with  a  needle, 
and  kneeded  the  organ  with  his  entire  hand,  using 
considerable  force,  in  a  vain  effort  to  locate  the  missile. 
During  his  search  no  interruption  of  the  heart  beat 
occurred  and  the  girl  recovered.  Hesse  reports  an 
interesting  case  in  which  he  found  that  the  heart  had 
stopped  in  diastole,  and  massage  was  without  result, 
but  the  contractions  were  reestablished  by  the  injec- 
tion of  camphor  into  the  heart  musculature,  and  the 
patient  lived  seven  hours. 

A  needle  should  be  removed  at  once,  but  a  knife 
blade  or  dagger  must  not  be  touched  until  the  surgeon 
has  bared  the  heart  and  is  master  of  the  situation, 
since  an  uncontrollable  hemorrhage  might  occur,  as 
in  the  case  of  the  late  Empress  of  Austria  when  a  file 
was  unfortunately  extracted  prematurely.  It  seems 
hardly  necessary  to  accentuate  the  fact  of  the  necessil  y 
of  perfect  asepsis  in  this  operation,  as  forty  per  cent. 


of  deaths  are  due  to  infection.  Diminished  resistance 
from  loss  of  blood  and  want  of  cleanliness  from  hurry 
of  preparation  are  largely  contributive  causes.  [  ntil 
every  aseptic  precaution  has  been  taken  mechan- 
ical stoppage  of  the  In-art  from  blood  in  the  peri- 
cardium should  be  prevented  by  aspirating.  If 
the  escape  of  blood  in  the  pericardium  is  very  rapid, 

seven  ounces  may  be  sufficient  to  Cause  death;  hut  if 
gradual,  a  much  larger  quantity  will  be  tolerated. 
Moullin  reported  a  case  in  which  "the  pericardium 
contained  six  pints  of  thin  dark  fluid  which  was  re- 
moved and  the  patient  recovered."  The  needle 
passed  through  a  II  a  me  i  rendered  aseptic  and  made  to 
enter  the  sixth  left  space  close  to  the  sternal  margin, 
the  thickness  of  the  bone,  about  one-third  of  an  inch, 
then  behind  the  sternum  for  half  an  inch,  to  escape  the 
pleura,  and  raising  the  handle  push  the  needle  down- 
ward into  the  pericardial  sac — travelling  a  little  more 
than  two  inches.  The  operation  has  a  mortality  of  a 
little  the  rise  of  one  per  cent. 

In  case  of  unconsciousness  with  hardly  a  sign  of  life, 
we  should  operate  without  an  anesthetic;  and  upon 
the  return  of  consciousness  administer  ether  by  the 
drop  method.  Matas  contends  that  artificial  respira- 
tion with  mechanical  contrivances  is  injurious  until 
after  the  heart  has  been  sutured  because  the  collapse 
of  the  lung  materially  diminishes  the  hemorrhage,  but 
are  of  decided  value  in  the  terminal  stages  of  the  opera- 
tion. In  this  opinion  Sauerbruch  and  Ilaecker  do 
not  share  but  recommend  their  use  nh  initio.  Some 
surgeons  prefer  an  exploratory  pericardiotomy  in 
doubtful  cases  which  can  be  easily  extended  should 
cardinrrhaphy  become  nece^ary  hither  Kocher's 
or  Ollier's  operation  may  be  selected.  Matas  is 
inclined  toward  C.  B.  Porter's  procedure  which  is 
practically  the  same  as  Ollier's.  "  An  incision  is 
made  from  the  middle  of  the  sternum  outward  over 
the  fifth  costal  cartilage  to  its  junction  with  the  rib. 
The  soft  parts  are  cleaned  from  the  cartilage  with  the 
periosteum  elevator,  care  being  taken  not  to  wound 
the  pleura  on  the  under  surface.  The  cartilage  is 
removed  with  bone  forceps.  The  mammary  artery 
and  vein  are  thus  exposed,  ligated  in  two  places,  and 
divided.  A  little  careful  dissection  with  the  director, 
in  case  fat  is  encountered,  exposes  the  pericardium, 
which  is  normally  much  thicker  than  the  pleura." 
Many  operators,  including  the  illustrious  names  of 
Salomoni  and  Rehn,  recommend  Spangaro's  operation 
as  "the  quickest  and  safest  route  to  the  pericardium 
and  the  heart."  Spangaro  makes  his  incision  in  the 
middle  of  the  fifth  left  intercostal  space,  to  avoid  the 
intercostal  vessels,  and  ligates  the  internal  mammary 
vessels  which  lie  upon  the  triangularis  sterni  muscle 
about  one-half  an  inch  from  the  sternal  border. 
Rarely  is  it  necessary  to  go  outward  beyond  the 
anterior  axillary  line.  The  cartilages  are  divided  at 
the  joints,  above  or  below,  from  the  second  to  the  sixth 
according  to  the  location  of  the  wound.  Retracting 
the  musculo-osseous  flap  a  splendid  view  is  obtained. 
Should  more  space  still  be  required  the  sternum  may 
lie  divided  but  one  must  be  careful  not  to  open  the 
right  pleura.  Professor  Rotter  of  Vienna  performed 
a  number  of  experiments  upon  the  cadaver  and  con- 
cluded that  the  easiest  way  to  expose  the  heart  was 
by  making  an  incision  four  inches  in  length  along  the 
lower  border  of  the  third  rib,  commencing  three-fifths 
of  an  inch  to  the  left  of  the  sternum.  A  similar  inci- 
sion was  made  along  the  lower  border  of  the  fifth  rib. 
The  external  ends  of  these  incisions  were  joined  by  a 
third.  The  fourth  and  fifth  ribs  were  divided  and  the 
musculo-osseous  flap  was  turned  inward.  If  more 
space  should  be  required  the  third  could  be  included. 
This  operation  gives  us  an  opportunity  of  easily 
removing  any  extravasation  of  blood  and  inspecting 
the  pleural  cavity,  with  reference  to  other  injuries. 
In  ninety  per  cent,  of  cardiac  wounds  the  pleura  is 
involved.  A  simple  intercostal  incision  will  not  do, 
for  it   is   absolutely   necessary   to   have   a   musculo- 
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osseous  flap  containing  one  or  more  ribs,  if  the 
operation  is  to  be  performed  quickly  and  thoroughly. 
If  there  is  slight  bleeding  from  the  heart  if  may  be 
controlled  with  a  stitch,  by  pressure  of  the  finger  or 
bj  (Ik-  introduction  of  a  finger,  as  Parrozzani  did. 
Si  line  times  the  bleeding  is  so  profuse  that  suturing 
is  impossible,  but  if  the  heart  is  pulled  outward  and 
turned  to  the  right  the  bleeding  will  cease  because  the 
vessels  are  flattened  and  twisted.  This  harsh  met  In  id 
causes  great  distress,  hut  no  death  has  been  recorded 
from  it.  The  operation  can  be  made  bloodless  by 
compression  of  the  right  atrium.  Professor  Magnus 
of  Heidelberg  experimented  upon  dogs  and  demon- 
strated that  a  dug's  heart  would  stand  incomplete 
compression  up  to  four  minutes,  and  complete  one  and 
a  half  minutes;  and  Rehn  thinks  the  human  heart 
would  be  much  more  tolerant  as  it  is  not  nearly  so 
irritable  as  the  dog's.  Experiments  upon  animals 
have  shown  the  brain  less  tolerant  than  the  heart  to 
the  effects  of  the  ischemia.  With  the  right  hand  gently 
lift  the  heart  out  of  the  pericardium  and  introduce 
from  below  the  left  hand,  and  immediately  we  feel 
the  vena  cava  inferior,  and  its  inosculation  into  the 
right  atrium  which  should  be  pressed  between  the 
index  and  ring  finger,  and  pushing  upward  we  displace 
the  inosculation  of  the  vena  cava  superior.  Rehn 
truthfully  remarks  "we  have  in  the  compression  of  the 
right  atrium  venosum  a  means  of  bringing  the  most 
violent  heart  bleeding  to  a  stop  at  once." 

In  suturing,  do  not  include  the  endocardium,  be 
certain  to  get  a  good  hold  lest  a  brittle  heart  give  way. 
I  prefer  the  interrupted  catgut  stitch  and  to  use  an 
intestinal  needle.  Should  the  heart  appear  weary 
allow  it  to  glide  back  into  its  normal  position  for  a 
few  moments.  As  few  stitches  as  possible  should  be 
passed,  commensurate  with  safety  against  leakage, 
as  they  cause  a  degeneration  of  the  muscular  fiber  with 
its  tendency  to  dilatation  and  rupture.  Giordano, 
from  hi.s  experiments  upon  rabbits,  prefers  Lembcrt's 
sutures  in  closing  an  auricular  wound.  The  sutures 
should  be  passed  and  tied  during  diastole.  Tubes 
are  preferable  to  gauze  for  drainage  as  the  latter  is 
liable  to  cause  a  retention  of  the  discharge  and  strangu- 
lation of  the  organ.  Never  close  a  pericardium  with 
an  open  pleura  because  of  the  ease  of  infection  in  the 
latter  which  may  extend  to  the  pericardial  wound  and 
cause  the  formation  of  pus  in  the  closed  pericardium. 
Rehn  advocates  closure  of  the  pleura  and  tubular 
drainage  of  the  pericardium.  The  tube  should  be 
removed  between  the  second  and  fourth  day.  Hesse 
found  the  most  frequent  untoward  end  results  of  heart 
suturing  to  be  due  to  cardiopericardial  adhesions,  and 
advises  against  drainage  of  the  pericardium.  The 
after-treatment  consists  in  absolute  quietude,  giving 
small  doses  of  morphine  when  necessary.  Hypo- 
dermic injections  of  strychnine,  digitalin,  and  camphor 
are  beneficial.  Proctoclysis  after  Murphy's  method 
is  recommended.  Intravenous  injection  of  a  saline 
solution  must  be  used  with  great  caution  for  fear  of 
acute  dilatation. 

Conclusions. — From  my  own  experience  with  four 
cases  and  a  careful  review  of  250  reported  by  others  I 
have  drawn  the  following  conclusions: 

1.  That  any  operation  which  reduces  the  mortality 
of  a  given  injury  from  ninety,  to  sixty  per  cent,  is 
entitled  to  a  permanent  place  in  surgery,  and  that 
every  wound  of  the  heart  should  be  operated  upon 
immediately. 

2.  Whenever  the  location  of  the  external  wound  and 
the  attending  symptoms  cause  suspicion  of  a  wound 
of  the  heart,  it  is  the  duty  of  the  surgeon  to  deter- 
mine the  nature  of  the  injury  by  an  exploratory 
operation. 

3.  Unless  the  patient  is  unconscious,  and  corneal 
reflex  abolished,  as  in  Pagenstecher's  case,  an  anes- 
thetic should  be  given,  and  preferably  ether,  by  the 
drop  method.     Struggling  is  liable  to  produce  a  de- 
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tachment  of  a  clot,  and  renew  the  hemorrhage,  a-  in- 
curred in  Parlavecchio's  patient. 

•1.  Never  probe  the  wound,  as  serious  injury  luav 
be  inflicted  upon  the  myocardium. 

5.  Either  Spangaro's  or  Rotter's  operation  renders 
access  to  the  heart  extremely  easy,  gives  an  oppor- 
tunity of  removing  any  extravasation  of  blood,  and 
permits  inspection  of  the  pleural  cavity  with  reference 
to  the  injuries. 

<i.  Steady  the  heart  before  attempting  to  suture  it 
— either  by  carrying  the  hand  under  the  organ  and 
lifting  it  up,  if  the  hole  is  large  enough,  introducing 
the  little  finger,  as  Parrozzani  did,  which  will  serve 
the  double  purpose  of  stopping  the  bleeding  and  facil- 
itating the  passage  of  the  stitches. 

7.  When  the  hemorrhage  is  so  profuse  as  to  pre- 
clude the  possibility  of  suturing,  with  the  right  hand 
gently  lift  the  heart  out  of  the  pericardium  and  intro- 
duce from  below  the  left  hand  and  press  between  the 
index  and  ring  finger  the  vena  cava  inferior  and  its 
inosculation  into  the  right  atrium  and  pressing  up- 
ward displace  the  inosculation  of  the  vena  cava 
superior. 

8.  Professor  Magnus  of  Heidelberg  believes  that  the 
heart  will  stand  complete  compression  for  a  minute 
and  a  half  and  incomplete  for  four  minutes. 

9.  Catgut  sutures  should  be  used,  as  wounds  of  the 
heart  heal  in  a  remarkably  short  time.  The  sutures 
should  be  interrupted,  introduced,  and  tied  during 
diastole,  not  involving  the  endocardium,  and  as  few 
as  possible  should  be  passed  commensurate  with  safety 
against  leakage,  as  they  cause  a  degeneration  of  the 
muscular  fiber  with  its  tendency  to  dilatation  and 
rupture. 

10.  In  cleansing  the  pericardium,  it  should  be 
sponged  out  and  no  fluid  poured  into  the  sac,  as 
quickly  produced  tension  may  cause  serious  con- 
sequences to  an  already  disabled  heart. 

11.  Until  every  aseptic  precaution  has  been  taken, 
the  mechanical  stoppage  of  the  heart  from  accumula- 
tion of  blood  in  the  pericardium  should  be  prevented 
by  aspiration,  as  diminished  resistance  from  loss  of 
blood  and  want  of  cleanliness  from  hurry  of  prepara- 
tion are  largely  contributive  causes  to  the  forty  per 
cent,  of  deaths  from  infection. 

12.  Rehn  suggests  closing  the  pleura  and  draining 
the  pericardial  sac,  but  never  the  reverse,  because  of 
the  ease  of  infection  of  the  pleura,  which  ma}-  extend 
to  the  pericardial  wound  and  cause  the  formation  of 
pus  in  the  closed  pericardium. 

13.  For  drainage,  tubes  are  preferable  to  gauze,  as 
the  latter  is  liable  to  cause  retention  of  the  discharge 
and  may  strangulate  the  heart. 

14.  A  needle  niay  be  removed  at  once,  but  a  knife 
blade  must  not  be  touched  until  the  surgeon  has 
bared  the  heart  and  is  master  of  the  situation,  as  an 
uncontrollable  hemorrhage  might  occur  from  pre- 
mature extraction.  L.  L.  Hill. 

Heart=block. — See  Arrhythmia. 

Heart=strain. — See  Heart,  Functional  Disorders  of. 

Heat,  Animal. — The  heat  of  the  animal  body  is 
the  result  of  the  oxidation  of  the  food  stuffs.  This 
oxidation  takes  place  in  the  tissues  of  the  body  and  is 
subject  to  variations  according  to  the  requirements 
of  the  tissues  for  energy.  Oxygen  is  carried  to  the 
tissues  by  the  blood — for  the  most  part  in  combina- 
tion with  the  hemoglobin  of  the  red  corpuscles.. 
The  food  stuffs  are  likewise  carried  to  the  tissues  by 
the  blood,  but  in  solution  in  the  plasma.  Under 
certain  forms  of  stimulation  the  cells  receiving  both 
oxygen  and  food  activate  the  oxygen  and  cause  it 
to  unite  with  certain  chemical  groupings  derived  from, 
the  food  and  the  result  is  the  liberation  of  energy 
which  takes  one  of  three  forms:  mechanical  work, 
electrical  currents,  or  heat. 
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By  far  the  greater  part  of  this  energy  takes  the  form 
of  heat;  for,  at  the  best,  i.e.  working  under  the  most 
favorable  conditions,  the  tissues  are  unable  to  con- 
vert more  than  one-third  of  the  potential  energy  of 
the  food  into  mechanical  work;  and,  ordinarily,  the 
amount  so  converted  is  not  more  than  one-tenth. 
The  amount  taking  the  form  of  electrical  energy  is 
almost  inhnitesimally  small. 

It  is  sometimes  stated  that  the  heat  which  results 
from  oxidation  in  the  animal  body  is  simply  a  by- 
product of  the  internal  work  which  takes  place  in  the 
tissues.  This  can  scarcely  be  a  correct  conception 
of  the  process  of  oxidation  as  a  fundamental  life 
process,  especially  in  warm-blooded  animals;  for  the 
maintenance  of  a  temperature  well  above  that  of  the 
surrounding  medium  is  an  essential  condition  for 
the  performance  of  the  internal  work  (chemical  reac- 
tions) in  the  tissues.  It  is  fair  to  say,  therefore,  that 
the  production  of  heat  at  a  rate  sufficient  to  offset 
the  inevitable  loss  to  its  surroundings  is  a  necessary 
function  of  every  warm-blooded  animal.  The  evolu- 
tion of  heat,  however,  is  not  confined  to  the  higher 
animals  but  is  common  to  all  living  beings.  It  is 
very  evident,  for  example,  in  the  germination  of 
seeds,  and  in  a  hive  of  bees  the  temperature  of  the 
atmosphere  is  often  10°  above  that  of  the  surrounding 
atmosphere. 

Increased  activity  in  living  tissues  is  almost  in- 
variably accompanied  by  an  increased  evolution  of 
heat.  Since  this  heat  is  derived  from  the  chemical 
changes  which  proceed  in  the  living  cells,  and 
since  all  chemical  processes  are  quickened  by  a 
rise  of  temperature,  we  should  expect  to  find  that  the 
heat  produced  in  the  metabolic  processes  of  the  organ- 
ism would  tend  of  itself  to  quicken  these  processes. 
This  is  found  in  fact  to  be  the  case.  In  most  chemical 
reactions  a  rise  of  10°  C.  would  increase  the  velocity 
of  the  reaction  from  two  and  a  half  to  three  times 
(Van't  Hoff's  Law),  and  the  same  law  is,  within  the 
limits  of  stability  of  living  tissues,  found  to  apply 
to  the  process  of  oxidation.  For  example,  in  the  early 
growth  of  a  lupine  seedling,  it  has  been  found  that  the 
output  of  C02  bears  to  the  temperature  the  following 
relationship : 

0°  C 6  milligrams  per  hour 

10°  C 18  milligrams  per  hour 

20°  C 44  milligrams  per  hour 

30°  C 86  milligrams  per  hour 

The  same  relationship  has  been  found  to  obtain  for 
the  production  of  CO2  in  the  snail,  the  leech,  and  the 
earthworm.  Perhaps  the  absorption  of  oxygen  is  a 
still  better  measure  of  the  heat  production.  Within 
the  range  of  5  to  21°  C.  it  has  been  observed  that  the 
factor  (Q  10),  which,  in  biological  literature,  expresses 
the  number  of  times  a  process  is  accelerated  for  a  rise 
of  10°,  has,  for  the  absorption  of  oxygen  by  the  cray- 
fish, a  value  of  2.5  to  3.5.  In  the  case  of  the  leech  the 
same  factor,  between  10  and  24°,  is  from  2.4  to  3.0. 

In  living  things  the  range  within  which  any  such 
law  applies  is  necessarily  very  narrow  as  compared 
with  its  range  in  inorganic  reactions;  and  the  factor 
(Q  10)  varies,  according  to  the  best  determinations 
which  have  yet  been  made,  very  widely.  Neverthe- 
less, it  may  be  said  that  the  law  that  the  rate  of 
chemical  change  (metabolism)  varies  with  the  tem- 
perature of  the  living  substance  is  a  universal  law  for 
all  animals  and  plants.  As  applied  to  the  production 
of  heat  in  living  things  this  law  would  result  in  a 
vicious  circle  (the  temperature  increasing  the  oxida- 
tion and  the  oxidation  increasing  the  temperature) 
which  would  rapidly  destroy  the  living  substance 
itself,  if  special  mechanisms  did  not  exist  for  the  re- 
moval of  the  heat.  Where  these  mechanisms  break 
down,  as  in  fevers,  the  heat  must  be  removed  by 
artificial  means.  Cold-blooded  terrestrial  animals 
are  protected  from  such  a  result  by  the  fact  that,  the 
skin  being  kept  moist,  any  increase  in  the  heat  pro- 


duction  causes  greater  evaporation  of  water  from  the 
surface  and  hence  a  correspondingly  greater  cooling 
effect.  Most  such  animals  also  burrow  into  the  ground 
or  take  to  the  water  in  very  warm  weather,  while,  in 

plants,  a  rise  of  external  temperature  increases  the 

transpiration  of  water  through  its  leaves  even  more 
than  it  increases  the  oxidative  processes;  hence,  their 
temperature  is  commonly  several  degrees  below  that 
of  the  surrounding  atmosphere. 

Animals  Classified  According  to  Body  Tempera- 
ture.— When  compared  with  respect  to  their  depend- 
ence upon  the  external  temperature,  animals  fall  into 
two  classes.  An  animal  whose  body  temperature 
follows  or  closely  approximates  that  of  its  surround- 
ings, so  that  the  chemical  activity  of  its  tissues  is 
dependent  upon  the  external  temperature,  is  called  a 
cold-blooded  animal.  Since  such  an  animal  is  not  in 
reality  cold-blooded  in  warm  weather,  a  better  term  is 
poikilothermous,  which  means  "changing  in  tempera- 
ture." Conversely,  an  animal  whose  body  tempera- 
ture is  nearly  constant,  remaining  much  higher  than 
that  of  the  surrounding  medium  even  in  extreme  cold, 
is  called  a  warm-blooded  animal.  Since  such  animals 
generally  are  provided  with  means  of  guarding  against 
a  rise  of  body  temperature  in  extreme  heat,  a  better 
term  for  them  ishomoiothermous,  meaning  "constant  in 
temperature." 

Among  homoiothermous  animals  the  temperature 
varies  somewhat  according  to  the  species,  thus: 

Birds 39.4-  43 . 9°  C. 

Cormorant 38   8-40.2°  C. 

Sea  Gull 40.9-42.1°C. 

Shag 39.4-41  .4°  C. 

Scoter  Du.'k.  411   9-41.7°  C. 

Wood  Duck.  42.0°  C. 

Merganser 41 .7°  C. 

Gannet 40.3-42. 1°  C. 

Domestic  Fowl 41.6-42.4°  C. 

Simpson. 
Mammals 35.5-40.5°  C. 

Man 37.0-37.5°  C. 

Monkey 37.8-39.7°  C. 

Horse 37.7-37.9°  C. 

Cow 38.6-38.9°  C. 

Sheep 40.0-40.6°  C. 

Dog 37.9-38.8°  C. 

Cat 38.7°  C. 

Rabbit 38.7-39.2°  C. 

Guinea  Pig 37 . 4-39 . 2°  C. 

\  arious  Sources. 

The  Body  Temperature  of  Man. — The  tempera- 
ture of  an  animal  is  usually  taken  in  the  rectum,  that 
of  man  either  in  the  mouth,  axilla,  or  rectum.  It  is 
self-evident  that  the  thermometer  must  remain  in 
place  long  enough  for  it  actually  to  acquire  the  tem- 
perature of  the  part  if  it  is  to  record  the  temperature 
accurately;  also  that  the  temperature,  as  determined 
in  these  different  places  in  the  body,  cannot  be  the 
same,  owing  to  the  loss  of  heat  from  the  superficial 
parts  of  the  body  much  faster  than  from  the  deeper 
parts.  Of  the  places  named,  therefore,  the  tempera- 
ture is  highest  in  the  rectum  and  lowest  in  the  axilla. 
If  the  subject  is  doing  physical  work  the  temperature 
in  the  mouth  may  fall  while  the  temperature  in  the 
rectum  is  rising.  Again,  after  feeding  a  dog  a  large 
meal  of  carbohydrate,  it  has  been  observed  that  the 
temperature  of  the  skin  rises  for  a  time  wdiile  the 
temperature  in  the  rectum  may  remain  stationary 
or  even  show  a  fall.  These  facts  indicate  the  necessity, 
always,  of  recording  the  place  where  the  temperature 
is  taken  as  well  as  any  particular  circumstances  under 
which  the  subject  is  placed  at  the  time. 

The  temperature  of  the  surface  of  the  body,  espe- 
cially of  the  parts  habitually  exposed,  varies  greatly, 
but  for  the  clothed  parts  may  be  estimated  in  general 
at  from  33°  to  35°  C.  Le  Fevre  has  observed  that 
when  the  naked  body  is  immersed  in  a  bath  the 
temperature  of  the  surface  layers  is  as  follows: 
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The  organs  of  the  abdominal  cavity  are  warmer 
than  the  .skeletal  muscles  or  the  rectum.  According 
to  Quincke  the  temperature  in  the  interior  of  the 
stomach  of  man  is  0. 1 2°  C.  higher  than  the  rectal  tem- 
perature, and,  according  to  I  to,  that  of  the  duodenum 
of  the  rabbit  is  0.7  C.  higher.  These  temperatures 
may  be  due  to  the  proximity  of  the  liver,  for  Le 
Fevre  has  found  the  liver  of  the  dog  more  than  1° 
warmer  than  the  rectum. 

Individual  variations  of  some  tenths  of  a  degree 
are  always  found  when  the  temperature  is  recorded 
over  sufficient  length  of  time  for  each  individual. 
As  a  mean  value  37.5°  C.  is  usually  given  for  the 
temperature  of  the  rectum,  37.2°  C.  for  the  axilla. 
It  is  not  quite  correct  to  say  that  these  temperatures 
are  constant;  for,  neglecting  variations  due  to  disease 
or  to  excessive  cooling,  it  is  well  known  that,  in  the 
course  of  the  day,  the  body  temperature  undergoes 
certain  normal  variations.  In  a  healthy  individual  the 
temperature  difference  between  minimum  and  maxi- 
mum in  the  diurnal  curve  may  amount  to  1°  to  1.5°  C. 
In  ordinary  habits  of  life  the  minimum  comes  between 
three  and  six  o'clock  in  the  morning  and  the  maximum 
between  six  and  eight  o'clock  in  the  evening. 

Cause  of  the  Diurnal  Variations  of  Tempera- 
ture.— The  cause  of  these  variations  in  the  body 
temperature  lies,  primarily,  in  the  variations  in  the 
intensity  of  the  metabolism.  If  the  C02  elimination, 
which,  to  a  certain  extent,  may  be  looked  upon  as  an 
expression  of  the  relative  amount  of  metabolism,  be 
determined  at  different  times  of  day,  a  surprising 
parallelism  is  found  between  its  curve  and  that  of  the 


Fig.  3105. — Parallelism  between  the  Body  Temperature  Varia- 
tions and  the  Production  of  CO;.  (From  Tigerstedt,  after  Jiirgen- 
sen.)  The  continuous  line  indicates  COa  per  two  hours;  the 
broken  lines,  body  temperature. 

body  temperature.  This  fact  alone  would  be  proof 
of  the  dependence  of  the  body  temperature  upon  the 
varying  degrees  of  activity  set  up  in  the  organism  by 
the  environing  conditions,  if  there  were  no  variation 
in  the  kind  of  food  being  oxidized  during  the  day. 
No  doubt  if  the  variations  in  the  absorption  of  oxygen 
were  determined  they  would  be  found  even  more 
nearly  parallel  to  the  body  temperature  variations. 

The  factors  which,  it  is  believed,  may  be  operative 
to  affect  the  body  temperature  in  this  way  are: 
muscular  exercise,  mental  effort,  kind  and  amount  of 
food,  light  through  its  reflex  effects,  temperature  of 
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tin-   surrounding  medium,  and   sleep.     Probablj    the 

first    is  the  must  important,   but    ii  com- 

bined effect  of  all  of  them  to  account  for  the  perl 
regularitj    of   the   variations.     Certain    verj    careful 
observations  bj    Mosso  and  F.  G.  Benedict  indicate 

in  fact,  that  there  is  a  fixed  periodicity  in  the  bod;. 
temperature  which  is  entirely  independent  of  any  and 
all  of  these  superficial  circumstances.  Benedicl 
found  that  the  minimum  temperature  in  ui 
workers  persu ted  in  falling  in  t he  earlj  morning  hours 
"independent  of  whether  the  subject  was  sleeping 
soundly  in  the  recumbent  position  or  was  awake  and 
sitting  or  even  standing  and  walking."  Among  the 
objections  which  have  been  brought  against  the  work 
of  Mosso  and  of  Benedict  on  night  workers  is  the  fact 
that  an  individual  worker  cannot  be  entirely  discon- 
nected from  the  rest  of  society  in  this  way.  Thus, 
under  a  reversed  day  and  night  regime,  the  subject 
necessarily  works  under  artificial  light  in  the  stillness 
of  the  night  and  he  must  sleep  in  the  daytime  through 
noise  and  other  disturbing  circumstances.  "The 
nighttime  has  a  peculiar  effect  upon  the  general  state 
of  one's  mind  owing  to  the  solitariness  and  various 
other  circumstances,  and  this  changed  psychical  con- 
dition reacts  on  all  one  undertakes"  (Lindhard).  A 
less  objectionable  method  of  reversing  the  daily 
routine  is  that  of  taking  a  journey  half-way  round 
the  globe.  If  the  body  temperature  were  subject  to 
a  rhythmical  periodicity  independent  of  the  imme- 
diate surroundings,  a  journey  of  this  kind,  from 
east  to  west  or  west  to  east,  would  completely  invert 
the  day  and  night  with  reference  to  the  local  time 
from  which  one  started,  and  should  have  the  effect  of 
replacing  the  minimum  morning  temperature  by  the 
maximum  evening  temperature  and  vice  versa.  The 
first  experiment  of  this  kind  was  performed  on  himself 
by  R.  B.  Gibson,  who  made  a  journey  from  New 
Haven,  Conn,  to  Manila,  P.  I.  It  has  since  been 
accomplished  by  Osborne  in  a  journey  from  Melbourne 
to  London,  and  less  completely,  so  far  as  the  extent 
of  the  inversion  was  concerned,  by  Simpson  in  a 
journey  from  Ithaca,  N.  Y.,  to  Edinburgh,  Scotland. 
"Day"  and  "night"  were  reversed  by  Lindhard  in 
the  polar  night  of  N.  E.  Greenland  in  the  following 
way.  Observations  were  made  on  the  body  tempera- 
ture of  all  of  the  twenty-eight  members  of  the  expedi- 
tiuii  during  the  "day,"  i.e.  the  time  during  which 
the  lamps  were  lighted  and  the  men  were  active  in- 
doors, and  again  during  the  "night,"  i.e.  when  the 
lights  were  put  out  and  the  men  went  to  bed;  also 
upon  waking.  Then  by  postponing  the  bedtime  four 
hours  one  day  and  eight  hours  the  next  and  the  inser- 
tion of  an  extra  meal  the  "day"  and  "night"  were 
reversed.  In  all  these  experiments  the  results  were 
essentially  the  same.  Complete  reversal  of  the  day 
and  night  produce  a  complete  inversion  of  the  diurnal 
temperature  curve,  showing  that  the  curve  is  deter- 
mined by  work  and  the  mode  of  living,  and  that  "the 
astronomical  division  of  time  is  'without  importance 
in  this  regard."  Still  more  out  of  the  question  is  any 
inherited  form  of  the  temperature  curve  or  any  mys- 
terious "cosmic"  influence. 

Temporary  changes  of  the  body  temperature  in  one 
direction  or  the  other  may  be  produced  by  various 
voluntary  acts  which  tend  to  offset  the  heat  produc- 
tion or  the  heat  loss.  Thus,  the  temperature  falls 
as  the  result  of  sitting  perfectly  still,  of  drinking  cold 
water,  eating  ices,  etc.  It  rises,  as  a  rule,  as  the  result 
of  exercise,  taking  hot  drinks  or  food,  etc.  However, 
all  such  variations  are,  as  a  rule,  very  insignificant, 
and  this  very  remarkable  fact  has  been  established — 
that  the  mean  value  of  the  temperature  obtained 
from  a  large  number  of  determinations,  extending 
over  periods  of  twenty-four  or  forty-eight  hours, 
remains  the  same  in  spite  of  all  such  disturbances. 
With  a  free  choice  of  food,  therefore,  the  body  meas- 
ures out  its  supply  of  energy  to  fit  the  circumstances 
of  heat  loss  with  unerring  accuracy. 
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Variations  of  t<  tn /><  ralurt'  between  persons  of  differ- 
cut.  age  are  also  but  slight.  The  fetus,  having  a 
certain  small  metabolism  of  its  own  and  being  har- 

liored    among    the    wannest,    organs    of    the    mother's 

body,  might  be  expected  to  have  a  temperature  slightly 
higher  than  the  mother,  which,  indeed,  direct  observa- 
tions confirm.  The  difference,  however,  amounts  to 
only  0.3°  C.  After  birth  the  temperature  sinks  from 
0.5  to  0.8°  C.  and  continues  low  until  near  the  end  of 
the  first  week,  a  fact  explained  in  part  by  bathing  and 
in  part  by  the  time  required  for  the  process  of  adapta- 
tion to  the  new  source  of  food.  After  its  return  to 
normal  the  temperature  in  health  never  varies  far 
from  this  level.  The  following  table,  after  Jundell, 
gives  the  average  body  temperature  (rectum)  for  the 
entire  twenty-four  hours  in  persons  of  different  age 
up  to  twenty-two  years. 


Age. 


C. 


5  to  8  days.  . 
4  to  5  weeks. 
2  months.  .  .  . 

6  months. . .  . 
2  to  5  years. 

18  to  22  years 


36.82 
37.13 
37.12 
37.15 

36  '.r_' 
36  s.j 


The  variation  amounts  to  only  0.33°  C.  For  very  old 
persons  (seventy-one  to  ninety-eight  years)  the 
average  rectal  temperature,  according  to  Chelmonski, 
was  36.58°  C.  in  the  morning  and  36.65°  in  the  evening. 
Subjected  to  excessive  loss  of  heat  the  body  is  unable 
to  maintain  the  normal  level  of  temperature  and  the 
disturbance  to  its  functions  is  greater  the  lower  the 
body  temperature  falls.  The  highest  nerve  centers 
are  the  first  to  suffer  so  that  the  person  soon  becomes 


Fig.  3106. — The  Course  of  the  Body  Temperature  After  Death. 
[From  Tigerstedt,  after  Niederkorn.)  The  continuous  line  indi- 
cates death  from  typhoid  fever,  temperature  at  left;  the  broken 
lines,  death  from  pulmonary  consumption,  temperatures  at  right. 
The  abscissas  denote  hours  after  death. 

unconscious.  This  fact  explains  the  drowsiness  of 
persons  threatened  with  freezing  from  exposure. 
Life  is  maintained  by  the  medullary  centers,  however, 
until  the  reduction  of  the  general  body  temperature 
has  gone  much  farther.  Theoretically,  restoration 
is  possible  so  long  as  these  centers  (respiratory  center, 
vasomotor  center,  etc.)  retain  their  vitality.  Cases 
nave  been  recorded  of  patients  who  have  recovered 
from  a  body  temperature  of  22.5°  C.  (Jenssen),  and 


one  case  of  a  man  who  retained  consciousness  will.  ;i 

tempera!  ure  of  26.7°  C. 

In  like  m.ii r  mi  increase  in  body  l<  mperature,  if  it, 

passes  a  certain  limit,  involves  first  disturbances  to 
the    general    health    and    later    loss    of    consciousness, 

while  the  center    of  the  medulla  remain  functional. 

In  general,  it  may  be  said  that  the  body  stands  a  fall 
better  than  a  rise  of  temperature;   for   while    a-     een 

ai»  r\  e,  it  maj  recover  from  a  fall  of  as  much  as  15°  ('., 
a  rise  of  only  2°  or  3°  C.  is  a  very  serious  matter,  and 
a  rise  of  4°  or  5°  C,  i.e.  to  41°  or  42°  C.  constitutes  a 
very  dangerous  symptom.  Some  of  the  highest, 
authenticated  temperatures  from  which  patients 
have  recovered  are:  43.6°  C.  in  a  case  of  syphilis  of 
the  brain  (Paget);  42°  ('.  typhoid  fever  (Thoma  , 
43.6°  scarlet  fever  (Vincent  and  Bloch) ;  42°  erysipelas 
(Hirz);  43.3°  malaria  (Mader);  43.9°  acute  rheuma- 
tism (Clinical  Society  of  London). 

After  death  the  temperature  of  the  body  falls,  but 
not  always  immediately.  This  shows  that  the  heat 
production  does  not  cease  the  moment  the  organism 
has  taken  its  last  breath.  Besides,  with  the  cessa- 
tion of  the  circulation  and  the  secretion  of  sweat  any 
heat  formed  by  postmortem  phenomena  in  the  interior 
of  the  body  is  not  so  readily  lost.  In  cases  of  death 
from  infectious  diseases  the  temperature  of  the  cada- 
ver may  even  rise  for  some  hours  after  the  usual  signs 
of  life  have  disappeared. 

The  following  table  gives  some  of  the  higher  tem- 
peratures which  have  been  found  at  various  inter- 
vals, in  different  cases,  after  the  subjects  were  pro- 
nounced dead. 


Tempera- 

Tempera- 

Time 

ture  before 

ture  after 

after 

Disease. 

Author. 

death.* 

death. 

death. 

41.1°  C. 

44.5°  C. 

? 

Heat  stroke. 

Levick. 

44.8°  C. 

45 . 4°  C. 

57  min. 

Lockjaw. 

Wunderlirh. 

43.8°  C. 

44.2°  C. 

45  min. 

Tuberculous 
meningitis. 

Wunderlich. 

43.2°  C. 

43.6°  C. 

15  min. 

Erysipelas. 

Eulenburg. 

43.0°  C. 

44.0°  C. 

60  min. 

Pyemia. 

Quincke. 

42.0°  C. 

43 . 2°  C. 

60  min. 

Pneumonia. 

Quincke. 

41.1°  C. 

43.3°  C. 

15  min. 

Crushing  of  cord. 

Churchill. 

The  Heat  Producing  Organs  of  the  Body. — Heat 
is  produced  wherever  oxidation  takes  place  in  the 
body.  Every  organ  and  tissue,  therefore,  must 
contribute  its  quotum  to  the  sum.  total.  Some  tissues, 
however,  are  in  reality  unimportant  in  this  respect, 
notably  the  bones,  exclusive  of  the  marrow,  the 
tendons,  cartilage,  the  white  matter  of  the  nervous 
sj-stem  and  the  skin.  The  organs  and  tissues  which 
are  known  to  be  most  active  in  the  production  of 
heat  are:  the  cross-striated  muscles,  including  the 
heart,  the  large  glands  (liver,  intestine,  stomach, 
spleen,  pancreas,  and  kidneys)  and  the  non-striated 
muscles.  Taking  the  total  heat  production  of  a 
resting  man  of  average  weight  (seventy  kilograms)  as 
1,680  calories*  (see  below),  Tigerstedt  has  estimated 
that  the  contribution  of  the  different  organs  is  as 
follows: 

Heart 71 1  cat. 

Muscles  of  respiration 150  cal. 

Liver 368  cal. 

Kidneys 74  cal. 

Skeletal  muscles 1,000  cal. 

Total 1,662  cal. 

This  leaves  only  a  very  small  fraction  of  the  whole 
to  be  produced  by  the  less  active  organs. 

That,  the  skeletal  muscles  must  be  the  most  impor- 

*  Note. — A  calorie  is  the  one-one-hundredth  part  of  the  heat 
necessary  to  raise  one  kilogram  of  water  from  0°  (freezing)  to  100° 
(boiling)  at  sea  level. 
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taut,  seat  of  heat  production  follows  from  the  fact  that 
with  every  muscular  contraction  from  three-fourths 
to  two-thirds  of  the  energy  liberated  is  set  free  as 
heat  (see  below).  It  lias  been  conclusively  proved, 
also,  that  heat  is  constantly  being  produced  even  in 
resting  muscles.  Thus,  Meade-Smith  determined 
the  temperature  of  the  vastus  externus  and  prof  undus 
muscles  of  the  doer  simultaneously  with  the  tempera- 
ture of  the  blood  in  the  aorta,  with  the  following 
result: 


Muscle, 

Blood                       I  different  • 

38.38°  C. 

n°c. 

38  7  1°  C. 
38.28°  C. 

37.97°  C. 
38.  l.V   C 
38.21°  C. 
37.90°  C. 

+0.41°  ('. 
+0.28°  C. 
+0.58°  C. 
+0.38°  C. 

It  may  be  calculated  from  his  observations  that  nearly 
ten  calories  of  heat  are  produced  in  one  kilogram  of 

resting  muscle  in  twenty-four  hours. 

Proof  of  the  Sources  of  Animal  Heat  (Calorim- 
ETRy). — Proof  that  the  ultimate  source  of  the 
produced  in  the  animal  body  lies  in  the  oxidation  of 
its  organic  food  stuffs  dates  from  the  time  of  Lavoisier, 
the  discoverer  of  oxidation  (1789).  Lavoisier  in- 
vented a  calorimeter  which  measured  the  heat  pro- 
duced by  a  small  animal  in  terms  of  the  number  of 
grams  of  ice  melted.  By  means  of  another  appar 
which  was  never  described  fully  (the  invent 
notes  having  been  destroyed  in  the  French  Revolution, 
during  which  he  was  beheaded  after  having  unavail- 
ingly  begged  for  a  prolongation  of  life  for  two  weeks 
in  order  to  complete  certain  experiments),  Lavoisier 
learned  not  only  that  oxidation  is  the  source  of  heat 
in  the  human  body,  but  that  the  amount  of  heat  so 
produced  is  greater  during  muscular  work,  after  tak- 


Fio.  3107. — Calorimeter  (Riche)  for  use  with  the  Krocker  Bomb.  The  food  is  placed  in  k  and  is  ignited  by  sending  a  known 
amount  of  current  through  e.  a.  Bomb;  b.  vacuum  cup:  c,  split  ring;  e,  platinum  wire;  /,  felt;  h,  hole  in  inner  tube;  t,  spring 
Btops;  j,  stirrer;  k,  capsule;  m,  fibre;  o,  cork;  p,  platinum  tube;  r,  platinum  rod;  s,  stirrer  rod;  (,  thermometer;  v,  fuse  wire  posts; 
w,  wooden  box;  x,  motor;  y,  fuse  wire;  Sw,  switch;  Ba,  storage  batteries;  1,  valve  screw;  2,  valve  screw;  3,  insulated  post;  4,  inlet 
screw;  5,  inlet  screw.     (Journal  of  the  American  Chemical  Society.) 
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ing  food  and  greater  at  a  low  than  at  a  high  external 
temperature. 

Lavoisier,  however,  assumed  that  the  heat  value 
of  a  compound  was  equal  to  the  sum  of  the  combus- 
tion heat  values  of  its  constituent  elements.  Thus, 
according  to  his  ideas,  the  heat  value  of  formic  acid 
(CO2H2)  should  be  equal  to  the  combustion  heat 
values  of  H  and  O.  This,  however,  is  not  the  case; 
for  the  heat  value  of  2H(2H+0  =  H20)  is  683  cal., 
per  gram,  mol.,  and  of  C(C+02  =C02)  is  943  cal., 
whereas  the  heat  values  of  C02H2(C02H2-fO  =C02 
+  H20)  is  only  694  cal.  The  difference  between  the 
combustion  heat  value  of  C02H2  and  the  sum  of  the 
heat  values  of  H2  and  C  is  known  as  the  heat  of  forma- 
tion (Bildungawarme).  That  is,  it  is  the  heat  devel- 
oped and  set  free  when  the  elements  were  combined 
to  form  the  compound. 

All  food  stuffs  are  organic  compounds  of  this  sort, 
but  most  of  them  are  much  more  complex  in  their 
structure  than  formic  acid.  The  combustion  heat 
value  of  a  substance  is  determined  by  burning  it  in 
an  atmosphere  of  pure  ox.ygen,  in  an  apparatus  known 
as  a  bomb  calorimeter,  of  which  there  are  many  differ- 
ent forms.  One  of  the  most  recent  forms  is  shown  in 
Fig.  3107. 

The  subjoined  table  gives  the  combustion  heat 
value  of  some  of  the  most  important  food  stuffs : 

Heat  Value  of  One  Gram  of  Each  Substance. 


Substance. 

Stohmann.      Berthelot. 

Rubner. 

Benedict. 

4.316 
3.743 
3.755 
3.722 
3.955 
3.737 
3.722 

4   323 

3.762 

3 .  739 

3.729 

Galactose 

Cane  sugar 

Milk  sugar 

3  962 

3.777 

4.001 

3.737 
3.776 

4.119 

4.228 
9.265-9.369 
9.429-9.549 

9.511 

4.183 

9.745 

9.745 
9.334 

9  318 

'i    t'i'i 

9.500 
9.231 

9.520 
5.687 

White  of  egg 

Yolk  of  egg 

5.735 

5.841 
5.721 

5.663 
5.850 
5.942 

5.728 

5  778 

fat). 
Veal 

5.626 

Peptone    from    fi- 
brin. 

■1   227 

4  401 

3  065 

2.882 

4.240 

1  988 

4.137 

3.662 

3.110 

5.915 

7.  104 

3.615 

If  the  end-products  of  oxidation  were  exactly  the 
same  in  the  body  as  in  the  calorimeter,  the  amount 
of  heat  produced  by  these  substances  when  they  are 
oxidized  in  the  body  should  be  the  same  as  when  they 
are  burned  in  pure  oxygen.  This,  in  fact,  is  the  case 
normally  with  all  the  pure  carbohydrates  and  fats; 
for  the  end-products  of  oxidation  in  both  instances 
are  only  CO,  and  H:0.  With  the  nitrogenous  foods 
(proteins,  extractives)  the  physiological  heat  value 
should  be  less  than  the  calorimetric  heat  value  for 
the  reason  that  the  body  does  not  oxidize  nitrogen 
completely.      If    it    should    do    so,    the    end-product 

Vol.  V.— S 


(nitric  acid)  would  be  very  harmful  to  the  body  and 
would  require  to  be  neutralized  in  some  way.  Those 
products  which  represent  the  partially  oxidized  nitro- 
gen of  the  proteins  of  the  food  are  excreted  in  solution 
in  the  mine  (urea,  uric  acid,  etc.).  Hence  the  physio- 
logical heat  value  of  any  protein  (e.g.  washed  meat) 
may  be  found  by  subtracting  the  combustion  heat, 
value  of  its  nitrogenous  waste  products  from  the  com- 
bustion heat  value  of  the  meat,  itself.  To  make  the 
determination  still  more  exact,  it  is  necessary  to  make 
certain  other  corrections.  Thus,  while  meat  or  casein, 
for  example,  may  be  completely  digested  and  absorbed, 
they  always  occasion  a  loss  of  nitrogenous  material 
from  the  bowel,  which  represents  the  unabsorbed 
residues  of  the  digestive  juices.  The  heat  value  of 
the  feces,  therefore,  should  be  subtracted.  Then 
there  are  certain  small  heat  fractions  lost  in  the  im- 
bibition of  water  by  the  protein  and  in  the  solution 
of  the  urea,  etc.,  in  the  urine.  Making  all  these 
corrections  for  lean  meat,  extracted  free  of  fat  and 
dried,  Rubner  obtained  the  following  from  a  feeding 
experiment  with  a  dog. 

Calories. 

100  grams  fat-free,  dried  meat,  combustion 535.5 

Urine 112.9  cal. 

Feces 16.8  cal. 

Imbibition  of  water 2.7  cal. 

Heat  of  solution 2 . 0  cal. 

134.4  cal.  134.4 

Difference 400. 1 

The  heat  value  to  the  dog's  body,  therefore,  was  4.0 
calories  per  gram.  Rubner  had  previously  determined 
the  dynamic  equivalents  of  the  different  food  stuffs 
in  terms  of  each  other;  thus:  100  grams  fat  are  equal 
in  heat  value  to  211  grams  of  protein,  232  grams  of 
starch  or  234  grams  of  cane  sugar.  Later  he  pub- 
lished the  following  as  the  physiological  heat  values 
of  the  three  principal  food  stuffs: 

1  gram  protein 4.1  calories. 

1  gram  starch  ox  sugar 4.1  calories. 

1  gram  fat 9  .  3  calories. 

Indirect  Calorimetry. — With  the  correct  determina- 
tion of  the  calorimetric  heat  values  of  the  simpler 
food  stuffs,  it  became  possible  to  determine  the  total 
heat  production  of  the  human  body.  Pettenkoffer 
and  Voit,  under  the  patronage  of  the  King  of  Bavaria, 
constructed  in  Munich  in  1860,  a  respiration  apparatus 
which  enabled  them  to  estimate  the  products  of 
respiration  from  an  adult  man  in  twenty-four-hour 
periods.  By  collecting  all  the  other  excreta,  they  then 
were  able  to  compute  the  total  loss  of  the  different 
elements  from  the  body.  Knowing  the  total  nitrogen 
elimination  from  the  body,  by  multiplying  this  amount 
by  6.2.5  they  obtained  the  amount  of  protein  used  up. 
From  the  total  amount  of  carbon  eliminated  they 
were  able  to  calculate  the  amount  of  the  non-nitro- 
genous materials  consumed.  Knowing  that  proteins 
contain  3.2S  times  as  much  carbon  as  nitrogen  one 
deducts  first  the  quantity  of  carbon  belonging  to 
protein.  If  no  food  has  been  ingested  during  the  time 
of  the  experiment,  nor  for  twenty-four  hours  before, 
it  is  assumed  that  all  the  rest  of  the  carbon  came  from 
fat.*  Dividing  the  remainder  of  the  carbon  by  0.76, 
the  percentage  of  carbon  in  fat,  one  obtains  the  num- 
ber of  grams  of  fat.  If  food  is  taken,  containing  only 
protein,  or  only  fat  or  only  protein  and  fat,  the  same 
calculation  suffices  to  give  the  total  amount  of  each 
food  stuff  oxidized.  Should  the  food  contain  carbo- 
hydrate, it  is  necessary  to  know  the  number  of  grams 
of  carbohydrate  absorbed.  Since  it  is  known  that 
carbohydrate  is  oxidized  in  the  body  more  readily 
than  fat,  it  is  assumed  that  all  of  this  carbohydrate 

•.Vo/e. — It  is  now  known  that  this  is  not  strictly  correct;  for 
even  as  much  as  eight  days  of  fasting  does  not  exhaust  all  the  gly- 
cogen stored  in  the  tissues. 
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absorbed  would  be  oxidized  before  any  fat  is  drawn 
upon.  Deducting  from  the  total  carbon  excreted, 
first  the  carbon  of  protein,  then  the  carbon  belonging 
to  the  amount  of  carbohydrate  absorbed,  what 
remains  is  again  counted  as  carbon  of  fat.  In  this 
way  Pettenkofer  and  Voit  computed  the  amounts 
of  the  different  food  stuffs  destroyed  in  the  body  under 
different  conditions.  But  it  was  not  until  Rubner 
had  perfected  his  method  of  determining  the  heat 
values  of  the  food  stuffs  about  1885,  that  it  became 
possible  to  compute  the  total  heat  production.  Tak- 
ing the  figures  which  Pettenkoffer  and  Voit  had  found 
from  a  fasting  man,  namely,  70.8  grams  protein  and 


eliminated   bv   the  breath  and  the  oxygen  absorbed 

CO 
therefrom.     The   value   of    this   quotient    .    ■    varies 

with  the  kind  of  food  stuff  being  burned,  because  the 
amount  of  oxygen  already  present  in  the  compound 
is  different.  With  carbohydrate  the  H  and  0  are 
present  in  the  proper  proportion  to  form  water 
(e.g.  C»HiaO»).  Oxygen  is  required,  therefore,  only 
to  satisfy  the  combining  power  of  carbon.  Hence, 
the  R.  Q.  wovdd  be  equal  to  unity.  Thus:  CeHuOj 
+602  =  6C02+6H20.  The  number  of  molecules 
of  I  h  absorbed  in  this  reaction  being  equal  to  the  num- 
ber of  molecules  of  COs  produced,  the  R.  (j.  would  be 


Fig.  310S. — The  smaller  respiration  apparatus  of  Pettenkoffer  and  Voit.  Air  enters  the  cage,  .4,  at  the  upper  left-hand  corner. 
It  is  drawn  out  through  openings  in  the  tube  B  (so  spaced  as  to  insure  thorough  diffusion)  through  the  tube,  C,  and  the  large  H2O 
flask,  where  it  is  saturated  with  moisture,  to  the  gas  meter,  D,  where  it  is  measured.  The  meter  is  driven  by  a  water  wheel,  IT*, 
rotated  at  a  uniform  rate  of  speed  by  a  constant  head  of  water  pressure,  V.  At  E  a  side  tube  leads  off  from  C  conveying  a  sample 
of  cage  air  for  analysis.  This  air  is  drawn  through  a  mercury  valve,  F,  by  means  of  the  mercury  pump,  G.  The  latter  is  operated 
by  the  mechanism,  A",  F,  connected  with  the  water  wheel.  From  the  valve,  F,  this  air  passes  through  two  H2SO2  flasks  and  is  then 
saturated  with  moisture  so  as  to  prevent  loss  of  water  from  the  BaCOH)2  tubes.  Of  course  the  air  as  it  leaves  the  Ba(OH):  tubes, 
is  saturated  with  moisture,  and  is  measured  by  the  small  gas  meter,  H,  just  as  in  the  case  of  the  large  meter,  while  in  this  saturated 
condition.  A  duplicate  sample  is  led  off  at  the  same  time  through  another  branch  of  the  tube,  E,  and  through  another  system  of 
vessels  to  the  gas  meter  at  3.  Through  the  branches  of  the  tube,  L,  duplicate  samples  of  the  air  which  enters  the  cage  are  drawn 
in  the  same  manner  to  similar  valves,  and  then  through  similar  vessels  and  tubes  to  meters  placed  at  1  and  4.  (From  Tigeratedt, 
New  York,  D.  Appleton  &  Co.) 


222  grams  fat  as  the  amount,  destroyed  in  twenty- 
four  hours,  Rubner  multiplied  these  amounts  by  the 
physiological  heat  values  of  protein  and  fat  respec- 
tively, and  learned  that  the  man,  while  fasting,  had 
produced  in  his  body  2355.8  calories  of  heat  energy 
in  twenty-four  hours,  or  about  thirty-three  calories 
per  kilogram  of  net  body  weight.  This  method  of 
computing  the  heat  production  is  known  as  the  method 
of  indirect  calorimelry . 

The  amount  of  oxygen  necessary  for  the  oxidation 
of  the  indicated  quantities  of  the  food  stuffs  consumed 
can  readily  be  calculated  from  the  known  average 
composition  of  the  protein,  fats  and  carbohydrates. 
The  only  method  of  checking  this  result,  however,  in 
the  procedure  of  Pettenkoffer  and  Voit,  consists  in 
subtracting  from  the  final  weight  of  the  subject  plus 
the  weight  of  the  excreta,  the  original  weight  of  the 
subject  plus  the  weight  of  the  ingesta.  The  differ- 
ence should  equal  the  weight  of  the  oxygen  absorbed 
and  united  with  the  combustible  compounds.  While 
this  method  of  estimating  the  oxygen  absorption  of 
the  subject  is  not  very  exact,  it  enabled  Pettenkoffer 
and  Voit  to  learn  positively  that  very  little,  if  any, 
carbohydrate  was  oxidized  in  the  body  of  their  fasting 
subject. 

This  they  knew  from  the  respiratory  quotu  nt. 
This  term  is  applied  to  the  quotient  expressing  the 
relationship  between  the  volume  of  carbon   dioxide 

114 


1.  Fats  and  proteins  contain  relatively  more  C  and 
less  O  than  do  carbohydrates.  Hence,  relatively 
more  O  is  required  for  their  combustion,  whether  in 
the  body  or  in  the  calorimeter.  The  average  value 
for  fats  is  commonly  given  as  0.71  and  for  proteins 
0.78.  In  the  case  of  their  fasting  individual  Petten- 
koffer and  Voit  found  a  R.  Q.  of  0 .  69,  which  indicated 
clearly  enough  that  nothing  with  an  oxygen  content 
as  high  as  that  of  carbohydrate  could  have  taken  much 
part  in  the  oxidation.  The  R.  Q.  of  a  man  on  an 
average  mixed  diet  is  in  the  neighborhood  of  0.8. 

Direct  methods  for  the  determination  of  the  oxygen 
absorbed  are  now  in  use.  The  method  devised  by 
F.  G.  Benedict  consists  essentially  in  the  mainte- 
nance of  a  constant  tension  inside  the  respiration 
chamber,  by  admission  of  oxygen  from  a  cylinder, 
to  replace  the  oxygen  used  up  by  the  subject.  In  this 
form  of  apparatus  the  same  air  is  circulated  round 
and  round  through  the  respiration  chamber  and  the 
absorbers  for  the  removal  of  carbon  dioxide  and  water. 
If  the  system  contains  at  the  end  of  an  experimental 
period  the  same  quantity  of  residual  CO2  and  H20  as 
at  the  beginning  and  oxygen  is  admitted  until  the 
atmosphere  contained  in  the  system  has  the  same 
tension  as  at  the  beginning,  then  the  loss  in  weight 
of  the  oxygen  cylinder  gives  the  weight  of  oxygen 
consumed  by  the  subject. 

Knowledge  of  the  oxygen  absorbed  makes  it  possible 
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■alorimeter  showing  means  of  ventilation. 


to  determine  the  amounts  of  the  different  food  stuffs 
oxidized  more  accurately  than  by  the  method  of 
Pettenkoffer  and  Voit.  The  method  of  Zuntz 
Sehumberg  is  as  follows: 

All  calculations  on  the  basis  of  one  hour. 

The  N  in  the  urine  (per  hour)  (a)X2.56  =  C  from  protein  in  the 
respiration. 

3 
The  CO2  output  in  grams  per  hourX  fr=C  output  in  grams  per 

hour. 

The  C  of  respiration  — C  of  protein  in  respiration  =  C  of  carbohy- 
drate and  fat  in  respiration  (b). 

N  in  urine  X  8.45  =  0  from  protein  in  respiration. 

Total  O  absorbed  —  O  from  protein  =0  absorbed  for  carbohy- 
drate and  fat  (c). 

The  0  for  oxidation  of  one  gram  of  fat  =3.751  (average). 

The  O  for  oxidation  of  one  gram  of  CH  =  2.651  (average). 

Let  x  =number  of  grams  C  from  fat  (1  gm.  C  from  fat=  12.3 
cal:). 

Let  y  =  number  of  grams  C  from  CH(1  gm.  C  from  CH=9.5cal.). 


x  +  y  =  b. 

3. 751x4-2. 651y=c. 
Solving  for  x  and  y 


(1  gm.  N  from  Prot.  =26.0 

cal.). 


aX2f>=   cal.  from  prot. 
yX  12. 3  =  cal.  from  fat. 
yX9.5  =  cal.  from  CH 
Total  =  cal.  per  hour. 


Direct  Calorimetry. — The  first  to  attempt  a  compari- 
son of  the  heat  production  as  calculated  from  the 
excretory  products  with  the  heat  production  as 
directly  measured  was  Rubner  in  1891.  In  his 
laboratory  at  Marburg  he  constructed  a  calorimeter 


consisting  of  a  closed  cage  large  enough  to  contain  a 
large  dog,  and  immersed  it  in  a  large  copper  water 
bath — all  but  the  opening  left  for  access  to  the  cage. 
The  calorimeter  was  ventilated  on  the  same  principle 
as  the  Voit-Pettenkoffer  respiration  apparatus,  the 
temperature  of  the  entering  and  issuing  air  being 
carefully  recorded.  The  volume  of  the  water  sur- 
rounding the  cage  being  known,  the  heat  given  off  by 
the  dog — all  but  the  small  quantity  conveyed  away 
by  the  air  current — was  measured  by  the  rise  in  tem- 
perature of  this  water. 

The  results  of   Rubner's  experiments    reported   in 
1894  are  as  follows: 


Heat 

Differ- 

No. 

Animal 

Food  per  day. 

No                    . 
.          prod,  cal- 

days'    culated. 

Heat  prod, 
measured. 

ence  in 
per  cent. 

1 

Dog  I 

Fasting. 

5 

1,296.3 

1,305.2 

+0.69 

2 

Dog  II 

Fasting. 

2 

1,091.2 

1,056  6 

-3.  15 

3 

Dog  I 

390  gm.  meat 

1 

329.9 

333   9 

+  1.20 

4 

Dog  I 

40  gm.  lard 

5 

1,510.1 

1.495.3 

-0.97 

0 

Dog  I 

80  gm.  meat 
30  gm.  lard 

12 

3.9S5.4 

3,958.4 

-0.68 

fi 

Dog  I 

Same 

8 

2.492   4 

2.488.0 

-0.17 

7 

Dog  I 

350  gm.  meat 

6 

2,249   8 

2,276.9 

+  1.20 

8 

Dog  II 

580  gm.  meat 

7 

4,780.8 

4,769.3 

-  0 .  24 

46     17,735.9 

17.0S3.fi 

-  0 .  30 
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Fig.  3110. — Section  of  copper  chamber,  showing  absorption  system  for  collection  of  heat  (//),  bed  (Bd),  air  inlet  (A)  and  outlet 

(Ai),  etc.      (Atwater  and  Rosa.) 


In  a  total  of  forty-six  days  of  experimentation, 
with  iiis  animals  on  various  kinds  of  food,  Rubner 
thus  found  a  difference  of  only  0.3  per  cent,  between 
the  heat  production,  as  calculated,  and  the  heat  pro- 
duction as  directly  measured.  This  proves,  con- 
clusively, the  correctness  of  the  physiological  heat 
values  assigned  by   Rubner  to  the  three  classes  of 
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Fig.  3111. — Schema  of  the  system  of  ventilation  employed  in 
Benedict's  modification  of  the  Atwater-Rosa  calorimeter.  The 
respiration  chamber  is  the  inner  chamber  of  the  calorimeter. 


food  stuffs  and  proves  also  that  the  energy  set  free  in 
their  oxidation  (when  the  animal  is  doing  no  external 
work),  whatever  transformations  it  may  undergo  in 
the  body,  finally  leaves  the  body  as  heat.  In  other 
words,  all  the  available  energy  which  entered  the 
body  in  potential  form  had  been  recovered  as  heat, 


and  the  applicability  of  the  law  of  the  conservation  of 
energy  to  the  animal  body  was  thus  demonstrated. 

In  1892  Atwater  and  Rosa,  in  this  country,  began 
the  construction  of  a  calorimeter  at  the  Wesleyan 
University,  Middletown,  Conn.,  which,  it  was  planned, 
should  measure,  directly,  the  heat  production  of  a 
man.  The  first  results  were  published  in  1897  in  a 
Bulletin  of  the  U.  S.  Dept.  of  Agriculture,  which  had 
extended  financial  assistance,  and  subsequent  results 
in  numerous  Bulletins  published  since. 

The  principle  of  this  apparatus,  so  far  as  its  heat- 
measuring  features  were  concerned,  was  different 
from  that  of  Rubner.  The  chamber  (2.15  meters 
long  X  1.22  meters  wide  X  1.92  meters  high)  was 
built  of  copper  and  was  placed  inside  a  succession  of 
walls,  consisting  of  zinc  and  wood,  enclosing  dead  air 
spaces.  Between  the  copper  and  zinc  walls  were 
placed  thermo-electric  junctions  so  that  at  any 
moment  it  could  be  determined  whether  heat  was  leav- 
ing the  chamber  or  entering  it  through  the  walls. 
Outside  the  zinc  walls  wTere  placed  cooling  tubes 
carrying  a  stream  of  water  of  suitable  temperature 
and  wires  which  could  be  heated  by  passing  through 
them  a  current  of  electricity.  The  space  immediately 
adjoining  the  copper  wall  could,  therefore,  be  cooled 
or  warmed  as  required  to  keep  the  inner  space  next 
the  copper  wall  adiabatic.  With  no  heat  leaving 
or  entering  the  chamber  through  th?  wall  and  with  the 
air  leaving  and  entering  properly  recorded,  the  bulk 
of  the  heat  produced  by  the  subject  was  absorbed  by 
a  stream  of  cool  water  circulated  through  a  series  of 
copper  pipes  in  the  upper  part  of  the  chamber.  The 
temperature  of  this  water  as  it  entered  and  left  the 
chamber  was  recorded  every  two  minutes  by  a  person 
who  also  controlled,  through  electric  appliances,  the 
condition  of  the  walls.  The  amount  of  water  passing 
through  in  a  given  time  was  determined  by  weighing. 
The  number   of  calories  of  heat  carried  away  was, 
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therefore,  found  by  multiplying  the  number  of  kilo- 
grams of  water  which  had  circulated  by  the  average 
difference  in  temperature  noted  between  the  entering 
and  leaving  water. 

The  most  important  results  obtained  by  means  of 
this  apparatus  were:  (1)  the  confirmation  for  the 
human  body  of  the  observations  made  by  Rubner  on 
the  dog;  and  (2)  the  influence  of  muscular  work  on 
the  heat  production.  The  agreement  between  the 
heat  production  as  calculated  and  the  heat  production 
as  measured  was  very  close.  Thus,  as  a  mean  of 
seventy-six  days  of  experimentation  of  nineteen 
different  subjects,  the  discrepancy  was  only  0.3  per 
cent. — exactly  the  same  as  in  Rubner's  experiments. 
Some  of  these  subjects  were  required  to  do  muscular 
work  on  a  stationary  bicycle  set  up  inside  the  respira- 


K<mi  is  eliminated  than  in  muscular  rest.  Since  it  had 
been  known  from  the  time-  of  Lavoisier  that  muscular 
exercise  increased  the  heat  production,  it  followed, 
from  the  observations  of  Voit,  that  the  non-nitrogen- 
ous food  stuffs  must  be  the  source  of  the  extra  heat 
production  as  well  as  for  the  energy  of  muscular  con- 
traction. This  fact  is  now  thoroughly  established  by 
almost  numberless  experiments.  An  illustration  may 
be  taken  from  the  work  of  Atwater  cited  above.  A 
subject  doing  work  on  the  bicycle  ergometer  produced 
in  twenty-four  hours  5,100  calories  of  heat,  of  which 
i:;l  calories  came  from  protein  (NX6.25X4.1). 
In  muscular  rest  this  same  individual  produced 
only  2,270  calories  of  which  400  came  from  pro- 
tein. The  day's  work  had  increased  the  total  heat 
production  2,830  calories,  but  the  heat  from  protein 
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Fig.   3112. — Horizontal  Section  of  Respiration  Calorimeter  Chamber.      Portions  shaded  are  of  wood. 


tion  chamber.  By  suitable  friction  appliances  the 
mechanical  motion  imparted  to  this  ergometer  was 
converted  back  to  heat,  and  was  measured  as  such, 
together  with  the  free  heat  conducted  directly  from 
the  subject's  body.  The  heat  as  calculated  from  the 
excretory  products,  under  these  circumstances,  again 
bore  a  very  close  agreement  with  the  total  heat  as 
directly  measured.  Incidentally,  it  was  found  that 
alcohol  might  serve  as  a  source  of  energy  for  muscular 
work  up  to  about  three  ounces  per  day. 

Influence  op  Muscular  Work  on  the  Heat 
Production. — When  Liebig  had  completed  his  classi- 
fication of  the  food  stuffs,  and  had  found  that  all 
animal  tissues  contain  proteins,  i.e.  are  nitrogenous, 
he  suggested  that  the  excretion  of  nitrogen  by  the 
animal  might  be  used  as  a  measure  of  protein  destruc- 
tion in  the  animal's  body.  Carl  Voit,  who  had  been 
a  pupil  of  Liebig  was  the  first  to  put  this  suggestion 
to  practical  use.  Among  man}'  other  important 
facts  regarding  the  metabolism  of  proteins  Voit 
discovered  that,  contrary  to  the  teaching  of  Liebig, 
the  protein  of  the  body  is  not  the  source  of  the  muscu- 
lar energy;  for,  during  muscular  work,  no  more  nitro- 


had  been  increased  only  thirty-four  calories.  All  of 
the  rest,  2,800  calories  (nearly),  came  from  non- 
nitrogenous  food. 

A  matter  of  great  interest  among  physiologists  has 
been  the  question  of  the  amount"  of  potential  food 
energy  which  can  be  converted  into  mechanical  work 
by  the  animal  body.  Engineers  find  that  it  is  an 
exceptional  locomotive  which  can  convert  as  much  as 
fifteen  per  cent,  of  the  heat  energy  of  fuel  into  mechan- 
ical work.  The  remaining  eighty-five  per  cent,  is 
waste  heat.  The  first  to  attack  this  question  seriously 
for  the  animal  body  was  N.  Zuntz  in  Berlin.  Col- 
lecting the  respiratory  products  of  combustion  by 
means  of  a  face  mask  he  studied  the  effect  upon  the 
heat  production  (as  calculated)  in  man  of  walking  on 
the  level,  and  of  climbing  a  mountain;  in  the  dog  and 
horse  of  working  a  treadmill  which  could  be  placed  at 
any  desired  grade,  etc.  As  the  result  of  these  experi- 
ments he  found  equally  for  the  man,  horse,  and  dog 
that  one  kilogram  meter  of  work  (lifting  one  kilo- 
gram of  body  weight  one  meter  high)  required  the 
expenditure  of  0.0069-0.0072  calories  of  energy. 
Since  the  theoretical  heat  equivalent  of  one  kilo- 
gram of  work  is  0.0023  calories,  it  follows  that  about 
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three  calories  uf  heat  energy  must  be  set  free  in  the 
animal  body  to  do  one  calorie's  worth  of  work.  The 
mechanical  efficiency,  in  other  words,  is  about  thirty- 
three  per  cent,  (compared  with  fifteen  per  cent,  for 
the  locomotive).  Heinemann  has  found  similar 
results  for  work  with  the  legs  and  an  efficiency  of 
22.6  per  cent,  for  work  with  the  arms.  Atwater's 
results  with  the  bicycle  ergometer  gave  a  mechanical 
efficiency  for  the  legs  (and  arms)  of  only  thirteen  to 
nineteen  per  cent. 

Influence  of  External  Temperature  on  Heat  Produc- 
tion in  Warm-blooded  Animals, —  It  has  been  noted 
above  that  the  influence  of  external  temperature  on 
the  heat  production  of  cold-blooded  animals,  as  in 
plants,  follows  Van't  Hoff's  law.  In  warm-blooded 
animals,  however,  with  the  development  of  the  capac- 
ity to  regulate  the  body  temperature  independently 
of  the  surrounding  medium,  this  law  is  to  some  extent 
reversed,  so  that  the  lower  the  external  temperature 
becomes  the  greater  is  the  heat  production.  This  is 
necessarily  the  case  if  the  body  temperature  is  to  be 
maintained.  Confirming  the  original  observation 
of  Lavoisier  that  more  heat  is  produced  in  the  human 
subject  when  the  external  temperature  is  low,  C. 
Voit  exposed  a  naked  man  in  his  respiration  apparatus 
to  different  temperatures  and  found  that,  as  the  tem- 
perature fell,  the  metabolism  increased  independently 
of  any  muscular  motions.  Rubner  carried  this  line 
of  investigation  much  farther,  using  dogs  and  guinea- 
pigs,  and  formulated  his  laws  of  the  chemical  and 
physical  regulation  of  the  body  temperature.  In 
brief,  these  laws  are:  (1)  That,  from  a  temperature  of 
about  30°  C.  downward,  the  body  temperature  is 
regulated  chiefly  by  varying  the  heat  production 
(chemical  regulation).  Heat  loss  is  regulated,  to 
some  extent,  by  decreasing  the  amount  of  blood 
brought  to  the  surface.  (2)  From  30°  C.  upward 
the  body  temperature  is  regulated  chiefly  by  varying 
the  amount  of  water  evaporated  from  the  surface 
( sweating)  and  again  by  increasing  the  amount  of 
blood  brought  to  the  surface  (physical  regulation). 

How  Heat  is  Lost  from  the  Body. — In  general,  there 
are  four  main  avenues  of  escape  for  the  heat  which  is 
produced   in   the  body   of  a  warm-blooded   animal: 

(1)  Warming  the  food  and  air  which  enter  the  body; 

(2)  Vaporization  of  water  and  setting  free  CO2  in  the 
lungs.  (3)  Evaporation  of  water  from  the  surface 
of  the  body;  (i)  Radiation  and  conduction  from 
surface  of  the  body. 

Rubner  has  made  the  following  calculations  for  a 
man  producing  2,700  calories  daily: 

Calories 

(1)  Warming  food  and  drink  to  body  temperature.        42 

(2)  Warming  air  from  17.5°  to  30°  C 35 

(3)  Evaporation  of  water  from  lungs  and  skin 558 

(4)  Heat  equivalent  of  external  work  done 51 

(5)  Loss  of  radiation  from  entire  surface  of  body  .  .  .  1,181 

(6)  Loss  by  conduction  to  air  from  entire  surface  833 

Total 2,700 

Atwater,  in  his  calorimetric  studies,  made  the  fol- 
lowing estimations: 

I.  Resting  man,  mean  of  fourteen  experiments 
comprising  forty-two  days: 

Calories. 

1.  Heat  loss  by  radiation  and  conduction 1,683 

2.  Heat  loss  by  urine  and  feces 31 

3.  Heat  loss  by  evaporation  from  lungs  and  skin  . .      548 

Total 2,262 

II.  Man  at  work,  mean  of  twenty  experiments 
comprising  sixty-six  days: 

Calories. 

1.  Heat  loss  by  radiation  and  conduction 3,340 

2.  Heat  loss  by  urine  and  feces 26 

3.  Heat  loss  by  evaporation  from  lungs  and  skin  . .      859 

4.  Heat  equivalent  of  muscular  work 451 

Total 4,676 
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It   is   evident,    from    these   estimates,    that    fully 

eighty  per  cent,  of  all  the  heat  produced  in  the  body 

is  lost  through  the  .skin. 

Rubner's  Luu  of  Surface  Area. — Closely  related  to 
this  matter  of  the  loss  of  heat  through  the  skin  is  the 
fact,  discovered  by  Rubner,  that,  in  animals  of 
different  size,  the  total  heat  production  is  proportional, 
not  to  the  body  weight,  but  to  the  amount  of  skin 
surface  exposed  to  the  air.  A  small  animal  has  a 
greater  surface,  in  proportion  to  its  weight,  than  has 
a  large  animal.  This  will  be  clear  from  the  following 
illustration.  Suppose  we  have  two  spheres  of  two 
and  four  centimeters  diameter.  The  surface  of  the 
smaller  would  be  12.56  square  centimeters  and  of  the 
larger  50.24  square  centimeters.  The  volume  of  the 
first  would  be  4.18  c.c.  and  of  the  latter  33.49  c.c. 
The  surface  of  the  smaller,  in  proportion  to  its  volume, 
therefore,  would  be  as  3  :  1,  while  of  the  larger  it  would 
be  only  as  1.5:1.  Since,  now,  more  than  four-fifths 
of  the  animal's  heat  escapes  through  the  skin,  it  is 
clear  that  heat  must  be  produced  in  proportion  to 
the  surface  rather  than  in  proportion  to  the  mass, 
if  the  body  temperature  is  to  be  maintained.  Hence, 
if  two  animals,  with  similar  coats  of  fur,  had  skin 
surfaces  that  bore  to  each  other  the  relation  of  these 
spheres,  the  smaller  animal  would  produce  twice  as 
much  heat  per  unit  of  weight  as  the  larger.  Rubner 
found  that  the  average  heat  production  per  square 
meter  of  body  surface  for  man,  dog,  rabbit,  guinea- 
pig,  and  mouse  was  1,088  calories  with  variations  of 
—  104  calories  to  -f-103  calories,  i.e.  of  about  ten  per 
cent,  either  way.  Rubner  claims,  indeed,  that  this 
law  is,  to  some  extent,  independent  of  the  loss  of 
heat  through  the  skin;  for  it  holds  good  for  guinea 
pigs  of  different  size  even  when  subjected  to  a  tem- 
perature at  which  there  is  practically  no  loss  of  heat 
through  the  skin.  Jolyet  and  Regnard  have  found 
that  the  law  of  heat  production  in  proportion  to  skin 
surface  applies  also  to  cold-blooded  animals  where 
there  is  no  internal  regulation  of  the  body  tempe- 
rature. Rubner's  explanation  of  these  facts  is  that, 
under  conditions,  where  the  requirement  for  energy 
is  minimal  (30°  C),  the  work  of  the  organs  of  respira- 
tion, circulation,  etc.,  must  be  adapted  to  the  require- 
ments which  may  be  placed  upon  them  at  any  moment 
through  the  operation  of  the  chemical  regulation; 
i.e.  the  stimulation  through  cold  acting  upon  the 
skin.  v.  Hoesslin  goes  still  further,  asserting  that, 
in  the  struggle  for  existence,  all  animals,  in  striving 
to  develop  their  utmost  power  compatible  with  their 
body  size,  must,  inevitably,  reach  about  the  same 
metabolism  per  unit  of  body  surface.  The  advantage 
of  one  animal  over  the  other,  therefore,  would  lie 
in  the  anatomical  peculiarities  which  enable  one  to 
convert  more  energy  into  external  work  than 
another. 

Protection  against  Heat  Loss. — Practically  all  warm- 
blooded animals  have  some  means  of  protection 
against  excessive  heat  loss.  The  most  important  of 
these  are  the  natural  coverings  (hair,  fur,  feathers) 
on  the  skin  and  subcutaneous  fat.  The  chief  value 
of  hair,  fur,  etc.,  in  this  connection  lies  in  the  large 
quantity  of  stagnant  air  which  they  occlude.  This 
air,  being  stagnant,  retards  the  conduction  of  heat 
away  from  the  body.  Subcutaneous  fat,  on  the  other 
hand,  is  a  poor  conductor  of  heat,  a  layer  only  two 
millimeters  thick  having  been  found  to  diminish  the 
heat  loss  in  a  unit  of  time  more  than  fifty  per  cent. 
Subcutaneous  fat  is  especially  important  for  aquatic 
mammals,  because  the  water  wets  the  fur  driving  out 
all  the  air. 

The  human  body,  not  being  provided  with  a  com- 
plete natural  coat  of  hair,  requires  the  aid  of  artificial 
coverings  in  order  to  maintain  its  temperature  in 
climates  which  average  less  than  27  or  28°  C.  Above 
this  temperature,  the  naked  body  is  able  to  regulate 
its  temperature  unaided.  Clothes  serve  to  diminish 
the  movement  of  warm  air  away  from  the  body  in 
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the  same  way  as  hair,  fur,  and  feathers  do.  It  has 
been  estimated  that  no  less  than  ten  liters  of  air  may 
be  occluded  by  the  meshes  of  a  woolen  suit,  of  clothes, 
and  some  ten  to  twenty  liters  more  may  be  held  in  the 
spaces  between  different  garments  and  between  the 
garments  and  the  body.  Heat  loss  by  radiation  is  also 
reduced  by  clothes,  the  exact  effect  depending  on  the 
conductivity  of  the  material. 

Regulation  of  the  Body  Temperature. — It  has  been 
noted  above  (page  110)  that  the  body  temperature 
varies   between   very    narrow    limits.     This   fact,    in 


direct  stimulation  of  the  sweat  centers,  or  the  motor 
centers  respectively  or  by  reflex  stimulation  of  the  e 
centers  through  the  cutaneous  nerves,  is  not  definitely 
known.  There  is  much  evidence  that  the  corpora 
striata  in  the  base  of  the  fore-brain  contain  a  center 
which  is  particularly  susceptible  to  changes  in  tem- 
perature and  to  mechanical  stimulation. 

Influence  of  Food  on  the  Heat  Production. —  The 
observation  of  Lavoisier  that  the  heat  production  was 
increased  by  taking  food  was  confirmed  by  Petten- 
koffer  and  Voit,  who  found  that  the  total  metabolism 


Fio.  3113. — Showing  a  Respiration  Calorimeter  Built  for  Observations  on  the  Dog,  at  Cornell  University  Medical  College,  New 
"iorkCity.  The  dog,  wearing  a  bandage  which  holds  a  rectal  thermometer  in  place,  is  shown  lying  on  a  cot  suspended  from  a  frame 
which  may  at  any  time  be  slid  into  the  open  chamber  of  the  calorimeter.  This  accomplished  the  front  is  then  sealed.  The  animal 
respires  within  the  chamber,  the  water  and  carbonic  acid  which  he  eliminates  are  removed  by  circulating  the  air  through  absorbing 
chemicals,  and  fresh  oxygen  is  admitted  automatically  to  replace  the  oxygen  absorbed  by  the  animal.  Four  people  are  con- 
stantly employed  during  the  experiment.  The  heat  produced  by  the  dog  is  removed  and  measured  by  a  current  of  water  flowing 
through  a  system  of  pipes  within  the  calorimeter.     (From  the  Medical  Record.) 


itself,  is  a  proof  that  the  mechanism  of  heat  production 
is  very  nicely  adjusted  to  the  process  of  heat  loss. 
How  is  this  cooperation  brought  about?  It  has  been 
shown  that,  when  a  man  is  subjected  to  an  external 
temperature  (bath)  varying  slowly  between  34°  and 
37°  C,  the  mechanism  of  heat  loss  (sweating)  is 
brought  into  play  when  the  body  temperature  (rec- 
tum) has  risen  on  the  average  0.34°,  and  the  mechan- 
ism of  heat  production  (shivering)  when  the  body 
temperature  has  fallen  on  the  average  0.26°.  Like- 
wise, in  muscular  work,  sweat  breaks  out  when  the 
body  temperature  has  risen  on  the  average  0.43°. 
Whether  the  reaction  in  each  case  is  brought  about 
by  the  change  in  temperature  of  the  blood  and  a 


of  a  dog  was  increased  from  34.9  to  sixty-five  calories 
per  kilogram  as  the  result  of  eating  about  two  and 
one-half  pounds  of  meat.  Feeding  fat  they  observed 
no  increase  in  the  heat  production  unless  the  amount 
fed  was  far  in  excess  of  the  body  requirement.  Feed- 
ing carbohydrate  in  the  form  of  starch  they  found 
that  379  grams  in  the  food  increased  the  metabolism 
seventeen  per  cent,  over  that  of  the  starving  animal. 
More  exact  information  concerning  the  influence  of 
carbohydrate  came  with  the  invention  of  methods  by 
Zuntz  and  by  Benedict  by  which  the  oxygen  absorp- 
tion could  be  determined,  since,  without  this  knowl- 
edge, it  was  impossible  to  distinguish  the  part  taken 
by  fat  in  the  total  heat  production  from  that  taken  by 


119 


neat,  Animal 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENf  I  - 


carbohydrate.  Magnus-Levy,  using  the  Zuntz  method 
with  human  subjects,  came  to  tin;  conclusion,  sub- 
stantially in  accord  with  those  of  Pettenkoffer  and 
Voit,  namely,  that  moderate  quantities  of  fat  do 
not  increase  the  heat  production  (absorption  of 
oxygen)  but  that  both  carbohydrate  and  fat  men  a  e 
it  considerably.  Rubner,  using  only  the  excretion 
of  CO2  as  the  measure  of  heat  production,  formulated 
laws  regarding  the  influence  of  different  foods  given 
to  dogs,  as  follows:  Since  the  different  food  stuffs 
affect  the  heat  production  to  a  different  degree,  we 
may  speak  of  their  "specific  dynamic  action."  The 
proper  basis  of  comparison  is  the  amount  of  heat 
produced  by  the  fasting  animal.  Taking  this  quan- 
tity as  the  minimal  requirement  of  the  animal  for 
energy  (in  potential  form),  and  feeding  this  quantity 
in  the  form  of  the  different  food  stuffs,  the  effect  is 
for  protein  an  increase  of  heat  production  of  30  per 
cent.,  for  fat  11  per  cent.,  for  carbohydrates  5.8  per 


Fig.  3114. — Chair  Calorimeter  of  F.  G.  Benedict  at  the  Nutrition 
Laboratory  of  the  Carnegie  Institution,  Boston,  Mass. 

cent.  In  order  to  keep  the  animal  in  an  energy 
equilibrium,  therefore,  it  is  necessary  to  feed  him  in 
protein  140  per  cent,  of  the  requirement,  in  fat  114 
per  cent.,  and  in  carbohydrate  106  per  cent. 

The  most  recent  contribution  to  the  subject  of  the 
specific  dynamic  action  of  foods  has  been  made  by 
Graham  Lusk  and  his  coworkers,  using  a  small  respira- 
tion calorimeter  of  the  Atwater-Rosa-Benedict  type 
suitable  for  studies  on  dogs,  babies,  and  dwarfs. 
Lusk  finds  that  the  heat  production  of  the  dog  is 
greatly  increased  by  certain  ammo-acids  which  are 
constituent  parts  of  the  protein  molecule  into  which 
it  is  split  up  in  digestion.  These  chemical  bodies, 
when  absorbed  and  carried  by  the  circulation  to  the 
heat-producing  organs,  stimulate  the  latter  to  greater 
oxidative  activity,  causing,  therefore,  a  greater  ab- 
sorption of  oxygen  and  a  greater  production  of  heat. 
Carbohydrate  and  fat,  on  the  other  hand,  increase  the 
metabolism  by  a  sort  of  mass  action,  i.e.  more  burns 
just  because  there  is  more  available  to  oxidation.  Of 
the  three  food  stuffs  fat  seems  to  increase  the  heat 
production  least.     The  greatest  heat  production  with 
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protein  comes  at  about  tin-  fourth  hour  after  ingestion 
and  is  parallel  with  the  excretion  of  nitrogen  in  the 
urine. 

Heat  Prodtiction  under  Abnormal  Conditions. — The 
calorimeter  promises  great  usefulness  in  determining 
some  of  the  fundamental  alterations  produced  by 
disease.  F.  G.  Benedict,  at  the  .Nutrition  Laboratory 
of  the  Carnegie  Institution,  located  at  Boston,  m 
collaboration  with  E.  1*.  Joslin,  has  made  an  exhaus- 
tive study  of  the  influence  of  diabetes  on  the  heat 
production  of  man.  The  peculiar  disability  of  the 
diabetic  organism  to  oxidize  carbohydrate  throws  it 
back  upon  fat  as  the  source  of  the  greater  part  of  its 
energy.  According  to  their  results,  which  agree  well 
with  similar  findings  in  dogs  made  diabetic  by  arti- 
ficial means  at  the  Cornell  University  Medical  College 
in  New  York  City,  the  total  heat  production  is  in- 
creased by  severe  diabetes  from  thirty  to  fifty  per 
cent.  Benedict  and  Joslin  believe  this  to  be  due  to 
the  stimulating  effect  of  acid  bodies  produced  from 
protein  and  fat,  in  the  absence  of  carbohydrate  com- 
bustion. Other  results  which  have  come  from  the 
Carnegie  Nutrition  Laboratory  concern  the  heat 
production  in  women,  both  pregnant  and  non-preg- 
nant, the  heat  production  of  hypophysectomy,  etc. 
A  calorimeter  constructed  in  principle  after  the  im- 
proved type  of  Benedict,  has  been  set  up  by  the  Rus- 
sell Sage  Institute  of  Pathology  in  Bellevue  Hospital, 
New  York  City,  and  is  especially  designed  for  the 
determination  of  the  food  requirement  of  bed-ridden 
and  convalescent  patients. 

Calorimetry  and  the  Economy  of  Food. — Atwater  and 
his  coworkers  made  numerous  investigations  on  the 
heat  value  of  human  foods  as  purchased  in  the  market 
and  as  prepared  for  use  in  the  kitchen.  This  consti- 
tutes a  very  valuable  body  of  information  for  any 
person  wishing  to  compare  different  foods  as  to  their 
cost  and  nutritive  value,  i.e.  the  real  economy  of 
food.  The  interested  student  can  obtain  bulletins 
setting  forth  these  results  in  explicit  form  by  writing 
to  the  Superintendent  of  Documents  at  Washington. 
Since  the  death  of  Professor  Atwater,  the  calorimeter 
which  was  constructed  under  his  direction  at  Middle- 
town,  Conn,  has  been  reconstructed  and  set  up  in  the 
Bureau  of  Nutrition  in  the  Department  of  Agri- 
culture at  Washington.  Investigations  on  the  heat 
production  of  farm  animals  and  on  the  influence  of 
different  kinds  of  food  for  fattening,  etc.,  have  been 
carried  on  extensively  by  Professor  Armsby  at  the 
State  College  of  Pennsylvania. 

John  R.  Mcrlin. 


Heat,  Therapeutics  of. — "Heat  and  cold  are  two 
conditions  of  the  same  force,  caloric  and,  with  reference 
to  the  human  body,  mean,  respectively,  the  intensity 
of  caloric  above  and  below  98.4°F.  (37°C.)."  Hinsdale. 
Alt  hough  heat  has  always  been  recognized  as  one  of  the 
most  valuable  therapeutic  agents,  it  has  never  been  so 
widely  used  as  at  the  present  time.  It  is  one  of  the 
safest  and  simplest  remedies  known.  Its  good  effects 
are  varied  and  the  met  hods  of  applying  it  are  numerous. 
The  results  of  the  therapeutic  use  of  the  heat  are  depen- 
dent upon  various  conditions,  chief  among  which  are 
the  manner  of  its  application  and  the  temperature. 

The  brief  hot  and  the  brief  cold  bath  have  prac- 
tically the  same  results.  This  apparent  paradox  is 
due  to  the  fact  that  both  heat  and  cold  are  thermic 
irritants.  Their  brief  application  excites  the  sensory 
terminals  of  the  peripheral  nerves  and  the  effect  is 
stimulation.  Prolonged  application,  however,  brings 
about  decidedly  different  secondary  effects. 

When  heat  is  applied  to  the  skin  there  is  not  only 
the  direct  local  effect,  but  there  are  besides  indirect 
reflex  effects  on  the  circulation  in  distant  parts  of  the 
body.     The  latter  are  of  great  therapeutic  importance. 

The  effect  of  hydrotherapeutic  treatment  is 
determined  by  the  reaction  of  the  body.     Either  air 
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or  water  may  be  employed  as  the  agent  but  the  latter 
is  preferable  on  account  of  its  greater  specific  heat 
and  greater  coefficient  of  heat  conductivity  (Hins- 
dale). The  entire  theory  of  reaction  has  been  re- 
constructed by  Dr.  Simon  Baruch.  After  warm  ap- 
plications there  is  little  if  any  primary  vasomotor 
action.  By  means  of  the  warm  bath,  the  cutaneous 
muscular  structure  is  relaxed.  The  dilation  of  the 
capillaries  is  due  to  diminished  resistance,  and  this 
weakens  the  action  of  the  heart.  This  organ  makes 
a  compensation  for  its  imperfect  systole  by  increasing 
the  number  of  contractions.  Both  local  and  general 
circulation  become  weaker,  and  arterial  tension  be- 
comes diminished,  the  pulse  becomes  compressible, 
and  there  results  the  condition  of  atonic  congestion. 
Thus  the  judicious  warm  bath  is  atonic  and  sedative. 

When  the  cutaneous  capillaries  are  dilated  the 
skin  becomes  reddened,  and  if  the  temperature  is  not 
higher  than  104°  F.  cutaneous  sensibility  is  increased. 
When,  however,  the  temperature  is  increased  to  be- 
tween 110°  and  120°,  sensibility  is  diminished  or 
even  abolished. 

The  nervous  system  is  soothed  by  a  moderate  de- 
gree of  heat,  but  untoward  effects  such  as  headache 
and  vertigo  are  caused  by  a  high  degree  if  the  air  is 
not  dry. 

Water  bags,  sand  bags,  Leiter's  coils,  cloths,  bricks, 
flat-irons,  and  friction  are  among  the  agents  employed 
for  applying  heat.  In  the  algid  state  of  cholera,  for 
example,  it  must  be  remembered  that  clothing  does 
not  supply  heat,  it  simply  prevents  its  dissipation,  so 
that  special  measures  should  be  taken  to  impart  heat 
to  the  body,  such  as  surrounding  it  with  hot-water  bags 
and  the  like.  Death  from  chloroform  anesthesia  is 
nearly  always  in  consequence  of  heart  failure.  In 
such  a  case  hot  applications  should  be  made  to  the 
cardiac  region.  External  heat  draws  the  blood  to  the 
periphery  and  thus  relieves  the  heart. 

By  fomentation  or  cataplasm  is  meant  the  appli- 
cation of  cloths  wet  with  whatever  liquid  is  used  and 
applied  to  the  part.  The  heat  may  be  maintained 
either  by  renewing  the  cloths  or  by  applying  a  hot 
object,  such  as  a  water  bag  or  a  brick  to  the  cloths. 

Poultices  are  not  used  now  nearly  so  extensively 
as  they  were  formerly.  If  they  remain  on  the  part 
too  long  they  will  lower  the  vitality  and  produce 
vesication  or  pustulation. 

The  use  of  the  hot  flat-iron  in  rheumatic  troubles  and 
the  like  frequently  gives  astonishing  results.  The 
effects  seem  often  magical,  the  relief  afforded  by  this 
homely  household  remedy  being  greater  than  by  many 
of  the  methods  which  are  in  more  general  use.  The 
affected  part  should  be  protected  by  several  layers  of 
flannel,  and  in  applying  the  iron  it  should  be  held  care- 
fully so  that  the  weight  is  supported  by  the  hand  of 
the  operator  while  the  patient  obtains  the  full  benefit 
of  the  heat.  Hot  applications  to  the  abdomen  cause 
constipation.  This  may  be  from  two  factors:  from 
the  decrease  in  intestinal  secretions  or  from  the  de- 
crease in  peristaltic  action  of  the  intestinal  muscu- 
lature. Heat  hastens  eruptions.  Hot  baths  relieve 
the  various  forms  of  abdominal  colic,  as  renal  and 
hepatic;  also  inflammation  of  the  urinary  apparatus. 
In  dysmenorrhea,  the  hot  foot  bath  is  valuable. 
Heat  applied  to  various  regions  of  the  spinal  cord 
affects  the  organs  which  these  nerves  supply.  This 
method  is  often  successful  in  the  treatment  of  metror- 
rhagia and  menorrhagia. 

The  electric  pad  or  thermophore  and  the  electric 
thermophore  blanket,  offer  very  convenient  means 
for  the  application  of  heat.  The  local  application  of 
heat  is  also  made  by  means  of  the  photophore,  and 
the  arc-light.  Both  solar  and  electric  light  are  em- 
ployed, the  latter  being  applied  by  means  of  the 
photophore,  the  incandescent  electric-light  bath  and 
the  arc-light  bath. 

Heat  has  many  specific  uses,  some  of  the  principal 
being  as  cardiac  stimulant,    counterirritant,    diapho- 


retic, general  sedative,  general  stimulant,  germicide, 
hemostatic,  hypnotic,  local  anesthetic,  and  local 
sc.  hi  I  ive. 

Some  of  these  effects  have  already  been  touched 
upon.  As  a  cardiac  stimulant  heat  is  used  universally 
in  cases  of  shock  anil  collapse,  in  drowning,  exhaus- 
tion, asphyxia  or  debility  of  the  new-born,  narcotic 
and  oi  her  forms  of  poisoning,  in  chilling  if  t  he  patient, 
is  not  frozen,  and  in  any  condition  of  heart  failure. 
In  such  and  various  other  emergencies,  the  applica- 
tion of  heat  is  made  to  the  extremities  and  pre- 
cordia.  Hot  stimulating  solutions,  strong  black 
coffee  for  example,  slowly  injected  into  the  rectum 
are  very  useful.  Intravenous  infusion  of  hot  saline 
solution  is  employed  to  stimulate  a  failing  heart. 

As  counterirritant,  it  promotes  absorption  and 
hastens  repair;  it  also  removes  passive  congestion. 
In  this  connection  it  is  often  applied  in  the  form  of 
the  actual  cautery.  This  treatment  is  more  valuable 
in  chronic  than  in  acute  inflammation.  It  is  some- 
times indicated  in  deep-seated  inflammation  of  the 
joints.  The  superficial  layers  of  the  skin  only  should 
be  irritated.  The  cautery  should  be  brushed  over 
the  part  lightly,  and  be  used  at  a  white  heat  when 
vigorous  counterirritation  is  desired,  but  at  a 
cherry-red  heat  for  hemorrhage.  The  relief  from 
its  use  is  often  as  great  as  it  is  sudden.  It  is  indicated 
in  neuralgia  and  rheumatic  affections.  Its  action  may 
be  reflex  through  the  nerves,  producing  a  change  in  the 
nutrition  of  the  part,  with  promotion  of  absorption. 

The  value  of  heat  as  a  diaphoretic  is  well  known. 

Heat  is  a  good  general  and  local  sedative.  Heat 
draws  the  blood  away  from  the  great  vessels  to  the 
periphery,  dilating  the  vessels  of  this  region  and  pro- 
ducing a  feeling  of  general  comfort.  Heat  is  also  used 
in  the  treatment  of  neuroses.  Heat  is  employed  in 
the  treatment  of  the  various  muscular  spasms  in- 
cluding chorea.  Hot  applications  to  the  face  in 
toothache  are  very  soothing.  This  treatment  also 
relieves  itching. 

The  general  stimulating  effects  have  been  spoken  of. 

Heat  is  the  most  trustworthy  germicide  that  we 
have.  It  may  be  used  in  the  form  of  fire,  dry  heat, 
boiling,  streaming  or  live  steam,  and  steam  under 
pressure.  Fire  is  used  only  to  destroy  articles. 
Moist  heat  is  a  far  more  potent  germicide  than  dry 
heat.  Dry  heat  at  212°  F.  does  not  destroy  pyogenic 
organisms  in  a  period  less  than  an  hour  and  a  half, 
while  spores  continue  to  live  for  three  hours  in  dry 
heat  of  284°  F.  On  the  other  hand,  all  pyogenic 
organisms  are  destroyed  in  boiling  water  almost  im- 
mediately. Spores,  however,  are  more  resistant  and 
require  the  application  of  moist  heat  of  284°  F.  for 
no  less  than  half  an  hour.  .Streaming  or  live  steam 
is  utilized  in  the  ordinary  sterilizer  or  disinfector. 
Steam  under  pressure  is  used  to  disinfect  objects  such 
as  bales  of  goods. 

Heat  is  used  as  a  hemostatic  in  the  form  of  the  actual 
cautery,  the  galvanocauterv,  steam  or  of  water 
raisecfto  the  temperature  of  120°  to  140°  F.  If  the 
bleeding  surface  is  large,  the  oozing  should  first  be 
treated  by  compression  with  hot  cloths  to  stop  the 
capillary  hemorrhage  before  the  cautery  is  applied. 
The  clamp  and  cautery  method  of  treating  hemor- 
rhoids is  well  known.  The  Paquelin  and  galvano- 
cautery  are  used  much  in  nasal,  laryngeal,  rectal, 
and  dermatological  cases.  For  the  purpose  of 
arresting  hemorrhage  the  cautery  is  used  at  cherry- 
red  heat  in  order  to  make  an  eschar  deep  and  strong 
enough  to  resist  the  pressure  of  the  blood.  Wounds 
thus  treated  heal  by  granulation.  Care  must  be 
taken  not  to  disturb  the  wound  after  operation  on 
account  of  the  risk  of  hemorrhage  from  shedding  of 
the  eschar. 

Hot  water  not  above  a  temperature  that  the  bare 
hand  can  bear  acts  as  a  hemostatic  by  "stimulating 
the  unstriated  muscular  fibers  of  the  blood-vessels 
to   contraction.     The  hemostatic  effect  is  increased 
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by  pouring  hot  saline  solution,  in  a  large  stream  from 

a  pitcher,  at  some  height  over  the  surface  of  ( he 
wound"  (Matas). 

Victor  Horsley  advocates  hot  water  irrigation  a1  a 
temperature  varying  from  110°  F.  to  115°  F.  to  con- 
trol arterial  and  capillary  cerebral  hemorrhage.  He 
sounds  a  warning  against  the  use  of  a  higher  tem- 
perature for  this  purpose  lest  120°  F.  cause  heat 
coagulation  of  cut  brain  tissues. 

Atmokausis  consists  in  the  spraying  of  steam  on  a 
bleeding  surface.  This  method  was  introduced  by 
SnegirefT  in  1886  to  control  parenchymatous  hemor- 
rhages and  is  used  in  gynecology. 

In  the  process  of  atmokausis,  steam  is  applied  to  the 
uterine  mucosa  through  a  fenestrated  catheter.  When 
the  catheter  is  nut  perforated,  t lie  tube  becomes  heated 
by  the  steam  and  there  results  contact  cauterization 
or  zestokausis.  These  terms  atmokausis  {alum.-;, 
steam,  kausis,  burning)  and  zestokausis  (zestos,  to  boil) 
were  introduced  by  Pincus. 

Heat  is  hypnotic,  hot  baths  being  very  beneficial  in 
acute  and  chronic,  insomnia. 

A  high  degree  of  heat  may  be  used  as  a  local  an- 
esthetic, since  it  has  the  faculty  of  blunting  the 
perception  of  different  kinds  of  sensation  at  certain 
temperatures,  as  mentioned  before. 

Baths  of  various  kinds  are  also  used  for  applying 
heat;  continuous  baths  (the  warm  full  bath),  hot- 
water  baths  (104°  to  115°  F.  (40°  to  46.1°  C),  the 
Turkish  bath  (diaphoretic),  the  Russian  bath  (dia- 
phoretic), vapor  or  sweating  bath,  the  Irish-Roman 
bath,  the  evaporation  bath,  the  hot-air  bath,  and  the 
electric-light  bath,  the  "half-bath"  of  Priessnitz,  the 
hot  foot-bath,  warm  or  hot  baths  medicated  by  the 
use  of  various  substances  such  as  mustard,  sodium 
bicarbonate,  pine-needle  oil;  "Xauheim"  baths,  car- 
bonated baths,  acid  baths  (Kish),  effervescing  baths, 
oxygen  baths,  mud  baths  and  fango  packs,  mud  and 
peat  baths,  sand  baths,  sitz-  or  hip-bath;  packs — hot 
wet  packs,  dry  hot  packs;  fomentations  or  hot  com- 
presses; the  salt  rub  or  salt  glow  which  is  begun  in  a 
tub  of  salt  water  at  104°  to  105° F.  (40°  to  40.5°  C); 
douches  (which  may  be  applied  to  special  parts  of  the 
bod}-) — needle  douche,  needle  spray,  circular  douche, 
rain  douche,  Scotch  douche,  fan  douche,  filiform 
douche,  steam  douche,  Aix  douche,  Corbin  douche, 
Vichy  douche,  indirect  or  undercurrent  douche,  per- 
cussion douche,  pail  douche  or  pail-pour,  hot  lumbar 
douche,  Fleury  douche  modified  by  Raymond  and 
Duchenne.  The  control  table  is  an  apparatus  which 
greatly  simplifies  the  administration  of  all  forms  of 
douches. 

The  douche  is  used  chiefly  in  gynecological,  nasal, 
and  aural  troubles.  For  pelvic  inflammations  and 
congestion  the  hot  douche  is  most  valuable.  The 
good  effects  are  dependent  upon  the  temperature  used, 
and  upon  the  length  and  the  manner  of  application. 
The  temperature  of  the  irrigating  fluid  should  be  as 
hot  as  can  be  borne.  The  application  should  continue 
for  at  least  twenty  minutes  and  the  patient  should  lie 
on  the  back  with  the  hips  elevated. 

Mud  baths  and  fango  packs  are  used  in  rheumatism, 
gout,  arthritis  deformans,  and  the  neuralgias. 
Their  effects  are  due  chiefly  to  the  heat  applied. 
Hinsdale  likens  the  fango  to  a  great  sterilized  poultice 
for  it  both  conveys  heat  and  retains  it.  When  this 
pack  is  applied  to  a  joint  or  limb,  its  effects  are: 
"stimulation  of  cutaneous  reflexes,  with  dilatation  of 
superficial  capillaries;  increased  activity  in  the  normal 
processes  of  absorption  of  morbid  deposits,  and  repair 
of  damaged  tissues.  Perspiration  is  promoted  and 
there  is  a  slight  increase  of  body  temperature,  2°  F. 
(1.1°  C),  subsiding  rapidly  after  the  removal  of  the 
pack,  and  due  to  direct  conveyance  of  heat  to  the 
blood." 

Peat  baths  (Moorbader)  are  applied  also  as  im- 
mense poultices.  They  may  be  used  locally  or 
generally.     Mud   baths    (Schiarnmbader)    and   moor 
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baths  of  high  temperature  may  be  employed  because 
the  mud  and  peat  an-  comparatively  poor  conductors 
of  heat.  Peat  baths  arc  beneficial  in  rheumatic 
affei  tions,  lumbago,  Rout,  sciatica,  and  in  chronic  pel- 
vic affections.  In  the  neuralgias,  low  temperatures, 
113°  F.  (45°  C.),  should  be  used.  Sand  baths  are 
useful  when  it  is  desirable  to  raise  the  body  tempera- 
ture and  markedly  excite  the  skin. 

The  Turkish  and  Russian  baths  are  well  known 
for  their  good  effects  in  the  treatment  of  many  affec- 
tions, such  as  coryza,  gout,  and  rheumatic  troubles. 
But  in  recent  years,  various  new  devices  have  been 
introduced  by  means  of  which  the  patient  may  be 
exposed  with  comfort  to  the  beneficial  effects  of  an 
extremely  high  temperature,  for  example  330°  F., 
and  even  higher,  because  the  air  is  kept  dry.  Before 
apparatus  was  devised  by  means  of  which  the  air 
could  be  kept  dry,  the  evaporated  perspiration  grad- 
ually rendered  the  surrounding  atmosphere  moist,  and 
the  perspiration  on  the  skin  actually  scalded  it.  On 
this  account  the  Turkish  bath  cannot  practically  be 
higher  than  about  170°  F. 

In  the  treatment  of  typhoid  fever  by  baths,  the 
physician  must  take  the  behavior  of  the  blood-vessels 
as  his  guide  for  the  choice  of  the  temperature.  In 
certain  cases  showing  marked  toxemia  with  the  tem- 
perature below  102.5°  F.  (39.2°  C.)  the  full  tepid, 
warm  or  even  hot  (104°  F.  40°  C.)  bath  with  friction 
is  indicated. 

Hot  sponging  is  sometimes  substituted  for  the  Brand 
bath  in  the  treatment  of  very  nervous  patients  or 
children.  The  sponging  with  water  at  about  110°  or 
112°  F.  (43.3°  or  44.4°  C.)  is  followed  by  a  quick  rub- 
bing with  warm  alcohol. 

Opinions  var}'  as  to  the  hvdrotherapeutic  treatment 
of  measles,  but  lukewarm  baths,  96°  to  98°  F.  (35.6° 
to  36.7°  C.)  are  commonly  used. 

Hot  full  baths  at  103°  F.  (39.5°  C.)  raising  the  tem- 
perature during  the  bath  to  106°  or  107°  F.  (41.1°  or 
41.6°  C.)  are  found  to  be  very  stimulating  in  cases  of 
threatened  collapse. 

The  lukewarm  or  hot  bath  may  be  used  in  mild 
cases  of  scarlet  fever. 

In  chorea,  a  tub  bath  of  90°  to  98°  F.  (32.2°  to 
36.7°  C.)  gradually  cooled  10  or  15  degrees  is  often 
employed. 

Warm  baths,  104°  F.  (40°  C.)  are  indicated  in  cere- 
brospinal meningitis.  In  the  convulsions  of  children 
the  hot  bath  may  be  given. 

In  tetanus  warm  baths  and  the  hot  pack  are 
employed. 

In  the  early  stage  of  yellow  fever  a  hot  mustard 
bath  or  foot-bath  is  indicated. 

In  the  collapse  of  cholera  the  hot  bath,  104°  to  105° 
F.  (40°  to  40.6°  C.)  is  used.  Hot  wet  packs  may  be 
substituted  for  the  baths. 

For  tuberculous  patients  many  physicians  advocate 
the  use  of  water  at  90°  F.  (32.2°  C.)  or  higher  in  the 
form  of  bath  or  doucne.  The  water  of  the  bath  is 
gradually  cooled.  Especially  in  childhood,  various 
affections  of  the  respiratory  tract,  such  as  bronchial 
catarrh,  are  relieved  by  this  treatment.  The  sedative 
effect  brings  sleep  and  makes  breathing  less  labored. 
The  affected  membranes  are  relieved  of  the  surplus 
of  blood,  which  is  drawn  to  the  periphery.  The  pa- 
tient must  be  carefully  watched  and  not  be  allowed 
to  become  weak  from  the  treatment,  as  the  sec- 
ondary effects  of  a  too  long-continued  hot  bath  are 
debilitating. 

In  certain  cases  of  bronchopneumonia  and  capillary 
bronchitis  in  children  hot  baths,  100.4°  F.  ( 38°  C.)  may 
be  given. 

The  short  warm  bath,  90°  F.  (32.2°  C.)  varied  with 
cool  douches  is  used  in  asphyxia  neonatorum.  Acute 
bronchitis  is  treated  by  the  hot  mustard  foot-bath  or 
full  bath. 

For  stimulating  the  secretions,  Lissauer  uses  the 
steam  douche. 
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The  hot  bath  and  the  warm  pack  arc  used  by  many 
clinicians  in  active  congestion  of  the  lung. 

The  mustard  pack  at  lukewarm  temperature  is 
highly  recommended  by  Lenhartz  for  treating  edema 
of  the  lung. 

In  influenza,  epidemic  catarrhal  fever,  hot  applica- 
tions are  preferable  to  cold  ones. 

Opinions  of  authorities  concerning  the  sweating  pro- 
cess in  the  treatment  of  renal  diseases  vary  widely. 

Patients  with  chronic  interstitial  nephritis  are  best 
treated  with  hot  applications.  Moist  heat  is  pref- 
erable unless  edema  threatens.  When  uremia  exists, 
the  cerebral  symptoms  are  often  entirely  relieved  by 
the  hot-water  or  vapor  bath,  for  by  this  means  not 
only  the  skin  acts  freely,  but  the  effect  on  the  whole 
organism  is  sedative,  pain  and  irritability  being 
allayed. 

The  full  warm  bath  followed  by  a  rain  bath  or  a  fan 
douche  is  advocated  for  patients  with  high  nervous 
tension  but  without  arteriosclerosis. 

The  hot  douche  forms  part  of  the  modern  treatment 
of  nephritis  with  edema. 

In  mild  cases  of  the  toxemia  of  pregnancy  simple 
warm  baths,  and  in  severe  cases  hot  packs  are  indi- 
cated. Hot  packs  and  vapor  baths  are  demanded  in 
uremia  and  in  eclampsia.  A  certain  country  practi- 
tioner used  to  apply  hot  ears  of  corn  covered  by  a  few 
husks. 

For  infants  and  young  children  suffering  with 
scarlatinal  nephritis  w'arm  baths,  100°  to  101°  F.  (37.8° 
to  43.3°  C.)  are  used. 

In  diabetes  mellitus,  the  daily  warm  cleansing 
bath,  and  the  continuous  or  hammock  bath  at 
95°  F.  (35°  C.)  are  indicated.  Warm  baths  form 
part  of  the  treatment  of  diabetes  insipidus. 

In  the  treatment  of  chronic  articular  rheumatism 
and  the  arthrites  the  systematic  application  of  heat 
is  universally  recognized.  The  value  of  thermal  springs 
in  these  cases  has  been  recognized  since  early  times. 

The  application  of  heat  of  different  degrees  and 
by  different  methods  forms  a  valuable  part  of  the 
treatment  also  of  acute  rheumatism,  the  cerebral  form 
of  rheumatism,  muscular  rheumatism,  rheumatic 
endocarditis,  gout,  gonorrheal  arthritis,  and  arthri- 
tis deformans.  Among  the  methods  used  are  the 
hot  tub  bath,  the  hot  douche,  the  hot  pack  both  wet 
and  dry,  the  hot-air  bath  (baking),  fango  compresses, 
moor  baths  or  packs,  hot-sand  baths,  and  electric- 
light  baths. 

Heat  in  various  forms  comprises  an  important 
part  of  the  treatment  of  diseases  of  the  heart  and 
vascular  system. 

Heat  is  one  of  the  most  valuable  measures  in  the 
treatment  of  alcoholism,  morphinism,  chronic  lead, 
mercury,  arsenic,  and  tobacco  poisoning. 

Heat  is  a  most  useful  adjunct  in  the  treatment 
of  various  digestive  disorders — certain  forms  of  con- 
stipation, gastroptosis,  chronic  gastritis  and  enteritis, 
round  ulcer  of  the  stomach,  cholera  infantum,  and 
sea-sickness.  Heat  plays  an  important  part  in  the 
therapy  of  anemia,  chlorosis,  convalescence  from 
acute  illness,  neurasthenia,  insomnia,  insanity,  mel- 
ancholia, headache;  in  the  neuralgias,  paralysis,  loco- 
motor ataxia;  in  obesity,  exophthalmic  goiter;  syph- 
ilis and  various  skin  diseases. 

The  results  of  hydrotherapy  both  local  and  general 
are  most  happy  in  many  surgical  affections.  The 
improved  circulation  with  the  resulting  increased 
oxidation  added  to  the  general  tonic  effect  of  bathing 
are  the  potent  influences  for  improvement. 

Chief  among  surgical  affections  amenable  to  these 
measures  are  local  inflammation,  diseases  of  bones 
and  joints,  sprains,  felons,  furuncles  and  phlegmons, 
surgical  shock,  football  injuries,  phagedena,  burns  and 
scalds.  Local  hot  baths  for  felons,  furuncles,  and 
phlegmons  are  used  in  Germany  and  Austria.  The 
length  of  the  bath  is  from  30  minutes  to  an  hour  and 
is  taken  several  times  a  day.     The  temperature  is 


as  high  as  can  bo  borne.  These  measures  are  analo- 
gous to  those  of  passive  hyperemia  recommended  by 
Bier.  Schaffer  of  Breslau  has  made  a  most  scholarly 
investigation  in  relation  to  the  treatment  of  inflamma- 
tion. The  results  of  his  work  show  that  the  employ- 
ment of  hot  poultices  to  favor  the  "pointing"  of 
■in  abscess  is  logical.  He  has  demonstrated  also  that 
with  this  treatment,  after  incision  of  the  abscess 
''the  pus  is  thinner,  more  watery,  discharges  more 
freely  and  completely,  and,  what  is  more,  a  smaller 
incision   is  necessary    over  the  pointing   abscess." 

Schaffer's  figures  for  the  upper  limit  of  temperature 
of  moist  and  dry  heat  rcspectivelv  that  are  beneficial 
in  applications  are  41°  C.  (106°  F.)  and  45°  C.  (1  13° 
F.);  with  higher  temperatures,  "capillary  hemor- 
rhages occur  with  marked  stasis  and  leucocytic 
infiltration." 

In  the  local  treatment  of  inflamed  tissues,  it  should 
be  remembered  that  heat  is  preferable  to  cold  when  the 
affected  tissues  are  soft  and  yielding,  as  in  pain  at  the 
root  of  a  tooth.  In  burns  and  scalds  one  of  the 
most  successful  methods  of  treatment  is  by  means  of 
the  continuous  bath  at  a  constant  temperature  of 
98°  F.  (36.7°  C).  The  patient  is  taken  out  of  the 
bath  daily  in  order  that  sloughs  may  be  removed. 
The  disagreeable  odor  is  obviated  by  this  method. 
The  continuous  warm  bath  is  very  beneficial  in 
minimizing  the  serious  effects  on  the  nervous  system 
of  extensive  burns.  Sloughing  wounds  and  eczema 
are  also  treated  by  this  method.  The  patient  eats 
and  sleeps  in  the  bath  with  the  greatest  comfort. 
For  many  years  Kaposi  of  Vienna  has  employed  the 
continuous  bath  in  his  wards  with  great  success. 
Genito-urinary  diseases  in  both  men  and  women  are 
successfully  treated  by  continuous  baths  and  irrigation 
of  the  bladder  by  water  at  about  100°  F.  (37.8°  C). 
Gynecological  affections  are  treated  according  to  in- 
dications by  warm  or  hot  baths  or  douches,  packs, 
and  other  measures.  The  Nauheim  baths  are  use- 
ful in  a  variety  of  gynecological  disorders.  Various 
external  and  internal  ocular  affections  are  relieved 
by  the  application  of  heat.  Among  these  are 
conjunctivitis  neonatorum,  phlyctenular  conjunc- 
tivitis, vitreous  opacities,  chronic  iridochoroiditis, 
detachment  of  the  retina,  toxic  neuritis,  and  hemor- 
rhage into  the  vitreous  and  retina,  inflammation  of 
the  uveal  coat,  the  chorioretina,  and  the  optic  nerve. 
Hansell  and  Risley  advocate  the  hot  packs  and  electric- 
light  baths.  In  case  of  glaucoma  a  short  hot  foot- 
bath may  prove  useful.  Toothache  is  sometimes 
complained  of  by  patients  after  hydrotherapeutic 
measures.  "This  is  not  neuralgia,  but  merely  the 
flaring  up  of  some  latent  carious  process."  (Hins- 
dale.) Kraus  terms  such  phenomena  "  Provokationser- 
scheinungen." 

The  superficial  application  of  heat  and  cold  to 
the  living  human  body  is  generally  believed  to  have  a 
temperature  effect  upon  the  deeper  structures.  After 
weighing  the  evidence  of  various  investigators,  how- 
ever, this  statement  can  be  accepted  "only  to  a 
very  limited  and  comparatively  superficial  extent." 

Proctoclysis  is  the  recent  method  by  which  water 
at  a  temperature  of  100°F  (37.7°C.)  containing  radium 
chloride  and  calcium  choloride  is  gradually-  introduced 
into  the  rectum,  from  50  to  80  drops  a  minute  escap- 
ing at  very  low  pressure.  Dr.  John  B.  Murphy  ad- 
vocated this  method  in  the  treatment  of  peritonitis. 
It  has  proved  most  successful  in  such  cases.  Rectal 
and  colonic  rectal  irrigation  are  valuable  adjuncts  to 
hydrotherapy. 

Hot-water  drinking  was  more  in  vogue  some  years 
ago  than  it  is  at  the  present  time.  Taken  as  a  draught 
in  small  quantities,  hot  water  causes  a  temporary 
rise  in  the  pulse-rate  but  lowers  the  blood  pressure 
for  about  the  same  length  of  time.  The  drinking  of 
hot  water  is  counterindicated  in  heart  disease  with 
failure  of  compensation.  Warm  drinks  taken  at 
bedtime  often  allay  cough. 
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The  diseases  that  have  of  late  pears  been  treated 
with  benefit  by  means  of  electrically  heated  ovens  are 
the  arthritic  diseases — rheumatic  arthritis,  gout, 
rheumatism;  joint  affections,  such  as  sprains;  affec 
lions  of  the  nerves,  as  neuralgia,  sciatica.,  and  the 
like;  certain  skin  diseases;  chronic  ulcers,  and  flat  foot . 

Still  other  apparatus  has  been  devised  by  means 
of  which  the  body  is  subjected  to  the  action  of  radiant 
heat.  The  diaphoretic  effects  of  combined  heat  and 
light  are  said  to  be  much  greater  than  the  same  degree 
of  non-luminous  heal .  The  effect  of  the  electric  heat 
waves  is  invigorating  and  tonic.  One  result  of  these 
exposures  to  extremely  high  temperatures,  one  that  is 
contradictory  to  former  physiological  teaching,  is 
that  the  body  temperature  is  raised  several  degrees. 
The  following  suggestion  has  been  made  in  explanation 
of  cases  in  which  certain  parts  of  the  body  are  exposed 
to  the  heat:  "It  is  probably  due  to  imperfectly  co- 
ordinated diaphoresis  in  parts  of  the  body  other  than 
that  exposed  to  the  direct  heat  of  the  bath — that  is  to 
say,  the  blood  as  it  flows  through  the  heated  area  is 
not  completely  cooled  down  before  it  passes  on  to 
other  areas,  where  the  conditions  are  different,  and 
where  reflex,  superficial,  vascular  dilatation,  and 
consequent  diaphoresis,  are  not  correspondingly 
established."  In  the  application  of  these  methods 
just  mentioned,  the  apparatus  is  so  arranged  that  the 
head  of  the  patient  remains  free  in  the  normal  room 
temperature.'  Besides  great  local  benefit,  the  general 
health  is  improved  by  these  hot  baths.  In  the 
radiant-heat  bath  the  perspiration,  as  soon  as  it 
appears,  is  evaporated  by  the  hot  dry  air.  If  this 
heat  is  applied  locally,  the  circulation  of  the  part 
treated  is  increased  and  not  only  is  extra  nutrition 
supplied,  but  a  greater  amount  of  blood  is  carried 
away  from  the  part;  and  it  is  probable  that  this  blood 
takes  away  from  the  diseased  area  many  morbid 
products  in  solution.  When  radiant  heat  is  produced 
by  electricity,  the  advantages  can  be  clearly  seen,  as 
there  is  no  combustion  and  the  patient  breathes 
perfectly  pure  air.  Among  the  affections  treated 
with  benefit  by  this  method  are  the  following:  rheu- 
matoid arthritis,  gout,  chronic  cramp,  sciatica,  fixed 
joints,  inflammation  of  the  veins,  adhesions  following 
fracture,  chronic  articular  rheumatism,  chronic  alco- 
holism, rheumatic  gout,  stiffness  following  injury, 
gonorrheal  rheumatism,  vasomotor  disease,  epilepsy, 
chronic.  Bright's  disease,  asthma,  bronchitis,  strumous 
ulcers,  fracture,  spinal  disease,  chorea,  and  peripheral 
neuritis.  The  general  effect  of  the  radiant-heat  and 
light  bath  is  soothing,  as  it  allays  pain  and  imparts 
a  feeling  of  well-being. 

Moist  diabetic  gangrene  has  been  recently  treated 
by  douches  of  dry,  superheated  air,  and  this  method 
has  proved  to  be  a  valuable  adjunct.  There  results 
rapid  desiccation,  disappearance  of  pain  and  odor. 
Bacterial  growth  and  absorption  are  checked.  Recu- 
peration may  take  place  to  the  extent  of  strength  for 
operation — amputation  of  the  limb.  In  cases  of  less 
severity  operation  may  be  avoided. 

The  mode  of  administration  of  the  douches  consists 
of  the  daily  application  during  one-half  or  three- 
quarter  hour  sittings  of  a  stream  of  heated  air,  con- 
stant or  interrupted,  by  means  of  an  electric  appara- 
tus of  special  construction. 

The  living  as  well  as  the  dead  tissues  are  included 
in  the  treatment  so  that  an  active  hyperemia  is  pro- 
duced. Air  heated  to  a  temperature  of  from  200°  to 
300°  C.  and  exceptionally  700°  (Ricard)  is  used  on  the 
gangrenous  parts,  while  a  temperature  varying  from 
80°  to  100°  C.  is  applied  to  the  healthy  parts. 

Various  authorities  report  very  happy  results  not 
alone  in  diabetic  gangrene,  but  in  certain  cases  of 
moist  gangrene  due  to  various  other  causes  such  as 
arteriosclerosis,  in  which  immediate  operation  is  not 
advisable.  This  treatment  is  sometimes  employed 
also  in  frost-bite  especially  in  anemic  patients  in 
whom  the  condition  is  practically  chronic.     In  the 
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case  of   acute   frost-bite   in   delicate  patients,    Bier's 
passive  hyperemia  is  more  suitable. 

Aerotherapy  has  proved  useful  in  the  case  of  pain- 
ful joints  and  sciatica.      Various   powerful  derivative 

effects  occur  through  the  resulting  hyperemia  of  the 

skin.      Gouty  nodules  have  been  absorbed   by  the  use 
of  this  method. 

The  term  fulguration  (lightning)  used  first  to  desig- 
nate the  de  Keating-Hart  method  of  treating  cancer 
by  high-frequency  discharges  of  electricity,  has  in 
many  cases  been  loosely  employed  in  relation  to 
other  methods. 

The  term  "destructive  fulguration"  has  at  times 
been  used  to  designate  the  treatment  of  neoplasms 
both  benign  and  malignant  by  the  ordinary  high- 
frequenc_\  elect  rocautenzation  (Bainbridge). 

Clark  describes  the  method  of  oscillatory  desicca- 
tion practiced  by  means  of  a  specialized  high-fre- 
quency current.  He  calls  attention  to  the  ram 
degree  of  heat  effects — from  hyperemia  to  burning. 
The  so-called  desiccation  point  is  between  these 
extremes. 

Thermopenetration  (d'Arsonval)  is  the  method 
by  which  a  rise  of  temperature  is  brought  about  in 
tissues  placed  between  two  electrodes  by  the  employ- 
ment of  the  high-frequency  current. 

Diathermy  or  transthermy  (Nagelschmidt)  is  a 
thermic  means  of  destruction  employed  in  the  treat- 
ment of  neoplasms.  By  this  method  the  high-fre- 
quency current  by  its  thermo-penetrative  power 
destroys  the  tumor  by  coagulating  the  tissues. 

Different  degrees  of  heat  are  employed  for  different 
conditions,  for  rheumatism,  sciatica  and  like  condi- 
tions are  treated  by  this  method.  The  effect  is  a 
sensation  of  heat  felt  deep  in  the  tissues  but  not  on 
the  skin. 

The  passage  of  the  current  through  the  body  causes 
not  alone  local  increase  in  temperature,  but  general 
rise  also  together  with  diaphoresis.  Various  condi- 
tions benefited  by  diathermy  have  been  reported, 
among  these  being  Bright's  disease,  cardiac  disease 
with  dropsy,  bronchopneumonia,  bronchitis,  asthma, 
pleurisy,  rheumatism,  gonorrheal  rheumatism,  lum- 
bago, and  joint  affections  including  acute  gout; 
sciatica,  tic  douloureux,  nervous  headache,  neuralgia, 
locomotor  ataxia,  obesity,  insomnia,  myocarditis,  and 
in  pelvic  exudates. 

Doyen  devised  a  special  apparatus  more  powerful 
than  that  of  Nagelschmidt  for  the  thermic  death  of 
cancer.  This  method  is  known  as  electrocoagulation 
and  is  used  to  destroy  neoplasms  of  the  skin  and  mu- 
cous orifices.  Nagelschmidt  sums  up  the  advantages 
of  this  treatment  as  follows:  "Electrocoagulation 
can  be  used  in  those  tissues  inaccessible  to  the  knife; 
it  destroys  bacteria  and  their  toxins;  it  is  hemostatic; 
it  favors  elimination  of  cancer  cells  in  the  neighbor- 
hood, because  of  the  lymphorrhea;  it  prevents  dis- 
semination of  cancer  cells  during  the  operation  for 
the  lymph  and  blood-vessels  are  coagulated;  finally, 
it  is  not  specific,  and  results  depend  upon  correct 
technique." 

When  a  superficial  carbonization  is  caused  by  hold- 
ing the  electrode  away  from  the  part  the  term  bipolar 
voltaization  is  used. 

A  method  of  thermopenetration  called  thermo- 
radiotherapy refers  to  the  process  of  heating  the  dis- 
eased tissue  with  a  cooling  of  the  skin.  In  this  way 
the  tissues  are  rendered  more  sensitive  to  the  i-rays. 

Although  the  uses  of  heat  are  at  present  so  varied 
and  valuable,  this  field  is  probably  yet  but  in  its  in- 
fancy, as  new  discoveries  and  improvements  are  con- 
stantly being  made  in  this  department  of  therapeutics. 

Emma  E.  Walker. 


Heat=stroke. —  (Synonyms:  Sunstroke,  insolation, 
thermic  fever,  siriasis,  coup  de  soh.il,  coup  de  chaleur, 
Hitzschlag,  Sonnenstich,  ictus  solis,  insolatio.) 
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Definition*. — Insolal  inn  is  a  disease  whose  main 
features  are,  in  its  milder  forms,  intense  exhaustion, 
with  or  without  rise  of  temperature,  and  in  its  severer 
forms,  with  an  enormous  rise  of  temperature  and  coma 
probably  caused  by  acute  autointoxication  due  to 
the  presence  in  the  blood  of  toxic  decomposil  ion  prod- 
ucts or  toxic  substances  produced  at  the  unusually 
high  temperature,  the  exact  nature  of  these  substances 
being  at  present  unknown. 

From  the  time  when  it  is  recorded  that  Elisha  re- 
stored the  Shunamniite  woman's  son  to  life  after  a 
sunstroke  the  frequency  of  this  affection  has  often 
been  noted.  Armies  at  times  have  been  almost 
decimated  b}'  it,  especially  when  operating  in  sub- 
tropical or  tropical  countries.  Sunstroke  occurs  most 
frequently  in  the  tropics,  particularly  where  the  cli- 
mate is  damp.  In  the  United  States  it  occurs  during 
summer  in  the  Mississippi  Valley,  around  the  southern 
shores  of  the  Great  Lakes,  and  especially  along  the 
Atlantic  coast.  In  the  Western  and  Southwestern 
States  it  is  rare,  owing  to  the  dryness  of  the  climate. 

Any  cause  that  diminishes  the  resistance  of  the 
body  predisposes  to  sunstroke.  Alcoholism  is  un- 
doubtedly the  most  frequent  predisposing  cause,  not 
only  chronic  alcoholism  but  even  a  single  excess.  All 
causes  producing  extreme  fatigue,  such  as  severe 
muscular  exertion  and  sexual  excesses,  predispose  to 
an  attack.  Elderly  people  suffering  from  chronic 
ailments  and  invalids  of  any  age,  even  if  taking  no 
bodily  exercise  and  remaining  indoors,  are  sometimes 
overcome  by  the  heat  and  suffer  true  attacks  of  heat- 
stroke. It  is  not  so  common  among  children  as  among 
adults.  Men  are  more  frequently  attacked  than 
women  because  their  occupations  more  often  subject 
them  to  different  forms  of  exposure  to  heat  and 
require  of  them  greater  physical  exertion,  and  because 
men  are  more  often  given  to  alcoholic  excess  than 
women. 

Exposure  to  the  direct  rays  of  the  sun  is  usually  the 
exciting  cause,  but  this  is  not  necessary;  some  of  the 
worst  epidemics  in  the  tropics  have  occurred  during 
the  night.  While  soldiers  on  the  march  and  laborers 
working  in  the  sun  have  given  the  greatest  number  of 
victims  to  this  disease,  men  working  in  superheated 
environment  such  as  firemen,  stokers,  and  laundry- 
men  have  often  been  attacked.  The  main  factors 
in  the  weather  which  are  specially  prone  to  assist  in 
the  causation  of  insolation  are  high  humidity  with 
continuously  high  temperature  and  lack  of  motion  of 
the  air.  Humidity  and  especially  the  absence  of 
cooling  breezes  are  as  important  factors  as  is  high 
temperature,  although  the  cause  of  sunstroke  is 
usually  attributed  to  the  high  temperature  alone.  It 
has  long  been  noticed  that  a  hot,  sultry,  lifeless 
atmosphere  is  the  one  in  which  most  cases  of  sun- 
stroke occur.  Impurity  of  the  atmosphere  is  not 
unimportant,  as  is  shown  by  the  fact  that  men  sleeping 
in  crowded  barracks  or  small  tents  are  more  often 
victims  than  those  in  well-ventilated  quarters. 

Sunstroke  occurs  with  greater  frequency  in  the 
tropics  among  unacclimated  individuals  than  among 
those  of  long  residence,  who  have  acquired  a  certain 
amount  of  immunity  to  the  effects  of  heat.  This 
immunity,  however,  is  by  no  means  absolute,  as  even 
the  natives  of  India,  Egypt,  Arabia,  and  Africa  are  at 
times  overcome.  The  light-skinned  races  are  more 
susceptible  than  the  dark-skinned. 

Pathological  Anatomy  and  Pathology. — The 
postmortem  appearances  depend  on  the  time  that  has 
elapsed  since  death  occurred.  When  the  postmortem 
examination  is  made  shortly  after  death  the  following 
conditions  are  usually  present :  When  the  antemortem 
temperature  has  been  high  the  viscera  feel  noticeably 
hot;  the  lungs  are  congested,  often  extremely  so;  the 
liver  is  large,  and  the  abdominal  veins  are  filled  with 
blood  and  there  is  intense  congestion  of  the  brain  and 
meninges.    The  left  ventricle  of  the  heart  is  contracted 


and  empty;  the  right  ventricle  is  filled  with  semifluid 
blood,  sometimes  giving  an  acid  reaction.  Rigor  moi 
tis  has  Set  in  early.  When  several  hours  have  elapsed 
since  death  decomposition  will  already  have  set  in. 
The  heart,  instead  ol  being  contracted,  is  then  llabbv 
and  tilled  with  grumous,  semifluid  blood.      The  spleen 

is  slightly  enlarged  and  soft.  The  meninges  of  the 
brain  are  congested,  and  there  is  more  or  less  abundant 
subpial  fluid.  The  brain  itself  is  usually  firm  and  not 
congested,   with   sometimes  a   little  bloody   fluid   in 

the  vent  rides.  The  membranes  of  the  spinal  eurd  are 
congested,  the  cord  being  firm  and  about  normal  in 
appearance.  Small  hemorrhagic  extravasations  are 
sometimes  found  in  the  viscera,  pleura',  and  pericar- 
dium. The  most  constant  changes  seem  to  be 
marked  congestion  of  the  meninges  and  viscera,  the 
fluidity  of  the  blood,  and  the  unusual  rapidity  with 
which  rigor  mortis  and  decomposition  supervene. 

In  the  minute  cellular  structure  of  the  brain  we  find 
changes  which  are  much  more  constant  and  which 
are  fairly  characteristic.  Dr.  Ira  Van  Gieson,  of 
New  York,  has  described  these  lesions  in  the  neurons 
of  the  brain  and  cord,  as  an  acute  parenchymatous 
degeneration  of  the  ganglion  cells  best  shown  by  the 
Nissl  stain  and  counterstain  with  eosin.  In  the  normal 
cell  stained  in  this  manner  the  chromophilic  plaques, 
or  Nissl  bodies,  appear  to  have  a  somewhat  barrel- 
stave  shape  and  to  be  somewhat  thickly  packed  in 
the  body  of  the  cell.  In  insolation  the  appearances 
are  strikingly  different.  In  the  early  stages  of  de- 
generation the  chromophilic  plaques  are  divided  into 
large  and  small  segments,  and  in  other  places  appear 
fused  together  in  a  confluent  condition,  and  they  show- 
changes  in  form,  having  rounded  ends  or  are  oval  or 
spherical,  and  are  abnormally  few  in  number.  In 
other  cells  the  chromophilic  plaques  show  further 
disintegration,  and  have  been  converted  into  fine, 
dust-like  particles  strewn  about  over  the  cytoplasm, 
giving  it  a  finely  granular,  almost  homogeneous 
appearance.  The  outlines  of  these  cells  are  much 
less  distinct  than  normal.  These  appearances  seem 
to  be  more  often  found  in  the  anterior  horns  of  the 
spinal  cord,  where  the  changes  do  not  seem  to  have 
advanced  so  far  as  in  the  cerebral  cortex  and  cere- 
bellum. When  the  changes  are  further  advanced  the 
chromophilic  plaques  are  not  only  converted  into 
dust-like  particles,  but  in  some  cells  the  particles  have 
disappeared,  giving  to  the  cell  body  a  pallid,  shadowy 
outline.  The  changes  in  the  nuclei  may  also  be 
marked  and  radical.  The  nuclear  membrane  is 
uneven  in  outline,  notched  in  places,  and  slightly 
cremated;  the  nuclear  fluid  is  changed  in  consistence, 
so  that  it  appropriates  methylene-blue  stain  very 
freely.  This  is  in  distinct  contrast  to  the  normal. 
In  some  cells  the  nuclear  contents  appear  homogeneous, 
while  in  others  there  is  a  fine  granular  content.  In 
some  cells  the  nucleus  seems  to  have  entirely  dis- 
appeared. In  none  of  the  ganglion  cells  of  the  cerebral 
cortex,  cerebellum,  and  spinal  cord  which  have  been 
examined,  has  there  been  any  distinct  evidence  of 
destruction  of  the  cells.  There  have  been  no  vacuoles 
nor  loss  of  substance  in  the  cytoplasm.  The  cells 
have  preserved  their  form,  with  the  exception  of  the 
various  phases  of  dissolution  of  the  chromophilic 
plaques.  In  the  cerebral  cortex  these  changes  occur 
in  both  motor  and  psychic  cells. 

The  changes  thus  described  are  simply  those  pro- 
duced by  the  operation  of  a  great  variety  of  poisons, 
as  lead,  alcohol,  the  microbic  poisons,  and  auto- 
intoxications. It  is  therefore  evident  that  a  chemical 
reaction  has  occurred  between  the  poison  and  the 
constituents  of  the  cells.  By  the  method  of  elimina- 
tion and  excluding  other  groups  of  poisons,  these 
changes  having  been  found  in  the  nervous  systems  of 
patients  in  whom  alcoholism  can  be  positively  ex- 
cluded, it  is  justifiable  to  conclude  that  the  lesions 
found  in  cases  of  insolation  are  from  some  kind  of 
autointoxication.     This  toxic  resolution  of  the  gang- 
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lion  cells  may  not  necessarily  go  on  to  destruction  of 
the  cells. 

L.  W.  Sambon  has  brought  forward  the  idea  thai 
sunstroke  is  due  to  microbic  infection,  basing  his 
opinion  on  the  fact  that  the  cellular  lesions  cannot  be 
distinguished  from  those  of  microbic  infections,  and 
upon  the  symptoms,  relapses,  its  peculiar  geographical 
distribution,  epidemic  outbreaks,  condition  of  climate 
and  soil  under  which  it  prevails,  and  the  relative  im- 
munity by  acclimatization.  He  has  given  the  name 
"sir iasts'''  to  this  disease.  The  reasons  advanced 
by  this  author  do  not  seem  to  be  sufficient  to  justify 
this  opinion,  and  the  history  and  circumstances 
under  which  the  various  epidemics  have  occurred 
point  strongly  against  the  microbic  origin. 

The  changes  in  the  cells  of  the  other  viscera  also 
seem  to  be  those  of  acute  parenchymatous  degenera- 
tion. These  are  especially  noticeable  in  the  liver  and 
kidneys.  The  blood  in  sunstroke  also  undergoes 
certain  marked  changes.  The  number  of  red  cells 
seems  increased,  but  this  is  probably  only  apparent, 
being  due  to  the  condensation  of  the  blood  from  loss  of 
fluids  through  excessive  sweating.  The  hemoglobin 
in  twelve  cases  gave  from  eighty-five  to  one  hundred 
and  twenty-five  per  cent.,  averaging  one  hundred  per 
cent.  The  increase  above  the  average  normal  was 
probably  also  due  to  blood  condensation.  There 
seems  also  to  be  destruction  of  the  red  cells,  as  the 
leucocytes  are  found  to  contain  pigment.  The  pro- 
nounced anemia  following  sunstroke  also  points  to  the 
destruction  of  the  red  cells.  These  blood  changes 
occur  not  only  in  patients  who  have  suffered  from 
hyperpyrexia,  but  also  in  those  whose  temperatures 
do  not  rise  above  105°  F.  As  the  red  cells  do  not 
disintegrate  from  heat  until  the  temperature  rises  to 
125-129°  F.,  the  destruction  observed  in  insolation 
points  definitely  to  some  toxic  elements  in  the  blood. 
The  blood  serum  of  sunstroke  patients  has  also  been 
shown  to  be  exceedingly  toxic  to  animals.  Levene 
and  Van  Gieson  found  that  9  c.c.  injected  into  the 
ear  veins  of  rabbits  killed  the  animals  in  less  than  an 
hour,  normal  human  serum  having  no  such  effect. 

The  gases  in  the  blood,  however,  seem  to  remain 
normal.  Wood  and  other  observers  have  reported 
that  the  alkalinity  of  the  blood  in  individuals  dying  of 
sunstroke  is  greatly  diminished,  and  in  some  instances. 
the  reaction  is  distinctly  acid.  Levene  and  Van 
Gieson  have  also  found  that  the  urotoxic  coefficient 
was  diminished  in  the  urine  of  sunstroke  patients, 
while  it  was  increased  in  the  urine  of  the  same  patients 
during  the  first  twenty-four  to  forty-eight  hours  of 
recovery.  This  seems  to  point  to  failure  of  elimina- 
tion of  toxic  substances  during  sunstroke.  Arloing 
has  found  that  the  sweat  during  severe  muscular 
exercise  is  two  or  three  times  more  toxic  than  that  of 
the  same  individuals  at  rest.  When  sweating  ceases  in 
sunstroke  there  would  seem  to  be  an  accumulation  of 
these  toxic  substance 

Based  on  the  above  lesions  and  experimental 
observations,  the  clinical  symptoms  of  the  various 
forms  of  sunstroke  are  more  readily  explained  and 
understood  than  by  the  theory  that  heat  alone  within 
the  body  was  the  sole  cause.  The  changes  in  the 
cytoplasm  in  the  ganglion  cells  show  the  injury  to  the 
functional  activity  of  the  cell,  while  the  changes  in  the 
nucleus  show  processes  detrimental  to  cell  life. 

The  prodromal  symptoms  of  the  severe  forms  of 
sunstroke  are  those  of  severe  functional  disturbance, 
while  the  later  symptoms  of  the  severe  forms  show  a 
tendency  to  destruction  of  the  neurons.  Heat  un- 
doubtedly is  the  main  contributing  cause  of  sunstroke, 
as  exposure  to  cold  is  of  pneumonia.  From  whatever 
source  the  heat  comes  the  action  on  the  body  is  prac- 
tically the  same. 

The  even  temperature  of  the  normal  body  is  due 
to  the  maintenance  of  the  equilibrium  between 
heat  production  and  heal  loss.  Young  persons  with 
healthy  eliminative  organs  will  stand  a  high  degree  of 
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temperature  and  long  exposure  to  the  effects  of  heat. 
Equilibrium     is    secured     by     the     contraction     and 

dilatation  of  the  skin  capillaries  and  increase  and  de- 
crease of  perspiration,  with  the  consequent  increase 
and  diminution  in  radiation  and  conduction  of  heat 
over  the  body.  There  are  also  said  to  be  nervous 
centers  controlling  the  production  of  heat,  but  their 
exact  location  and  action  are  not  fully  determined. 

Heat  is  produced  in  the  body  by  chemical  metabo- 
lism constantly  acting,  especially  during  muscular  exer- 
cise. Normally  2.6  per  cent,  of  heat  is  lost  from 
warming  food  and  drink  ingested;  2.6  per  cent,  by 
warming  the  inspired  air;  14.7  per  cent,  by  evapora- 
tion; and  80.1  per  cent,  by  radiation  and  conduction 
through  the  skin. 

Sunstroke  occurs  with  greatest  frequency  among 
persons  performing  some  form  of  bodily  exercise  in  an 
intensely  hot  environment.  The  heat  production,  of 
the  body  is  thus  at  the  maximum,  while  the  heat  loss 
from  warming  the  inspired  air  is  zero.  The  loss  from 
radiation  and  conduction  is  also  zero,  the  air  being  as 
warm  as  or  warmer  than  the  body.  If  sweating  is 
excessive,  heat  loss  may  be  sufficient  to  maintain  the 
equilibrium;  but  if  sweating  ceases,  as  it  usually  does 
in  insolation,  heat  loss  ceases  and  heat  production 
continuing,  the  heat  rapidly  accumulates  in  the 
body,  and  thus  an  enormously  high  temperature  is 
brought  about. 

Goldschieder  and  Flatau  have  shown  that  the 
neurons  of  the  central  nervous  system  of  animals 
whose  temperatures  have  been  artificially  raised  to 
109.4°  F.  seem  to  show'  the  same  changes  when  stained 
by  the  Nissl  method  as  those  described  above. 
The  neurons  of  living  animals  whose  temperatures 
have  remained  for  three  hours  at  107°  to  107.6°  F.  also 
began  to  show  the  same  changes.  But  when  the  animal 
had  been  previously  killed  and  the  temperature  of  the 
bodj  raised  to  112.3°  F.,  the  cells  did  not  change. 
Heat  alone,  therefore,  will  not  produce  these  changes, 
and  the  action  must  be  one  of  chemical  metabolism 
in  the  living  cell  protoplasm.  In  sunstroke  patients 
at  times  die,  the  temperature  never  having  gone 
above  106°.  This  temperature  in  diseases  of  micro- 
bic origin  is  borne  without  causing  death,  hence  the 
amount  of  heat  per  se  in  the  body  does  not  cause  death 
in  these  cases  of  sunstroke. 

Most  authorities  state  that  a  temperature  of  113°  F. 
is  necessarily  fatal,  but  a  patient  suffering  from  sun- 
stroke was  admitted  to  the  Presbyterian  Hospital,  in 
New  York,  with  a  temperature  of  115°  F.,  and  re- 
covered. The  limit  of  temperature  which  can  be 
borne  by  the  body  with  recover}-  can,  therefore,  not  be 
definitely  stated.  In  infectious  diseases  it  is  the 
lesion  produced  by  the  causal  agent  and  not  the  tem- 
perature which  kills;  in  sunstroke  it  is  the  metabolic 
changes  in  the  central  neurons  and  not  the  heat. 

As  to  the  definite  cause  of  death  in  sunstroke,  many 
theories  have  been  advanced.  Sudden  coagulation  of 
the  cardiac  muscle  due  to  heat  does  not  seem  a  tenable 
theory.  While  it  is  true  that  on  the  battlefield  men 
have  been  known  to  drop  from  sunstroke  and  become 
rigid,  dying  almost  instantly,  heat  coagulation  of  the 
heart  muscle  does  not  occur  below  a  temperature  of  122° 
F.  or  higher,  while  many  patients  die  long  before  such 
a  temperature  is  even  approached,  and  the  highest 
temperature  ever  recorded  in  sunstroke  is  117.8°  F. 
Death  is  also  not  due  to  lack  of  conduction  in  the  nerve 
fibers,  as  these  do  not  lose  their  power  of  conduction  to 
impulses  until  a  temperature  of  125  6°  F.  is  reached. 
It  would  therefore  seem  to  be  due  to  some  toxic  action 
on  the  cardiac  and  respiratory  centers  at  whatever 
temperature  this  action  may  occur.  In  the  most 
accurately  recorded  experiments  on  animals  respira- 
tion ceased  before  the  heart.  Clinically  there  seems 
to  be  simultaneous  failure  of  heart  and  respiration,  but 
at  times  first  one  ceases,  then  the  other.  As  will  be 
seen  later,  the  prodromal  symptoms  of  insolation  are 
those  of  disturbance  of  the  digestive  tract  and  liver. 
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Food  is  badly  assimilated,  there  is  indigestion  in  the 
stomach  and  in  the  intestines,  and  sometimes  slight 
jaundice.  Abnormal  substances  are  thus  produced 
in  the  digestive  tract  and  liver.  This  causes  headache 
and  malaise.  When  severe  muscular  exercise  adds  its 
decomposition  products  to  the  circulation  and  at  the 
unusual  high  temperature  of  the  blood,  abnormal 
chemical  changes  may  take  place. 

The  milder  forms  of  sunstroke  known  as  heat  pros- 
tration, or  exhaustion,  are  therefore  due  to  a  mild 
form  of  autointoxication,  and  are  but  the  prodromal 
period  of  the  severe  forms,  the  neurons  being  but 
functionally  disturbed.  If  the  intoxication  is  more 
severe,  syncope  and  unconsciousness  occur.  Heat  loss 
due  to  great  dilatation  of  the  skin  capillaries  is  suffi- 
cient to  prevent  accumulation  of  heat.  Heat  loss 
may  be  so  pronounced  and  predominate  over  heat  pro- 
duction that  lessening  of  temperature  may  occur. 
When  the  intoxication  is  very  severe  unconsciousness 
may  develop  suddenly  with  or  without  prodromal 
symptoms,  and  the  vasomotor,  cardiac,  and  respira- 
tory centers  are  affected.  Heat  loss  being  abolished, 
and  heat  production  and  accumulation  being  at  a 
maximum,  an  enormously  high  temperature  is 
developed.  The  neurons  are  so  severely  poisoned 
that  their  functions  are  abolished  and  convulsions, 
delirium,  coma,  and  death  supervene. 

Symptoms. — The  mildest  form  of  sunstroke  is  heat 
prostration  or  exhaustion.  An  unusual  weakness  fol- 
lowing exertion  in  hot  weather  most  often  seen  in  feeble 
persons  is  probably  the  mildest  form  that  occurs.  In 
more  vigorous  individuals  the  symptoms  of  this  form 
are  more  pronounced.  Exhaustion  may  come  on 
suddenly  without  prodromal  symptoms,  or  there  may 
be  prodromal  symptoms  followed  by  complete  ex- 
haustion. There  are  usually  headache,  dizziness, 
pain  in  the  back  and  legs  and  epigastrium,  with  some- 
times tingling  of  the  hands  and  feel .  These  symptoms 
may  continue  for  a  few  hours  or  for  three  or  four  days, 
and  are  sometimes  accompanied  by  anorexia,  nausea, 
and  vomiting,  or  there  may  be  diarrhea  or  constipa- 
tion. Some  patients  show  slight  jaundice  of  the 
whites  of  the  eyes.  Uncommonly  in  this  form  of 
sunstroke  perspiration  may  cease.  While  the  pa- 
tients are  suffering  from  the  prodromal  symptoms 
they  may  be  able  to  sleep  and  awake  refreshed,  but  as 
soon  as  they  attempt  to  go  about  their  usual  occupa- 
tions after  a  varying  length  of  time  the  prostration 
becomes  so  extreme  that  they  are  forced  to  give  in  to 
it.  The  headache  is  intense,  either  frontal  or  occipi- 
tal, and  the  patient  seems  dazed;  consciousness  is 
retained.  The  respirations  are  slightly  different 
from  normal,  24  to  28  per  minute.  The  pulse  may 
remain  normal  in  frequency,  or,  depending  upon  the 
intensity  of  the  exhaustion,  it  not  infrequently  runs 
as  high  as  130  to  140  per  minute.  It  is,  however,  of 
good  force  and  tension.  The  temperature  may  be 
normal  or  even  slightly  subnormal,  though  as  a  rule 
there  is  a  rise  and  the  temperature  may  reach  104.8°  F. 
Under  proper  treatment  the  temperature  may  become 
normal  in  a  few  hours,  the  other  symptoms  abate,  and 
the  patient  rapidly  recovers,  or  the  symptoms  may 
continue  and  there  may  be  a  slight  thermic  fever  for 
two  or  three  days,  even  a  week,  the  temperature 
ranging  from  99°  to  103°  F.,  gradually  falling  to  nor- 
mal. Cases  have  been  observed  in  which  a  slightly 
elevated  temperature  has  been  maintained  for  fifteen 
days. 

In  moderately  severe  cases  there  is  always  loss  of 
consciousness,  but  the  temperature  does  not  reach  the 
hyperpyrexial  level  of  105°  F.  The  same  prodromal 
symptoms  may  be  present  as  in  the  mild  form,  and  at 
other  times  there  is  an  intense  feeling  of  burning  and 
heat  and  "pins  and  needles"  in  the  head.  Sometimes 
there  are  alternating  hot  and  cold  flashes  over  the 
body  with  sweating.  Vomiting  and  anorexia  are 
often  severe.     Perspiration   may   cease  a  short  time 


before   unconsciousness  occurs.     Just   before   loss   of 
consciousness   there   are    noticed    in    some    patienl 
sudden  dizziness  and  dyspnea,  sometimes  with  chro- 
matopsia.     In  other  patients  there  is  no  premonition 
of  the  attack. 

These  symptoms  may  occur  while  the  patients  arc 
at  work  or  they  may  be  suddenly  overcome  while 
quietly  walking  in  the  street  at  night.  Suicidal 
tendency  is  sometimes  developed  just  prior  to  loss  of 
consciousness;  sailors  have  been  known  to  try  to  throw 
themselves  overboard,  soldiers  to  attempt  suicide 
with  their  rifles.  This  temporary  mental  aberration 
may  continue  for  a  week  or  two,  and  then  be  followed 
by  complete  recovery.  In  some  cases  of  this  class 
there  are,  with  the  loss  of  consciousness,  symptoms  of 
complete  collapse.  Wood  reports  a  case  with  a  tem- 
perature of  95°  in  the  mouth.  Temperatures  of 
96°  to  97°  are  not  uncommon.  The  majority  of  these 
patients,  however,  show  a  rise  of  temperature  between 
101°  to  104°.  Except  in  cases  of  collapse  the  pulse  is 
full  and  of  good  force  and  tension,  though  it  may  be 
as  high  as  130  per  minute.  Respirations  may  be 
normal  or  as  frequent  as  40  a  minute,  being  usually 
shallow;  the  stertorous  breathing  of  the  severer  forms 
is  not  present. 

Physical  examination  will  show  coated  tongue,  skin 
hot  and  dry  or  covered  with  profuse  sweat,  and  the 
patient  may  be  conscious  or  totally  or  partially  uncon- 
scious. The  pupils  react  to  light  slowly  and  are  some- 
times dilated.  Slight  convulsive  movements  may  be 
present,  or  there  may  be  a  restless  delirium  with  moan- 
ing and  groaning.  Not  infrequently  there  is  a  peculiar 
dark-pink,  petechial  rash  on  the  body,  different  from 
the  ordinary  prickly-heat  rash. 

The  changes  in  the  blood  enumerated  above  occur  in 
this  form  of  sunstroke  as  well  as  in  the  hyperpyrexial 
form.  Unconsciousness,  delirium,  and  other  symp- 
toms may  persist  for  a  few  hours  after  the  cold  bath; 
sometimes  consciousness  is  not  regained  for  twenty- 
four  hours. 

Thermic  fever  when  present  persists  for  several 
days  or  a  week.  Patients  usually  recover  from  this 
form  of  sunstroke.  This  degree  of  insolation  seems 
to  be  the  least  common.  In  two  hundred  and  twenty- 
four  cases  of  different  types  of  sunstroke  coming 
under  the  writer's  notice  in  Bellevue  Hospital  in 
1896,  there  were  but  eighteen  of  this  type. 

The  severest  form  of  insolation  is  the  hyperpyrexial 
type.  In  this  class  are  included  all  patients  whose 
temperature  rises  to  105°  F.  and  over,  with  or  without 
loss  of  consciousness.  The  prodromal  symptoms  when 
present  are  often  more  pronounced  than  in  the  lighter 
cases,  though  many  cases  of  this  severe  form  of  sun- 
stroke have  no  prodromal  symptoms  at  all.  Patients 
whose  temperature  rises  above  108°  are  less  likely 
to  have  prodromal  symptoms  than  those  in  whom  the 
temperature  is  not  so  high.  The  worst  attacks  of 
sunstroke,  therefore,  may  apparently  occur  without 
warning.  The  same  prodromal  symptoms  are  often 
present  as  in  the  milder  forms;  Insomnia,  however, 
is  marked,  and  may  be  present  four  or  five  days  be- 
fore the  attack  culminates.  There  are  often  great 
irritability  and  restlessness  and  sometimes  decided 
increase  in  micturition  for  several  days.  A  feeling 
of  intense  heat  throughout  the  body,  with  the  sensation 
as  if  the  head  were  bursting  open  and  the  eyes  bulging 
outward,  is  often  noticed  just  before  loss  of  con- 
sciousness. Chromatopsia  is  not  uncommon,  external 
objects  taking  on  different  colors,  blue  being  the  most 
common,  or  the  field  of  vision  may  be  occupied  by 
brilliantly  colored  flames.  In  other  patients  objects 
suddenly  lose  color  and  appear  black.  Previous  to 
loss  of  consciousness  there  are  sometimes  hallucina- 
tions of  hearing  or  sight.  Suicidal  mania  may  also 
develop.  Some  patients  are  able  to  continue  work 
which  requires  intelligent  action  and  perform  complex 
acts  working  with  machinery,  or  may  leave  work  and 
go  home,  undress,  bathe,  and  go  on  the  street  again 
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before  falling  helplessly  inert,  and  yel  after  con- 
sciousness is  regained  retain  no  memory  of  what  they 
had  done  for  several  hours  previous  to  the  time  when 
they  were  seen  to  fall.  When  consciousness  is  retained 
the  patients  suffer  intensely  with  burning  heat  and 
intense  headache,  and  may  become  stupid  and  dazed. 
Retention  of  consciousness  in  these  severe  forms  of 
sunstroke  is  the  exception.  In  patients  with  a 
temperature  above  109°  I  have  never  seen  conscious- 
ness retained.  Most  patients  are  comatose.  The 
skin  is  dry,  flushed,  and  hot;  or  it  is  livid,  pale,  and 
cyanotic,  and  covered  with  cold,  clammy  perspiration. 
The  glazed,  set  eyes  are  suffused  and  half  open,  or 
may  be  wide  open  and  staring.  The  pupils  are  at 
times  normal,  or  may  be  dilated  or  contracted  unevenly. 
They  may  or  may*  not  react  to  light.  Respirations 
come  in  short  gasps,  often  irregularly,  with  a  noisy, 
gasping  inspiration  and  quiet  expiration,  or  with  ex- 
plosive expiration  and  quiet  inspiration,  often  accom- 
panied with  a  piteous  moan.  Some  cyanotic  patients 
lie  absolutely  limp  and  flaccid,  not  moving  even  an 
eyelid,  while  in  others  there  may  be  convulsive 
twitchings  or  violent  epileptiform  convulsions. 
Other  patients  with  dry,  hot  skin  are  wildly  delirious 
and  fight  and  struggle  furiously.  In  the  limp 
patients  the  pulse  is  usually  soft  and  frequent  or  small. 
In  the  more  sthenic  cases  it  may  be  full,  strong,  with 
throbbing  carotids.  In  the  worst  cases  the  pat  ients  are 
pulseless.  Vomiting  and  involuntary  defecation  are 
very  common.  The  urine  is  scant,  sometimes  albumi- 
nous, sometimes  containing  blood.  The  peculiar 
petechial  rash  is  often  present,  being  most  abundant 
upon  the  arms  and  body. 

These  sunstroke  patients  emit  a  peculiar,  charac- 
teristic, disagreeable  odor,  particularly  strong  in  the 
feces,  though  it  is  distinctly  not  a  fecal  odor. 

The  cyanotic  type  of  sunstroke  occurs  more  often 
with  temperatures  above  109°  F.  than  below  this 
figure.  The  height  to  which  the  temperature  can  go 
is  unknown,  The  highest  reported  temperature  is 
117.  8°,  in  a  patient  brought  to  the  New  York  Hospital 
in  1896.  Another  patient  in  the  Presbyterian  Hospi- 
tal, New  York,  had  a  temperature  of  115°.  These 
temperatures  were  measured  with  special  thermom- 
eters. Temperatures  of  from  112°  to  113°  are  not 
uncommon,  and  those  of  108°-110°  are  exceedingly 
common. 

There  is  no  exact  ratio  between  the  frequency  of  the 
pulse  and  the  height  of  the  temperature  in  these 
severe  forms  of  sunstroke.  With  a  temperature  of 
110°  the  pulse  may  vary  from  90°-150.  The  same  is 
true  when  the  temperature  is  105°-106°.  The  number 
of  respirations  per  minute  may  vary  from  16  to  50, 
irrespective  of  the  temperatures. 

In  the  most  severe  cases  death  rarely  occurs  im- 
mediately, but  is  delayed  for  a  few  hours.  It  has  been 
stated  that  when  the  temperature  is  reduced  the 
patient  is  out  of  danger,  although  the  elevation  of 
temperature  may  persist  for  some  days.  This  is  by 
no  means  true.  While  it  is  true  that  consciousness 
returns  in  about  half  the  eases  within  an  hour  after 
the  reduction  of  the  temperature  to  normal,  and  when 
once  regained  it  is  retained,  others  do  not  regain 
consciousness  until  after  two  or  more  baths  are  given 
to  reduce  the  continually  recurrent  rise  of  tempera- 
ture, and  many  patients  may  remain  unconscious  for 
twenty-four  hours  or  even  as  long  as  ten  days  and  yet 
recover.  In  the  worst  cases,  even  after  the  tempera- 
ture has  fallen,  the  patients  do  not  react  but  die  within 
twenty-four  hours;  some,  however,  will  live  longer  and 
die  without  regaining  consciousness  at  the  end  of  a  few 
days.  Others,  alter  they  have  regained  consciousness 
and  are  apparently  doing  well,  at  the  expiration  of  a  few 
hours  or  one  or  two  days  may  develop  delirium  and 
remain  delirious  for  a  few  days  or  a  week  and  recover, 
or  they  may  die  during  the  second  period  of  delirium. 

I'at  ients  with  a  temperature  of  105  to  107°  frequently 
recover  without  thermic  fever  or  any  secondary  rise 
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of  temperature.  This  exceptionally  occurs  when  the 
initial  temperature  has  been  107°  to  110°.  With  tem- 
peratures above  1  10  t  here  are  one  or  more  secondary 
rises  of  temperature  which  usually  require  active 
interference,  or  there  is  a  continued   fever  for  some 

t  illie. 

The  secondary  rises  of  temperature  are  apt  to  occur 
from  three  to  six  hours  after  the  temperal  are  has  been 
reduced,  sometimes  not  until  from  twelve  to  eighteen 
hours  after  the  first  bath.  In  serious  eases  the  sec- 
ondary rise  may  come  on  within  an  hour.  It  is  not 
uncommon  to  find  these  secondary  rises  occurring 
eight,  twenty-four,  or  thirty-six  hours  after  the  first 
bath.  Some  patients  may  have  as  many  as  four  or 
five  or  even  more  exacerbations  of  temperature 
requiring  active  treatment.  It  is  not  uncommon  to 
have  thermic  fever  lasting  for  several  days  or  one  or 
two  weeks,  the  temperature  ranging  between  101°  and 
103°  F. 

In  severe  cases  after  the  bath  the  pulse  remains 
feeble  and  soft  and  frequent.  In  favorable  cases  it 
drops  more  slowly  to  normal  than  the  temperature. 
Among  markedly  alcoholic  patients  there  is  an  as- 
thenic course  of  the  disease  requiring  special  mention. 
The  initial  temperatures  in  these  cases  which  have 
come  under  the  writer's  notice  have  varied  between 
106°  and  109°,  and  the  patients  were  strong,  well-nour- 
ished individuals.  They  reacted  well  after  their  baths 
and  became  conscious  within  four  hours,  remaining  ra- 
tional for  twenty-four  hours;  they  then  became  wildly 
delirious  or  the  delirium  sank  into  the  low  muttering 
form.  Their  skin  became  dry  and  harsh,  there  was 
incontinence  of  urine  and  feces.  During  the  wild 
delirium  the  temperature  rose,  frequently  equalling 
in  height  the  initial  temperature,  with  a  pulse  of  120- 
150.  In  the  low  stage  of  the  delirium  the  temperature 
did  not  rise  above  102°,  with  a  pulse  of  80-100.  In 
some  patients  just  before  death  there  was  an  ante- 
mortem  rise  of  temperature  to  106°  to  110°.  These 
patients  died  within  from  three  to  eighteen  days  after 
the  sunstroke. 

The  convulsions  mentioned  as  occurring  in  severe 
cases  are  not  dependent  upon  the  height  of  the  tem- 
perature. Thev  occur  with  temperatures  of  105°  to 
106°,  as  well  as  with  those  of  108°  to  112°,  though  they 
are  more  frequent  with  the  higher  temperatures;  and 
since  they  seem  to  depend  on  the  toxic  destruction  of 
the  central  ganglion  cells,  they  are  always  of  serious 
import  though  by  no  means  fatal.  They  may  be  of  a 
general  epileptiform  type,  or  they  may  be  confined  to 
the  head,  neck,  arms,  and  legs.  They  may  be  more 
severe  on  one  side  of  the  body  than  on  the  other  and 
rarely  are  distinctly  unilateral. 

While  they  may  occur  with  the  acme  of  tempera- 
ture, they  may  not  develop  until  some  hours  after  the 
temperature  has  fallen.  When  the  patient  is  in 
convulsion  before  the  first  bath  the  convulsions  are 
apt  to  continue  for  some  time  afterward,  though  they 
may  cease  when  the  temperature  becomes  normal. 
Sometimes  a  second  bath  of  a  few  minutes  will  cause 
them  to  cease.  After  they  have  disappeared  and  the 
patient  has  been  rational  for  hours,  or  even  one  or 
two  days,  convulsions  may  suddenly  recur  and  the 
patient  may  die  in  one.  This  is  not  uncommon. 
Muscular  twitchings  which  do  not  develop  into  the 
convulsions  are  exceedingly  common.  An  intense 
rigidity  of  the  muscles  similar  to  tetanic  spasms  is  of 
quite  frequent  occurrence.  This  usually  relaxes  as  the 
patient  sleeps.  These  spasms  may  involve  the  respira- 
tory muscles,  and  when  they  come  on  suddenly  there  is 
great  danger  of  suffocation.  The  rigidity  is  often  so 
great  that  artificial  respiration  is  impossible. 

The  skin,  in  these  cases  of  hyperpyrexia,  often 
becomes  dry  and  harsh  during  the  week  after  the  sun- 
stroke, and  desquamation  may  occur,  the  skin  pealing 
off  in  large  scales  or  flakes.  Ecehymoses  which  occur 
in  patients  from  bruising  during  the  delirium  are  much 
more  extensive  than  those  occurring  from  ordinary 
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bruises,  and  hypodermic  injections  of  any  substance 

are  not  infrequently  followed  by  large  ecchymoses 
which  may  go  on  to  suppuration. 

Complications. — Meningitis  and  encephalitis  are  not 
uncommon  complications  of  sunstroke.  Delusional 
insanity,  with  ideas  of  persecution  and  hallucinations 
of  various  kinds,  are  frequently  observed.  Pneu- 
monia sometimes  develops  and  is  usually  fatal.  Fayer 
mentions  that  cerebral  hemorrhage  may  follow  sun- 
stroke. Patients  with  chronic  nephritis  are  very  apt 
to  have  acute  exacerbations  of  the  nephritis  and  de- 
velop acute  uremia. 

The  sequelae  of  sunstroke,  even  after  the  mildest 
forms,  are  often  very  pronounced.  Not  infrequently 
headache,  extreme  weakness,  malaise,  and  dizziness 
are  persistent.  There  may  be  soreness  in  the  muscles 
and  bones,  with  numbness  and  tingling  of  the  hands 
and  feet.  This  tingling  may  last  for  days  or  weeks, 
or  even  months.  Anemia  is  usually  very  noticeable. 
Polyuria,  glycosuria,  or  diabetes  mellitus  may  develop 
shortly  after  sunstroke  and  be  permanent.  Chronic 
meningitis  with  intense  headache  and  stiffening  of 
the  cervical  muscles  or  encephalitis  with  incoordina- 
tion of  the  extremities,  so  that  the  patients  may  be 
unable  to  feed  themselves,  have  all  been  seen  following 
sunstroke.  The  nervous  and  mental  conditions  may 
develop  into  permanent  dementia.  Various  forms  of 
insanity,  such  as  paresis  or  mania  or  delusional  in- 
sanity, are  recorded.  Multiple  neuritis  may  develop. 
Sometimes  atrophy  of  a  certain  group  of  muscles,  as, 
for  instance,  the  flexor  muscles  of  the  forearm,  may 
occur.  Patients  may  develop  a  change  of  disposition, 
and  from  good-natured  become  ugly  and  irritable 
in  disposition.  Sensitiveness  to  heat,  dizziness,  and 
headache  are  probably  the  most  common  sequela?. 
Chromatopsia  on  hot  days  may  occur.  Epilepsy  may 
arise,  and  when  previously  present  the  fits  occur  with 
increasing  frequency.  Loss  of  memory  and  inability 
to  concentrate  the  mind  forces  some  patients  to 
give  up  their  work. 

Diagnosis. — Heat  exhaustion  may  be  confounded 
with  internal  hemorrhage,  cardiac  failure,  and  alco- 
holism. The  intense  headache  of  which  the  patient 
complains  will  aid  in  diagnosticating  heat  prostration. 
The  moderately  severe  forms  of  insolation,  especially 
with  subnormal  temperatures,  restless  delirium,  and 
collapse,  must  be  differentiated  from  internal  hemor- 
rhage and  cardiac  failure.  The  intensity  of  the  de- 
lirium and  twitching  of  the  muscles  will  aid  in 
recognizing  the  condition. 

When  unconsciousness  is  present  the  diagnosis  from 
apoplexy,  with  its  slow,  full  pulse,  stertorous  breath- 
ing, normal  temperature,  and  local  paralysis,  can 
easily  be  made.  In  sunstroke  we  have  a  soft,  fre- 
quent pulse,  shallow  breathing,  and  rise  of  tempera- 
ture, and  often  hot,  dry,  flushed  skin  and  absence  of 
local  paralysis. 

The  hyperpyrexial  form  may  be  confounded  with 
meningitis,  typhoid  fever,  and  abscess  of  the  brain 
with  extremely  high  temperature.  The  usual 
excessive  height  of  the  temperature  with  the  peculiar 
respirations,  convulsive  movements  or  intense  convul- 
sions, or  the  absolute  immobility  of  the  patient  and 
the  cool,  clammy  skin  and  high  temperature,  with  the 
history  of  previous  environment,  should  render  the 
diagnosis  easy. 

Prognosis. — The  prognosis  of  heat  prostration  is 
universally  good.  In  the  moderately  severe  forms  of 
sunstroke  it  is  also  good.  The  prognosis  of  the  severe 
forms  depends  on  the  previous  habits  and  condition 
of  the  patient.  In  alcoholics  and  those  weakened  by 
disease  the  prognosis  is  worse  than  in  those  of  abstemi- 
ous habits.  The  height  of  the  temperature  usually 
serves  as  a  good  criterion.  When  the  temperature 
reaches  111°  F.  or  over,  the  prognosis  is  very  unfavor- 
able, though  by  no  means  hopeless.  With  a  tempera- 
ture between  ilO°  and  111°,  if  proper  treatment  can 
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be  applied  quickly,  about  50  per  cent,  recover.  If 
proper  treatment  is  not  applied,  very  few  recover  with 

a  temperature  above  KIN'3.  Temperatures  between 
1()SJ  and  1  10°  under  good  treatment  have  7">  per  cent . 
of  recoveries.  With  temperatures  of  I05°to  HIS  about. 
90  per  cent,  recover.  These  statistics  are  based  on 
the  death  rate  in  1896  among  520  hyperpyrexia!  cases. 
The  death  rati'  in  those  treated  by  hydrotherapy  in 
various  ways  was  25.  12  per  cent.  "in  805  cases  of  all 
forms  the  mortality  was  16.39  per  cent.  The  mor- 
tality is  usually  given  as  from  41  to  50  per  cent.  In 
961  cases  reported  in  Aiken's  "System  of  Medicine," 
the  mortality  was  given  as  from  56  to  62  per  cent . 

The  mortality  in  sunstroke  depends  greatly  upon 
the  rapidity  with  which  treatment  is  instituted  and 
also  on  the  kind  of  treatment  employed. 

Treatment. — In  the  milder  forms  of  prostration,  if 
the  patient  is  overcome  in  the  sun,  he  should  be  imme- 
diately taken  into  the  shade  and  if  possible  to  a  cooler 
place.  The  clothing  should  be  loosened  and  the  head 
bathed  with  cold  water.  If  possible,  ice  should  be 
applied  to  the  head;  this  gives  great  relief  to  the  throb- 
bing headache.  Aromatic  spirit  of  ammonia,  Hoff- 
man's anodyne,  or  liquor  ammonii  acetatis  should  be 
given  for  stimulation.  A  little  alcohol,  such  as  a 
small  dose  of  whiskey,  is  sometimes  of  benefit,  though 
it  is  by  no  means  as  good  as  the  other  forms  of  stimu- 
lants mentioned.  Iced  tea  and  coffee  are  also  excel- 
lent remedies  here.  Sipping  very  cold  water  will  also 
revive  a  patient  overcome  with  a  feeling  of  faintness. 
Some  of  the  coal-tar  products  are  also  valuable  here 
to  relieve  the  headache,  such  as  phenacetin,  in  gr.  v. 
doses;  antipyrin,  gr.  x.  to  xv.;  or  acetanilide,  gr.  iv.; 
If  these  can  be  mixed  with  a  little  sodium  bicarbonate 
or  caffeine  they  are  excellent.  The  patient  should 
rest,  preferably  in  bed,  for  some  hours  until  the  feel- 
ings of  faintness  and  dizziness  have  passed;  he  can 
then  be  allowed  to  go  about  as  usual,  being  careful 
not  to  overexert  himself  and  taking  especial  care  to 
eat  only  easily  digestible  foods. 

In  the  moderately  severe  forms,  when  collapse  and 
subnormal  temperature  occur,  the  patient  should  be 
covered  with  blankets  and  hot-water  bottles  packed 
around  the  outside.  The  same  stimulants  may  be 
given,  and  if  the  patient  is  unconscious  hypodermic 
medication  is  necessary,  gr.  :1J„  to  ^  of  strychnine,  gr. 
TJu  of  glonoin,  gtt.  i.  to  ij.  of  fluid  extractof  digitalis, 
or  gr.  i.  to  ij.  of  a  mixture  containing  ten  per  cent, 
camphor  and  ether  can  be  administered.  If  the 
temperature  is  103°  or  104°  and  the  patient  is  uncon- 
scious with  convulsive  twitchings,  he  should  be  placed 
in  a  cold  pack,  as  a  sheet  wrung  out  of  cold  water,  or 
put  in  a  cold  bath  and  vigorously  rubbed  for  a  few 
minutes,  then  dried  and  covered  with  blankets.  If 
the  temperature  is  not  above  107°  and  is  not  relieved 
quickly,  sometimes  an  enema  of  ice  water  acts  with 
great  benefit.  One  or  two  quarts  of  ice  water,  in 
which  salt  has  been  dissolved  (one  teaspoonful  to  the 
pint),  will  often,  when  used  as  an  enema,  bring  the 
temperature  down  within  an  hour.  But  this  ice-water 
enema  will  not  control  a  rising  curve  of  temperature. 
Headache  in  these  cases  can  be  controlled  by  the  coal- 
tar  products,  which  also  aid  in  reducing  the  tempera- 
ture, and  by  the  ice  cap. 

The  hyperpyrexial  cases  demand  the  most  active 
and  immediate  treatment.  Various  forms  of  cold 
baths  have  been  used.  An  ice  bath  consists  of  a  tub 
of  water  in  which  about  half  a  bushel  of  cracked  ice  is 
floating.  Just  before  the  patient  is  lowered  into  the 
bath  the  ice  should  be  removed,  as  sometimes  the 
sudden  contact  with  the  ice  causes  intense  rigidity  of 
the  patient  which  brings  on  suffocation.  This  is  rare, 
but  it  does  occur;  therefore  the  ice  should  be  taken 
out  of  the  bath  before  the  patient  is  put  in,  but  if  the 
patient  is  put  in  ordinary  tap  water  and  rubbed  a  few 
moments,  the  ice  can  be  placed  in  the  bath  while  the 
patient  is  in  it.     During  his  stay  in  the  bath  the  pa- 
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tient  should  be  rubbed  vigorously  with  rough  mittens 
or  the  bare  hand;  sponges  do  not  afford  sufficient 
irritation ;  and  as  long  as  the  patient  is  in  the  bath  the 
rubbing  should  not  cease.  His  head  should  be  sup- 
ported and  cold  water  continually  poured  upon  it. 
A  towel  folded  over  the  forehead  will  prevent  the  water 
running  into  his  eyes.  Such  a  bath  in  a  few  minutes 
will  cause  the  cyanotic  skin  of  the  patient  to  appear 
flushed  and  rosy;  an  unconscious  patient  may  come 
to  in  the  bath  and  the  temperature  will  quickly  fall 
toward  normal.  A  thermometer  should  be  constantly 
kept  in  the  rectum  of  the  patient  in  the  bath,  and  the 
temperature  should  not  be  allowed  to  fall  below  103° 
F.  When  this  is  reached  the  patient  should  be  quickly 
taken  from  the  water,  rubbed  dry,  and  covered  up 
warmly.  Hypodermic  stimulation  will  be  required  in 
these  patients.  The  ordinary  results  of  this  stimula- 
tion do  not  seem  to  occur  while  the  temperature 
remains  excessively  high.  This  should  be  remem- 
bered, as  overstimulation  can  easily  be  brought  about, 
and  this  will  occur  when  the  temperature  falls  to  a 
point  near  normal.  For  cardiac  stimulation  a  dose  of 
morphine,  gr.  J  to  \,  with  gr.  -*\j,  atropine,  will  be 
most  beneficial.  It  diminishes  the  convulsions  which 
are  apt  to  follow  and  produces  a  sleep  from  which  the 
patient  wakes  refreshed.  Strychnine  increases  the 
tendency  to  convulsions,  although  it  does  not  cause 
all  the  convulsions  following  sunstroke,  as  has  been 
stated.  Convulsions  will  occur  in  patients  who  have 
never  had  strychnine,  but  they  do  not  appear  so 
frequently  as  when  strychnine  has  been  used. 

The  length  of  time  necessary  for  the  reduction  of 
temperature  by  these  cold  baths  cannot  be  stated.  It 
depends  upon  the  amount  of  heat,  being  produced,  and 
not  at  all  upon  the  height  to  which  the  temperature 
has  gone.  It  may  take  twenty  minutes  to  reduce  a 
temperature  from  106°  to  103°,  while  a  temperature 
of  110°  may  drop  to  103°  in  five  minutes. 

Another  method  of  reducing  temperature  is  to  place 
the  patient  on  a  rubber  sheet  and  rub  with  ice.  This 
takes  much  longer,  it  allows  friction  only  of  the 
upper  surface  of  the  body,  and  it  does  not  reduce  tem- 
perature so  quickly  or  so  effectively. 

Still  another  method  is  to  place  the  patient  on  a  cot 
on  a  rubber  sheet  and  throw  dipperfuls  of  cold  water 
over  him  from  a  distance  of  several  feet.  The  impact 
of  the  water  causes  the  necessary  friction,  and  it  is 
not  an  ineffective  method.  While  it  takes  longer  to 
reduce  temperature,  the  reactions  following  it  are 
not  so  marked  as  in  the  case  of  the  ice  bath,  and  when 
ice  cannot  be  obtained  it  is  the  quickest  substitute. 
While  the  water  is  being  dashed  over  the  body  of  the 
patient,  cold  water  should  be  poured  upon  the  middle 
of  his  forehead  from  a  pitcher  held  six  or  eight  feet 
above  his  head ;  this  is  most  beneficial  in  bringing  the 
patient  back  to  consciousness.  A  very  excellent 
method,  perhaps  the  best,  is  to  place  the  patient  in  a 
tub  or  on  a  cot  or  simply  lay  him  on  the  floor  and  play 
a  hose  on  him  through  a  fine  needle-spray  nozzle. 
Where  the  head  of  water  is  sufficiently  strong  this  is 
a  most  excellent  method.  It  causes  the  physical 
irritation  to  the  skin  which  is  so  essential  to  overcome 
the  stasis  in  the  capillaries.  This  stasis,  according  to 
Winternitz,  prevents  ninety-four  per  cent,  of  radiation 
of  heat  from  the  skin. 

Patients  treated  in  this  manner  should  be  allowed 
to  have  their  temperatures  fall  to  102°  or  101°;  then 
they  should  be  taken  up,  dried,  blanketed,  and  put  to 
bed.  In  severe  cases  the  reaction  following  this 
method  does  not  seem  to  be  so  intense  as  with  the 
ice  baths,  nor  so  apt  to  fall  below  the  normal.  When 
the  reaction  occurs  and  the  temperature  goes  to  105° 
the  treatment  should  be  repeated;  an  ordinary  tub 
bath  at  65°  will  sometimes  control  it.  Warm  baths 
have  not  proved  so  successful  as  the  cold  ones  for 
reducing  the  temperature. 

No  treatment  seems  to  prevent  the  thermic  fever. 
A  useful  method  of  controlling  this  fever  is  to  place 

130 


small  bladders  filled  with  ice  in  the  axilla?  and  groins; 
this  seems  more  effective  in  women  than  in  men. 

After  the  patients  are  in  bed,  liquor  ammonii 
acetatis  is  a  most  excellent  stimulant  and  produci 
both  diaphoresis  and  diuresis.  Digitalis,  ether,  and 
spirit  of  ammonia  are  also  excellent  for  rapid  stimu- 
lation. Hypodermics  of  ergol  assist  greatly  in  sus- 
taining the  equilibrium  of  the  circulation. 

Among  alcoholics  the  question  arises  as  to  the  desir- 
ability of  giving  alcohol.  When  delirium  tremens 
seems  about  to  develop,  as  it  so  often  does,  a  mixture 
of  half  an  ounce  of  whiskey  with  one  or  two  drachms 
of  paraldehyde,  repeated  in  an  hour  if  necessary,  will 
often  produce  sleep  from  which  the  patient  will  wake 
much  improved. 

It  is  best  for  twenty-four  or  forty-eight  hours  to 
keep  the  patient  on  milk,  or  at  least  fluid  diet,  followed 
by  eggs,  cereals,  milk,  and  broth.  When  there  is 
severe  thirst  an  abundance  of  water  should  be  given. 
The  liquor  ammonii  acetatis  is  useful  in  this  connection 
to  allay  thirst.  The  sequela?  or  complications  of  sun- 
stroke should  be  treated  as  the  same  diseases  under 
ordinary  circumstances.  The  nervousness,  weakness, 
and  loss  of  appetite  can  be  overcome  by  a  mixture  of 
tincture  of  nux  vomica  and  compound  tincture  of 
cinchona,  five  to  ten  drops  each,  in  compound  tincture 
of  gentian  as  a  menstruum.  For  alcoholics,  one  or 
two  drops  of  capsicum  and  sometimes  ginger  can  be 
added  to  this  mixture.  Meningitis  following  sun- 
stroke may  have  to  be  treated  by  a  merciless  use  of  the 
actual  cautery.  Patients  suffering  from  sunstroke 
in  the  tropics  may  have  to  go  to  a  more  temperate 
climate  or  they  may  become  helpless  invalids.  Such 
patients  may  develop  some  form  of  insanity,  and  it 
is  well  to  remember  the  possibility  of  suicidal  tenden- 
cies and  never  allow  them  to  travel  alone.  The 
anemia  and  general  lack  of  nerve  force  following  sun- 
stroke can  often  be  treated  with  cod-liver  oil  and  small 
doses  of  tincture  of  iron.  Of  the  latter,  three  drops 
should  be  put  in  a  tumblerful  of  water  and  sipped 
with  meals.  This  does  not  derange  digestion  and  is 
preferable  to  large  doses.  Blaud's  pills  or  any  other 
form  of  iron  may  be  used. 

The  numbness  and  tingling  so  often  complained  of 
can  sometimes  be  benefited  by  the  Charcot  douche  to 
the  spine. 

It  is  remarkable  how  long  the  sequelae  of  sunstroke 
may  persist,  and  they  are  often  discouraging  to  deal 
with.  It  may  be  years  before  exposure  to  heat  can  be 
withstood  without  recurrent  headache  and  prostration. 

Alexander  Lambert. 


Hebephrenia. — That  the  years  from  puberty  to 
full  maturity  (fifteen  to  twenty-five)  are  a  period  of  dan- 
ger for  the  mental  balance  in  the  youth  of  both  sexes, 
has  long  been  known,  and  a  form  of  mental  disease 
specially  frequent  at  this  period,  in  the  older  text- 
books (Clouston,  Griessinger)  finds  mention  under  the 
name  of  "Insanity  of  Adolescence."  For  its  first 
accurate  description,  as  well  as  for  the  name  "Hebe- 
phrenia" (t>/3tj  youth,  puberty,  <Ppyv,  mind)  we  are 
indebted  to  Hecker,  who  gave  its  most  important 
characters  as  outbreak  at  the  time  of  puberty,  suc- 
cessive or  alternating  occurrence  of  melancholia, 
mania,  and  confusion  with  rapid  progress  to  mental 
deterioration  and  termination  in  a  dementia,  character- 
istics of  which  are  recognizable  even  in  the  early 
stages  of  the  disease.  The  name  has  now  become 
firmly  attached  to  one  of  the  forms  of  dementia 
precox  which  Kraepelin  describes  as  beginning  usually 
as  a  subacute,  more  rarely  as  an  acute  mental  dis- 
turbance and  in  which  a  simple  more  or  less  pro- 
found dementia  developes. 

Etiology. — The  causes  of  hebephrenia  are  those  of 
dementia  precox  in  general  (q.v.  under  Menial  Diseases). 

Stmptoms. — Hebephrenia  begins  in  general  about 
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the  time  of  puberty  (from  twelve  to  eighteen  years) 
usually  so  gradually  that  the  exact  time  of  its  ousel 
can  scarcely  be  determined;  in  fact,  recent  investiga- 
tions make  it  seem  probable  that  the  roots  of  the  dis- 
ease may  reach  back  even  into  childhood  and  that  cer- 
tain evidences  of  mental  weakness  appearing  even  a1  a 
tender  age  may  be  attached  to  this  disease,  while 
"formes  frustes"  are  probably  more  common  than  is 
supposed,  since  its  manifestations  are  individually 
little  different  from  those  which  when  of  fleeting 
occurrence  may  be  within  the  bounds  of  the  normal 
during  adolescence. 

Stanley  Hall  has  in  fact  declared,  that  he  has  seen 
all  the  symptoms  usually  attached  to  dementia  pre- 
cox at  one  time  or  another  occur,  in  youth  "who  have 
later  developed  to  sound  and  efficient  maturity." 
Many  cases  never  come  into  the  hands  of  an  alienist 
at  all,  since  the  halt  in  previously  normal  develop- 
ment is  often  attributed  to  some  illness  or  other 
fortuitous  circumstance,  or  to  defects  of  character. 

The  chief  psychical  symptoms  are,  tendency  _  to 
fantastic  unclear  impulsions,  an  exaggerated  feeling 
of  self,  tendency  to  busy  oneself  with  deep  world  pro- 
blems, preference  for  high-sounding  phrases,  a  tend- 
ency to  coin  new  words  and  to  speak  in  a  pompous 
manner,  to  perpetrate  shallow  witticisms  or  to  play 
foolish  jokes,  the  picture  altogether  being  one  of 
childishness,  silliness,  and  youthful  folly  in  unattract- 
ive form.  Sense  of  time  and  place  are  little  disturbed 
at  the  start,  ability  to  note  and  receive  impressions 
and  memory  are  scarcely  affected,  while  the  mental 
processes  suffer  an  alteration  which  Kraepelin  has 
styled  "dissolution  of  thought,"  manifested  by  in- 
creased distractibility,  loss  of  the  internal  relations  of 
conceptions,  with  tendency  to  the  sudden  irruption  of 
interpolations.  Power  to  form  judgments  fails  and 
there  may  be  delusional  ideas,  which  are  apt  to  be 
of  little  permanence  and  often  of  abstruse  content, 
usually  without  corresponding  emotional  tone.  There 
is  dulling  of  feeling  and  affective  life,  shown  by  in- 
difference to  family  relations,  with  failure  of  ethical 
sense  and  respect  for  social  usages.  There  is  great 
lability  of  mood,  the  patient  often  passing  within  a 
short  period  from  happy  extravagance  to  deep  depres- 
sion. Spontaneous  merry  excitement  with  signs  of 
intellectual  failure  and  the  special  peculiarities  of 
puberty  give  an  appearance  of  peculiar  silliness  and 
foolishness. 

It  is  usual  that  for  a  long  time  the  friends  cannot 
understand  the  meaning  of  inability  to  continue  upon 
what  may  have  been  a  promising  career  and  are  apt 
to  attribute  it  either  to  laziness,  indifference,  and 
ill  will  or  to  physical  causes,  especially  to  masturba- 
tion which  is  commonly  an  effect,  not  a  cause,  of  the 
disease,  or  in  females,  to  the  changes  incident  to 
puberty.  The  experienced  physician,  however,  may 
detect  increased  fatiguability  and  abstractability, 
inability  to  concentrate  the  mind  and  to  form  deci- 
sions, defect  in  judgment-forming  capacity  and  dull- 
ing of  the  higher  feelings.  At  the  start  most  of  these 
patients  have  a  sense  of  their  disability  and  com- 
plain of  a  feeling  of  pressure  or  of  emptiness  in  the 
head,  spots  before  their  eyes,  dizziness  and  depres- 
sion, and  very  likely  sleep  poorly.  Again,  they  are 
dull  and  indifferent  and  meet  reproaches  with  empty 
answers  or  with  sullen  obstinacy.  Tasks  are  begun 
but  never  finished;  the  patient  may  sit  for  hours, 
pencil  in  hand,  before  a  sheet  of  paper  and  write 
nothing;  he  will  not  wash  or  dress,  lies  around  on  the 
floor  or  refuses  to  get  out  of  bed.  It  may  be  thought 
at  the  start  that  his  occupation  is  unsuitable,  but 
change  of  employment  brings  no  increase  in  efficiency. 

Other  cases  present  a  state  of  increased  excitement 
and  unrest,  plunge  into  alcoholic  and  sexual  excesses, 
engage  in  foolish  quarrels,  make  absurd  demands 
or  essay  to  fit  themselves  for  great  roles  which  they  are 
to  play,  as  actors,  playwrights,  singers,  or  what  not. 
Others  again,  fall  into  a  condition  of  hypochondriacal 


depression  and  accuse  their  former  excesses,  particu- 
larly masturbation,  as  the  cause  of  their  steady  mental 
failure.  Even  in  these  cases  of  slow  and  quiet  onset, 
however,  the  progress  is  not  steady,  but  remissions 
may  vary  with  accentuations  of  activity. 

Still  another  set  of  cases  begins  suddenly  and 
stormily  under  the  picture  of  various  psychoses  with 
depression  or  excitement,  sleeplessness,  anxiety,  self- 
accusation,  perhaps  suicidal  attempts,  hallucinations 
and  illusions  of  the  most  varied  sort,  also  delusions. 
especially  those  of  being  poisoned,  of  electricity  being 
applied,  of  being  abused  sexually,  etc.  These  pa- 
tients may  be  dangerous  to  themselves  and  to  others  as 
they  are  likely  to  make  sudden  assaults  or  to  commit 
self-mutilation  or  suicide.  Throughout  the  whole, 
however,  there  is  the  picture  of  mental  dullness,  lack 
of  natural  emotion  and  steady  intellectual  deteriora- 
tion, which  may  be  broken  by  episodes  of  confusion 
and  excitement  with  sudden  violent  acts.  Again 
some  cases  begin  with  symptoms  resembling  those 
of  mania  or  amentia  while  ideas  of  grandeur  may 
complicate  the  picture,  though  careful  observation 
may  still  detect  the  characteristic  traits  of  juvenile 
dementia. 

The  physical  symptoms  of  hebephrenia,  which  are 
hardly  characteristic,  are  disturbed  sleep,  sudden  and 
great  fluctuations  in  weight,  disturbance  of  the  sweat 
and  sebaceous  secretions,  irregularities  in  menstrua- 
tion, fibrillary  contractions,  changes  in  the  pupillary 
phenomena  (see  catatonia),  insensibility  of  the  nerve 
trunks,  etc. 

Since  hebephrenia  is  but  one  of  the  varieties  of 
dementia  precox  and  shades  by  imperceptible  degrees 
into  the  other  forms,  it  is  but  natural  that  some  of  the 
symptoms  of  these  are  not  infrequently  present, 
though  in  imperfect  development,  so  that  we  may  have 
indications  of  negativism,  and  stereotypy  and  of  par- 
tially systematized  delusions.  Our  diagnosis  of  which 
form  of  dementia  precox  we  have  before  us,  must 
depend  upon  which  traits  preponderate  as  a  whole. 

Diagnosis. — Our  diagnosis  of  hebephrenia  must 
depend  in  the  main  upon  the  grouping  of  the  symp- 
toms noted  above  as  characteristic  and  especially 
upon  the  progressive  mental  failure  with  its  general 
character  of  childishness  and  silliness.  Many  of 
these  cases  at  the  start  are  taken  for  neurasthenia. 
In  hebephrenia  none  of  the  causes  of  exhaustion  which 
produce  neurasthenia  can  be  found,  it  fails  to  yield 
to  treatment  as  neurasthenia  does,  and  the  character- 
istic mental  failure  is  soon  unmistakeable.  In  all 
neurotic  disturbances  in  youth,  the  possibility  of 
dementia  precox  should  be  kept  in  mind. 

From  acute  confusion  (amentia)  the  diagnosis  may 
be  difficult  at  the  start,  but  the  causes  of  this  disease 
are  lacking  in  hebephrenia;  in  amentia  the  physical 
exhaustion  is  unmistakeable,  confusion  and  disori- 
entation dominate  the  picture,  while  there  is  labile 
play  of  emotions  in  contradistinction  to  the  dullness 
and  indifference  of  the  hebephrenic. 

Mania  and  melancholia  do  not  show  the  signs  of 
mental  deterioration  present  in  hebephrenia,  the 
flight  of  ideas  expressed  in  the  former  shows  a  more 
definite  connection  between  the  words  uttered  than 
those  emitted  by  the  disturbed  hebephrenic,  while 
in  the  latter  there  is  mental  retardation,  not  inhibi- 
tion, as  in  dementia  precox.  Still,  in  a  first  attack, 
the  manic-depressive  psychosis  may  be  difficult  to 
differentiate  at  the  start  from  hebephrenia. 

Prognosis. — The  prognosis  of  hebephrenia  is  quite 
unfavorable.  Rraepelin's  statistics  give  in  only  eight 
per  cent,  of  the  cases  apparent  recovery,  in  seventeen 
per  cent,  moderate  dementia,  and  in  seventy-five 
per  cent,  profound  dementia,  as  a  termination.  As 
in  dementia  precox  in  general,  the  recoveries  are 
relative  only  since  the  patient  will  nearly  always  be 
found  to  have  descended  to  a  lower  level  mentally 
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and  to  have  become  unfitted  for  the  higher  grades  of 
employment. 

Treatment. — Specific  treatment  of  hebephrenia 
there  is  none,  the  question  being  chiefly  what  is  to  be 
done  with  the  patient,  whether  or  not  he  must  be 
sent  to  an  asylum.  In  the  early  stages  every  effort 
should  be  made  to  check  the  disease,  while  regulating 
the  patient's  habits,  by  taking  him  away  from  un- 
suitable employment  and  by  providing  for  rest  in  a 
quiet  location,  best  in  the  country.  There  should  of 
course  be  treatment  of  any  existing  physical  disease, 
while  suitable  hydrotherapy  and  tonics  may  be  of 
benefit.  After  the  morbid  symptoms  have  become 
modified  or  have  disappeared,  the  finding  of  suitable 
occupation  for  the  patient,  who  has  probably  de- 
scended to  a  lower  mental  plane,  will  require  some 
thought,  and  in  all  plans  for  him  the  possibility  oi  a 
new  exacerbation  of  the  disease  which  is  very  likely 
only  quiescent,  must  be  taken  into  consideration. 

Charles  Lewis  Allen. 

Heberden,  William. — Born  in  London  in  1710. 
He  received  his  academic  instruction  in  the  University 
of  Cambridge,  England  (1724  to  1730),  and  soon  after- 
ward began  the  study  of  medicine,  part  of  the  time  in 
the  latter  city  and  subsequently  in  London.  After 
he  had  received  the  degree  of  Doctor  of  Medicine  he 

spent  the  following  ten 
years  of  his  life  in  Cam- 
bridge, in  the  practice 
of  his  profession.  In 
[748  he  established 
himself  in  London,  and 
was  elected  a  member 
of  the  Royal  Society. 
For  over  thirty  years 
he  was  one  of  the  best 
known  practitioners  in 
that  city.  He  died  in 
1801,  at  the  advanced 
age  of  over  ninety. 

Heberden's  work, 
"Commentaries  on  the 
History  and  Treatment 
of  Diseases"  (published 
in  London  in  1802),  was 
written  by  him  when 
he  was  seventy-two 
years  old.  Its  great  practical  value  depends  upon 
two  facts:  first,  that  the  author  was  a  keen  ob- 
server and,  second,  that  it  was  his  unfailing  rule, 
during  the  long  years  of  his  practice,  to  keep  a  careful 
record  of  every  case  that  passed  through  his  hands. 
Furthermore,  he  arranged  the  different  data  of  this 
record  in  such  a  manner  that  no  difficulty  would  be 
experienced  in  ascertaining  from  it  the  precise  nature 
and  behavior  of  the  malady  in  each  case  and  the 
hi  of  the  drugs  or  other  remedial  measures  which 
he  employed.  His  own  comments  were  based  en- 
tirely upon  this  rich  mine  of  facts  actually  observed 
by  himself,  and  at  no  time  did  he  permit  himself  to 
complete  any  of  these  data  by  quoting  facts  reported 
by  other  observers.  He  was  the  first  to  describe 
varicella  and  angina  pectoris  (long  known  as  "Heber- 
den's asthma"),  and  his  name  is  still  attached  to  the 
exostoses  on  the  terminal  phalanges — "Heberden's 
nodes."  A.  H.  B. 

Hebosteotomy. — Definition. — An  obstetrical  op- 
eration, performed  solely  in  the  interest  of  the  child, 
in  which  the  pubic  bone  of  the  mother  is  divided,  with 
the  object  of  temporarily  enlarging  the  pelvis. 

Bistort. — In  a  paper  read  in  Strasburg,  in  1844, 
Laeour  mentions  that  his  teacher  Stolz  advised  en- 
larging the  pelvis  by  sawing  through  the  pubic  bone 
at  one  side  of  the  symphysis,  and  demonstrated  his 
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method  on  the  dead  subject.  We  then  heard  nothing 
further  of  this  operation,  now  variously  called  hebos- 

i my,    hebotomy,    pubiotomy,    pubotomy,    until 

Gigli,  in  1894,  again  proposed  it,  believing  that  it  would 
do  awaj    with  the  disadvantages  of  symphyseotomy, 

while  retaining  all  its  advantages.  Bonardi  was  the 
first  who  performed  hebosteotomy,  as  suggested  by 
Gigli,  on  the  living.  Less  than  ten  years  ago  Bumm 
and  Doedeiiein  simplified  the  technique,  after  which 
the  operation  became  more  popular.  In  Europe, 
hebosteotomy  reached  the  height  of  its  popularity 
in  1907;  in  America,  previous  to  that  year,  but  few 
obstetricians  took  it  up,  among  those  who  did  were 
Montgomery,  Norris,  and  Bill.  After  1907,  it  was 
performed  more  frequently  in  this  country,  finding 
among  its  most  ardent  supporters  W.  Williams. 
On  the  whole  however  the  number  performed  the 
world  over  since  1907  has  gradually  diminished,  as 
will  be  seen  from  the  table  below.  It  is  safe  to  say 
that  all  operators  who  performed  many  heboste- 
otomies  six  years  ago,  perform  fewer  to-day.  The 
reason  for  this  change  was  natural,  only  after  a  con- 
siderable number  were  performed  were  we  in  a  position 
to  judge  correctly  the  maternal  and  fetal  mortality, 
and  learn  to  know  the  dangers  connected  with  the 
operation,  all  of  which  were  greater  than  we  antici- 
pated and  consequently  the  indications  were  narrowed 
down  and  fewer  were  performed.  Another  reason 
for  the  decrease  is  that  to-day  the  extra-  and  trans- 
peritoneal cesarean  sections  are  on  trial  in  those 
cases  in  which  hebosteotomies  were  formerly  per- 
formed. It  is  not  obsolete,  it  still  has  some,  but  few 
indications. 

In  1902  the  results  of  5  hebosteotomies  were  published. 
In  1903  the  results  of  9  hebosteotomies  were  published. 
In  1904  the  results  of  14  hebosteotomies  were  published. 
In  1905  the  results  of  31  hebosteotomies  were  published. 
In  1906  the  results  of  129  hebosteotomies  were  published. 
In  1907  the  results  of  352  hebosteotomies  were  published. 
In  190S  the  results  of  100  hebosteotomies  were  published. 

.     to  in  f  tne  resul*9  °^  300  hebosteotomies  were  published. 
In  1911.  1912,  and  1913  still  fewer. 

Operative  Technique. — While  there  have  been 
numerous  minor  modifications  at  all  times,  the 
technique  may  be  classified  under  three  heads: 

1.  The  Open  Method. — Gigli  made  an  oblique  in- 
cision through  the  skin  over  the  anterior  surface 
of  the  pubes,  beginning  just  to  the  side  of  the  sym- 
physis and  running  downward  and  outward  to  the 
tuberculum  subpubicum  at  the  outer  border  of  the 
labium  majus.  A  carrier  was  then  inserted  from  above 
downward  behind  and  close  to  the  pubic  bone  in  a 
line  parallel  to  the  skin  incision;  to  this  a  Gigli  saw 
was  attached  and  drawn  through  behind  the  bone, 
when  the  latter  was  divided.  Van  der  Velde  modified 
the  operation  by  beginning  his  incision  at  the  superior 
pubic  spine  and  carrying  it  obliquely  downward  and 
inward  until  he  reached  the  labium  majus  at  the  level 
of  the  vestibulum;  he  then  proceeded  as  Gigli,  divid- 
ing the  bone  parallel  to  the  skin  incision.  He  claimed 
the  obturator  foramen  would  be  less  likely  to  be  in- 
jured by  this  method. 

2.  The  Partly  Subcutaneous  Method. — Doederlein 
made  a  small  incision  along  the  upper  border  of  the 
pubes,  just  internal  to  the  spine,  going  through  the 
skin  and  the  insertion  of  the  rectus,  and  large  enough 
to  enable  him  to  insert  one  finger  behind  the  bone 
with  which  the  bladder  and  retropubic  tissue  could  be 
pushed  away,  thus  making  way  for  a  carrier  which  he 
passed  vertically  from  above  downward,  close  to  the 
bone,  with  the  finger  as  a  guide.  The  carrier  is 
brought  through  the  labium  majus  below,  the  saw  is 
attached  and  pulled  up  behind  the  bone,  which  h 
then  divided  from  behind  forward.  The  upper 
and  lower  wounds  are  then  closed  by  suture. 

3.  The  Strictly  Subcutaneous  Method. — Bumm  makes 
no  incision  at  all,  but  uses  a  sharp-pointed  carrier 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES 


Hebosteotomy 


which  ho  inserts  two  centimeters  from  the  median 
line,  carrying  the  instrument  from  below  upward, 
closely  hugging  the  lower  border  and  posterior  surface 
of  the  bone,  under  the  guidance  of  two  fingers  in 
the  vagina.  The  carrier  reappears  two  centimeters 
from  the  median  line  just  inside  the  pubic  spine. 
To  it  the  Gigli  saw  is  attached  and  drawn  behind  the 
bone,  the  latter  then  being  divided  from  behind 
forward. 

No  matter  which  method  is  employed,  the  patient 
is  prepared  for  operation,  and  is  placed  in  the  lith- 
otomy position.  The  bladder  must  always  be  emptied, 
and  if  a  metal  catheter  can  be  used  it  may  be  pos- 
sible to  tell  just  to  which  side  the  bladder  is  drawn. 
The  bone  should  be  divided  just  internal  to  the  pubic 
spine,  but  as  the  latter  can  often  not  be  felt,  it  is  a 
good  rule  to  divide  it  two  centimeters  from  the 
median  line.  The  labium  majus  should  always  be 
pulled  well  toward  the  median  line  and  held  there,  so 
that  when  released  the  skin  wound  will  not  come 
directly  opposite  the  bone  wound.  While  passing 
the  carrier  the  head  should  be  pushed  up  as  much  as 
possible  by  the  vaginal  finger.  This  maneuver  is 
facilitated  by  the  Trendelenburg  position;  if  the 
abdomen  is  pendulous,  the  abdominal  wall  should 
be  pulled  up,  both  precautions  to  avoid  injuring  the 
bladder.  The  arc  in  which  the  saw  is  held  should  be 
from  120  to  150  degrees,  as  it  is  liable  to  break  if  held 
at  a  sharper  angle ;  even  so,  it  is  wise  to  have  at  least 
three  saws  ready  for  use.  When  the  bone  has  been 
divided  the  amount  of  separation  must  be  watched, 
the  assistants  steadying  the  pelvis  from  either  side, 
while  the  operator  judges  the  amount  of  separation 
with  the  finger  in  the  vagina.  The  separation  should 
not  exceed  six  centimeters  on  account  of  possible 
injury  to  the  sacroiliac  joints.  It  matters  little 
whether  the  bone  is  divided  on  the  side  of  the  fetal 
occiput  or  not,  the  left  side  being  usually  selected 
as  it  is  most  convenient  for  the  operator.  Any 
bleeding  after  sawing  should  be  controlled  at  once, 
pressure  from  within  and  without  the  vagina  usually 
sufficing.  At  this  stage  there  are  as  a  rule  no  tears,  as 
the  bones  are  not  permitted  to  separate  suddenly. 
If  during  delivery,  be  it  operative  or  spontaneous,  one 
suspect  a  large  anterior  vaginal  tear,  it  is  well  to  insert 
a  rubber  catheter  into  the  urethra,  as  the  latter  is 
sometimes  hard  to  find  during  the  repair  of  the  rent. 
If  the  delivery  is  operative,  version  and  forceps  have 
given  equally  good  results.  No  matter  which,  it  is 
well  to  remember  to  pull  down  in  the  axis  of  the  birth 
canal  and  to  deliver  slowly;  on  a  hebosteotomized 
patient  failure  to  do  this  will  be  accompanied  by  much 
greater  injury  than  under  ordinary  circumstances. 
Vaginal  tears  will  be  greater  than  they  should  be  if 
we  pull  forward  too  soon  and  deliver  too  rapidly. 
Immediately  after  delivery,  whether  spontaneous  or 
operative,  the  bladder  should  be  catheterized  and  if 
bloody  urine  is  not  obtained  the  viscus  is  probably 
not  injured;  on  the  other  hand  bloody  urine  does  not 
necessarily  mean  a  fistula,  as  it  may  be  caused  by 
contusion  of  the  tissues;  nevertheless  if  the  urine  is 
bloody,  a  permanent  catheter  should  be  left  in  place. 
After  delivery  all  tears  should  be  repaired,  if  the 
vaginal  tear  communicate  with  the  bone  wound  we 
preferably  drain.  Whether  tears  occur  or  not, 
gauze  should  be  packed  into  the  vagina  and  over  the 
pubes  externally,  this  pressure  acting  as  a  prophylactic 
against  hematomata.  When  a  second  hebosteotomy 
is  to  be  performed  on  the  same  patient  at  a  future 
pregnancy,  it  is  best  not  to  divide  the  same  side  as  the 
scar  and  adhesions  might  become  troublesome. 

Choice  of  Operation. — The  open  operations  of  Gigli 
and  Van  der  Velde  were  not  a  very  great  improve- 
ment on  symphyseotomy,  since  the  great  danger 
common  to  both  lies  in  the  large,  easily  infected  wound. 
This  method  has  practically  been  abandoned.  As 
regards  the  relative  merits  of  the  Bumm  and  Doeder- 
lein  methods,  it  may  be  said  that  Bumm's  operation 


is   preferable   if  the   genital    tract   is  already    infected, 

then'  being  less  of  a  wound  and,  therefore, less  oppor- 
tunity for  further  infection.  In  the  Doedcrlein 
Operation    there  is  less  danger  of  injuring  the  bladder, 

it  is  the  one  usually  performed,  and  mu.-t  be  the  one 
of  choice  when  tin-  head  is  engaged  and  presses  the 

bladder  against,  the   pubes,   or  when   we   have   reason 

to  suspect  a  bladder  adherent  to  the  pubes  as  we  some- 
times find  it  after  old  pelvic  inillaiimiat ions,  or  when 
large  arteries  are  felt  on  the  posterior  surface  of  the 
pubes.  Out  of  2f>7  hebosteotomies  published  in  1909 
and  1910,  1(10  were  operated  according  to  Doedcrlein, 
45  according  to  Bumm,  25  according  to  Gigli,  and  '27 
according  to  other  methods.  Among  the  45  operated 
upon  according  to  Bumm,  there  were  5  bladder  injuries 
(11  per  cent.),  among  the  160  accordingto  Doedcrlein, 
there  were  3  bladder  injuries  (1.8  percent.).  This 
readily  proves  the  advantage  of  the  latter  method. 

Immediate  or  Delayed  Delivi  ry  afU  r  the  Unite  is 
Divided. — Obstetricians  are  still  divided  on  this  point. 
Many  favor  waiting,  while  such  men  as  Schauta, 
Doedcrlein,  W.  Williams,  and  others  prefer  immediate 
delivery.  _  The  fact  of  the  matter  is,  that  the  question 
as  to  which  course  should  be  followed  depends  en- 
tirely upon  the  conditions  at  hand,  or  rather  upon 
the  indications  laved  down  by  the  operator  for  heb- 
osteotomy. If  the  condition  of  the  baby  is  already 
poor  when  the  operation  is  being  performed,  there  is 
no  doubt  that  immediate  delivery  is  best,  as  hebosteo- 
tomy is  done  solely  in  the  interest  of  the  child.  If 
on  the  other  hand  the  condition  of  the  child  is  good 
at  the  time  of  the  operation,  the  mother  will  run  less 
risk  of  tears  if  we  wait,  especially  if  she  is  a  primipara, 
and  this  even  though  the  woman  must  finally  be  de- 
livered by  forceps,  since  the  later  the  latter  is  per- 
formed, the  less  the  danger  of  tears.  Therefore  the 
operator  whose  indications  have  been  narrowed  down 
that  he  only  performs  hebosteotomy  when  the  child 
is  still  in  good  condition  will  usually  do  best  to  wait, 
especially  if  his  patient  is  a  primipara.  On  the  other 
hand  the  operator  who  performs  them  when  the  baby 
is  already  in  danger,  must  go  ahead  at  once.  The 
writer  believes  that  the  indications  should  be  so 
tightly  drawn,  that  hebosteotomies  should  never  be 
performed  when  the  child  is  already  in  danger  and 
consequently  is  a  firm  believer  in  giving  nature  a 
chance  after  the  bone  has  been  divided,  even  if  he 
must  later  finish  the  delivery  by  forceps,  especially 
since  labor  is  not  made  more  painful  after  heboste- 
otomy. 

Accidents  Caused  by  the  Operation. — Immediate. — 
Hemorrhage. — This  may  cause  immediate  death  or 
result  in  the  production  of  a  hematoma.  Asevere 
hemorrhage  might  be  caused  when  there  is  an  exten- 
sive anastomosis  between  the  branches  of  the  ob- 
turator and  epigastric  arteries,  it  can  be  avoided  if 
we  operate  according  to  Doederlein.  Again  when  the 
obturator  foramen  is  injured  the  vessels  running 
through  it  are  injured,  an  accident  which  can  be 
avoided  by  dividing  the  pubes  internal  to  the  tubercle, 
as  the  foramen  never  extends  internal  to  it.  Bleeding 
is  usually  external,  nevertheless  it  must  be  remem- 
bered that  cases  have  been  reported  in  which  the  hemor- 
rhage was  retroperitoneal,  extending  right  up  to  the 
kidney.  The  usual  unavoidable  source  of  hemorrhage 
is  the  crus  of  the  corpus  cavernosum.  this  being  in- 
jured by  the  carrier,  saw,  or  during  the  separation  of 
the  bones;  this  is  rarely  alarming  and  can  be  controlled 
by.  pressure.  Hematomata  can  often  be.  avoided  by 
gauze  packing  in  the  vagina  and  external  above  the 
pubes  after  delivery. 

Vaginal  Tears. — These  may  or  may  not  communi- 
cate with  the  bone  wound.  Both  can  often  be  avoided 
if  we  never  operate  upon  primipara  and  never  deliver 
immediately  after  dividing  the  bone. 

Bladder  Injuries. — These  are  less  liable  to  occur, 
as  we  have  shown  above  if  we  operate  according  to 
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Doederlein.  They  are  also  less  frequent,  if  we  avoid 
primipara  and  immediate  deliver}'  after  the  bone  is 
divided. 

Death  of  Mother  and  Baby. — The  former  may  be 
prevented  by  avoiding  hemorrhage,  the  latter  by  not 
operating  when  the  child  is  already  in  poor  condition. 

During  the  Puerperium. — Fever. — This  is  to  be 
prevented  by  avoiding  the  formation  of  hematomata, 
and  vaginal  and  bladder  tears.  The  same  is  to  be 
said  of  thrombophlebitis. 

The  death  of  the  mother  may  be  avoided  to  a  degree 
by  preventing  hematomata,  vaginal,  and  bladder 
tears.  The  death  of  the  baby  is  avoided  by  not  oper- 
ating when  the  baby's  condition  is  already  impaired. 

Laic  After-effects. — Hernia  between  the  bone-ends 
and  also  rectocele  and  cystocele  may  be  prevent..] 
by  avoiding  the  production  of  hematomata,  vaginal 
aiid  bladder  tears.  Sacroiliac  pain  is  avoided  by 
not  permitting  more  than  six  centimeters  separation 
of  the  bone. 

Pelvic  Changes  Immediately  after  Operation-. — 
Sellheim,  Kroemer,  and  Tandler  have  demonstrated 

upon  the  dead  subject,  that  the  amount  of  room  gained 
is  the  same  as  after  symphyseotomy  and  that  both  sides 
of  the  pelvis  are  equally  enlarged.  Others  hold  that 
the  side  upon  which  the  operation  is  performed  is 
enlarged  a  little  more  than  the  other.  Three  centi- 
meters separation  of  the  bone  causes  the  true  conjugate 
to  increase  one  centimeter  andthe  transverse  diameter 
at  the  brim  one  and  a  half  centimeters,  the  outlet 
being  enlarged  to  a  much  less  degree.  Four  centi- 
meters separation  of  the  bones  does  not  affect  the 
sacroiliac  joint,  while  six  centimeters  does.  The  latter 
degree  of  separation  will  not  be  so  likely  to  do  this  in 
the  living  pregnant  woman,  as  the  joints  are  more 
movable  than  in  the  cadaver.  The  smaller  the  pelvis 
the  greater  the  danger  for  the  sacroiliac  joints. 

After-treatment. — This  is  simple,  the  patient  is 
kept  on  her  back  a  few  days,  an  ordinary  abdominal 
binder  extending  half  way  down  the  thighs  is  sufficient 
support  for  the  pelvis.  The  old  rubber  bandage  and 
special  apparatus  has  been  abandoned,  even  the  ad- 
hesive straps  around  the  pevis  used  by  some  are  not 
necessary,  though  possibly  a  source  of  comfort  to 
the  patient.  In  fact,  any  special  apparatus  is  con- 
sidered detrimental,  the  separation  of  the  sawed 
ends  being  considered  favorable  to  a  permanent  en- 
largement. The  patients  are  kept  in  bed  from  eighteen 
to  twenty-one  days.  The  bone  ends  are  then  firmly 
enough  united  to  permit  walking,  one  certainly  does 
not  have  to  wait  until  fragments  no  longer  move  on 
each  other,  as  mobility  is  often  permanent.  As  re- 
gards the  mode  of  ascertaining  mobility;  if  done  while 
the  patient  is  in  bed  it  will  often  prove  misleading,  the 
only  way  to  examine  for  mobility  is  to  have  the  finger 
of  one  hand  in  the  vagina  at  the  lower  bone  wound  and 
the  finger  of  the  other  hand  external  at  the  upper  bone 
wound  while  the  patient  is  standing,  and  then  to  have 
her  move  from  side  to  side,  first  throwing  her  weight 
on  one  leg  and  one  half  of  the  pelvis,  and  then  on  the 
other  leg  and  the  other  half  of  the  pelvis.  If  a  cath- 
eter was  inserted  and  there  is  no  fistula,  it  is  removed 
in  seven  days  at  the  latest.  A  urinary  fistula  is 
treated  in  the  usual  way.  The  vaginal  gauze  is  re- 
moved at  the  end  of  twenty-four  hours. 

Mode  of  Healing  of  the  Bone  Wound. — When 
mobility  between  the  fragments  exists,  and  at  times 
this  persists  permanently  without  interference  with 
function,  there  is  no  doubt  that  the  union  is  fibrous 
and  not  bony.  When  a  firm  callus  is  felt,  function  is 
good,  and  movement  of  the  cut  ends  is  absent,  many 
observers  have  thought  the  union  was  bony.  While  the 
latter  might  be  so  occasionally,  the  majority  of  x-ray 
pictures,  taken  six  months  after  hebosteotomy,  show 
a  light  spot  between  the  cut  bony  ends,  from  which  we 
must  conclude  that  the  callus  is  not  bony  and  further- 
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more  will  not  become  bony,  for  it  is  well  known  that 
there  never  will  be  a  bony  union  of  a  fracture  if  it 
has  not  set  in  within  six  months  after  the  bone  was 
broken.  Such  x-ray  findings  have  been  substantiated 
histologically  and  chemically  on  the  human  being, 
and  by  Offergeld  and  Sellheim,  who  experimented  on 
animals.  They  found  that  microscopically  the  callus 
consisted  only  of  connective  tissue  and  cartilage, 
while  the  chemical  examination  showed  nine-tenths 
organic  and  one-tenth  inorganic  matter,  there  being 
practically  no  inorganic  matter  as  compared  to  normal 
bone.  The  latter  contains  two-thirds  inorganic 
matter.  They  found  the  consistency  varied  with  the 
amount  of  inorganic  matter.  Osteoblasts  were 
always  absent.  Other  x-ray  pictures  showed  a  dark 
spot  at  the  point  of  the  callus,  but  even  these  have 
In  rn  shown  not  to  be  proof  positive  that  the  callus 
was  bony,  for  some  of  them,  when  examined  after  the 
death  of  the  patient,  were  found  to  be  mainly  fibrous, 
being  covered  only  by  a  thin  shell  of  bone. 

Kannengiesser  reported  eighteen  cases  with  enlarge- 
ment of  the  true  conjugate  of  from  one-half  to  one  and 
a  half  centimeters.  Van  der  Velde  collected  124 
cases  from  the  literature  with  seventy-four  permanent 
enlargements.  In  Heidelberg  twenty-one  patients 
were  followed  up,  only  one  showed  an  enlargement  and 
four  actually  were  smaller  than  before.  We  thus  see 
that  reports  vary.  It  is  well  to  remember  that  x-ray 
photographs  of  pelvic  diameters  have  been  proven 
less  reliable  in  ascertaining  their  size  than  the  ordinary 
modes  of  examination.  The  course  of  future  labors 
will  depend  upon:  (1)  the  size  of  the  future  child's 
head;  (2)  the  hardness  (mouldability)  of  the  head;  (3) 
whether  the  pelvis  has  been  permanently  enlarged; 
(4)  whether  it  has  remained  the  same  size  but  enlarges 
during  the  subsequent  pregnancy  due  to  softening  of 
the  callus;  (5)  whether  it  remains  the  same  size  and 
the  callus  does  not  soften  during  the  subsequent 
pregnancy ;  (6)  whether  the  pelvic  inlet  has  been  made 
smaller  due  to  the  callus  projecting  into  the  pelvic 
cavity.  Out  of  137  hebosteotomized  women  who 
subsequently  became  pregnant,  ninety-three  were 
delivered  by  forceps,  version,  or  spontaneously; 
twenty-eight  by  a  second  hebosteotomy;  sixteen  by 
abdominal  cesarean  section.  Such  statistics  on  the 
result  of  a  future  labor,  without  pelvic  measurements 
immediately  after  and  before  the  first  hebosteotomy, 
and  without  head  measurements  and  some  knowledge 
of  the  mouldability  of  both  heads,  mean  nothing  in 
favor  or  against  the  original  hebosteotomy.  The 
fact  remains  that  many  patients  come  to  a  second 
hebosteotomy,  others  to  cesarean  section,  others  to 
premature  induction,  and  still  others  to  normal 
labors.  The  reports  on  pelvic  measurements,  before  and 
after  hebosteotomy,  and  the  course  of  future  labors  are 
so  variable,  that  possible  permanent  enlargement 
should  not  play  a  role  in  deciding  whether  a  hebosteot- 
omy should  be  performed  in  a  given  case.  We  cannot 
promise  permanent  enlargement,  small  and  mouldable 
head  in  the  future  baby,  or  normal  future  labors. 

Prognosis. — This  in  any  operation  will  depend 
greatly  upon  the  skill,  indications,  and  contraindi- 
cations of  the  individual  operator,  in  other  words 
upon  the  number  of  possible  accidents  we  can  meet 
and  the  frequency  with  which  they  occur.  Large 
statistics  including  the  results  of  operating  skill  of 
varying  character  differ  from  the  reports  of  individual 
operators.  Both  will  again  differ,  depending  upon 
whether  the  indications  were  broad  or  narrow.  Those 
who  only  operate  upon  clean  cases  and  do  not  deliver 
at  once  after  the  division  of  the  bone,  will  get  better 
results  in  the  mothers,  while  those  who  operate  only 
when  the  baby  is  in  good  condition,  will  get  better 
results  in  the  babies. 

The  first  two  tables  below  show  statistics,  compiled 
by  Schlaefli  in  1909,  on  700  hebosteotomies  performed 
by  different  operators  whose  indications  and  contra- 
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indications  varied,  and  a  similar  table  by  Roemer  in 
1911,  on  300  cases  published  in  the  literature  after 
Schlaefli. 


Complications. 

Previous  to  1909. 

1909  and  1910. 

Cases. 

Per  cent. 

Cases. 

Per  cent. 

Marked  hemorrhage 

Death  due  to  hem 

Hematomata 

Vaginal     tears     communi- 
cating with  bone  wound. 
Simple  vaginal  tears 

510 
644 
510 

510 

510 
510 
510 
510 

15.3 
0.3 
17.1 
15.5 

17.84 
12.35 
31.76 

8.2 

228 
300 
228 
228 

228 
228 
228 
228 

15.4 
0.33 

14 
7 

3.9 
5.2 

20.6 

Thrombophlebitis 

3.5 

Mortality  Previous  to  1909. 

Per  cent. 

Among  510  mothers 4  .96 

Due  to  operation  alone 4.37 

Among  510  babies 9.6 

Due  to  operation  alone 9. 18 

Mortality  in  1909  and  1910. 

Per  cent. 

Among  300  mothers 2.66 

Due  to  operation  alone 1.7 

Among  300  babies 6.66 

Due  to  operation  alone ."> 

We  thus  see  that  in  the  recent  cases,  while  the  hemor- 
rhage was  the  same,  thrombophlebitis,  fever,  bladder 
injuries,  simple  vaginal  tears,  communicating  vaginal 
tears  with  the  bone  wound  (these  are  important  since 
they  are  followed  by  death  in  from  six  to  twelve  per 
cent,  of  the  cases),  mortality  of  mother  and  child 
have  all  diminished.  This  improvement  is  undoubt- 
edly due  to  the  fact  that  the  indications  have  been 
narrowed  down  and  that  the  operations  have  been 
more  skillfully  performed. 

Statistics  of  individual  operators  (who  have  per- 
formed more  than  twenty-five  hebosteotomies)  with 
varied  indications  and  contraindications,  show  better 
results  as  regards  the  mothers  (mortality  of  from  0 
to  2  per  cent.)  while  their  results  in  children,  in 
whose  interest  the  operation  is  performed,  are  no 
better,  in  many  instances  worse. 

The  following  table  comprises  hebosteotomies  by 
different  operators,  but  classified  as  to  whether  they 
were  performed  on  primipara  or  multipara : 

Previous  to  1909.  In  1909  and  1910. 

Of  126  primipara  32.5  per  cent.  Of  25  primipara  20  per  cent, 
had  vaginal  tears  commun-  had  vaginal  tears  commun- 
icating with  bone.  icating  with  bone. 

Of    320    multipara    onlv    11.9  Of    203    multipara     only     5.4 

per  cent.  per  cent. 

Showing  an  improvement  in  recent  years,  but  also 
that  the  operation  is  more  dangerous  in  primipara  at 
all  times.  It  indicates  that  the  proportion  of  primi- 
para to  multipara  operated  upon  in  recent  years, 
has  decidedly  diminished. 

The  following  table  comprises  hebosteotomies  by 
different  operators,  but  classified  into  clean  cases  and 
doubtfully  clean  cases,  i.e.  in  which  some  other  mode 
of  delivery  had  first  been  attempted. 

Thirty-nine  clean  cases — no   deaths  in  mother — 

10  per  cent,  in  babies. 
Fourteen  doubtful  cases — 21.5  per  cent,  deaths — 

in  mothers — 56.25  per  cent,  in  babies. 

Showing  that  clean  cases  give  better  results  in  mothers 
and  that  cases  in  which  the  baby's  condition  is  already 
impaired,  the  mortality  is  high  for  the  children. 


Indications  and  Contraindications. — These  have 
always  differed  among  the  various  operators.  They  all 
agree  that  the  inlet  and  outlet  of  the  pelvis  must  not 
be  too  small.  While  the  vaginal  examination  need  not 
show  that  the  largest  circumference  of  the  head  is 
through  the  bony  inlet,  it  should,  however,  give  one 
the  impression  that  the  largest  circumference  will 
easily  enter  the  inlet  after  hebosteotomy.  They  all 
agree  that  the  size  of  the  true  conjugate  must  not  be 
below  a  certain  figure,  they  differ,  however,  as  to  what 
this  figure  should  be.  Indeed  the  figure  should  vary 
with  the  same  operator,  for  much  depends  upon  the 
size  and  mouldability  of  the  baby's  bead.  In  a  flat 
pelvis  the  low  mark  varies  from  6.5  to  7.5  centimeters, 
in  a  generally  contracted  pelvis  from  7.5  to  8  centi- 
meters. Hebosteotomies  are,  therefore,  indicated  in 
moderately  contracted  pelves  with  dystocia,  be  the 
inlet  or  outlet  at  fault.  When  the  latter  is  the  cause 
of  the  trouble,  hebosteotomy  is  especially  serviceable 
in  persistent  mento-posterior  positions. 

This  first  condition,  i.e.  not  too  great  a  dispro- 
portion between  bony  pelvis  and  head,  fulfilled,  the 
following  are  the  conditions  under  which  the  operation 
is  possible: 

1.  Baby  O.K.  Primipara.  Clean  case. 

2.  Baby  O.K.  Primipara.  Infection  doubtful. 

3.  Baby  O.K.  Primipara.  Infected  case. 

4.  Baby  O.K.  Multipara.  CI'   ii 

5.  Baby  O.K.  Multipara.  Infection  doubtful. 

6.  Baby  O.K.  Multipara.  Infected  case. 

7.  Baby  impaired.     Primipara.     Clean  case. 

8.  Baby  impaired.     Primipara.     Infection  doubtful. 

9.  Baby  impaired.      Primipara.      Infected  <:ise 

10.  Baby  impaired.     Multipara.     Clean  case. 

11.  Baby  impaired.      Multipara.     Infection  doubtful. 

12.  Baby  impaired.      Multipara.     Infected  case. 

The  operator  with  the  broadest  possible  indications 
would  perform  a  hebosteotomy  under  any  of  the  above 
twelve  conditions.  The  chief  points  operators  differ 
on  are: 

1.  Whether  the  operation  should  be  performed  only 
when  the  baby's  condition  is  good,  or  whether  it  still 
may  be  performed  when  the  baby  is  already  impaired. 

2.  Whether  the  operation  should  be  performed  only 
upon  multipara  or  also  on  primipara. 

3.  Whether  it  should  be  performed  only  in  clean 
cases,  or  also  in  doubtfully,  and  surely  infected  cases. 
By  clean  cases  we  mean  those  in  which  there  is  no 
fever,  no  foul  discharge,  no  rupture  of  the  membranes, 
and  in  which  no  examinations  with  doubtful  asepsis 
have  been  made.  By  doubtful  cases  we  mean  those 
in  which  there  is  no  fever,  no  foul  discharge,  in  which 
the  membranes  have  been  ruptured  some  time,  or 
in  which  there  is  nothing  known  about  the  asepsis  of 
previous  examinations.  By  infected  cases  we  mean 
those  in  which  there  is  fever,  or  foul  discharge,  or  a 
positive  history  of  non-aseptic  examinations. 

Under  prognosis  it  has  been  shown  that  more  than 
fifty  per  cent,  of  the  children  are  still-born,  if  they 
were  already  impaired  before  the  operation  was  begun. 
The  writer  believes  that  the  operation  should  never 
be  performed  when  the  baby's  condition  is  already 
impaired. 

Under  prognosis  it  has  been  shown  that  at  all  times 
primipara  fared  worse  than  multipara,  and  that  in  the 
last  few  years,  during  which  the  results  of  the  opera- 
tion have  improved,  the  proportion  of  primipara  op- 
erated upon,  as  compared  to  multipara,  has  decidedly 
diminished.  It  must  also  be  added  that,  as  a  rule, 
delivery  is  harder  on  the  child  in  a  primipara  than  in 
a  multipara.  The  writer  believes  that,  as  a  general 
rule  hebosteotomy  should  not  be  performed  in  primi- 
para?. Under  special  conditions  may  be  permitted 
in  old  primipara  whose  age  makes  the  possibility  of 
becoming  pregnant  again  doubtful.  If  performed  in 
primiparae,  the  operator  should  have  had  experience 
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with  the  operation  and  the  family  should  be  apprised 
of  the  dangers. 

As  regards  clean,  doubtfully  infected,  and  surely 
infected  cases,  it  stands  to  reason  that  the  clean  cases 
will  fare  best  and  that  the  doubtful  ones  will  fare  better 
than  the  infected  ones.  The  writer  believes  that  in 
clean  cases,  both  baby  and  mother  fare  better  if 
delivered  by  classical  ci  arean  section.  In  doubtful 
cases  (as  denned  above)  hebosteotomy  is  indicated, 
but  has  as  its  competitor  extra-  and  transverse  peri- 
toneal cesarean,  and  possibly  also  the  suprapubic  and 
classical  intraperitoneal  cesarean  section.  In  surely 
infected  eases  it  has  as  its  competitor  extra-  and 
transverse  peritoneal  cesarean  section.  However,  the 
results  obtained  in  surely  infected  mothers  with  the 
three  last-mentioned  operations  do  not  warrant  any 
of  them;  the  writer  prefers  embryotomy  on  the  living 
child  or  an  attempt,  though  apparently  hopeless,  at 
forceps  or  version.  Several  operations  have  just  been 
mentioned  as  competitors  of  hebosteotomy,  we  should 
add  that  symphyseotomy,  open  or  subcutaneous,  gives, 
if  anything,  worse  results  than  hebosteotomy.  In- 
duction of  premature  labor  is  also  not  a  competitor, 
for  at  a  time  when  it  is  indicated,  hebosteotomy  does 
not  come  into  question. 

I  would  therefore  narrow  the  above  twelve  indica- 
tions down  to  two,  after  the  first  requisite  has  been 
fulfilled,  i.e.  not  too  great  a  disproportion  between 
head  and  bony  inlet  or  outlet. 

1.  Baby  not  impaired;  mother  multipara,  infection 
doubtful."  Especially  when  the  dystocia  is  due  to  a 
a  contracted  outlet  accompanied  by  a  persistent 
mentoposterior  position. 

2.  In  rare  instances,  baby  not  impaired,  mother 
primipara,  infection  doubtful. 

We  thus  see  that  hebosteotomy  is  an  operation, 
which  at  one  time  had  wide  indications  which  to-day 
have  been  considerably  narrowed.  The  decision  as 
to  whether  it  is  indicated  in  a  given  case  and  the 
performing  of  the  operation  should  be  left  to  a  man 
with  wide  obstetrical  experience  and  operative  train- 
ing. The  question  whether  the  operation  can  be 
performed  in  the  home,  depends  entirely  upon  the 
possibility  of  being  able  to  obtain  the  proper  assistance. 
C.  Frederic  Jellixghatjs. 


von  Hebra,  Ferdinand. — Born  at  Briinn,  Austria, 
September  7,  1816.  He  pursued  his  medical  studies 
at  the  Universities  of  Gratz  and  Vienna,  and  received 
his  doctor's  degree  from  the  latter  institution  in  1841. 
While  he  was  acting  as  one  of  Prof.  Skoda's  assistants, 
his  chief,  observing  the  interest  which  he  appeared 
to  take  in  this  class  of  patients,  assigned  to  his  special 
care  all  the  cases  of  skin  disease  that  came  to  his  clinic. 
This  was  the  very  beginning  of  Hebra's  work  in  derma- 
tology. From  this  time  onward  he  devoted  a  large 
part  of  his  time  and  interest  to  the  study  of  skin 
affections,  and  finally  succeeded  in  placing  this  branch 
of  pathology  on  such  a  firm  footing  that  it  was  decided 
to  establish  a  separate  department  for  skin  diseases 
in  the  Allgemeines  Krankenhaus,  the  great  hospital 
of  Vienna,  and  to  entrust  the  management  of  it  to 
Hebra.  This  was  in  1845.  In  1848  he  was  made  a 
physician  of  the  first  Rank  in  the  Allgemeines  Kran- 
kenhaus; in  1849  he  was  elected  Professor  Extra- 
ordinary,  and  in  1869  full  Professor  of  Dermatology. 
He  died  August  5,  1880. 

Hebra  was  strongly  opposed  to  the  prevailing  view 
with  regard  to  the  constitutional  origin  of  skin  dis- 
eases, and  maintained  that  they  owed  their  origin 
to  a  greater  or  lesser  degree  to  local  causes.  He  also, 
following  Rokitansky's  systematic  method  of  nomen- 
clature, cast  aside  (lie  prevailing  humoralistic  names 
given  to  skin  diseases,  and  introduced  a  terminology 
which  harmonized  with  the  actual  pathological  con- 
ditions and  with  the  facts  which  had  been  ascertained 
experimentally.     Hebra  was  a  most  helpful  instructor, 


and  oftentimes   his   lectures    were    quite   humorous. 

His  audiences  were  composed  of  medical  men  who 
came  from  every  quarter  of  the  globe  to  listen  to  his 
teaching. 

Aside  from  numerous  shorter  article-  which  he  con- 
tributed to  current  medical  literature,  Hebra  published 
the  following  larger  works:  "Versuch  einer  auf 
pathologische  Anatomie  gegriindeteu  Einteilung  der 
Hautkrankheiten,"  1845;  "Atlas  der  Hautkrank- 
heiten,  1856-1876  (in  association  with  Elfinger  and 
Heitzmann);  and  "Acute  Exantheme  von  Haut- 
krankheiten." 

Pagel  (Biographisches  Lexikon),  in  summing  up  his 
estimate  of  the  work  done  by  Hebra,  says  that  he 
was  the  head  of  modern  dermatology  in  the  same 
sen  e  that  Albrecht  von  Graefe  was  the  chief  of 
modern  ophthalmology.  A.   H.   B 


Hectargyre  is  a  combination  of  hectine  with  oxy- 
cyanide  of  mercury,  and  is  used  hypodermically  as  an 
alternative  for  hectine  (q.v.)  in  the  treatment  of 
syphilis.  R.  J.  E.  S. 


Hectine  is  an  organic  preparation  of  arsenic,  which 
has  been  used  recently  in  the  treatment  of  syphilis. 
Chemically,  it  is  benzol-sulphone-para-amido-phenyl 
arsenate  of  sodium,  and  was  introduced  by  Mouneyrat 
in  1908.  It  is  applied  locally  as  a  solution  or  an  oint- 
ment or  as  a  dusting  powder;  it  is  administered 
internally  in  the  form  of  pills  or  a  solution;  it  is  also 
injected  subcutaneously.  In  the  latter  form,  about 
one  c.c.  of  a  -?„  per  cent,  solution  is  used.  There 
seems  to  be  decided  difference  of  opinion  as  to  the 
value  of  this  preparation.  Some  observers  claim 
that  hectine  has  a  rapid,  curative  action  on  syphilis, 
and  that  it  is  a  comparatively  safe  remedy;  others  are 
not  satisfied  with  the  results  that  they  have  obtained. 

R.  J.  E.  Scott. 


Hedeoma. — American  or  Mock  Pennyroyal. 
"  The  dried  leaves  and  flowering  tops  of  Hedeoma  pule- 
gioides  (L.),  Pers.  (Mentha  pulcgioides  L.;  fam., 
Labiatce)."  U.  S.  P. 

This  is  a  slender  annual  herb,  very  abundant  in 
dry,  especially  rocky  meadows  and  pastures  through- 
out Eastern  and  Central  North  America.  The  base 
of  the  stem  is  frequently  decumbent.  The  upper  por- 
tion is  usually  much  branched,  the  branches  slender, 
erect  or  ascending,  and  quadrangular,  the  leaves  oppo- 
site, slenderly  petioled;  blades  usually  less  than  2.5 
cm.  (1  in.),  long,  and  1  cm.  (f  in.)  broad,  oblong  ovate, 
narrowed  gradually  into  the  petiole,  obtuse,  distantly 
and  shallowly  serrate,  pale  or  grayish-green,  thin,  with 
few,  strongly  ascending  secondary  veins,  and  the  lower 
surfaces  beset  with  small,  circular,  depressed  glands, 
which  are  usually  golden-yellow  and  shining  under  a 
strong  lens;  flowers  several  in  a  leaf  axil,  pedicelled, 
the  calyx  tube  cylindraceous,  somewhat  contracted  at 
the  mouth,  strongly  nerved,  its  tube  two-lipped  and 
slenderly  and  sharply  five-toothed;  corolla  tubular, 
two-lipped,  pale  blue,  spotted;  stamens  four,  two  of 
them  sterile;  odor  strong,  somewhat  mint-like;  taste 
aromatic  and  pungent. 

With  a  little  tannin  and  bitter  extractive  it  con- 
tains nearly  one  per  cent,  of  a  volatile  oil,  official  under 
the  title  Oleum  Hedeoma;,  which  is  its  active  portion. 

American  pennyroyal  possesses  the  carminative, 
aromatic,  and  diffusive  stimulant  properties  of  the 
mints  in  general,  and  is  similarly  employed  There 
is  no  official  preparation,  but  an  infusion  is  probably 
the  best  form  of  administration.  One  of  the  impor- 
tant properties  of  this  plant  and  of  its  oil  is  that  of 
repelling  mosquitos  to  a  considerable  and  useful 
extent. 

Oil  of  pennyroyal  is  thus  described :  A  pale  yellow- 
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ish,  limpid  liquid,  having  a  characteristic,  pungent, 
mint-like  odor  and  taste.  .Specific  gravity,  0.930- 
0.940  at  15°  C.  (59°  F.).  The  oil  .should  form  a  per- 
fectly clear  solution  with  twice  its  volume  of  a  mixture 
of  three  volumes  of  alcohol  and  one  volume  of  water, 
this  solution  being  neutral  or  slightly  acid  to  litmus 
paper.  It  is  also  readily  soluble  in  carbon  disulphide, 
or  in  glacial  acetic  acid.  It  consists  chiefly  of  pule- 
gone.  The  dose  is  1-5  minims.  The  genuine  or 
European  pennyroyal  is  Mentha  pulegium  L.  (Pule- 
gium  vulgare  Mill.)  in  the  same  family.  It  has  a  simi- 
lar taste  and  odor,  and  contains  an  almost  identical 
volatile  oil.  Henky  H.  Rusby. 


Hedonal,  methyl-propyl-carbinol  urethane,  is 
ethyl  carbamate  with  the  ethyl  radical  replaced  by  the 
radical  of  methyl-propyl-carbinol.  It  occurs  as  a 
white  crystalline  powder  with  a  salty  taste;  it  is  but 
slightly  soluble  in  water,  but  is  moderately  soluble  in 
dilute  alcohol.  Hedonal  is  a  mild  hypnotic,  and  may- 
be considered  fairly  safe;  it  is  efficient  in  cases  of 
plain  insomnia  without  mental  excitement.  The 
dose  is  15  to  30  grains  (1-2  gm.)  or  more,  in  cachets 
or  in  water;  it  has  also  been  administered  per  rectum. 
As  a  rule  it  produces  sleep  in  about  half  an  hour. 
Recently  it  has  been  employed  as  an  intravenous 
anesthetic.  R.  J.  E.  Scott. 

Heidenhain,    Rudolf   Peter   Heinrich. — One   of 

the  foremost  physiologists  of  the  nineteenth  century. 
Born  at  Marienwerder,  Prussia,  January  29,  1834. 
He  studied  medicine  at  Konigsberg,  Halle,  and  Berlin, 
and  received  his  doctor's  degree  from  the  university 
of  the  latter  city  in  1S54.  In  1859  he  was  appointed 
Professor  of  Physiology  and  Histology  in  the  Uni- 
versity of  Breslau,  and  he  continued  to  perform  the 
duties  of  this  office  up  to  the  time  of  his  death,  October 
13,  1S97.  A  few  years  before,  he  had  been  honored 
with  the  title  of  Geheimer  Medizinalrat. 

Among  the  most  important  of  his  contributions  to 
the  science  of  physiology  are  the  following:  "Phy- 
siologische  Studien,"  Berlin,  1856;  "Meehanische 
Leistung,  Warmeentwickelung  und  Stoffumsatz  bei 
der  Muskelthatigkeit,"  Leipzig,  1864;  "Physiologie 
und  Absonderungsvorgange,"  in  Hermann's  Hand- 
buck  der  Physiologie,  Bd.  V.,  Leipzig,  1880;  "Die 
Vivisection  im  Dienste  der  Heilkunde,"  Leipzig,  1879; 
and  "Studien  des  phvsiologischen  Institutes  zu 
Breslau,"  Leipzig,  1861-1868  (4  vols.).  These  studies, 
after  1868,  were  published  in  Pfluger's  Archiv  and  in 
the  Archiv  fur  mikroslcopische  Anatomic 

A.   H.  B. 

Heilbronn  Mineral  Springs. — Bradford  County, 
Florida. 


Post-office. 
in  Starke. 


-Starke.     Hotels  and  boarding-houses 


Access. — Via  the  main  line  of  the  Seaboard  Air-Line 
Railroad,  forty-five  miles  from  Jacksonville.  Starke, 
the  county  seat  of  Bradford  County,  is  located  on  the 
elevated  backbone  of  the  Florida  peninsula  at  an 
elevation  of  180  feet  above  the  ocean  level.  The 
location  is  surrounded  on  all  sides  by  an  almost 
unbroken  pine  forest  stretching  to  the  Atlantic  on 
the  east  and  the  Gulf  on  the  west,  about  fifty  miles  in 
either  direction.  The  waters  to  the  west  "flow  into 
the  Suwannee  River  and  thence  into  the  Gulf,  while 
those  to  the  east  find  their  way  into  the  St.  John's 
River  and  ultimately  reach  the  Atlantic.  The 
situation  thus  unites  many  of  the  advantages  of  a 
well-favored  natural  sanatorium  and  offers  an  at- 
tractive resting  place  for  the  winter  tourist  in  search 
of  a  genial  and  balmy  climate.  The  mean  tempera- 
ture for  the  months  of  December,  Januarv,  and  Feb- 
ruary during  a  recent  winter  was  52°  F.     The  rainfall 


for  this  period  was  10.22  inches.  Starke  is  will 
supplied  willi  churches,  a  hirgc  school,  livery  stables, 
banks,  hotels,  boarding-houses,  city  lights,  ami 
waterworks.  The  springs  are  located  about  five  and 
one-half  miles  norl  Invest  from  Starke  on  a  piet  uresque 
Stream  known  as  the  Wateroak,  from  the  presenci  'if 
numerous  trees  which  adorn  its  banks.  They  are 
reached  by  an  excellent  road.  The  springs  are  two 
in  number,  known  as  No.  1  and  No.  2.  No.  1  yields 
about  one  hundred  and  fifty  gallons  and  No.  2,  fifty 
gallons  per  minute.  The  following  analyses  were 
made  by  Prof.  Henry  Letrmann  of  Philadelphia: 

One  United  States  G  vllon  Coki 


Solid-. 

Spring  No.  1. 
Grains. 

Spring  No    J 
Grains. 

2.08 
0.40 
0.20 
0.17 
5.13 
0.20 
0.33 
1.51 

n.20 

1.42 

Sodium  carbonate. 

Calcium  carbonate. 

3.73 

Silica 

1.51 

Trace. 

Nitrogen  by  permanganate 

Total 

10.22 

13.32 

Gases. 

Dissolved  oxygen 

Dissolved  carbon  dioxide. 


0.92 
11 .70 


0.67 
!_'    30 


The  water  is  free  from  organic  impurities.  It  is 
tasteless,  colorless,  and  odorless. 

These  are  excellent  waters  of  the  light  saline  calcic 
type.  No.  1  also  possesses  ferruginous  properties. 
The  wrater  of  No.  1  is  very  palatable  and  well  adapted 
to  table  uses.  Though  not  heavily  mineralized  these 
waters  have  acquired  an  extensive  reputation  among 
Florida  physicians  in  the  treatment  of  dyspepsia, 
chronic  skin  diseases,  rheumatism,  gout,  diseases  of  the 
stomach,  kidneys,  bladder,  and  liver.  Many  practi- 
tioners recommend  their  local  use  as  a  lotion  in  ill- 
conditioned  sores  and  indolent  ulcerations.  The 
waters  are  now  used  commercially  and  are  bottled  and 
shipped  to  distant  points.  Emma  E.  Walker. 


Heister,  Lorenz. — Born  at  Frankfort-on-the-Main, 
Germany,  September  18,  1683.  He  began  the  study 
of  medicine  at  the  University  of  Giessen,  in  1702.  lit 
1706  he  went  to  Amsterdam,  where  he  had  the  good 
fortune  to  become  the  assistant  of  Ruysch,  the  anato- 
mist; and  in  1708  he  obtained  the  degree  of  Doctor  of 
Medicine  at  the  University  of  Harderwick.  In  1710  he 
accepted  the  Chair  of  Anatomy  in  the  University  of 
Altdorf,  and  ten  years  later  he  exchanged  it  for  the 
same  chair  in  the  University  of  Helmstadt.  Through- 
out the  remainder  of  his  long  life  Heister  continued  to 
serve  this  university  in  one  capacity  or  another;  oc- 
cupying in  turn  the  Chairs  of  Anatomy,  Surgery, 
Botany,  Pathology,  and,  finally,  Practice  of  Medicine. 
His  death  occurred  April  18,  1758. 

The  list  of  Heister's  published  writings  is  very  long 
(not  far  from  200),  and  the  topics  treated  cover  the 
fields  of  anatomy,  physiology,  pathology,  surgery, 
general  therapeutics,  gynecology,  ophthalmology, 
gymnastic  exercises,  and  botany.  The  following  are 
among  the  more  important  of  these  publications: 
"Compendium  anatomicum,  etc.,"  Altdorf,  1717; 
"Chirurgie,  in  welcher,  etc.,"  Nuremberg,  1724; 
"Compendium  medicinal  practica?,  etc.,"  Amsterdam, 
1745:  "Kleine  Chirurgie  oder  Wundarznev.  etc.," 
Nuremberg,  1747;  "  Anatomisches-Chirurgisches  Lexi- 
con," Berlin,  1753.  A.  H.  B. 
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Heliotherapy. — Heliotherapy,  the  term  applied  to 
the  treatment  of  disease  by  means  of  the  sun's  rays, 
has,  within  the  last  ten  years,  through  the  work  of 
Rollier  of  Leysin,  Bernard  of  Samaden,  Switzerland, 
and  various  German  and  French  physicians,  been 
brought  prominently  before  the  medical  profession, 
and  shown  to  be  a  valuable  therapeutic  measure  in 
the  treatment  of  surgical  and  other  forms  of  tuber- 
culosis. 

The  value  and  efficacy  of  sunlight  has,  in  a  general 
way,  been  recognized  almost  from  time  immemorial. 
Herodotus,  Hippocrates,  and  Celsus  speak  of  the 
beneficial  effects  of  the  sun's  rays.  The  Romans  had 
solaria  attached  to  their  houses,  and  the  Temple  of 
Epidaurus  possessed  a  sun  gallery. 

It  is  a  common  experience  that  sunshine  is  condu- 
cive both  to  health  of  body  and  cheerfulness  of  spirits. 
"Where  sunlight  enters  not  there  the  physician  goes," 
says  the  proverb. 


hours  to  the  intense  sunlight  of  that  altitude.  In- 
spired by  this  experience  he  subjected  other  disea  i  d 
ci  mi  lit  ions  tu  the  sunlight  treatment,  such  as  infect*  'I 
wounds,  chronic  ulcers,  local  tuberculosis  and  specific 
ulcers,  and  met   with  equally  gratifying  success. 

In  1903  Rollier  began  his  now  famous  clinic  at 
Levsin,  an  Alpine  village:  of  4,. 500  feet  elevation  above 
sea-level,  for  the  heliotherapeutic  treatment  of 
surgical  tuberculosis  in  adults  and  children,  and  his 
success  has  been  such  thai  liis  one  sanatorium  has 
now  grown  to  three.  To  Rollier  more  than  to  anyone 
else  we  owe  the  establishment  of  heliotherapy  upon  a 
firm  clinical  basis;  he  has  demonstrated  that  a  large 
number  of  cases  of  surgical  tuberculosis,  especially 
of  the  joints,  could  be  cured  without  operation  where 
previously  resection  was  considered  the  only  expedient. 
Sunlight,  as  we  know,  is  a  composite,  composed  of 
light  rays  differing  in  length  and  effect;  all,  however, 
io    ess   the   property   of   heat,    light,    and    chemical 


Fig.  3116. — Children  taking  "Sun  Cure  "  at  Levsin. 


In  the  climatic  treatment  of  disease  the  element  of 
sunlight  receives  important  consideration.  Sanatoria 
are  located  with  a  southern  exposure  so  as  to  catch 
as  many  of  the  sun's  rays  as  possible.  Hospitals  now 
have  their  sun-parlors.  The  value  of  a  climatic  resort 
is  largely  judged  by  the  amount  of  sunshine  afforded. 

Although  in  a  general  way  sunlight  has  been  utilized 
in  the  treatment  of  disease  as  subsidiary  to  other 
measures,  it  was  not  until  quite  recently  that  a  sys- 
tematic and  scientific  application  of  it  was  made  in 
the  treatment  of  surgical  tuberculosis  and  various 
septic  conditions,  and  it  constituted  the  chief  factor 
in  the  treatment.  Bernard,  in  1902,  in  the  sunnv 
Engadine  valley  of  Switzerland  found  that  sluggish 
wounds  which  would  not  heal  under  ordinary  treat- 
ment rapidly  healed  under  daily  exposure  of  several 
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action.  The  violet  or  actinic  rays  are  those  which 
for  the  most  part  produce  a  chemical  action.  Beyond 
the  visible  spectrum  are  the  so-called  ultra-red  rays 
on  the  one  side  and  the  ultra-violet  rays  on  the  other. 
It  is  to  the  ultra-violet  rays  that  the  preponderant 
role  in  the  effects  of  heliotherapy  is  generally  ascribed. 
Dawnes  and  Blunt  in  1877  first  demonstrated  that 
sunlight  produced  a  bactericidal  effect,  retarding  the 
growth  of  some  bacteria  and  destroying  others.  Other 
experimenters  have  since  corroborated  this  observa- 
tion. Thus  the  tubercle  bacillus  is  killed  in  from  three 
to  five  hours  according  to  the  altitude,  which  means 
the  intensity  of  the  sun's  rays;  and  tne  typhoid 
bacillus  in  an  hour  and  a  half  by  direct  sunlight. 
Friedberger  and  Shioji1  found  that  it  was  possiple  to 
sterilize  vaccine  with  the  ultra-violet  rays,  and  when 
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applied  inside  the  mouth  of  a  rabbit  previously  in- 
fected with  various  germs,  the  germs  were  rapidly 
killed.  This  antiseptic  effect  is  supposed  to  beprin- 
cipally  due  to  the  chemical  rays,  though  the  other 
rays  also  probably  play  a  part.  It  is  upon  this 
antiseptic  action  of  sunlight  that  Rollier  bases  his 
results. 

Although  we  do  not  yet  fully  know  the  effect  of 
sunlight  upon  the  body,  experience,  however,  has 
shown  that  when  the  body  is  exposed  to  sunlight  for 
a  certain  time,  beside  the  local  effect  upon  the  diseased 
area,  there  is  increased  metabolism,  increased  elimina- 
tion of  toxins,  improved  nutrition,  as  shown  in  in- 
creased weight,  greater  cutaneous  activity,  increase 
in  the  hemoglobin,  and  in  the  number  of  red  blood 
corpuscles.  The  nervous  system  is  also  stimulated. 
The  local  manifestation  upon  the  body  surface,  out- 
side of  the  diseased  area,  is  the  marked  pigmentation 
or  bronzing.  Upon  the  pigmentation  depends  largely 
the  prognosis,  for  it  has  been  found  that  those  cases 


ment  has  shown  that  twenty-five  or  thirty  per  cent. 
of  the  sun's  rays  are  absorbed  by  the  atmospheric 
dust  and  moisture  before  they  reach  the  level  of  the 
sea;  whereas  on  the  top  of  Mt.  Blanc  (15,800  feet)  only 
six  per  cent,  of  the  efficiency  of  the  sun's  rays  are  lost. 
We  have,  then  in  the  altitudes,  purity  and  great 
diathermancy  of  the  atmosphere,  absence  of  dust, 
low  humidity,  and  the  radiation  of  light  from  the 
snow  in  winter,  in  the  more  northern  latitudes,  as  at 
Leysin.  On  the  other  hand,  there  are  occasional 
storms  and  fogs  and  sometimes  violent  winds.  For 
example:  in  a  visit  made  by  the  writer  to  Leysin  in 
May  the  whole  village  was  enshrouded  in  fog.  To 
obtain  the  best  results  from  altitude,  says  Jaubert,'2 
the  elevation  should  lie  from  2,000  to  3,600  feet;  there 
should  be  a  southern  exposure,  and  shelter  from  the 
prevailing  winds,  as  upon  the  side  of  a  hill  or  moun- 
tain. 

Although  it  is  true  that  the  most  intense  insolation 
occurs  at  the  altitudes,  experience  has  demonstrated 


wki*  ' 
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-Children  skiing  :it  Leysin. 


which  pigment  intensely  are  generally  the  ones  which 
recover  most  rapidly.  Fair  children  pigment  much 
less  than  dark  ones  and  are  more  susceptible  to 
tuberculosis  than  the  latter.  Furthermore,  the  in- 
creased activity  of  the  pigment  cells  appears  markedly 
to  increase  the  power  of  resistance  to  disease.  This 
was  illustrated  by  an  outbreak  of  chickenpox  among 
Rollier's  children.  All  who  were  deeply  pigmented 
escaped  the  infection,  while  those  wearing  bandages 
or  an  apparatus  had  the  eruption  on  those  portions 
of  the  body  from  which  the  sun's  rays  had  been  ex- 
cluded by  the  bandage,  while  on  the  pigmented  portion 
the  eruption  was  absent. 

Other  things  being  equal,  it  is  evident  that  the  most 
favorable  results  from  heliotherapy  are  obtained 
where  the  sun's  rays  are  most  intense  and  there  is  the 
least  absorption  from  the  atmosphere,  and  these 
conditions  are  best  fulfilled  in  the  altitudes.     Experi- 


that  heliotherapy  can  be  applied  with  excellent 
results  at  certain  seashore  stations,  such  as  some  on 
the  Adriatic  or  Mediterranean  coast,  or  those  offering 
similar  conditions  in  this  country.  A  favorable  sea- 
shore station  for  the  application  of  heliotherapy,  says 
Jaubert,  should  be  one  affording  cleanness  of  the  air, 
reflection  from  the  surface  of  the  sea,  a  sea  breeze 
producing  a  constant  change  of  air,  and  shelter  from 
land  breezes  and  winds.  It  is  also  to  be  borne  in 
mind  that  in  the  treatment  of  surgical  tuberculosis  in 
children  there  is  the  added  advantage  of  the  sea  air 
and  sea  bathing  at  seashore  stations,  which  is  of 
very  definite  value  as  the  experience  of  many  years 
has  demonstrated. 

Moreover,  heliotherapy  can  be  applied  in  hospitals 
situated  in  cities,  as  Bardenham  of  Cologne  has  shown, 
and  Reverdin  of  Geneva,  who  transferred  his  patients 
directly  from  the  operating  room  to  the  hospital  garden. 
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It  is  further  to  be  remembered  that  in  the  applica- 
tion of  heliotherapy  either  at  the  altitudes  or  seashore, 
pure  air,  rest,  proper  and  sufficient  food,  and  good 
hygienic  conditions  also  play  their  part. 

Thus  far  the  principal  applications  of  heliotherapy 
and  its  triumphs  have  been  in  cases  of  surgical  tuber- 
culosis in  adults  and  children,  particularly  in  the  latter. 
Here  is  whore  Rollier  has  achieved  his  remarkable 
success.  Pott's  disease,  coxalgia,  osteitis,  poly- 
arthritis, many  cases  with  abscesses,  sinuses,  fistulse, 
and  secondary  infections;  open  tuberculosis  of  the 
hand,  foot,  elbow,  and  shoulder,  are  especially  suit- 
able to  this  treatment  and  show  excellent  results. 
One  striking  feature  is  the  almost  immediate  relief 
from  pain.  Necrosed  bone  is  spontaneously  elimi- 
nated, and  in  many  cases,  spontaneous  movemeni 
occurs  after  repair.  Tuberculous  peritonitis,  renal, 
pelvic,  and  thoracic  tuberculosis,  that  of  the  eye  and 
ear  and  adenitis  likewise  show  good  results.  Perhaps 
the  greatest  field  of  usefulness  of  heliotherapy  is  in 
septic  cases,  where  the  bactericidal  influence  of  the 
sunlight  exercises  its  potent  power. 

Rollier  in  ten  years  has  treated  1,129  cases — 652 
adults  and  477  children;  of  these  30  cases  have  ended 
fatally,  41  remained  stationary,  112  improved  and 
945  were  cured.  Of  the  whole  number  804  were  closed 
tuberculosis  on  arrival  at  Leysin,  of  which  703  were 
cured,  or  eighty-seven  per  cent.,  325  were  open  cases 
of  which  242  were  cured,  or  seventy-four  per  cent. 

Dr.  L.  Revillet  of  Cannes3  reports  excellent  results 
in  the  heliotherapeutic  treatment  of  children  suffering 
from  surgical  tuberculosis  at  Cannes  upon  the 
Mediterranean  Littoral.  A  number  of  Swiss  children 
with  closed  local  tuberculosis  were  sent  to  this  station, 
being  examined  both  before  departing  and  on  return- 
ing by  Prof.  d'Espine,  thus  verifying  the  results. 
The  treatment  lasted  from  the  middle  of  October  to 
the  middle  of  June.  The  diseased  region  was  exposed 
to  the  sun  at  first  for  one-half  to  one  hour,  and  when 
toleration  had  been  established  from  two  to  three 
hours,  and  finally  for  a  greater  part  of  the  day,  the 
head  and  eyes  being  protected.  In  addition,  the 
children  were  given  sea  baths  daily,  lasting  from  one 
to  three  minutes.  It  was  found  that  sun  baths  were 
possible  for  190  out  of  240  days.  The  effect  was 
striking:  appetite,  color,  and  spirits  returned  and  the 
average  gain  in  weight  was  4  kilograms.  Of  63  children 
suffering  from  Pott's  disease  27  were  cured,  26  im- 
proved, 6  remained  stationary  and  4  died.  Of  94 
suffering  from  hip  disease  and  white  swelling,  33  were 
cured,  and  50  improved.  In  tubercular  peritonitis 
the  effusion  and  meteorism  rapidly  disappeared,  and 
in  7  cases  3  patients  were  cured,  3  improved  and  1 
died.  In  11  cases  of  lupus  8  were  cured  and  3  im- 
proved.    Old  glandular  sinuses  rapidly  closed. 

d'Oesmitz  of  Nice4  reports  three  cases  of  tuberculous 
peritonitis  with  ascites  cured  by  heliotherapy  in  one, 
three,  and  five  months,  all  signs  of  peritoneal  lesion 
complete  ly  disappearing.  At  first  the  abdomen  was 
exposed  to  the  sun  for  five  minutes,  lightly  covered 
with  some  thin  material,  and  the  exposure  increased 
daily  for  five  minutes  until  a  maximum  of  two  hours 
was  obtained.  If  the  action  of  the  sunlight  appears 
to  be  too  energetic  the  duration  of  the  exposure  can 
be   shortened   or  temporarily  suspended. 

Poncet  and  Leriche5  advise,  in  cases  of  ascitic 
tuberculous  peritonitis  the  union  of  laparotomy  and 
sunlight  exposure,  and  consider  the  results  much  more 
rapid  than  the  sun  cure  alone  and  much  more  lasting 
than  laparotomy  alone. 

Tuberculous  laryngitis  has  also  been  treated  by 
heliotherapy,  the  sunlight  being  reflected  into  the 
larynx  by  means  of  a  reflector  and  the  laryngoscopic 
mirror,  and  the  results  are  said  to  be    encouraging. 

Rollier's  met  hod  of  applying  heliotherapy  is  as 
follows:  After  a  short,  period  of  rest  in  bed  and 
exposure  to  the  mountain  air  from  open  windows,  the 
patient's  bed   is   wheeled  out  into  the  open  gallery 
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which  communicated  with  the  ward  and  faces  the 
South.  He  is  thus  accustomed  to  the  open  air  and  i  he 
altitude.  He  is  then  gradually  exposed  to  the  sun, 
beginning  with  the  lower  extremities  and  so  on 
gradually  until  at  the  expiration  of  a  week  or  ten  days 

the  entire  body  is  exposed.  The  exposures  are  short 
to  begin  with,  and  then  gradually  lengthened  until  a 
daily  insolation  of  from  four  to  six  hours  is  attained. 
The  head  is  protected  for  some  time  while  the  com- 
plete insolation  is  being  reached.  When  toleration 
is  once  established  the  treatment  is  borne  without 
discomfort  both  in  summer  and  winter. 

Some  authorities,  and  Rollier  also,  sometimes 
expose  only  the  diseased  part,  beginning  with  an 
exposure  of  one-half  to  one  hour,  and  gradually  in- 
creasing until  it  is  continued  the  greater  part  of  the 
day.  Poncet  and  Leriche,  before  quoted,  advise  at 
first  an  exposure  of  the  whole  body  for  ten  minutes, 
and  if  this  is  not  possible,  the  diseased  part  alone  is 
exposed  at  first  for  ten  or  fifteen  minutes  for  four  or 
five  days,  and  this  is  gradually  increased  until  a 
period  of  three  hours  forenoon  and  afternoon  is 
reached. 

No  rigid  plan  of  heliotherapy  can  be  applied  to  all 
patients,  but,  as  in  all  treatment,  each  must  be 
individualized,  the  dose  of  sunlight  depending  upon 
the  local  reaction  which,  in  turn,  depends  upon  the 
activity  of  the  tuberculous  process;  and  upon  the 
general  effect.  If  the  treatment  is  too  severe  from 
too  long  an  exposure  or  too  sudden,  it  is  indicated 
both  by  increased  local  congestion  and  inflammation, 
and  by  increase  of  temperature  and  pulse,  insomnia, 
loss  of  appetite,  and  general  malaise.  If,  in  patients 
with  sensitive  skin,  erythema  or  eczema  is  produced 
the  part  can  be  protected  with  a  fine  gauze  silk  cover- 
ing of  a  deep  red  color.  As  the  treatment  progresses, 
the  skin  becomes  bronzed  and  finally  deepens  from  a 
coffee  to  a  chocolate  color.  Upon  the  pigmentation 
of  the  skin,  as  has  been  said  above,  the  prognosis  of 
the  case  largely  depends,  which  is  favorable  in  pro- 
portion to  the  rate  and  completeness  of  the  bronzing. 
As  a  result  of  the  pigmentation  the  patients  do  not 
feel  the  cold  even  when  uncovered  or  on  sunless  days. 

In  tuberculosis  of  the  joints  Rollier  immobilizes  the 
parts  but  with  removable  appliances  which  can  be 
removed  during  the  exposure  period.  Surgical  inter- 
ference is  only  employed  symptomatieally,  such  as  the 
aspiration  of  a  cold  abscess  when  not  absorbed,  or  a 
suppurating  lymph  node.  The  duration  of  the 
treatment  depends,  of  course,  upon  the  case  and  its 
response,  extending  from  months  to  one  or  two  years. 

What  cases  do  best  at  the  altitudes  and  what  at  the 
seashore  under  heliotherapy  it  is  difficult  to  say. 
Local  tuberculosis  associated  with  a  secondary  pul- 
monary tuberculosis  in  evolution,  however  slight  may 
be  the  lung  affection,  is  considered  to  be  more  favor- 
ably influenced  at  the  altitudes;  while  adenopathies, 
superficial  tuberculosis,  scrofula,  rachitis,  osteoar- 
ticular  deformities  of  youth  and  adolescence,  and  all 
inflammatory  tuberculoses  do  well  or  better  at  the 
seashore. 

In  a  personal  visit  to  the  Children's  Ward  of  Rollier's 
Sanatorium  in  1912  the  writer  was  impressed  with  the 
remarkable  appearance  of  the  little  patients;  their 
general  condition  seemed  excellent,  they  were  happy 
and  laughing,  and  the  local  disease  in  the  majority  of 
cases  seemed  well  on  the  way  toward  cure.  They 
were  so  bronzed  from  the  sun  that  it  was  difficult  to 
say  to  which  race  the}'  belonged. 

Heliotherapy  may  not  be  all  that  Rollier  and  others 
in  their  enthusiasm  claim  for  it,  but  it  has  at  least 
vindicated  its  value  as  a  valuable  therapeutic  measure 
in  the  treatment  of  surgical  tuberculosis  and  incident- 
ally has  demonstrated  that  the  conservative  treat- 
ment of  this  class  of  cases  produces  such  satisfactory 
results  that  radical  surgical  interference  should  be 
resorted  to  only  after  a  careful  trial  of  Rollier's  plan 
of  treatment  by  heliotherapy,  which  can  be  applied 
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more   or   less   completely    whenever    there   is   a   fair 
amount  of  sunshine. 

In  this  country  there  are  many  regions  where 
heliotherapy  can  be  admirably  applied — regions 
possessing  both  altitude  and  an  abundance  of  sun- 
shine. Such  conditions  are  afforded,  for  example,  in 
Colorado,  New  Mexico,  Arizona,  southern  California, 
and  in  the  Pine  Belt  of  the  South.  There  are  also 
excellent  seashore  resorts  that  could  be  utilized  for 
this  purpose  both  in  the  North  and  South. 

Edward  O.  Otis. 
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Heliozoa. — An  order  of  non-parasitic  protozoans. 
The  sun-animalicule,  Actinospheerium,  is  an  example. 
See  Protozoa.  A.  S.  P. 


Hellebore,  American. — See  Veratrum  Viride. 


Hellebore,  Black. — Hellebores  Niger.  Christ- 
mas Rose.  The  dried  rhizome  of  Helleborus  niger  L. 
(fam.  Ranunculacea) .  This  is  a  low  perennial  herb  of 
Southern  Europe,  mostly  in  the  mountains,  and  largely 
cultivated  for  its  winter  bloom. 

The  drug  much  resembles  cimicifuga  or  black  cohosh, 
but  is  rather  smaller,  blacker,  and  more  tortuous,  with 
fewer  and  broader  wood-wedges  in  the  rhizomes,  and 
those  of  the  roots  less  conspicuously  stellate.  It  con- 
tains the  two  poisonous  glueosides  helleborin  and 
helleborein,  and  has  been  used  as  a  drastic.  In  over- 
doses it  is  an  emetico-cathartic  poison.  It  is  now  little 
used.     The  dose  is  gr.  viij.-xx.  (0.5-1.5). 

The  rhizome  of  //.  viridis  L.  or  green  hellebore  (but 
not  to  be  confused  with  Veratrum  viride,  also  so  called), 
is  very  similar,  and  even  more  highly  acrid  and 
poisonous.  Henry* H.  Rusby. 


Hellebore,  Green. — See  Veratrum. 
Hellebore,  White. — See  Veratrum  . 


von  Helmholtz,  Hermann  Ludwig  Ferdinand. 
— Born  in  Potsdam,  near  Berlin,  Germany,  August 
31,  1821.  Hi;  studied  medicine  in  Berlin  and  re- 
ceived his  doctor's  degree  in  1842.  After  holding 
various  positions  of  minor  importance  in  Berlin  and 
Potsdam,  he  was  called  in  1849  to  occupy  the  Chair 
of  Physiology  and  General  Pathology  in  the  Uni- 
versity of  Konigsberg,  Six  years  later  (1855)  he  was 
transferred  to  the  Chair  of  Anatomy  and  Physiology 
in  the  University  of  Bonn.  In  1858  he  went  to  Heidel- 
berg, as  Professor  of  Physiology,  and  remained  thero 
until  1S71,  when  he  was  called  to  Berlin  to  occupy  the 
newly  established  Chair  of  Physics,  and  at  the  same 
time  to  be  the  Director  of  the  Institute  of  Physics, 
with  the  title  and  emoluments  of  a  "Geheimer  Re- 
gierungsrat."  In  1883  he  was  given  a  patent  of 
nobility,  and  in  1888  he  was  elected  President  of 
the  Royal  Physico-Technical  Institute  at  Charlot- 
tenburg — an  office  which  virtually  placed  Helmholtz, 
who  had  then  reached  the  age  of  sixty-seven,  in 
honorable  retirement.  In  1891,  on  the  occasion  of  his 
seventieth  birthday,  the  well-merited  title  of  "Ex- 
cellency" was  conferred  upon  him.  He  died  Sep- 
tember 8,  1894,  from  an  attack  of  cerebral  apoplexy. 

Helmholtz  laid  the  foundations  of  his  great  repu- 
tation as  a  physiologist  when  he  published  his  cele- 
brated treatise  on  the  conservation  of  energy  ("Ueber 
die  Erhaltung  der  Kraft,  Berlin,  1847).  Then,  for  a 
few  years,  he  devoted  himself  energetically  to  the 
physiology  of  the  special  senses,  and  as  a  result  of  his 
labors  he  invented  the  ophthalmoscope,  an  instrument 
which  not  only  revolutionized  ophthalmology,  but 
at  the  same  time  proved  of  inestimable  value  to  human 
pathology  and  therapeutics.  The  announcement  of 
this  discovery  was  made  in  the  monograph  which  he 
published  independently  under  the  title:  "  Be- 
schreibung  eines  Augenspiegels  zur  Untersuchung  der 
Netzhaut  im  lebenden  Auge,"  Berlin,  1851.  During 
the  following  decade  Helmholtz  published  two  large 
treatises,  which  mark  a  veritable  epoch  in  the  history 
of  medicine,  viz.:  "Handbuch  der  physiologischen 
Optik,"  Leipzig,  1S56-1866;  and  "Die  Lehre  von  den 
Tonempfindungen,"  Braunschweig,  1862  (2nd  edi- 
tion, 1865).  A  large  number  of  his  minor  contribu- 
tions to  medical  literature  will  be  found  scattered 
throughout  the  following  periodical  publications: 
Mueller's  Archiv,  Poggendorff's  Annalen,  Crelle's 
Journal  fur  Mathematik,  von  Grarfe's  Archir,  Vir- 
chow's  Archie,  and  Archiv  fiir  Anatomic  und  Physio- 
logic    (Pagel.)  A.  H.  B. 


Helmitol  is  a  combination  of  hexamethylenetetra- 
mine  with  anhydromethylene  citric  acid,  CrH607.- 
(CHo^Nj.  It  occurs  in  colorless  crystals,  soluble  in 
ten  parts  of  water,  almost  insoluble  in  alcohol  and 
ether.  It  is  slowly  decomposed  in  dilute  acid  solu- 
tions, readily  in  alkaline  solutions  with  the  liberation 
of  formaldehyde.  Solutions  have  an  acid  taste  and 
reaction. 

Helmitol  is  a  urinary  antiseptic  in  much  the  same 
manner  as  is  hexamethylenamine.  It  is  equally  effici- 
ent in  acid  or  alkaline  urine.  Used  in  chronic  ure- 
thritis, cystitis,  and  chronic  affections  of  the  bladder,  it 
arrests  the  alkaline  fermentation  of  the  urine,  relieves 
tenesmus,  and  is  said  to  be  especially  useful  in  pyelitis 
and  as  a  urinary  disinfectant  following  typhoid  fever. 
Dose:  10-15  grains  (0.6-1.0).  R.  J."  E.  Scott. 


Heloderma. — A  genus  of  lizards  which  contains 
two  species.  H.  suspectum  the  "Gila  monster,"  is 
poisonous.  It  is  found  in  the  south  western  United 
States.  //.  horridum,  a  Mexican  species  is  probably 
venomous  also.  A.  S.  P. 


Helouan. — See  Egypt. 
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Helvetius,  Adrian 
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Helvetius,  Adrian. — Born  in  Holland  about  1661. 
As  soon  as  he  had  completed  his  preliminary  studies 
he  visited  Leyden  for  the  purpose  of  fitting  himself 
for  the  career  of  medicine.  On  attaining  the  age  of 
twenty  he  went  to  Paris,  not  with  any  fixed  intention, 
however,  of  establishing  himself  there  permanently 
as  a  practitioner  of  me. Heine.  But  from  the  very 
beginning  he  met  with  such  success  in  the  treatment 
of  the  few  patients  who  came  under  his  care,  that 
Colbert,  the  celebrated  Intendant  of  Louis  XIV., 
took  him  under  his  special  protection.  The  dauphin, 
the  son  of  the  king,  was  suffering  at  this  time  from 
an  attack  of  dysentery,  and  Daquin,  the  Court 
Physician  (probably  at  Colbert's  suggestion),  asked 
Helvetius  to  see  the  patient  with  him  in  consultation. 
The  remedy  which  he  recommended,  and  the  nature 
of  which  he  was  then  unwilling  to  divulge,  effected  a 
complete  cure.  Pere  Lachaise,  the  King's  confessor, 
induced  his  royal  master  to  purchase  from  Helvetius, 
for  one  thousand  louis  d'or,  the  revelation  of  this 
remedy  which  had  proved  so  effective  a  cure  of  dys- 
entery. It  was  then  learned  that  the  remedial 
agent  was  simply  ipecacuanha,  a  drug  already  well 
known  for  its  beneficial  action  upon  the  disease  in 
question.  Helvetius  was  knighted,  was  made  In- 
spector General  of  the  hospitals  of  French  Flanders, 
and  was  appointed  the  physician-in-ordinary  of  the 
Duke  of  Orleans,  then  Regent  of  the  Kingdom.  He 
died   in   Paris,  February   20,  1727.  A.  H.  B. 


Hematemesis. — The  loss  of  blood  is  always  worthy 
of  consideration,  as  is  the  loss  of  any  highly  specialized 
product  of  the  bodily  economy,  requiring  complicated 
metabolic  processes  for  its  replacement. 

When  the  origin  of  a  hemorrhage  is  known,  or  the 
lesion  can  be  definitely  located,  the  situation  is  sim- 
plified; the  enemy  is  "in  the  open,"  and  can  be  com- 
bated by  fair  means.  When,  however,  the  blood  wells 
up  from  some  hidden  source,  or  escapes  from  some 
inaccessible  viscus,  the  possible  gravity  of  the  occur- 
rence looms  up  in  the  mind  of  the  physician,  and  differ- 
ential data  at  once  assume  the  highest  importance. 
It  is,  therefore,  my  purpose  to  bring  out  and  make 
plain  the  stronger  inferences  to  be  fairly  drawn  when 
hematemesis  suddenly  appears,  for  oft  times  a  positive 
opinion  is  out  of  the  question,  as  those  will  admit  who 
have  followed  their  patients  to  the  operating  room,  or, 
worse  still,  to  the  autopsy. 

In  the  first  place  we  must  decide  if  the  vomitus 
really  contains  blood,  or  is  colored  by  food  previously 
ingested,  such  as  red  wine,  cherries,  cranberries,  or 
any  red  vegetables  or  fruits;  also  there  may  be  pseudo- 
hematemesis,  where  certain  preparation*  of  iron  or 
bismuth  have  been  taken.  To  demonstrate  by  micro- 
scopic or  chemical  means  that  a  supposed  hemorrhage 
is  only  a  harmless  coloring  matter  affords  decided 
relief  to  both  physician  and  patient. 

Next  to  be  considered  is  whether  the  hemorrhage  is 
from  the  stomach,  or  extragastric  in  origin.  A  pre- 
vious hemoptysis  or  epistaxis  should  be  considered, 
remembering  that  in  hematemesis  proper  the  blood 
is  generally  dark  red  or  almost  black,  that  it  contains 
no  air  bubbles,  that  it  is  often  acid  in  reaction  from 
the  presence  of  the  gastric  juice,  that  it  is  vomited 
without  coughing,  that  it  frequently  contains  food 
particles,  that  objective  lung  symptoms  are  absent, 
while  objective  stomach  symptoms  are  usually  present. 

An  epistaxis  occurring  previously  during  sleep, 
where  the  blood  has  been  unconsciously  swallowed, 
may  not  be  so  easy  to  differentiate,  and  for  that 
reason  the  nasal  cavities  should  be  closely  inspected 
for  erosions  or  polypi. 

Other  rare  extragastric  causes  are  hemorrhagic 
infarctions  of  the  lungs,  an  aneurysm  gradually  leaking 
into  the  stomach,  or  abscesses  or  fistula;  in  the  vicinity 
of  that  organ,  which  may  perforate  it. 

Having  decided  that  the  flow  of  blood  originates  in 
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the   stomach   Ot  esophagus,    we   then    desire   to   locate 
the  pathological  change  bringing  about  this  manifi 
tion,  and  the  first  thought  is  of  gastric   ulcer.      'I  hi 
is  a  fair  assumption  if  the  patient  is  under  middle  age, 
arid  gives  a   history  of  past   attacks  of  acid  dyspi 
or  painful  indigestion,  this  history    perhaps  running 
over  a  number  of  years. 

In  this  connection  it  is  proper  to  state  that,  while 
the  presence-  of  hematemesis  is  strongly  indicative  of 
ulcer,  its  absence  means  little,  for  many  extensive 
ulcers,  giving  rise  to  pronounced  constitutional 
symptoms,  lack  this  phenomenon  in  their  course. 

I  may  state,  therefore,  that  a  fulminating  gastric 
hemorrhage  in  an  individual  of  comparative  youth, 
accompanied  by  no  cachexia,  and  preceded  by  a 
characteristic  history,  justifies  the  diagnosis  of  a 
ruptured  artery  in  the  "floor"  of  an  ulcer. 

On  the  other  hand,  when  the  patient  is  beyond 
middle  life,  when  cachexia  is  noticeable,  with  a  record 
of  gradual  decline  in  health,  perhaps  preceded  by  an 
ulcer  history;  where  there  is  no  free  hydrochloric  acid 
in  the  vomitus,  but  perhaps  lactic  acid,  where  evi- 
dences of  pyloric  obstruction  can  be  demonstrated, 
even  though  there  be  no  objective  manifestations,  the 
medical  attendant  may  be  fairly  sure  of  malignant 
trouble,  with  a  correspondingly  gloomy  outlook  for 
the  sufferer. 

Duodenal  ulcer  is,  in  my  opinion,  a  more  frequent 
cause  of  hematemesis  than  has  been  realized,  and  only 
within  the  past  few  years  has  the  profession  become 
fully  alive  to  the  prevalence  of  this  lesion.  Where 
the  patient  is  a  man,  where  a  history  of  black,  tarry 
stools  is  elicited,  coincident  with  pain  two  to  four 
hours  after  meals,  rather  to  the  right  side,  and  where 
there  is  abundant  free  hydrochloric  acid  in  the  stom- 
ach contents,  we  may  reasonably  infer  the  presence 
of  a  duodenal  ulcer,  whose  hemorrhage  has  partly 
overflowed  into  the  stomach,  thereby  setting  up  the 
hematemesis. 

In  women,  during  the  sexual  life,  where  there 
is  little  complaint  of  indigestion,  but  the  menses  are 
irregular,  vicarious  menstruation  must  be  held  in 
mind.  Two  years  ago  there  came  tinder  my  observa- 
tion a  striking  instance  of  this  sort.  A  young  married 
woman,  flat-chested  and  anemic,  about  every  third 
month  would  have  a  copious  hemorrhage  from  the 
stomach.  Her  menstruation,  at  all  times  scanty, 
did  not  appear  during  the  month  of  hemorrhage,  and 
she  stated  that,  apart  from  the  nervousness  pro- 
voked by  the  sight  of  vomited  blood,  she  really  felt 
better  for  several  weeks  afterward. 

If  the  physician  can  confidently  diagnose  vicari- 
ous hemorrhage  from  the  stomach,  it  will  naturally 
make  the  greatest  difference  both  in  treatment  and 
prognosis. 

Cirrhosis  of  the  liver  should  come  to  mind  when  dur- 
ing or  past  middle  life  the  patient,  with  little  previous 
history  of  indigestion,  but  who  has  been  a  "high  liver," 
or  possibly  a  hard  drinker,  vomits  a  large  amount  of 
blood  with  little  or  no  pain. 

In  March,  1909,  I  was  hastily  summoned  to  attend 
a  man  forty-four  years  of  age,  who  had  been  on  an 
alcoholic  debauch  for  a  week,  and  who,  while  in  the 
toilet  evacuating  his  bowels,  began  to  vomit  large 
quantities  of  blood,  so  large  that  he  fainted.  When 
I  saw  him,  the  tiled  floor  and  tinted  walls  of  the  toilet 
were  bedaubed  with  blood,  while  he,  collapsed,  was 
limply  wallowing  in  his  own  gore.  The  prompt  ad- 
ministration of  adrenalin  and  calcium  chloride  con- 
trolled the  hemorrhage,  and  more  leisurely  examination 
demonstrated  a  cirrhotic  liver. 

It  has  been  shown  by  several  investigators  that  the 
source  of  hematemesis  in  cirrhosis  of  the  liver  is  fre- 
quently a  ruptured  vein  in  the  lower  end  of  the  esopha- 
gus, which  has  been  overdistended.  Should  the  vein 
be  quite  small,  there  may  be  no  hematemesis,  but 
tarry  stools  instead.  Usually,  however,  the  hemor- 
rhage is  profuse,  and  occasionally,  as  expressed  by 
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Dr.  W.  F.  Cheney,  "may  constitute  the  last  instead 
of  the  first  scene  in  the  drama." 

Ruptured  esophageal  varices  from  cither  causes  may 
excite  hematemesis,  but,  apart  from  portal  obstruc- 
tion, such  is  most  rare,  and  may  be  justly  regarded 
as  an  early  indication  of  hepatic  cirrhosis,  even  where 
no  other  symptoms  can  be  demonstrated. 

Another  cause  of  appreciable  frequency  is  the 
presence  of  abrasions  of  the  gastric  surface  (two  to 
four  millimeters  in  diameter),  multiple  in  character, 
and  extending  partly  through  the  mucosa.  Erosions 
may  also  arise  from  swollen  lymphoid  follicles  in  the 
gastric  mucosa,  which  suffer  degenerative  changes 
leading  to  rupture.  Then  there  are  sometimes  simple 
hemorrhagic  erosions  found  in  patients  greatly  run 
down,  in  advanced  tuberculosis,  and  in  confirmed 
alcoholism. 

Among  local  causes  to  be  considered  are  the  racking 
strain  of  continuous  vomiting,  overdistention  of  the 
stomach  by  C02,  or  the  inexpert  insertion  of  a  stomach 
tube,  whose  openings  are  not  properly  rounded  off. 
In  this  connection  1  might  mention  that  I  have  seen 
some  stomach  tubes  of  stiff  rubber,  with  openings  at 
the  end  surrounded  by  edges  of  knife-like  sharpness. 
The  introduction  of  such  a  tube  by  a  tyro  possessing 
more  zeal  than  knowledge  is  exceedingly  risky,  sub- 
jecting the  patient  to  grave  dangers  of  both  present 
and  future  gastric  hemorrhage. 

Splenic  anemia,  according  to  Dr.  T.  R.  Brown,  is 
not  so  rare  a  cause,  and  where  there  is  splenic  enlarge- 
ment with  diminished  leucocytes,  and  not  much 
history  of  distinctive  gastrointestinal  disturbances, 
this  condition  may  be  suspected,  though  hard  to  diag- 
nose positively. 

Among  other  causes  are  several  dyscrasias,  as  per- 
nicious anemia,  the  leukemias,  and  purpura  hemor- 
rhagica, though  in  the  last-named  the  hematemesis 
may  be  only  one  manifestation  of  many  bleeding 
surfaces. 

Finally,  the  hemorrhage  may  arise  from  toxic 
gastritis  subsequent  to  the  swallowing  of  corrosive 
poisons,  or  from  trauma,  in  which  events  the  history 
is  generally  all-sufficient  to  name  the  cause. 

Prognosis. — Paradoxically  as  it  may  appear,  this 
depends  much  more  on  the  cause  behind  the  hemor- 
rhage than  the  severity  of  the  bleeding  itself.  In 
serious  constitutional  diseases  hematemesis  often 
marks  the  beginning  of  the  end,  and  may  even  con- 
stitute a  terminal  symptom.  In  cirrhosis  of  the  liver 
a  single  hemorrhage  early  in  the  course  of  the  process 
frequently  seems  to  exert  a  beneficial  effect,  being 
followed  by  a  diminution  in  the  size  of  that  organ. 

By  way  of  parenthesis  I  might  remark  that  some- 
times a  brisk  hematemesis  may  so  frighten  a  patient 
who  has  been  guilty  of  various  forms  of  intemperance, 
that  a  moral  regeneration  ensues,  followed  by  a  de- 
cided improvement  of  the  chronic  trouble. 

When  it  can  be  demonstrated  that  the  blood  flows 
into  the  stomach  from  outside  structures,  as  a  leaky 
aneurysm  or  fistulous  tract,  the  prognosis  is  serious. 
Often  this  demonstration  cannot  be  made.  Should 
the  hemorrhage  be  putrid,  deep  ulcerations  may  be 
suspected,  with  grave  danger  of  death  from  perfora- 
tion or  sepsis. 

In  the  case  of  profuse  hematemesis  it  is  almost 
impossible  to  differentiate  between  the  rupture  of  a 
large  or  small  vessel,  nor  can  we  with  certainty  say 
what  vessel  is  affected,  nor  prognosticate  a  recurrence. 
Some  of  the  most  copious  hemorrhages  have  no 
visible  anatomical  lesions  of  the  mucosa,  and  Lebert, 
a  German  investigator  of  wide  experience,  asserts 
that  not  over  three  or  four  per  cent,  of  large  hemor- 
rhages from  the  stomach  are  fatal. 

In  hemorrhage  from  simple  ulceration  the  prognosis 
depends  largely  on  whether  the  patient  will  submit 
to  intelligent  and  persistent  treatment,  for  continued 
hyperacidity,  as  well  as  improper  diet,  may  keep  up 


the  ulceration,  and  bring  about  renewed  bleeding. 
In  any  event,  for  ten  days  after  any  decided  hemate- 
mesis all  prognoses  should  be  most  carefully  advanced. 
After  that  time  the  imminent  danger  diminishes, 
though  a  recurrence  must  be  borne  in  mind,  especially 
when  existing  pathological  excitants  have  not  been 
removed. 

The  most  comforting  feature  of  prognostic  import 
is  the  fact  that  the  first  hemorrhage  is  rarely  fatal,  so 
that,  after  emergency  therapeutics  have  been  instituted 
and  the  bleeding  checked,  the  physician  generally  has 
both  time  and  opportunity  to  institute  more  leisurely 
and  thorough  measures  leading  to  the  abatement  of 
present  lesions,  as  well  as  the  prevention  of  future 
onsets. 

Treatment. — Single  large  hemorrhages  are  best 
treated  medically.  Surgery  is  either  not  necessary, 
or  the  patient  is  so  exsanguinated  as  to  render  an 
operation  of  such  magnitude  unwarranted.  Absti- 
nence from  all  food  or  drink  should  be  absolute  for 
the  time  being.  Ice-bags  may  be  applied  to  the 
epigastrium  to  promote  firm  contractions  of  the 
stomach.  To  combat  syncope  or  other  symptoms  of 
acute  anemia,  the  head  may  be  lowered,  the  foot  of 
the  bed  elevated,  and  liquids  may  be  administered 
subcutaneously  or  by  the  rectum. 

Unless  specially  contraindicated,  a  hypodermic  of 
morphine  may  be  given  to  promote  physical  and 
psychic  quietude,  both  of  winch  are  necessary  to 
promote  the  formation  of  a  clot  at  the  bleeding  point. 
The  patient  should  also  be  encouraged  so  far  as  is 
consistent  with  the  truth,  for  a  placid  mind  exercises 
a  salutary  influence  over  the  lower  centers  at  all  times. 

In  hematemesis  adrenalin  is  the  one  drug  par 
excellence.  The  solution  of  adrenalin  chloride  (1  to 
1,000)  may  be  given  in  ten-minim  doses  every  hour. 
The  reaction  dilatation  of  the  blood-vesseis  that 
follows  its  use  need  not  be  considered  in  acute 
hemorrhage. 

Gelatin  has  proved  disappointing,  though  a  three 
per  cent,  solution  by  the  rectum  can  do  no  harm, 
and  may  accomplish  some  good  by  introducing 
liquids  into  the  system.  It  should  not  be  given  by 
the  mouth,  as  nothing  should  be  allowed  to  enter 
the  stomach  during  the  time  of  active  bleeding. 

The  advice  given  by  a  few  clinicians  that  gentle 
lavage  with  ice  water  be  used  and  continued  until  the 
return  flow  is  nearly  clear  is  not  correct  in  my  opinion. 
No  matter  how  expert  or  careful  may  be  the  operator, 
the  end  of  the  tube  is  liable  to  impinge  upon  the  eroded 
area  of  the  gastric  mucosa  to  its  possible  detriment. 

After  the  hemorrhage  has  ceased  for  two  or  more 
days  a  modified  Lenhartz  diet  may  be  inaugurated 
and  increased  rather  rapidly. 

Chronic  hemorrhages  may  be  treated  by  gelatin 
by  mouth  in  doses  of  a  three  per  cent,  solution  every 
one  or  two  hours,  or  by  calcium  chloride  in  twenty- 
grain  doses  by  rectum  every  four  hours.  Adrenalin 
should  not  be  employed  for  any  length  of  time,  as  its 
prolonged  use  causes  vasomotor  dilatation. 

The  subcutaneous  injection  of  blood  serum  has  at 
times  seemed  highly  beneficial.  Human  serum  whose 
suitability  has  been  previously  tested,  as  for  trans- 
fusion, is  best,  although  in  emergencies  untested  serum 
may  be  employed,  as  the  risk  involved  from  hemolysis 
and  agglutination  is  probably  slight.  Next  best  are 
rabbit  and  horse  serum.  The  danger  from  anaphy- 
laxis, though  improbable,  must  be  borne  in  mind. 

From  10  to  15  c.c.  of  serum  may  be  injected  at  one 
time,  and  the  injection  repeated  on  successive  days, 
if  necessary,  or  even  at  shorter  intervals.  The  blood 
should  be  obtained  under  the  strictest  aseptic  pre- 
cautions from  a  superficial  vein,  and  in  sterile  flasks 
should  be  kept  on  ice  until  the  serum  has  sufficiently 
separated.  The  effect  of  the  serum  treatment  prob- 
ably begins  about  six  or  eight  hours  after  the  injec- 
tion, and  lasts  for  several  days.     In  urgent  cases  of 
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hemorrhage  direel  transfusion  of  blood  is  occasionally 
indicated. 

Should  all  of  these  measures  fail,  and  the  continu- 
ance of  repeated  hemorrhages  cloud  the    progno  i 
surgical  interference  may  be  advisable,  though  this 
should  be  undertaken  only  after  very  careful  con- 
sideration. (  'EORQB  M.  NlLES. 


Hematidrosis  is  a  functional  disturbance  of  the 
sweat  apparatus  whereby  blood,  through  diapedesis 
into  the  coils  and  ducts  from  their  surrounding  vas- 
cular plexus,  becomes  mingled  with  the  sweat  and 
appears  with  it  upon  the  normal  skin,  producing  the 
phenomenon  of  so-called  "bloody  sweat."  It  is  an 
exceedingly  rare  occurrence,  and  when  observed  the 
subject  has  been  generally  a  highly  neurotic  person 
undergoing  some  strong  emotional  disturbance.  _  In 
some  instances  it  has  seemed  to  be  a  form  of  vica- 
rious menstruation.  Darier  states  that  most  of  the 
cases  reported  are  open  to  the  suspicion  of  faulty 
ervation.  He  has  never  seen  a  case  and  knows 
of  none  which  are  unquestionable.  It  has  been 
observed  in  the  new-born.  The  points  where  it  has 
been  observed  to  occur  are  the  face,  ears,  umbilicus, 
feet,  and  hands  in  limited  areas,  giving  rise  to  the 
term  "bleeding  stigmata"  and  other  names.  Accord- 
ing to  Ch.  Audry  the  most  frequent  sites  of  the 
affection  are  the  ends  of  the  fingers.  This  writer 
also  claims  that  the  bleeding  area  is  always  limited 
and  more  or  less  circular.  He  compares  the  condition 
to  that  seen  in  premenstrual  bleeding  from  the  mu- 
cous membranes — particularly  those  of  the  nose. 
Treatment  is  that  of  the  patient's  general  condition, 
with  particular  reference  to  hysteria  and  hemophilia. 
Chaeles  Townshend  Dade. 


Hematin  is  the  iron-containing  portion  of  hemo- 
globin. By  combining  with  a  protein,  globin,  this 
iron-rich  compound  forms  the  compound  protein 
which  gives  the  characteristic  color  to  blood.  It  is 
the  iron-containing  portion  that  is  responsible  for  the 
red  color.  F.  P.  U. 


Hematocele. — This  term,  meaning  literally  a 
blood  tumor,  is  commonly  used  in  reference  to  an 
accumulation  of  blood  in  some  of  the  canals  or  natural 
cavities  of  the  body,  in  contradistinction  to  hematoma, 
which  is  used  to  designate  an  accumulation  of  blood 
in  the  tissues  where  it  dissects  out  a  cavity  for  its 
own  accommodation.  Under  the  term  hematocele 
are  usually  described  bleedings  into  the  tunica 
vaginalis  testis,  into  the  pelvis  whether  intra-  or 
extraperitoneal,  and  into  the  labium  majus. 

In  general  a  blood  cyst  is  the  result  of  direct  injury, 
causing  the  rupture  of  vessels  without  loss  of  conti- 
nuity of  the  overlying  structure,  or  is  due  to  the  spon- 
taneous rupture  of  vessels  where  the  blood  is  unable 
to  escape  from  the  body  and  accumulates  in  a  mass. 

These  accidents  may  occur  in  any  location  and  un- 
less the  vessel  is  large,  the  bleeding  is  soon  checked 
by  the  gradually  increasing  pressure  upon  the  bleeding 
vessel  by  the  accumulating  blood. 

If  the  vessel  is  large,  the  bleeding  may  go  on  indefi- 
nitely and  cause  enormous  swelling  and  finally  pres- 
sure necrosis  of  the  surrounding  structures  with  result- 
ing external  hemorrhage.  If  the  bleeding  is  free  into 
a  large  closed  cavity,  as  the  peritoneum,  a  fatal 
result  will  often  follow.  These  blood  tumors,  if 
accessible  to  the  hand,  may  be  felt  as  boggy  masses 
with  semi-fluid  contents.  The  onset  is  usually  sudden 
and  is  accompanied  by  sharp  pain  and  rapid  swelling 
at  the  [joint  of  hemorrhage.  There  is  often  consider- 
able inflammatory  reaction  in  the  tissues  about  the 
mass,  which  subsides  in  a  few  days  if  the  pressure  is 
not  too  great.     The  blood  may  be  absorbed  after  a 


variable  time.  Usually  the  fluid  portions  first  and 
finally  the  solid  portions  gradually  disappear  or  they 
may  become  organized  and  form  sear  tissue  At 
times  suppuration  occurs  in  the  blood  clot. 

Treatment. — Many  times  the  collection  of  blood 
is  small  and  requires  no  treatment.  A  pr< 
bandage  will  often  aid  in  controlling  the  hidden 
bleeding  or  an  ice  cap  may  be  used.  Healing  is  often 
accelerated  In  inci  ing  the  -welling,  turning  out  the 
clot  and  securing  the  bleeding  vessel.  The  wound 
can  then  be  closed  by  sutures  or  packed  with  gauze. 
This  must  always  be  done  if  the  injured  vessel  is  a 
large  one  and  the  tissues  are  in  danger  of  necrosis  or 
if  the  bleeding  is  free  into  a  large  cavity.  When  sup- 
puration occurs,  the  treatment  is  that  of  abscess. 

Hematocele  of  the  tunica  vaginalis  may  be 
acute  or  chronic.  In  the  first  instance,  it  may  result 
from  injury  to  the  testicle,  such  as  rupture,  puncture, 
a  violent  blow,  or  severe  muscular  strain.  Severe 
coughing  has  been  known  to  produce  it.  When  the 
flow  of  blood  is  profuse,  the  tunica  vaginalis  may  rup- 
ture and  give  rise  to  hematoma  in  the  scrotum  outside 
of  the  tunic.  In  this  case  a  purple  swelling  forms, 
about  the  shape  of  the  testicle  itself.  At  times  the 
effusion  into  the  tunic  is  complicated  by  a  scrotal 
hematoma  without  rupture  of  the  tunic. 

Hematocele  caused  by  injury  usually  takes  place 
into  a  previously  normal  tunica  vaginalis.  It  is  some- 
times caused  by  tapping  a  hydrocele,  in  which  case  a 
diseased  tunic  is  present  at  the  start.  Spontaneous 
hemorrhage  usually  occurs  in  the  previously  in- 
flamed walls  of  a  hydrocele. 

If  the  blood  is  confined  to  the  tunica  vaginalis, 
discoloration  of  the  scrotum  does  not  occur  and  the 
swelling  is  pyriform,  having  its  largest  diameter  at 
the  most  dependent  portion.  The  blood  may  clot 
or  remain  fluid,  giving  rise  to  a  smooth,  tense  fluctuat- 
ing swelling  much  resembling  a  hydrocele.  The  tumor 
is  not  penetrated  by  light,  thus  differing  from  hydro- 
cele, and  is  much  more  sudden  in  its  onset.  When 
the  hemorrhage  is  severe  enough  to  cause  rupture 
of  the  tunic  or  there  is  complicating  hematoma,  the 
characteristic  outline  of  the  distended  tunica  vaginalis 
is  obscured  and  can  be  made  out  only  when  the  out- 
lying  blood  has  been  absorbed. 

Symptoms. — This  form  comes  on  with  acute  pain, 
often  of  the  sickening  character  always  produced  by 
pressure  upon  the  testicle.  The  swelling  develops 
rapidly  and  has  already  been  described.  Complete 
absorption  may  occur,  but  as  a  rule  the  changes  of 
chronic  hydrocele  take  place  in  the  walls  of  the  tunica 
vaginalis. 

The  chronic  form  takes  place  in  the  course  of  chronic 
inflammation  of  the  tunica  vaginalis  and  has  been 
called  periorchitis  hemorrhagica.  The  bleeding  is 
caused  by  the  rupture  of  vessels  in  the  vascular  mem- 
brane lining  the  tunica  vaginalis  which  results  from 
the  inflammation. 

Gosselin  describes  three  degrees,  based  upon  the 
extent  of  the  disease  in  the  walls  of  the  vaginal  tunic. 
First,  a  vascular  membrane  lining  the  tunica  vaginalis, 
easily  separated  from  it,  and  walls  which  collapse  on 
removing  the  contents  of  the  sac.  Second,  a  much 
thicker  vascular  membrane  and  thickening  of  the  tunic 
itself  so  that  the  walls  are  more  or  less  rigid  and  col- 
lapse is  not  possible  after  evacuation  of  the  contents. 
The  third  degree  includes  walls  which  are  very  rigid 
with  areas  of  calcification  and  cartilage  formation  and, 
in  a  case  reported  by  Bardigan,  ossification  of  the  tunica 
vaginalis.  Other  portions  show  areas  of  hemorrhage 
into  the  tissues  and  soft  granulations  and  the  false 
membrane  lining  the  sac  is  firmly  adherent.  At  times 
its  blood  supply  has  been  cut  off  by  fibrous  tissue 
changes  and  sloughs  have  resulted. 

The  contents  of  a  chronic  hematocele  consist  of 
blood  in  a  more  or  less  altered  state,  sometimes  mixed 
with  hydrocele  fluid.   .  It  may  be  fluid,  red  and  clear, 
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containing  clots  in  the  latter  case,  or  dark  even  almost 
black  and  varying  from  a  syrupy  to  a  gelatinous  con- 
sistency when  blood  alone  fills  the  sac. 

The  testicle  can  often  be  located  in  recent  cases, 
by  eliciting  the  sickening  sensation  by  pressure  upon 
it.  In  older  cases,  the  inflammatory  changes  have 
often  involved  the  organ  until  it  is  partially  or  com- 
pletely destroyed.  Malignant  change  sometimes 
occurs  in  the  testis,  but  probably  the  hematocele  in 
these  cases  was  secondary  to  the  cancerous  growth. 

Diagnosis. — Chronic  hematocele  like  chronic  hydro- 
cele is  a  disease  of  late  life,  usually  occurring  between 
the  fortieth  and  sixtieth  years.  Its  development  is 
slow  and  characterized  by  exacerbations,  when  addi- 
tional hemorrhage  occurs,  and  the  sac  becomes  more 
distended  and  inflamed  at  these  times.  Otherwise 
the  swelling  is  painless,  tense  and  elastic,  or  hard  and 
resistant,  dependent  upon  the  state  of  its  walls  and 
contents.  At  times  it  is  nodular  because  of  calci- 
fication in  the  walls  of  the  sac.  Light  will  not  pene- 
trate the  swelling.  The  final  diagnosis  rests  upon  the 
result  of  aspiration  of  the  sac  when  some  blood  or 
modified  bloody  fluid  is  obtained. 

The  disease  must  be  differentiated  from  hydrocele, 
hernia,  especially  omental  hernia,  and  solid  swellings 
of  the  testicle. 

In  hydrocele  the  shape  of  the  swelling  is  the  same, 
but  it  is  translucent,  and  the  fluid  obtained  by  tapping 
is  clear. 

In  hernia  there  is  a  history  of  reducibility  or  it  is 
reducible.  An  impulse  is  felt  on  coughing  and  the 
swelling  can  be  traced  up  into  the  inguinal  canal.  It 
may  be  impossible  to  differentiate  the  more  firm 
varieties  of  hematocele  from  a  chronic  orchitis  or 
tumor  of  the  testicle,  except  by  puncture  or  incision. 
In  some  instances  the  hematocele  is  dependent  upon 
the  development  of  one  of  these  conditions  primarily. 
There  is  no  spontaneous  cure  of  these  cases,  they  con- 
tinue to  enlarge,  often  until  their  bulk  renders  them 
very  inconvenient  and  the  pain  during  exacerbation 
of  the  hemorrhage  is  considerable. 

If  allowed  to  progress  the  testicular  function  is 
ultimately  destroyed  and  suppuration  is  a  not  in- 
frequent accident,  especially  after  tapping. 

Other  forms  of  hematocele  in  this  region  are  occa- 
sional blood  tumors  in  the  testis  or  in  the  cord.  In 
either  situation  we  may  have  a  diffuse  or  an  encysted 
form. 

The  diffuse  hematocele  of  the  testicle  is  due  to  injury 
of  the  organ.  The  pain  is  severe  and  persistent  and 
in  the  absence  of  hydrocele,  hemorrhage  into  the  paren- 
chyma may  be  suspected,  but  can  be  proved  only  by 
puncture. 

Encysted  hematocele  of  the  testis  is  indicated  by  sud- 
den enlargement  and  inflammatory  change  in  an 
encysted  hydrocele  of  the  testis;  the  swelling  fluctu- 
ates early  but  is  not  translucent. 

In  the  cord  the  diffuse  hematocele  is  sausage- 
shaped,  due  to  hemorrhage  into  the  sheath  of  the  cord, 
and  the  chronic  cases  may  be  of  very  large  size.  In 
the  encysted  form  hemorrhage  takes  place  into  an 
encysted  hydrocele  of  the  cord,  or  the  effused  blood 
becomes  encysted  in  the  cord.  The  tumor  is  pear- 
shaped  and  may  become  merged  with  the  epididymis 
and  testis. 

Treatment  of  hematocele  in  the  tunica  vaginalis  or 
surroundings  should  consist  in  limiting  the  hemorrhage 
as  far  as  possible,  preventing  or  reducing  inflammation, 
and  finally  getting  rid  of  the  products  of  hemorrhage 
with  as  little  added  damage  to  the  parts  as  possible. 

In  acute  cases  due  to  injury,  the  patient  should  be 
put  to  bed  and  the  ice  cap  applied.  If  the  bleeding 
persists  an  incision  should  be  made,  clot  removed 
and  the  bleeding  point  secured.  The  wound  is  then 
clipscd  without  drainage.  Hemorrhage  outside  the 
tunica  vaginalis  in  the  scrotal  tissues  will  usually  take 
care  of  itself.  In  the  testicle  itself,  exploration  should 
be  made  with  a  fine  needle  and  the  hemorrhage,  having 
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been  found,  should  be  treated  as  above.  A  diffuse 
hemorrhage  in  the  cord  can  often  be  controlled  by  a 
firm  pressure  bandage. 

In  the  chronic  form,  whether  in  the  tunica  vaginalis 
or  cord,  the  sac  may  be  incised  and  as  much  of  t  he-  wall 
cut  away  as  can  be,  the  cavity  lightly  packed  and 
allowed  to  heal  by  granulation.  If  the  walls  arc  rigid 
and  will  not  collapse,  t  hey  must  be  dissected  away  and 
the  cavity  packed.  If  the  testis  itself  is  destroyed, 
castration  is  the  operation  of  choice,  especially  in  old 
patients. 

Pelvic  Hematocele. — This  is  due  to  the  extravasa- 
tion of  blood  into  the  pelvis  either  within  the  perito- 
neal cavity  or  extraperitoneal.  In  the  last  instance  it 
is  sometimes  called  pelvic  hematoma.  In  the  vast 
majority  of  cases  this  bleeding  is  the  result  of  extra- 
uterine pregnancy,  but  other  cases  have  been  reported 
where  this  cause  could  be  excluded.  These  cases 
have  resulted  from  perforation  of  the  uterus,  rupture 
of  an  ovarian  cyst,  rupture  of  an  ovarian  follicle, 
rupture  of  a  varicose  vein  in  the  broad  ligament  or  the 
tearing  of  pelvic  adhesions.  Secondary  hemorrhage 
after  operation  or  rupture  of  the  pregnant  uterus  are 
also  causes. 

Jayle  has  reported  cases  of  rupture  of  a  vessel  in 
the  ovary  causing  ovarian  hematoma  with  secondary 
rupture  which  gave  rise  to  pelvic  hematocele.  A  large 
vessel  on  the  surface  of  a  fibroid  may  rupture  with 
profuse  hemorrhage.  All  these  causes  are  most  likely 
to  be  effective  during  the  menstrual  congestion, 
except,  of  course,  those  connected  with  labor  or  opera- 
tive procedure. 

Extrauterine  pregnancy  acts  as  a  cause,  either 
by  what  is  known  as  tubal  abortion  or  actual  rupture 
of  the  tube,  enclosing  the  gestation  sac. 

In  tubal  abortion  or  intratubal  rupture,  as  it  is 
called,  the  gestation  sac  ruptures,  giving  rise  to  hemor- 
rhage into  the  tube  which  may  gradually  force  the 
ovum  out  through  the  abdominal  ostium  in  which 
case  the  bleeding  soon  ceases.  If  the  ovum  remains 
partially  attached  the  blood  will  continue  to  flow 
out  into  the  peritoneal  cavity  giving  rise  to  hemato- 
cele, or  if  the  abdominal  ostium  is  occluded  it  will 
give  rise  to  hematosalpinx. 

When  rupture  of  the  tube  takes  place  it  usually 
occurs  at  the  placental  site  because  of  weakening  of 
the  walls  by  the  invasion  of  the  chorionic  villi  and 
it  is  usually  spontaneous,  though  at  times  it  results 
from  violence,  as  a  vaginal  examination,  coitus,  a 
fall,  or  over-exertion.  The  rupture  may  occur  in 
such  a  location  as  to  cause  the  blood  to  escape  under 
the  peritoneum,  in  which  case  it  is  under  pressure 
from  the  stretching  of  the  elastic  peritoneum,  and  the 
amount  of  blood  lost  is  limited,  unless  secondary 
rupture  occurs  into  the  peritoneal  cavity.  If  rupture 
occurs  directly  into  the  peritoneal  cavity  or  even 
secondarily,  it  is  likely  to  prove  rapidly  fatal,  unless 
limited  by  preexisting  adhesions  or  controlled  by 
operation.  The  ovum  may  escape  through  the  tear 
or,  if  the  rent  is  small,  be  retained  in  the  tube  and  only 
the  blood  escape  through  the  opening. 

In  severe  intraperitoneal  hemorrhage  from  any  of 
the  above  causes,  the  blood  fills  the  pouch  of  Douglas, 
then  surrounds  the  uterus  and  mounts  on  into  the 
false  pelvis  and  lower  abdomen.  If  an  immediately 
fatal  termination  does  not  result,  the  blood  in  time 
clots,  the  more  fluid  portions  may  be  absorbed, 
adhesions  form  over  the  mass  and  it  becomes  encap- 
sulated. 

If  the  bleeding  is  only  a  slow-  leakage  or  only  a 
limited  amount  escapes,  it  may  become  encapsulated 
in  one  or  the  other  side  of  the  Douglas  evil  de  sac. 
Sometimes  the  blood  is  confined  from  the  start  by 
previous  peritoneal  adhesions  forming  a  roof  over  it 
and  thus  preventing  the  rapidly  fatal  form  of 
hemorrhage. 

The  capsule  formed  over  these  blood  accumulations 
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consists  of  fibrin  and  plastic  lymph  which  bind  tin- 
intestinal  coils  to  the  uterus,  tubes,  and  pelvic  walls. 
When  the  bleeding  takes  place  between  the  folds  of 
the  broad  ligament  the  peritoneum  forms  the  roof  of 
the  sac.  In  this  case  the  blood  may  dissect  up  the 
peritoneum  to  either  side  of  the  uterus  and  finally 
raise  it  from  the  floor  of  the  culdesac,  in  rare  i 
extending  in  front  of  the  uterus  also. 

The  contents  of  the  sac  consist  then  of  blood  in 
various  stages  of  clotting  and  organization  with  some 
dark  fluid  blood.  Unless  hastened  by  operation  it 
may  require  a  long  period  for  the  complete  absorption 
of  this  blood  and  usually  dense  masses  of  adhesions 
result.  At  times  infection  of  the  sac  occurs  wit  li 
suppuration  of  the  contents. 

Sometimes  the  pressure  becomes  so  great  in  one  of 
these  blood  masses  that  the  walls  give  way  resulting 
in  secondary  rupture  into  the  general  peritoneal  cavity 
with  collapse. 

Symptoms. — The  onset  is  usually  sudden  with  acute 
tearing  pain  in  the  lower  abdomen,  extreme  restless- 
ness and  pallor,  sighing  respirations,  faintness  and 
nausea.  The  pulse  becomes  weak  and  rapid,  some- 
times almost  imperceptible,  and  the  temperature 
subnormal. 

If  the  hemorrhage  takes  place  freely  into  the  peri- 
toneal cavity,  death  may  quickly  follow,  or  the  patient 
may  rally  somewhat  and  later  succumb  to  recurring 
hemorrhage.  If  the  bleeding  is  moderate,  the  reac- 
tion comes  more  promptly  and  the  patient  may  quickly 
return  to  normal;  frequently,  however,  the  bleeding 
recurs  at  intervals  with  a  return  of  the  collapse  symp- 
toms to  a  greater  or  less  extent,  until  finally  it  is 
checked  or  the  patient  dies  from  repeated  loss  of 
blood. 

When  the  bleeding  is  extraperitoneal  the  pain  and 
shock  are  usually  even  greater  from  the  tearing  apart 
of  the  layers  of  the  broad  ligament,  but  the  reaction 
is  more  prompt  because  of  the  comparatively  slow 
extravasation  of  the  blood.  A  fatal  issue  is  unusual 
in  cases  of  this  class. 

In  all  of  these  cases  when  the  bleeding  ceases  and 
the  reaction  comes,  the  temperature  is  apt  to  rise  and 
may  remain  elevated  for  some  weeks.  An  exaggerated 
rise  in  the  temperature  with  chills,  usually  means 
suppuration. 

The  physical  signs  of  blood  free  in  the  peritoneal 
cavity  are  uncertain,  usually-  nothing  can  be  felt 
distinctly  until  it  has  become  clotted,  when  a  boggy 
mass  can  be  made  out  by  vaginal  examination  in  the 
retrouterine  culdesac.  When  the  blood  is  confined 
between  the  layers  of  the  broad  ligament,  it  can  be 
felt  as  a  boggy  swelling  to  one  or  the  other  side  of  the 
uterus,  which  becomes  firmer  as  the  blood  clots. 
The  uterus  is  usually  pushed  toward  the  opposite 
side  of  the  pelvis  and  often  elevated  until  the  cervix 
is  difficult  to  reach. 

In  a  large  encysted  swelling  behind  the  uterus  the 
mass  can  be  felt  to  bulge  down  between  the  vagina  and 
rectum,  the  uterus  is  crowded  up  behind  the  pubis 
and  firmly  fixed.  In  the  recurring  form,  the  vaginal 
examination  reveals  a  swelling  which  enlarges  at  each 
recurrence  of  the  symptoms. 

Convalescence  may  be  greatly  prolonged  in  these 
cases  by  the  slow  absorption  of  the  blood  when  the 
effusion  is  large  and  by  the  massive  adhesions  formed. 
Especially  is  this  the  case  when  suppuration  and  septi- 
cemia supervene. 

Diagnosis. — This  is  usually  easy  if  the  onset  is  sud- 
den, with  sharp  pain,  deathly  pallor  and  collapse. 
If  the  patient  continues  to  sink,  it  is  probable  that 
free  intraperitoneal  hemorrhage  has  occurred.  If, 
on  the  other  hand,  after  collapse  symptoms,  the  pa- 
tient quickly  recovers,  the  hemorrhage  is  probably 
confined  beneath  the  peritoneum,  or  by  adhesions, 
or  is  only  moderate  in  extent.  When  the  hemorrhage 
is  encysted,  the  vaginal  examination  will  clinch  the 
diagnosis.     As  the  vast  majority  of  these  cases  are 
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due  to  tubal  pregnancy,  the  historj  of  a  supposed 
pregnancy  with  uterine  bleeding  or  a  decidual 
of  the  uterus,  is  of  great  value.  \\  hen  the  patient  is 
first  seen,  some  time  after  the  primary  symptoms,  and 
the  examination  reveals  a  in.i--  lateral  to  or  behind 
the  uterus,  it  may  be  confused  with  pelvic  inflam- 
mation. In  these  cases  the  history  of  the  onset  with 
the  limited  fever  and  absence  of  chill  will  favor  the 
correct  diagnosis.  Puncture  through  the  vaginal 
vault  with  a  long  slender  needle  will  reveal  dark 
bloody  fluid  in  the  one  case,  and  often  pus  in  the  ot  her. 
In  ovarian  cyst,  the  history  is  usually  of  slow  develop- 
ment, and  the  aspirator  gives  a  clear  fluid. 

Treatment. — When  the  patienl  i  seen  in  the  stage 
of  acute  collapse,  the  abdomen  should  be  immediately 
opened,  the  source  of  bleeding  secured,  such  portions 
of  the  clot  removed  as  can  be,  without  loss  of  time, 
and  the  wound  closed.  Salt  solution  should  be  given 
hypodermically  or  intravenously  eit  her  preceding 
or  during  the  operation  as  seems  necessary.  Some 
operators  advocate  leaving  several  liters  of  salt 
solution  in  the  abdomen.  If  death  is  imminent  when 
the  patient  is  first  seen,  it  is  best  to  delay  operation 
in  the  hope  that  some  reaction  may  take  place. 
When  a  definite  hematocele  can  be  made  out,  the  pa- 
tient should  be  kept  absolutely  quiet,  with  morphine 
if  necessary,  and  will  usually  recover  w'ithout  opera- 
tion. If  the  hematocele  continues  to  enlarge,  or  if 
suppuration  should  take  place,  it  must  be  drained 
through  the  vaginal  vault  and  packed  with  sterile 
gauze. 

Schauta  reports  from  the  literature  123  primary- 
cases  operated  upon  and  121  cases  without  operation, 
with,  in  the  first  instance,  a  mortality  of  5.7  per  cent, 
and  in  the  second,  86.9  per  cent.,  while  in  the  hem- 
atocele cases,  Thome  found  it  necessary  to  operate  in 
only  6  of  157  cases. 

Pudendal  hematocele,  otherwise  called  vulvar 
hematoma,  is  due  to  the  extravasation  of  blood  into 
the  tissues  of  the  labia  majora  or  anywhere  below  the 
pelvic  fascia.  If  the  bleeding  occurs  above  the  fascia, 
it  is  called  vaginal  hematoma  and  will  be  considered 
with  the  vulvar  form. 

It  may  be  due  to  a  blow,  a  kick,  or  a  fall,  or  it  may- 
follow  the  rupture  of  varices  during  pregnancy.  It 
is  a  rare  complication  of  labor,  occurring  only  in  about 
one  of  1,500  to  4,000  cases.  De  Lee  reports  5  in 
20,000  cases;  Winckel,  1  in  1,600  cases;  Hecker,  2  in 
17,200  cases,  and  the  St.  Petersburg  clinics,  8  in  19,396 
cases.  It  is  more  frequent  in  the  prolonged  labor  of 
primipara.  It  follows  the  injury  of  vessels  w-ithout 
laceration  of  the  overlying  tissues  or  may  result 
secondarily  from  rupture  of  vessels,  necrotic  as  the 
result  of  previous  trauma,  especially  prolonged 
pressure  in  labor.  When  a  vessel  ruptures  below  the 
pelvic  fascia,  the  tumor  forms  in  one  labium,  spreads 
back  to  the  anus  and  laterally",  sometimes  forming  a 
tumor  as  large  as  a  child's  head  or  even  larger.  If 
the  accident  occurs  above  the  fascia,  the  blood  col- 
lects around  the  vaginal  walls  and  sometimes  spreads 
up  under  or  into  the  broad  ligaments.  In  either  case, 
if  it  comes  before  labor  it  may  obstruct  delivery,  or 
if  after  delivery,  the  lochia  may  be  retained. 

If  the  tension  is  very  great,  rupture  may  result  with 
severe  or  even  fatal  hemorrhage.  The  amount  of 
blood  lost  may  be  great  enough  to  cause  fatal  anemia 
without  rupture,  especially  in  those  cases  that  spread 
up  into  the  subperitoneal  tissues. 

Small  hemorrhages  are  usually  promptly-  absorbed, 
larger  ones  may  be  absorbed  with  time,  but  often 
suppurate  and  may  give  rise  to  septicemia.  If  labor  is 
obstructed  by-  a  hematoma,  fatal  rupture  may  be 
caused  by  pressure  of  the  head.  The  previous 
mortality  is  given  by  De  Lee  as  twelve  to  forty  per 
cent.,  but  with  present  day  treatment  should  be  much 
less. 

The  symptoms  are  tearing  pain  in  the  tissues,  pres- 
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sure  on  the  rectum  and  bladder,  and  a  swelling  which 
may  come  on  at  once  or  more  gradually,  in  one  of  the 
locations  described.  It  is  usualh  dark  colored  and 
fluctuating,  and  at  times  very  tense.  If  the  bleeding 
is  profuse,  signs  of  collapse  from  hemorrhage  also 
come  on. 

Treatment. — Ice  applications  should  always  be  made 
and  pressure  if  it  can  be  effectively  applied.  If  the 
mass  continues  to  enlarge  it  should  be  incised,  clots 
turned  out,  bleeding  vessels  caught  and  the  whole 
cavity  packed  with  gauze.  The  vagina  should  then 
be  firmly  packed  and  a  perineal  pad  and  abdominal 
bandage  firmly  applied. 

If  it  is  possible  to  wait  twenty-four  to  forty-eight 
hours  before  incising  it  should  be  done,  to  allow  firm 
clotting  to  occur. 

Compression  of  the  aorta  may  be  used  in  some  cases 
to  control  hemorrhage  during  operation.  Small  clots 
will  be  absorbed  but  suppuration  means  immediate 
incision.  Henry  Lynde  Woodward. 


Hematoidin. — This  substance  is  a  pigment  which 
forms  orange-colored  rhombic  plates  in  old  blood 
extravasations.  It  was  first  observed  by  Virchow 
and  it  is  probable  that  its  origin  is  in  the  blood- 
coloring  matters.  Hematoidin  is  probably  identical 
with  the  pigment  of  the  bile — bilirubin. 

F.   P.   U. 


Hematomyelia. — Spinal  Apoplexy.  Hemorrhage 
in  the  spinal  cord  is  very  rare  in  comparison  with 
hemorrhage  in  the  brain.  When  it  occurs  it  is  usu- 
ally of  small  extent.  This  is  not  extraordinary  when 
the  size  of  the  organ  and  the  firmness  of  its  connective- 
tissue  sheath,  and  the  low  pressure  in  the  spinal  ar- 
teries, are  considered.  As  a  rule,  the  clot  in  the  spinal 
cord  is  long  and  narrow.  It  destroys  a  considerable 
part  of  the  cord  at  one  segment,  and  extends  into  the 
segments  above  and  below,  injuring  these  to  a  lesser 
extent.  The  clot  is  usually  found  in  the  gray  matter 
of  the  cord,  most  frequently  in  the  anterior  horns,  then 
in  the  posterior  horns,  and  rarely  in  the  white  columns. 
Sometimes  the  surface  of  the  cord  is  broken  and  the 
blood  infiltrates  the  pia  mater.  Occasionally  a  large 
number  of  small  clots  are  found  at  different  levels. 
As  the  patient  rarely  dies  at  once  of  hemorrhage  the 
clot  is  usually  found  in  a  state  of  decomposition,  and 
the  cord  around  it  is  infiltrated  with  blood  cells,  pig- 
ment granules,  and  hematin  crystals.  If  the  hemor- 
rhage is  capillary — as  sometimes  occurs — it  is  de- 
tected by  the  presence  of  pigment  and  crystals  among 
the  degenerated  spinal  elements.  Around  the  clot 
the  spinal  cord  is  usually  found  in  a  state  of  softening, 
which  is  red  in  recent  cases,  and  yellow  when  the  proc- 
ess has  been  a  long  one.  At  a  postmortem  examina- 
tion the  question  sometimes  arises  whether  the  con- 
dition found  is  a  myelitis  with  secondary  hemorrhage, 
or  a  hemorrhage  with  secondary  myelitis.  In  the 
former  case  the  microscopic  examination  shows  a 
greater  preponderance  of  granular  corpuscles  and 
leucocytes,  a  greater  degree  of  degeneration  in  the 
nerve  cells,  and  a  greater  extent  of  connective-tissue 
growth.  Secondary  degenerations  upward  and  down- 
ward from  the  segment  destroyed,  and  secondary 
degenerations  in  the  motor  nerves  from  the  segment 
affected  to  the  muscles,  are  observed  after  spinal 
hemorrhage  as  after  myelitis.  The  meninges  are 
rarely  involved. 

Etiology. — Spinal  hemorrhage  is  met  with  in 
males  more  frequently  than  in  females,  and  in  youth 
and  middle  age  most  often.  The  predisposing  causes 
are  chronic  changes  in  the  general  arterial  system, 
hemorrhagic  diathesis,  purpura,  and  myelitis  of  the 
spinal  cord.  The  exciting  causes  are  injuries  to  the 
vertebral    column    and    cord   and   extreme   muscular 


effort,  also  the  sudden  exposure  to  a  marked  change 
of  atmospheric  pressure.  The  condition  is  often 
found    in    patients    who    have    suffered    from    caisson 

disease.     A  number  of  cases  of  cervical  hemorrhage 

have  occurred   from   sudden  bending   forward   of    thi 
neck. 

Symptoms. — As  a  rule,  the  symptoms  begin  sud- 
denly, and  the  patient  is  seized  in  a  moment  with 
complete  paraplegia  and  intense  pain  in  the  back  at 

the  level  of  the  hemorrhage,  and  shooting  pains  in  the 
body  and  stiffness  of  the  spine.  A  spinal  apoplexy 
usually  comes  without  any  warning,  after  a  sudden 
effort.  When  premonitory  symptoms  have  existed 
for  a  few  days  it  is  probable  that  the  case  is  one 
of  acute  myelitis.  The  extent  of  the  paralysis  de 
pends  upon  the  level  of  the  Lesion.  (See  article  on 
Spinal  Cord,  Diagnosis  of  Local  Lesions  in  the.)  If 
it  is  located  in  the  lumbar  or  dorsal  region,  tin- 
lower  half  of  the  body  is  involved;  if  in  the  cervical 
region,  the  arms  are  affected  as  well.  The  hemorrhage 
is  rarely  so  very  limited  as  to  affect  one  extremity  only, 
but  it  is  not  frequently  the  case  that  the  symptoms 
are  more  marked  on  one  side,  and  in  some  cases  the 
symptoms  of  a  Brown-Sequard  type  have  occurred. 
The  paralysis  is  total,  no  voluntary  motion  is  possible, 
the  limbs  are  relaxed  and  never  rigid.  The  muscles 
do  not  atrophy  or  present  any  change  in  the  electric 
reactions,  excepting  those  which  are  supplied  with 
nerves  from  the  segment  which  is  destroyed  by  the 
hemorrhage.  The  condition  of  the  reflex  action  de- 
pends upon  the  seat  of  the  lesion:  is  it  suspended  at 
the  level  of  the  hemorrhage,  and  increased  in  the  seg- 
ments below  it.  If  the  hemorrhage  is  in  the  cervical 
region  there  is  an  atrophic  flaccid  paralysis  of  the  arms 
and  a  spastic  paralysis  of  the  legs.  In  such  a  case 
there  may  be  pupillary  symptoms  also. 

If  the  hemorrhage  is  confined  to  the  central  gray 
matter  and  the  patient  survives,  the  symptoms  may 
finally  resemble  those  of  syringomyelia.  The  bladder 
and  rectum  are  uniformly  paralyzed,  and  various  forms 
of  incontinence  of  urine  and  feces  result,  dependent 
upon  the  seat  of  the  lesion.  If  this  is  situated  high 
up  in  the  cord,  the  viscus  may  empty  itself  occasion- 
ally, as  the  need  arises,  unconsciously  to  the  patient 
and  independent!}'  of  his  effort  or  control.  If  the 
lesion  is  low  down  "(below  the  eleventh  dorsal  segment), 
there  is  usually  retention  of  urine  and  feces,  or  com- 
plete relaxation  of  the  sphincters.  Cases  sometimes 
occur  of  hemorrhage  into  the  lower  sacral  region  and 
conus  terminalis  from  injuries;  and  hi  such  cases 
there  may  be  paralysis  of  the  bladder  and  rectum 
only,  with  a  small  heart-shaped  area  of  anesthesia 
about  the  anus  and  buttocks.  Vasomotor  paralysis 
accompanies  the  voluntary  paralysis,  and  results  in 
cyanosis  and  coldness  of  the  paralyzed  limbs,  and 
predisposes  the  parts  to  the  development  of  bedsores. 
The  latter  appear,  very  soon  after  the  hemorrhage,  on 
the  prominent  parts  of  the  body  which  are  subjected 
to  pressure;  voluntary  movements  to  relieve  such 
pressure,  or  reflex  movements  for  the  same  purpose, 
being  impossible  on  account  of  the  lack  of  power  and 
of  sensation,  for  complete  anesthesia  and  analgesia 
exist  in  the  paralyzed  limbs  from  the  outset.  Pain 
in  the  back,  which  occurs  at  the  time  of  hemorrhage, 
does  not  usually  presist.  The  danger  in  these  cases 
is  from  the  occurrence  of  bedsores,  or  of  cystitis,  and 
consequent  infection  from  these  sources,  with  the 
development  of  septic  fever.  If  the  hemorrhage  in- 
volves the  respiratory  centers  in  the  upper  cervical 
region,  sudden  death  takes  place.     This  is  rare. 

The  symptoms  descril  led  are  those  of  a  severe  hemor- 
rhage, sufficient  to  destroy  one  or  more  segments  of 
the  cord.  As  a  rule  these  symptoms  gradually  sub- 
side as  the  pressure  of  the  clot  is  red  emov  and  the 
only  permanent  symptoms  are  those  which  are  due  to 
the  actual  destruction  of  the  spinal  elements,  viz., 
limited   atrophic   paralysis   and   localized   anesthesia. 
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Dissociated  anesthesia,  viz.,  a  loss  of  the  senses  of 
pain  and  temperature  with  preservation  of  the  sense 
of  touch,  is  not  an  uncommon  result  in  the  parts 
below  the  segment  affected.  If  the  clot  is  a  small  one, 
however,  the  symptoms  may  be  more  limited  and  less 
serious,  partial  anesthesia  and  localized  paralysis, 
with  atrophy,  being  the  result.  This,  however,  is 
the  exception.  Capillary  hemorrhages  give  rise  to 
widespread  symptoms,  which  so  closely  resemble 
those  of  diffuse  myelitis  that  differential  diagnosis 
is  impossible. 

The  prognosis  is  very  bad  in  spinal  apoplexy,  for 
a  destruction  of  the  spinal  elements  cannot  be  re- 
covered from.  The  patients  either  die  suddenly,  or 
die  of  complications,  or  linger  on  for  months  with  all 
the  symptoms  of  chronic  myelitis.  In  the  lighter 
cases  they  may  recover  sufficiently  to  get  about,  hut 
some  evidences  of  the  hemorrhage  in  the  form  of  local 
paralysis  or  areas  of  anesthesia  always  remain. 

The  diagnosis  is  usually  easy,  the  sudden  onset  of 
total  paraplegia  being  characteristic.  In  meningeal 
hemorrhage  the  paralysis  is  less  marked  than  the 
spasms,  and  anesthesia  is  rare.  In  poliomyelitis 
anterior  there  is  marked  constitutional  disturbance, 
with  fever,  before  the  paralysis  begins,  and  anesthesia 
is  not  present.  In  acute  central  myelitis  the  onset  is 
more  gradual,  the  symptoms  develop  successively,  they 
extend  gradually  to  other  parts,  and  fever  is  usual. 

Treatment  cannot  reach  the  disease,  but  the  patient 
should  be  kept  absolutely-  quiet  in  the  prone  posture 
in  bed,  ice  should  be  applied  to  the  spine,  and  ergot 
should  be  given  freely.  The  subsequent  treatment 
resolves  itself  into  care  of  the  patient,  and  such 
measures  as  are  used  in  the  management  of  a  case  of 
chronic  myelitis.  M.  Allen  Starr. 

Hematoporphyrin. — This  is  a  pigment  which 
may  occur  as  a  normal  constituent  in  the  blood  of 
certain  animals  and  it  may  be  found  in  very  small 
traces  in  human  urine.  After  the  use  of  sulphonal 
relatively  large  amounts  may  be  found  in  the  urine. 
By  reduction  of  hematin  hematoporphyrin  is  formed 
and  the  latter  may  be  regarded  as  iron-free  hematin. 
There  is  also  a  very  close  relationship  between 
this  pigment  and  chlorophyll.  It  is  probable  also 
that  hematoporphyrin  is  isomeric  with  the  bile- 
pigment  bilirubin.  An  acid  alcoholic  solution  of 
of  hematophyrin  shows  two  absorption  bands,  one 
lying  between  C  and  D  and  the  other  between  D  and 
E.  A  dilute  alkaline  solution  of  hematoporphyrin 
yields  four  absorption  bands,  a  band  between  C  and 
D,  a  second  broader  band  surrounding  D  and  with  the 
greater  part  between  D  and  E,  a  third  between  D 
and  E,  nearly  at  E,  and  finally  a  broad  dark  band  be- 
tween b  and  F.  A  regeneration  of  hematin  from 
hematoporphyrin  is  said  to  be  possible.  If  hemato- 
porphyrin is  dissolved  in  dilute  ammonia  and  warmed 
with  Stokes'  solution  and  hydrazine  hydrate,  iron  is 
taken  up  again  and  hemochromogen  is  produced 
which  is  transformed  into  hematin  by  shaking  with 
air.  Frank  P.  Underhill. 

Hematoxylon. — Logwood.  Campechy  Wood.  The 
heart  wood  of  Hematoxylon  campechianum  L.  (fain. 
Leguminosw)  U.S. P.  This  is  a  small,  spreading,  irregu- 
larly branched  tree,  with  a  dark  rough  bark  on  the 
trunk  and  larger  branches,  and  light-brown,  white- 
spotted  twigs.  Wood  hard  and  close,  divided  into  a 
light  colored  alburnum  and  a  red  heart  wood,  the 
whole  of  the  former  being  rejected.  It  is  a  native  of 
Central  America,  especially  of  Honduras  and  Yucatan. 
It  takes  one  of  its  names  from  Campeche.  It  is  also 
naturalized  and  cultivated  in  the  West  Indies,  where 
it  grows  freely. 

It  is  supposed   that    logwood  was  used  byr  the  abo- 
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rigincs  for  dyeing  before  the  arrival  of  Europeans,  but 
this  is   not   known   with  certainty.      It    was,  however, 

imported  into  England  in  the  latter  part  of  the  six- 
teenth century,  and  shortly  after  interdicted  for  a 
time  as  yielding  poor  and  fading  colors.  It  was  intro- 
duced into  the  London  Pharmacopoeia  about  a  hun- 
dred and  fifty  years  ago. 

When  first  cut,  the  heart-wood  is  of  a  light-red  color, 
but  by  exposure  to  the  light  and  air  it  becomes  dark- 
brown,  and  finally  almost  black  upon  the  surface, 
sometimes  dark-bronze  and  iridescent.  The  inside 
becomes,  in  time,  of  a  rich  reddish-brown.  In  the 
course  of  manufacture  it  is  cut,  by  heavy  machines 
with  rapidly-  revolving  knives,  into  fine  chips,  in 
which  condition,  or  in  powder,  it  is  purchased  for 
pharmaceutical  purposes.  For  dyeing  purposes  these 
chips  are  cured  by  soaking  them  in  water  and  then 
frequently  turning  them  over  to  expose  them  to  the 
atmosphere.  The  chemical  changes  which  ensue 
largely  unfit  them  for  medicinal  use.  Such  chips  are 
distinguished  by  their  dark  or  blackish  metallic  green 
or  blue  surface.  Logwood  has  a  sweetish  astringent 
taste  and  colors  the  saliva  pink. 

Logwood  contains  about  ten  per  cent,  of  a  sweet- 
tasting,  crystalline  coloring  substance,  hematoxylin, 
readily  soluble  in  hot  water  or  alcohol,  but  nearly 
insoluble  in  cold  water.  It  turns  red  upon  exposure 
to  sunlight,  and  gives  violet  solutions  in  the  presence 
of  alkalies  and  air,  due  to  the  formation  of  hematein. 
Melted  with  potash,  it  yields  pyrogallic  acid. 

Action  and  Ltse. — This  substance  is  infinitely  more 
used  in  the  arts  than  in  medicine,  being  an  important 
dye  and  foundation  for  inks.  In  microscopical  work, 
the  purple  solution  of  extract  of  logwood,  or  hema- 
toxylin, is  a  favorite  stain,  acting  with  great  rapidity 
and  bringing  into  prominence  the  nuclei  of  cells.  As  a 
medicine,  it  is  a  mild  and  rather  agreeable  astringent, 
useful  in  subacute  diarrhea  of  children  and  in  phthisis, 
but  no  better  than  a  dozen  other  astringents,  except 
that  its  taste  commends  it  to  children.  The  linen  is 
very  liable  to  be  stained  red  when  it  is  used.  The 
extract  is  official  (Extractum  Hematoxyli,  U.  S.  P.), 
made  by  exhausting  with  boiling  water  and  evaporat- 
ing to  solidity.  H.  H.  Rtjsby. 


Hematuria  may  be  defined  as  the  presence  of  blood 
cells  in  the  urine  from  any  cause. 

If  blood  is  present  in  small  amounts  only,  the  urine 
shows  no  change  in  color  or  macroscopic  appearance. 

If  the  amount  is  greater,  the  color  varies  from  a 
slight  smokiness  to  a  deep  red  or  dark  brown.  The 
sediment  macroscopically  shows  a  decided  red  or 
brown  tint.  Clots  are  occasionally  seen,  sometimes 
showing  distinct  moulding  by  the  ureter  or  pelvis  of 
the  kidney.  Under  the  microscope,  the  red  cells  are 
found  in  different  states,  according  to  the  character 
of  the  urine.  In  a  urine  of  low  specific  gravity,  the 
cells  are  often  found  to  be  swollen  and  very  faint  in 
color,  due  to  the  partial  laking  of  the  blood  by  the 
very-  dilute  fluid. 

If  the  urine  is  concentrated,  the  cells  appear  normal, 
or  at  times  crenated  because  of  the  abstraction  of 
water  by  the  concentration  of  the  fluid.  They  may 
appear  alone  or  be  accompanied  by  other  organized 
sediments  as  epithelial  cells,  pus  cells,  mucus,  and 
casts,  or  unorganized  sediments  as  phosphates,  espe- 
cially in  alkaline  urine. 

At  times  the  blood  cells  are  separate  and  scattered; 
again,  together  in  clumps  or  small  clots  and  sometimes 
adherent  to  casts,  forming  the  so-called  blood  casts. 
The  different  varieties  may  be  designated  by  the  source 
of  the  blood  and  the  cause  of  the  bleeding.  The  blood 
may  come  from  either  kidney,  from  the  pelvis,  the 
ureter,  the  bladder,  the  urethra,  and  at  times  from  out- 
side contamination  as  from  the  uterus  during  men- 
struation or  in  the  case  of  a  malingerer. 
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The  kidney  and  the  bladder  arc  by  far  the  most 
frequent  sources  and  often  the  character  of  the  urine, 
and  the  condition  of  the  blood  iti  it,  arc  diagnostic  of 
the  situation  from  which  it  comes.  When  renal  in 
origin  it  is  always  thoroughly  mixed  with  the  urine  and 
the  urine  when  passed  is  usually  acid.  The  color  is 
usually  dark  brown  because  of  prolonged  contact  with 
the  urine,  unless  the  flow  of  blood  is  profuse,  when  it  is 
bright  red.  Casts  of  the  renal  pelvis  and  ureter  are 
conclusive  proof  that  the  bleeding  is  renal  or  from  the 
pelvis  of  the  kidney. 

When  the  bleeding  is  vesical  it  is  usually  bright  red 
unless  the  urine  is  retained  for  long  periods,  when  it 
may  be  dark.  When  the  bleeding  is  considerable,  the 
blood  is  thoroughly  mixed  with  the  urine,  but  when 
small  in  amount  it  may  only  be  found  in  the  last  por- 
tion of  urine  and  the  earlier  portion  be  entirely  free. 
When  the  fresh  urine  shows  signs  of  ammoniacal 
decomposition  it  indicates  that  the  cause  of  the  bleed- 
ing is  also  causing  a  cystitis  and  the  blood  is  accom- 
panied by  mucus,  pus  cells,  bladder  epithelium,  and 
triple  and  amorphous  phosphate  deposits.  In  renal 
hemorrhage,  the  affected  organ  can  be  determined  by 
the  cystoscope  and  various  separators. 

The  causes  of  bleeding  may  be  general  diseases, 
especially  the  infections,  when  in  a  malignant  form. 
The  purpuras,  leukemia,  hemophilia,  scurvy,  and 
morbus  maculosus  (Werlhof). 

Renal  Causes. — Congestion  of  the  kidney,  whether 
acute  or  chronic,  may  give  rise  to  hemorrhage,  also 
nephritis  in  all  its  varieties,  but  especially  the  acute 
forms  including  those  due  to  drugs.  Malignant  dis- 
ease of  the  kidney,  tuberculosis,  calculus,  cystic  degen- 
eration and  certain  parasites,  are  also  causes. 

Calculus,  tuberculosis,  severe  inflammations,  malig- 
nant or  other  growths,  or  parasites  may  cause  hemor- 
rhage from  their  location  in  any  portion  of  the  urinary 
tract. 

Trauma  of  any  portion  of  the  tract  from  kidney  to 
meatus  urinarius  may  be  accompanied  by  hematuria. 

Gull's  renal  epistaxis  is  also  a  cause  in  which  no 
definite  lesion  has  been  demonstrated. 

The  hematuria  occurring  in  general  diseases  is 
usually  accompanied  by  hemorrhages  in  other  parts 
of  the  body  as  the  petechial  or  ecchymotic  patches 
occurring  under  the  skin  in  purpura,  leukemia,  the 
hemorrhagic  forms  of  the  acute  infections  and  so  on, 
or  by  bleeding  from  the  gums  and  under  the  perios- 
teum as  occurs  in  scurvy. 

The  bleeding  from  the  kidney  in  these  diseases  is 
due  to  severe  acute  congestion  or  more  commonly 
acute  diffuse  nephritis.  The  diagnosis  depends  upon 
the  general  symptomatology  of  the  disease  in  question. 

Hematuria  due  to  acute  active  congestion  of  the 
kidneys  is  infrequent.  Usually  if  the  congestion  is 
severe  enough  to  give  rise  to  hemorrhage,  it  has  gone 
beyond  simple  congestion  and  is  really  an  inflamma- 
tion of  the  kidney.  Chronic  congestion  of  the  kidney 
is,  however,  a  comparatively  frequent  cause.  This 
is  usually  due  to  the  damming  back  into  the  kidneys  of 
the  blood  from  the  vena  cava  and  renal  veins  which 
is  associated  with  cardiac  insufficiency,  or  thrombosis 
within  or  pressure  upon  these  veins. 

Nephritis  in  its  various  forms  is  probably  the  most 
common  cause  of  hematuria.  It  is  especially  likely  to 
occur  in  the  very  acute  attacks  of  nephritis  that  come 
in  the  acute  infections  already  mentioned,  in  the  form 
which  so  frequently  follows  scarlet  fever  and  after  the 
use  of  certain  drugs,  turpentine,  cantharides,  potas- 
sium chlorate,  and  various  phenol  derivatives.  One 
of  the  most  severe  and  prolonged  cases  of  hematuria 
I  have  ever  seen  was  caused  by  the  inhalation  of  tur- 
pentine fumes,  by  a  carriage  painter,  while  working 
in  a  close  room.  The  lesion  was  a  very  severe  acute 
nephritis.  In  chronic  interstitial  nephritis,  hematuria 
does  not  often  occur  except  in  the  presence  of  an  acute 
exacerbation,  but  in  the  parenchymatous  form  it  is 


quite  common  and  Wicgert  claims  that  the  amount  of 
bleeding  is  a  good  indication  of  the  severity  of  the 
process. 
In  the  hematuria  of  nephritis,  the  blood  is  well 

mixed  through  the  urine,  and  with  it  arc  found  ca    ' 
of  various  kinds,   most  characteristic  of  which   is  tin- 
blood  cast.      11\  aline  casts  arc  also  found  with  blood  in 
severe  congestions  but  usually  the  other  forms  of  casts 
are  absent. 

New  growths  in  the  kidney,  particularly  the  malig- 
nant forms  give  rise  to  hematuria.  Carcinoma,  sar- 
coma, and  hypernephroma,  all  of  which  may  be  first, 
suspected  by  the  occurrence  of  profuse  hemorrhage  are 
often  accompanied  by  clots  in  the  form  of  casts  of  the 
renal  pelvis  or  ureter.  Clots  of  this  form  rarely  occur 
except  in  the  hemorrhage  from  malignant  growths. 
Very  rarely  portions  of  the  growth  have  been  found  in 
the  urine  in  a  sufficient  state  of  preservation  for  sec- 
tioning and  the  diagnosis  has  been  made  directly  in 
this  way.  At  times  the  hemorrhage  is  so  profuse  as 
to  be  passed  as  almost  pure  bright  red  blood.  Ulti- 
mately the  diagnosis  must  rest  upon  the  discovery  of 
the  enlargement  of  the  kidney,  localized  pain,  etc. 

Malignant  or  other  bladder  tumor  may  be  first 
suspected  because  of  bleeding  which  occurs  without 
known  cause.  It  often  comes  on  suddenly  and  may 
stop  suddenly,  the  last  portion  of  urine  passed  often 
contains  more  blood  than  the  first,  the  color  is  usually 
bright  red  and  passing  an  instrument  will  often 
increase  the  bleeding.  At  times  the  bleeding  is  very 
severe  and  may  last  a  long  time.  A  curious  condition 
known  as  fibrinuria  (Ultzmann)  may  occur  in  these 
cases,  the  urine  clotting  after  being  passed,  due  to  the 
presence  of  blood  plasma  without  blood  cells  in  any 
number.  This  is  probably  due  to  a  contraction  pres- 
sure upon  the  growth,  sufficient  to  squeeze  out  the 
plasma  without  true  hemorrhage.  As  with  renal  tu- 
mors, the  diagnosis  is  sometimes  made  certain  by  the 
passage  of  tumor  fragments  which  can  be  sectioned. 
Here  also  the  cystoscope  is  a  great  help. 

Kidney  tuberculosis  may  cause  bleeding  in  an  early 
stage  if  the  papillae  are  involved  or  later  when  ulcera- 
tion has  occurred.  Usually  the  bleeding  is  not  profuse 
in  the  start,  but  later  it  sometimes  resembles  that  of 
malignancy.  Tubercle  bacilli  are  usually  to  be  found 
in  the  urine  if  repeated  search  is  made. 

Bladder  tuberculosis  is  almost  always  associated 
with  renal  or  genital  tubercular  troubles  and  it  can 
only  be  certainly  determined  that  the  blood  is  due  to 
bladder  involvement  when  the  urine  shows  a  constant 
deposit  of  pus  with  tubercle  bacilli  and  when  urination 
is  accompanied  by  tenesmus  and  the  sound  or  catheter 
produces  pain  at  a  certain  point  in  the  bladder.  The 
cystoscope  will  often  clear  the  diagnosis. 

Nephrolithiasis  gives  rise  to  bleeding  which  may  be 
considerable  in  extent,  but  is  usually  intermittent, 
being  more  apt  to  occur  after  exercise  or  where  an 
attempt  has  been  made  by  a  small  stone  to  pass  the 
ureter. 

The  associated  colicy  pain,  referred  to  groin  and 
testicle  is  characteristic  unless  a  clot  has  been  passed 
through  the  ureter  sufficiently  large  to  cause  obstruct- 
ive pain.  When  the  stone  is  too  large  to  pass  the 
ureter,  the  bleeding  will  be  accompanied  by  pain  in  the 
loin  and  this  also  is  accentuated  after  exertion. 

Vesical  calculus  is  a  frequent  source  of  bleeding, 
which  is  increased  on  exertiou,  as  is  also  the  associated 
pain.  Pain  referred  to  the  end  of  the  penis  and  sud- 
den stoppage  of  the  flow  of  urine  are  very  significant 
and  are  checked  up  by  the  sound  and  cystoscope. 

Polycystic  degeneration  of  the  kidney  and  other 
cysts  are  often  associated  with  hematuria  which  is 
usually  slight  in  amount.  Infarct  of  the  kidney  due 
to  embolus  also  gives  rise  to  bleeding  at  times. 

Trauma,  either  from  instrumentation  which  is 
unduly  severe  and  prolonged,  or  from  external  injury 
usually  gives  a  clear  history  which  is  of  diagnostic 
value.     The  bleeding  may  be  very  slight  and  transi- 
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tory  as  in  the  capillary  hemorrhage,  due  to  slight 
injury  over  the  kidney  or  severe  and  prolonged  after- 
rupture  of  the  kidney  or  bladder. 

Pakasitic  hematuria  is  endemic  in  certain  tropical 
countries,  Egypt  and  Cape  Colony  in  Africa,  India, 
Brazil,  and  the  Islands  of  .Mauritius  and  Reunion. 

The  usual  parasite  is  the  blood  fluke  Schistosomum 
haematobium  but  the  Filaria  bancrofli  with  the  echino- 
coecus  and  strongylus  are  occasional  causes. 

The  Schistosomum  haematobium  was  discovered  by 
Bilharz  in  1851  as  the  cause  of  the  hematuria  endemic 
in  Egypt  and  the  neighboring  countries. 

The  parasite  has  tic  sexes  separate,  thus  differing 
from  other  flukes.  The  female  is  usuall}  carried  in 
the  gynecophorous  canal  formed  by  a  ventral  incurv- 
ing of  the  lateral  borders  of  the  male.  The  male  is 
1_!  to  14  millimeters  long,  while  the  female  is  about 
20  millimeters.  The  eggs  are  oval  0.  lfl  by  0  06 
millimeters  with  a  spine  at  one  end  or  laterally  near 
the  end.  The  mode  of  infection  is  not  known, 
whether  by  mouth,  urethra,  or  through  the  skin.  It 
may  enter  the  body  in  water,  on  cresses,  etc.,  and  find 
its  way  to  the  veins,  especially  the  portal  vein  and 
those  of  the  bladder  and  rectum.  The  eggs  are  depos- 
ited in  the  tissues  and  wander  into  the  mucosa  of  the 
bladder  and  rectum  and  can  be  found  in  the  urine  and 

feces. 

Hematuria  is  a  fairly  constant  symptom  of  this  dis- 
ea  e  and  it  is  due  to  the  changes  in  the  bladder  mucosa 
caused  by  the  parasite  and  eggs.  The  bleeding  may  be 
the  first  symptom  and  recurs  for  months  and  years 
without  affecting  the  general  health  or  may  produce 
anemia  of  a  moderate  grade. 

In  some  cases  no  other  symptoms  are  produced 
but  often  vesical  or  rectal  irritation  and  dull  pain  in 
the  perineum  are  associated  with  the  hematuria.  At 
times  severe  cystitis  and  proctitis  result  or  even  the 
formation  of  papillomata  in  these  organs.  In  the 
bladder  these  may  become  encrusted  with  salts  and 
aid  the  formation  of  calculi.  The  ovum  is  sometimes 
found  as  the  nucleus  of  a  stone. 

Periurethral  abscess  and  perineal  fistula  often  occur 
in  chronic  cases.  Chronic  vaginitis  sometimes  results. 
The  parasites  in  the  portal  system  may  produce  no 
symptoms  but  at  times  a  marked  thickening  of  Glis- 
son's  capsule  results  in  advanced  hepatic  cirrhosis  of 
this  type. 

The  diagnosis  of  the  cause  of  the  hematuria  is  made 
by  finding  the  ova  in  the  urine. 

TheFilarin  bancrofli  is  the  cause  of  hematochyluria. 
The  adult  male  is  about  four  centimeters  long  and  the 
female  about  eight  centimeters.  They  are  thread- 
like and  live  in  pairs  in  the  lymphatics,  especially  of 
the  groin  and  pelvis.  They  are  often  present  in 
sufficient  numbers  to  cause  lymphatic  obstruction  and 
give  rise  to  elephantiasis  and  lymph  scrotum. 

In  Samoa,  the  West  Indies,  Central  America,  Pan- 
ama, and  the  southern  United  States,  they  abound. 
The  female  produces  large  numbers  of  embryos  which 
at  night  migrate  into  the  circulating  blood.  These 
embryos  have  the  width  of  a  red  cell  and  are  0.2  to 
0.4  millimeters  long,  they  are  very  actively  mobile. 
About  midnight  they  are  most  numerous  in  the  blood 
and  their  number  has  been  estimated  in  one  case  at 
2,100  per  cubic  centimeter  of  blood  (Lathrop  and 
Pratt).  By  ten  o'clock  the  next  morning  they  were 
gone.  They  can  be  found  at  other  times  in  lymph 
and  sometimes  in  the  urine. 

Often  without  any  interference  with  the  general 
health,  these  patients  will  pass  urine  of  a  milky  white- 
ness or  blood  stained  which  on  standing  settles  in 
three  layers,  a  bloody  clot,  then  urine,  and  on  top  a 
fatty  layer.  This  upper  layer  is  cleared  by  shaking 
with  ether.  This  i>  probably  due  to  the  rupture  of 
dilated  lymphatics  in  some  portion  of  the  urinary 
tract  which  in  turn  depends  on  the  blocking  of  larger 
lymph  vessels    by  the   parasites.     These   attacks  are 
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intermittent,  and  some  of  these  patients  pass  normal 
urine  for  months  at  a  time.  This  condition  may  go  on 
for  years  without,  serious  disturbance  to  the  general 
health  of  the  patient.  Osier  reports  a  case  that  had 
hematochyluria  intermittently  for  eighteen  years, 
with  inconvenience  only  in  passing  clots  collected  in 
the  bladder  and  some  uneasy  sen  rations  in  the  lumbar 
region. 

I.i  hinococeus  may  give  rise  to  hematuria  when 
it  involves  the  kidney  or  bladder  and  at  times  t he- 
diagnosis  is  made  by  the  passage  of  portions  of  mem- 
brane or  small  cysts  in  the  urine. 

A  strongylus  is  also  mentioned  by  Dieulafoy  as  a 
cause  of  hematuria,  especially  in  Brazil. 

Essential  hematuria  is  a  form  in  which  no  demon- 
strable lesion  of  the  kidney  can  be  made  out,  it  is  also 
spoken  of  as  renal  epistaxis  (Gull),  angioneurotic  hem- 
aturia, and  renal  hemophilia.  The  surgeons  have 
demonstrated  the  existence  of  this  form  of  bleeding  by 
exploratory  operations  for  possible  tuberculosis,  new 
growth,  or  stone  in  which  no  lesion  could  be  found. 

The  patients  are  usually  young,  at  least  below 
middle  age  and  the  bleeding  comes  on  spontaneously, 
sometimes  without  pain,  but  often  with  pain.  It  is 
usually  unilateral,  but  both  organs  may  be  involved. 
The  bleeding  ceases  of  itself  and  rarely  is  severe  enough 
to  cause  marked  anemia.  At  times  the  exploratory 
nephrotomy  will  cure  the  disease  entirely,  how  it  is 
impossible  to  say. 

The  diagnosis  can  be  had  only  by  exclusion  and  often 
is  not  definitely  settled  till  after  exploration. 

Treatment. — It  is  difficult  to  designate,  even  in 
outline,  the  treatment  of  a  condition  which  is  a  symp- 
tom of  so  many  diseases.  It  is  essentially  the  treat- 
ment of  the  various  causes,  which  are  taken  up  under 
their  appropriate  sections. 

There  is,  however,  need  in  many  cases  for  treatment 
of  the  symptom  itself  because  of  severe  or  long-con- 
tinued hemorrhage  and  blocking  of  the  passages  by 
clots. 

Hemorrhage  is  best  controlled  by  rest  in  bed  and 
ice  caps  to  the  loin  or  hypogastrium  according  to  the 
location  of  the  hemorrhage.  Diluent  drinks,  milk, 
buttermilk,  and  large  quantities  of  water  should  be 
given  to  dilute  the  urine  and  prevent  clotting  as  far  as 
possible.  If  the  bleeding  is  excessive  and  accom- 
panied by  restlessness  and  tenesmus,  morphine  should 
be  given  to  quiet  the  patient.  If  clots  cause  reten- 
tion, a  catheter  can  be  tied  in. 

Among  internal  remedies  may  be  mentioned  acetate 
of  lead  and  opium  in  full  doses,  calcium  lactate,  adren- 
alin, ergot  or  ergotine,  tannic  acid,  gallic  acid,  ham- 
amelis,  and  hydrastis. 

If  the  bleeding  is  from  the  kidney,  dry  cups  to  the 
loins  may  be  tried,  or  in  the  case  of  renal  epistaxis, 
splitting  the  kidney  has  frequently  caused  relief. 

When  the  hemorrhage  is  vesical,  local  applications 
can  lie  made  of  hot  astringent  solutions,  adrenalin 
chloride,  1  to  5,000,  silver  nitrate  1  to  2,000  or  hydras- 
tis, an  ounce  to  the  pint. 

Antipyrin  in  five  per  cent,  solution  is  valuable  to 
allay  pain  and  also  as  a  hemostatic.  All  bladder 
manipulations  must  be  made  with  strict,  aseptic  pre- 
cautions, as  the  bladder  is  very  susceptible  to  infec- 
tions after  hemorrhage  and  this  may  easily  spread  to 
the  kidnevs.  Henry  Lynde  Woodward. 


Hemeralopia. — This  term  means  properly  day 
blindness,  although  it  is  often  incorrectly  used,  in 
place  of  nyctalopia,  to  express  day  vision,  or  night 
blindness.  Hemeralopia  is  an  affection  or  symptom 
implied  by  the  name  {rtixtpa,  day,  iXaos,  obscure, 
&P,  eye)  in  which  the  patient  sees  better  on  dark  or 
dull  days,  or  in  the  dark  than  in  a  bright  light.  In 
these  cases  the  field  of  vision  is  not  concentrically 
contracted.     The  condition  may  be  congenital,  as  in 
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coloboma  of  the  iris,    irideremia,    and    albinism,    or 

may  occur  in  amdyopia  from  tobacco  or  alcohol,  and 
in  affections  of  the  optic  nerve  and  some  diseases  of 
the  retina. 

There  is  also  a  pronounced  class  in  whom  great 
sensibility  to  light  is  a  prominent  symptom,  which  maj 
be  called  hyperesthesia  retime.  It  is  found  in  both 
sexes,  and  usually  follows  some  illness;  in  many  cases 
it  is  of  an  hysterical  nature. 

The  action  of  a  dazzling  light  or  the  action  of  heat 
on  the  pigmented  parts  of  the  fundus  may  cause  this 
hyperesthesia.  Thus  it  may  follow  looking  at  an 
eclipse  of  the  sun  without  a  smoked  glass,  or,  in  the 
case  of  a  stoker,  looking  into  the  furnace,  or  long  ex- 
posure to  strong  electric  light,  or  to  sunlight  on 
snow,  as  in  the  arctic  regions.  There  are  no  changes 
in  the  interior  of  the  eye. 

The  treatment  consists  in  protecting  the  eyes  by 
colored  glasses,  gradually  accustoming  the  patient  to 
ordinary  light  and  building  up  the  general  system,  if 
not  in  proper  condition,  with  reconstructives  and 
tissue  builders.      (See  Nyctalopia.) 

William  Oliver  Moore. 


Hemianopsia. — This  is  a  condition  of  blindness 
limited  to  one-half  of  the  visual  field.  Hemiopia  is 
used  as  a  synonym  incorrectly,  as  it  signifies  vision 
(not  blindness)  in  one-half  of  the  visual  field.  This 
condition  may  be  present  in  either  the  outer  (temporal) 
or  inner  (nasal)  half  of  the  field  of  vision,  and  may 
affect  one  eye  alone  or  both  eyes.  If  both  eyes  are 
affected  like-named  halves  of  botli  may  be  involved — 
e.g.  the  left  half  of  both  eyes,  in  which  case  the  condi- 
tion is  called  homonymous  hemianopsia;  or  unlike- 
named  halves  of  both  eyes  may  be  involved — e.g. 
the  left  half  of  the  left  eye  and  the  right  half  of  the 
right  eye,  in  which  case  the  condition  is  known  as 
heteronymous  hemianopsia. 


evident  from  this  figure  that  the  loss  of  one  nasal 

half  of  the  visual  field  is  DOt  appreciated  by  any  one 
unless  the   unaffected   eve   is   closed.      This  fact   is   of 

importance,  as  it  is  evident  that,  a  nasal  hemianopsia 

is  a  symptom  which  may  not  lie  noticed  by  a  patient, 
and  hence  must  be  looked  for  by  the  physician.  The 
unequal  size  of  the  two  portions  of  each  visual  field 
is  so  marked  that  in  an  homonymous  hemianopsia  the 
patient  usually  ascribes  the  blindness  wholly  to  a 
defect  in  the  eye  whose  larger  portion  is  affected,  and 
a  careful  medical  examination  is  necessary  to  establish 
the  existence  of  a  bilateral  affection. 

To  determine  a  patient's  visual  field,  each  eye  is  to 
be  tested  separately.  The  patient  holds  a  card 
before  one  eye  and  looks  the  examiner  in  the  eye  with 
the  other.  Any  object,  preferably  a  white  one,  is  then 
moved  about  in  the  visual  field  of  the  eye  which  is 
uncovered,  and  the  power  and  extent  of  indirect 
vision  is  thus  determined.  If  hemianopsia  exists 
the  patient  will  be  unable  to  see  the  object  when  it  is 
within  the  field  of  vision  which  is  defective,  or  when 
it  is  carried  beyond  the  vertical  line  passing  through 
the  fixation  point  toward  the  defective  side.  More 
accurate  measurements  may  be  made  by  means  of  a 
perimeter,  but  the  method  described  is  sufficient  to 
establish  the  existence  of  blindness  in  one-half  of  the 
visual  field.  In  no  case  of  hemianopsia  is  direct 
vision  at  the  fixation  point  affected. 

Since  the  lens  of  the  eye  reverses  the  image  of  the 
object  seen  upon  the  retina,  each  half  of  the  visual 
field  corresponds  to  the  opposite  half  of  the  retinal 
expansion.  A  hemianopsia  therefore  indicates  a 
suspension  of  function  in  the  half  of  the  retina  opposite 
to  the  defective  visual  field.  Such  a  functional  de- 
rangement of  one-half  of  the  retina  is  rendered  possible 
by  the  origin,  course,  and  distribution  of  the  nerve 
fibers  in  the  optic  nerves,  as  seen  in  Fig.  3120.  Each 
optic  nerve  is  seen  to  pass  from  the  eyeball  back  to 
the  optic  chiasm   and  there  to  divide  into  two  parts. 


plP^ 


mm 


Fig.  3118. — Visual  Field  of  Both  Eyes,  taken  separately.      The  vertical  lines  represent  the  portion  of  the  visual  fields  affected  in 

left  hemianopsia;  the  horizontal  lines,  in  right  hemianopsia 


By  means  of  Forster's  perimeter  the  visual  field  of 
each  eye  has  been  determined  (Fig.  31  IS).  It  is 
found  to  have  an  irregular  outline,  and  to  be  divided 
into  a  large  outer  and  a  small  inner  portion  by  a  line 
drawn  vertically  through  the  point  of  fixation.  This 
point  corresponds  with  the  macula  lutea,  and  lies  on 
the  outer  side  of  the  entrance  of  the  optic  nerve.  The 
two  inner  fields  really  overlap  one  another,  so  that 
the  actual  outline  of  the  entire  visual  field  of  both 
eyes   is  that  represented  in   Fig.   3119.     It  becomes 


One  of  these  turns  outward  and  joins  the  optic  tract 
of  the  same  side.  The  other  crosses  the  median  line 
in  the  chiasm,  decussating  with  its  fellow  from  the 
opposite  optic  nerve,  and  joins  the  optic  tract  of  the 
opposite  side. 

The  anatomical  separation  of  the  fibers  from  one 
optic  nerve  renders  it  possible  for  a  lesion  situated  in 
the  chiasm,  or  in  the  optic  tract,  to  affect  a  portion  of 
the  fibers  coming  from  one  eye,  and  consequently  a 
part  of  the  retina;  while  a  lesion  affecting  the  optic 
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nerve  itself  involves  necessarily  the  entire  extent  of 
the  retina,  producing  amaurosis,  not  hemianopsia. 
It  is  found  that  the  portion  of  the  retina  lying  to  the 
outer  side  of  the  fixation  point  is  joined  with  the  fibers 
of  the  optic  nerve  which  pass  directly  into  the  optic 
tract  of  the  same  side;  while  the  inner  portion  of  the 
retina  sends  its  fibers  across  the  median  line  in  the 
decussation  (Fig.  3120).  It  has  been  already  shown 
that  the  nasal  portion  of  the  retinal  expansion,  cor- 
responding to  the  temporal  half  of  the  visual  field,  i--- 
larger  than  the  other  portion.  The  number  of  fibers 
in  the  optic  nerve  which  decussate  is  greater  than  the 
number  which  do  not  cross  the  median  line.  The 
ratio  of  non-decussating  to  decussating  fibers  in  the 
optic  nerve,  in  any  animal,  is  directly  proportionate 
to  the  extent  of  the  visual  field  common  to  both  eyes. 
Thus  in  the  horse,  or  the  rabbit,  in  whom  there  is  no 
part  of  the  visual  field  which  is  common  to  both  eyes, 
the  decussation  of  the  optic  fibers  is  total.  In  dogs, 
cats,  monkeys,  and  man,  in  whom,  to  a  less  or  greater 
degree,  the  eyes  are  directed  in  parallel  lines,  the 
decussation  is  partial.  In  a  rabbit  or  horse  hemianop- 
sia is  impossible.  In  the  other  animals  named  it  is 
observed. 

Unilateral  hemianopsia  is  produced  by  lesions  affect- 
ing the  optic  chiasm  only.  If  the  lesion  lies  on  the 
outer  side  of  the  chiasm  it  produces  nasal  hemianopsia 
on  the  side  of  the  lesion.  Thus  a  tumor  pressing  upon 
point  N  in  Fig.  3120  would  produce  blindness  in  the 
temporal  half  of  the  left  retina,  and  hence  nasal 
hemianopsia  in  the  left  visual  field.  If  the  tumor  lies 
in  front  of  or  behind  the  chiasm,  or  presses  upon  it 
from  above  or  below  in  such  a  manner  as  to  involve 
the  decussating  strand  of  fibers  either  before  or  after 
they  have  crossed  to  the  opposite  side,  it  will  cause  a 
temporal  hemianopsia  (T  in  Fig.  3120).  As  it  is 
impossible  to  determine  whether  the  fibers  are  affected 
before  or  after  decussation,  no  statement  as  to  the  side 
upon  which  the  lesion  lies  can  be  made.  This  symp- 
tom is  often  observed  in  tumors  of  the  hypophysis. 

L.E. 


Flo.  3119. — Outline  of  the  Entire  Visual  Field  of  Both  Eyea. 

Bilateral  hemianopsia  is  far  more  common  than 
unilateral.  It  may  be  of  several  varieties.  Bilateral 
nasal  hemianopsia  implies  a  destruction  of  the  direct 
optic  fibers  on  both  sides,  the  decussating  fibers  being 
unaffected.  Such  a  case  has  been  observed  by  Knapp, 
in  which  a  tumor  surroimded  the  chiasm,  pressing 
upon  its  sides,  but  not  affecting  its  center.  Bilateral 
temporal  hemianopsia  is  a  rare  condition,  and  is 
produced  only  by  a  lesion  which  divides  the  chiasm 
through  its  anteroposterior  diameter  without  affecting 
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its  lateral  halves,  thus  destroying  both  decussating 
strands.  It  has  been  observed  in  a  few  cases  of  tumor 
of  the  hypophysis. 

Bilateral  homonymous  hemianopsia  is  a  not  uncom- 
mon condition,  and  may  be  produced  by  many  ca 
and  by  lesions  situated  in  many  various  parts.  This 
will  be  better  understood  after  the  course  of  the  optic 
tracts  has  been  followed  to  their  terminations  in  the 
visual  area  of  the  cerebral  cortex  (Fig.  3120),  since  a 
lesion  at  any  point  in  this  course  will   produce  the 


Fig.  3120. — The  Visual  Tract.  The  result  of  a  lesion  anywhere 
between  the  chiasm  and  cuneus  is  to  cause  homonymous  hemia- 
nopsia. III.  Third  nerve;  S.  N.,  substantia  nigra;  R.  X.,  red 
nucleus  of  tegmentum;  L.,  lemniscus;  T.  G-,  fibers  from  optio 
tract  to  corpora  quadrigemina. 

symptom  named.  Each  optic  tract,  after  leaving  the 
chiasm,  passes  around  the  crus  cerebri,  lying  directly 
upon  the  fibers  which  pass  through  the  foot  of  the 
crus  (pes  pedunculi),  and  ends  on  the  level  of  the 
tegmentum  of  the  crus  in  the  external  geniculate  body, 
in  the  pulvinar  of  the  optic  thalamus  (i.e.  the  eminence 
forming  its  posterior  surface),  and  in  the  corpora 
quadrigemina  anteriora,  which  latter  it  reaches  by  the 
brachium  conjunctivum.  The  last-named  fibers  of 
the  optic  tract  have  probably  nothing  to  do  with 
conscious  vision,  and  may  therefore  be  excluded  from 
consideration  in  studying  hemianopsia.  They  form 
the  sensory  part  of  a  reflex  arc,  whose  motor  part  is 
made  up  of  the  motor  nerves  to  the  eyeballs.  The 
functions  of  this  reflex  mechanism  are  to  direct  the 
motion  of  the  eyeballs,  and  to  regulate  the  process  of 
accommodation  and  the  size  of  the  pupil.  The  pri- 
mary visual  centers  are,  therefore,  the  external 
geniculate  body  and  optic  thalamus.  The  fibers  of 
the  optic  tract  end  in  fine  brushes  which  terminate 
about  the  cells  of  these  ganglia,  and  from  these  cells 
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new  fibers  arise  which  collect  in  a  large  tract  and  issue 
from  the  posterior  external  angle  of  the  optic  thalamus 
into  the  posterior  third  of  the  internal  capsule.  This 
visual  tract  turns  upward  and  backward  in  the  internal 
capsule,  radiates  into  the  centrum  semi-ovale  of  the 
occipital  lobe,  and,  passing  around  the  outer  border 
of  the  posterior  horn  of  the  lateral  ventricle,  terminates 
in  the  convolutions  of  the  cuneus.  At  no  point  in 
this  course  is  any  decussation  found.  The  only 
decussation  of  fibers  between  the  eye  and  the  cortex 
is  in  the  optic  chiasm.1 

Bilateral  homonymous  hemianopsia  may  be  caused 
by  a  destructive  lesion  lying  anywhere  in  the  course 
of  these  fibers  between  the  optic  chiasm  and  the 
cuneus  or  by  a  lesion  in  the  cortex  which  destroys  the 
perceptive  centers  in  which  the  fibers  end.  Wherever 
the  lesion,  the  character  of  the  symptom  will  be  the 
same.  From  the  accompanying  symptoms,  it  is  in 
some  cases  possible  to  locate  the  lesion  causing  the 
hemianopsia.  Thus,  if  the  optic  tract  is  involved  as 
it  curves  around  the  crus  cerebri,  the  same  lesion 
which  causes  the  hemianopsia  will  be  likely  to  affect 
the  motor  tract  in  its  passage  through  the  pes,  or  to 
involve  the  third  nerve  in  its  exit  from  the  pes.  In 
this  case  hemianopsia  and  hemiplegia  of  one  side,  with 
oculomotor  paralysis  of  the  other  side,  will  be  com- 
bined. Or,  if  the  termination  of  the  optic  tract  in  the 
geniculate  body  and  thalamus  is  involved  the  lesion, 
unless  extremely  limited,  will  affect  the  sensory  tract 
from  the  opposite  side  of  the  body  in  its  passage 
through  the  tegmentum  of  the  crus,  or  in  the  posterior 
portion  of  the  internal  capsule,  and  in  this  case  hemi- 
anesthesia and  hemiataxia  will  be  associated  with 
hemianopsia.  Or,  if  the  visual  tract  in  its  passage 
through  the  internal  capsule  is  involved  by  disease  in 
the  basal  ganglia  or  in  the  capsule,  the  proximity  of 
both  sensory  and  motor  tracts  in  the  capsule  will 
render  a  combination  of  hemianopsia,  hemianesthesia, 
and  hemiplegia  quite  probable.  This  is  the  seat  of  the 
lesion,  and  this  is  the  combination  of  symptoms  most 
frequently  observed  (see  Brain,  Diagnosis  of  Local 
Lesions). 

Lesions  in  the  centrum  ovale  involving  the  optic 
radiation  may  not  produce  any  other  symptom  than 
that  under  discussion.  If  it  is  the  left  hemisphere, 
however,  in  which  the  disease  is  present,  a  condition 
of  mind-blindness,  an  inability  to  recognize  objects 
formerly  familiar  and  of  word-blindness  (see  Aphasia) 
is  not  infrequently  associated  with  it,  and  in  all  the 
cases  of  mind-  and  word-blindness  hitherto  reported 
hemianopsia  has  been  found.  This  is  probably  due  to 
the  destruction  of  association  fibers  between  the 
occipital  and  temporal  lobes  which  lie  side  by  side 
with  the  visual  tract. 

Lesions  in  the  cortex  of  the  cuneus  produce  no 
other  symptom  than  hemianopsia.  But  small  lesions 
of  the  cuneus  may  cause  small  defects  of  a  bilateral 
kind  in  the  visual  field.  Thus  a  small  lesion  in  the 
upper  part  of  the  cuneus  has  been  known  to  cause  a 
bilateral  hemianopsia  in  the  lower  quadrant  of  the 
visual  field  (cases  of  Hun  and  of  Henschen)  and  lesions 
in  the  lower  part  of  the  cuneus  have  caused  upper 
quadrant  hemianopsia  (cases  of  Uthoff  and  Haab). 

Lesions  in  the  angular  gyrus  may  produce  hemianop- 
sia. It  is  probable  that  such  lesions  have  caused  the 
symptom  by  affecting  the  visual  tract  as  it  passes 
beneath  this  gyrus  in  the  centrum  ovale.  There  is  no 
reliable  evidence  that  a  unilateral  lesion  in  the  cortex 
can  produce  blindness  of  one  eye  alone. 

_  Hemianopsia  is,  therefore,  a  local  symptom  of  brain 
disease  of  great  value  in  determining  the  situation  of  a 
lesion,  when  considered  in  connection  with  other  symp- 
toms. The  symptom  alone  affords  little  evidence  of 
the  nature  of  the  disease  producing  it,  since  it  may  be 
caused  by  any  of  the  various  forms  of  brain  lesion 
(see  Brain)-  It  has  been  observed  in  cases  of  basilar 
meningitis,  in  tumors  of  the  occipital  lobe  and  basal 
ganglia,  in  hemorrhage  and  softening  involving  the 


internal  capsule,  and  in  embolism  of  the  terminal 
branches  of  the  posterior  cerebral  artery,  ami  •>!  tin- 
trunk  and  posterior  branch  of  the  middle  cerebral 
artery,  as  well  as  in  other  rarer  conditions. 

The  diagnosis  of  the  symptom  may  be  made  by  an 
examination  such  as  has  been  described.  The  prog- 
nosis and  treatment  of  it  will  depend  entirely  upon  the 
nature  of  the  disease  producing  it. 

M.  Allen  Starr. 
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Hemicelluloses. — Under  this  term  are  included 
those  carbohydrates  that  are  insoluble  in  water  and 
resistant  to  the  action  of  diastase,  never  being  changed 
by  it  into  sugar.  They  are  distinguished  from  cellu- 
lose by  being  capable  of  hydrolysis  on  boiling  with 
dilute  mineral  acids.  According  to  the  kind  of  sugar 
yielded  on  hydrolysis,  the  hemicelluloses  are  desig- 
nated as  pentosans  or  hexosans,  the  latter  including 
galactans,  mannans,  dextrans,  levulans,  etc.  The  sea- 
weeds in  general  are  particularly  rich  in  hemicellu- 
loses. Investigation  has  demonstrated  that  although 
these  substances,  when  fed  may  disappear  from  the 
alimentary  canal,  they  probably  are  of  little  value  as 
sources  of  energy  for  the  organism,  their  disappearance 
being  due  chiefly  to  the  action  of  alimentary  micro- 
organisms. F.  P.  Underhill. 


Hemidesmus. — Hemidesmus  Radix.  Indian  Sar- 
saparilla. "The  dried  root  of  Hemidesmus  indicus  R. 
Br."  (B.  P.)  (Fam.  Asclepiadaceos.)  The  plant  is 
a  slender,  twining  shrub,  native  of  India.  The 
description  in  the  British  Pharmacopoeia,  into  which 
it  is  introduced  apparently  out  of  compliment  to 
the  Indian  physicians,  is  as  follows:  "The  root  is 
long,  rigid,  nearly  cylindrical,  tortuous  and  longitu- 
dinally furrowed.  It  seldom  exceeds  j  of  an  inch 
(6  mm.)  in  thickness  and  is  of  a  reddish-brown  or 
dark-brown  color.  On  one  side  of  the  root  the  cork 
is  frequently  separated  from  and  raised  above  the 
cortex,  and  is  transversely  fissured.  The  transverse 
section  exhibits  numerous  lactiferous  cells  in  the 
cortex.  The  root  has  a  fragrant  odor  and  a  somewhat 
sweet  taste."  A  syrup,  made  from  one  ounce  of 
hemidesmus  to  ten  and  one-half  ounces  of  menstruum, 
is  used  in  England. 

The  medicinal  properties  of  hemidesmus  are  said 
to  be  those  of  sarsaparilla,  in  the  stead  of  which  it  is 
used  in  British  India;  in  Europe  or  in  this  country  it 
is  rarely  used.  Its  composition  has  not  been  fairly 
studied,  but  it  is  safe  to  say  that  nothing  physiologic- 
ally very  peculiar  or  active  is  contained  in  it.  An 
odorous  principle,  perhaps  cumarin,  has  been  partially 
examined.  The  syrup  prepared  from  it,  like  that  of 
sarsaparilla,  is  scarcely  more  than  a  flavoring  vehicle. 

Henry  H.  Rusby. 


Hemin. — This  substance  may  be  regarded  as  the 
hydrochloric  acid  ester  of  hematin.  By  the  action 
of  acids  upon  hemin  the  pigment  hematoporphyrin 
may  be  formed.  Hemin  crystallizes  in  microscopic 
rhombic  crystals  which  serve  as  the  basis  for  the  identi- 
fication of  blood.  The  crystals  are  insoluble  in 
water,  dilute  acids  at  the  normal  temperature,  alco- 
hol, ether  and  chloroform.  They  are  slightly  soluble 
in  glacial  acetic  acid  on  the  addition  of  heat.  They 
dissolve  in  acidified  alcohoi  and  also  in  dilute  caustic 
alkalies   or   carbonates.  F.  P.   U 


Hemiplegia. — By  hemiplegia  we  understand  par- 
alysis of  one  side  of  the  body,  the  arm  and  leg  being 
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affected  with  or  without  the  face.  While  this  condi- 
tion may  be  caused  bj  a  half-sided  lesion  high  up  in 
the  spinal  curd,  in  or  above  the  cervical  enlargement, 
Mich  a  localization  is  very  rare.  In  nuclear  lesions 
in  the  spinal  cord— from  poliomyelitis — the  leg  and 
arm  on  the  same  side  are  occasionally  affected  though 
rarely  without  at  least  some  trace  of  trouble  cm  the 
other  side  and  a  neuritis  affecting  the  nerves  of  the 
arm  and  leg  on  one  side  only  is  at  least  theoretically 
possible,  though  rarely  if  ever  found.  In  the  va  I 
majority  of  cases,  however,  hemiplegia  is  due  to 
brain  disease  on  the  side  opposite  to  that  of  the  paral- 
ysis Since  the  muscles  of  one  side  of  the  body  have 
their  representation  in  the  cortex  about  the  fissure  of 
Rolando  on  the  opposite  side  of  the  brain  a  lesion 
affecting  this  area  would,  and  sometimes  does,  cause 
hemiplegia,  but  since  for  complete  one-sided  paralysis 
a  very  extensive  lesion  is  necessary,  the  prevailing 
type  of  paralysis  from  cortical  injury  is  that  of  one 
limb  (or  of  the  face),  a  monoplegia.  .Similarly,  in 
the  centrum  ovale  beneath  the  cortex,  the  fibers  run 
far  apart  and  it  is  only  in  their  passage  through  the 
internal  capsule  that  they  lie  so  close  together  that  a 
small  lesion — not  much  bigger  than  a  pea — can  destroy 
the  fibers  for  face,  arm  and  leg  and  set  up  a  paralysis 
of  the  whole  opposite  side  of  the  body.  The  great 
majority  of  cases  of  hemiplegia  are  due  to  lesions  at 
this  point,  and  for  some  reason,  a  small  artery — the 
lenticulo-striate — entering  the  brain  in  the  anterior 
perforated  space  and  supplying  this  region,  seems 
peculiarly  prone  to  rupture,  so  much  so  that,  it 
was  called  by  Charcot,  "the  artery  of  cerebral 
hemorrhage." 

The  motor  fibers  may  equally  well  be  affected  in 
their  course  through  the  cms,  in  the  pons,  and  in  the 
medulla  where  they  finally  decussate  and  cross  to 
the  other  side. 

Etiology  and  Pathology. — The  majority  of  cases 
of  hemiplegia  are  due  to  vascular  troubles,  hemor- 
rhage, embolism,  and  thrombosis.  In  persons  of 
middle  and  advanced  age  brittleness  of  the  arteries 
and  disease  of  their  tunics  often  with  the  development 
of  miliary  aneurysms  favor  their  rupture,  and  high 
blood  pressure  may  be  a  determining  factor.  On 
the  other  hand  arteriosclerosis  and  atheroma  may- 
cause  a  gradual  encroachment  upon  the  lumina  of 
the  vessels,  and  favor  clotting  of  the  blood  (thrombo- 
sis), so  that  the  territory  supplied  by  the  affected 
vessel  is  gradually  deprived  of  its  blood  supply  and 
undergoes  softening.  In  younger  subjects  syphilitic 
arteritis  may  cause  weakening  of  the  vessel  walls  or 
obliteration  of  the  lumen,  while  at  any  age  an  endo- 
carditis may  give  origin  to  an  embolus  which  is 
arrested  in  a  brain  artery  causing  sudden  cutting  off 
of  blood  supply  and  if  in  the  proper  place,  hemiplegia, 
while  in  acute  infectious  disease,  changes  in  the  vessel 
walls  and  in  the  blood  may  favor  thrombosis.  In 
young  subjects,  in  the  absence  of  these  latter  factors, 
a  hemiplegia  coming  on  suddenly  is  nearly  always  of 
syphilitic  origin.  The  rupture  of  an  artery  or  the 
sudden  cutting  off  of  blood  supply,  usually  causes 
disturbances  of  consciousness  more  or  less  profound 
which  together  with  the  resulting  paralysis  give 
the  chief  symptoms  of  apoplexy.  Other  causes  of 
hemiplegia  are  direct  pressure  by  depressed  bone  or 
blood  clot,  brain  tumor,  abscess,  meningitis  and 
encephalitis,  and  hydrocephalus.  Hemiplegia  may 
also  be  a  manifestation  of  hysteria. 

Symptoms. — In  the  majority  of  cases  hemiplegia 
follows  an  apoplectic  attack  or  "stroke."  The 
weakness  of  the  affected  side,  however,  may  be  appa- 
rent from  the  start,  the  patient  if  not  profoundly  un- 
conscious, being  noticed  to  move  the  sound  side  only, 
movements  of  defence  in  response  to  a  painful  stimulus 
being  lacking  upon  the  affected  side.  Even  where 
there  is  no  movement  a  difference  in  the  muscular 
tonus  of  the  two  sides  will  often  be  found,  the  par- 
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alyzed limbs  when  raised,  falling  down  by  dead  weight, 
while  those  on  the  unaffected  side  -ink  gradually   to 

the   beil.     If  the  h i    i      ill    the  cortex     the  limbs 

later  paralyzed  may  be  convulsed  at  the  start.      There 
i    nearly  always  some  drawing  of  the  face  toward  the 

sound  side  and  in  cases  in  which  the.  unconsciou 

is  prolonged,   contracture  of  the  limbs  on  one 

indicates  a  hemiplegia.  While  the  pupils  may  be 
dilated  in  cerebral  hemorrhage  and  it  is  stated  (Starr) 
tli.it  the  one  on  the  side  of  the  hemorrhage  i-  apt  t,, 
be  ttie  wider,  in  general  the  eye  muscles  are  aol 
atfected  except  in  lesions  in  the  crura  or  about  the 
corpora  quadrigemina.  The  upper  facial  mu 
also  escape.  The  tongue  as  a  rule  deviates  toward 
the  paralyzed  side.  There  may  be  some  difficulty  in 
swallowing  at  the  start  but  this  usually  disappears  by 
degrees.  As  consciousness  fully  returns  the  paralysis 
of  the  affected  side  becomes  apparent.  It  is  of  the 
I  ic  type,  the  tendon  reflexes,  which  may  be  absent 
during  the  coma  and  shock,  become  exaggerated,  the 
knee-jerk  is  greatly  increased,  tin  ankle  clonus  may  be 
obtained,  and  the  pathological  reflexes  of  Babin^ki 
(extension  of  the  great  toe  upon  irritating  the  sole) 
and  Oppenheim  (the  same  result  from  stroking  firmly 
the  inside  of  the  tibia)  are  present  upon  the  par- 
alyzed side.  The  arm  reflexes  may  also  be  greater 
upon  the  affected  than  upon  the  normal  side.  The 
skin  reflexes  are  lost  upon  the  paralyzed  side.  The 
altered  reflexes  persist  even  after  the  paralysis  has 
improved.  Control  of  the  bladder  and  rectum  are 
losl  during  the  coma  and  may  persist  for  a  long  time. 
After  the  immediate  effects  of  the  stroke  have  dis- 
appeared, the  paralysis  gradually  improves  and  the 
case  enters  upon  the  chronic  stage.  The  patient 
usually  begins  to  regain  some  power  in  the  leg,  is 
able  to  draw  it  up,  then  to  flex  the  ankle  and  move 
the  toes,  improvement  in  the  use  of  the  arm  and 
hand  gradually  followTing.  The  finer  movements  of 
the  hand  are  regained  more  slowly  and  may  never 
fully  restored.  How  complete  the  recovery  is  de- 
pends upon  the  amount  of  destruction  which  there 
has  been.  The  involvement  is  most  profound  at  the 
start,  since  even  though  the  hemorrhage  may  be  small, 
there  is  edema  of  the  adjoining  parts  of  the  brain, 
which  later  subsides,  and  the  actual  destruction  may- 
be small.  The  permanent  disability  is  apt  to  be  most 
marked  in  the  arm  and  this  is  more  liable  to  contrac- 
ture than  the  leg.  These  contractures  tend  to  fix 
the  arm  in  a  position  of  flexure  at  the  elbow,  the  wrist 
pronated  and  flexed,  the  fingers  closed,  while  the  leg 
tends  to  be  rigidly  extended.  They  are  a  very- 
unfortunate  sequel  of  hemiplegia,  increasing  the  func- 
tional disability.  The  extensors  of  the  foot  and 
the  flexors  of  the  leg  are  paralyzed  to  a  greater  extent 
than  the  other  muscles  so  that  the  knee  cannot  be 
flexed  in  walking  and  the  foot  tends  to  assume  the 
equinus  position.  On  account,  of  these  disabilities, 
the  gait  of  the  hemiplegic  is  typical.  The  affected 
side  is  held  rigidly-  seeming  to  move  forward  all 
together  and  there  is  a  droop  of  the  shoulder,  the  arm 
is  held  tightly  flexed,  the  elbow  against  the  side,  wThile 
the  leg  is  dragged  forward  as  a  whole  and  swung 
outward  in  the  arc  of  a  circle,  the  toe  and  inner  side 
of  the  ball  of  the  foot  sweeping  the  ground  so  that 
the  shoe  wears  on  that  side. 

Where  the  paralysis  is  not  too  profound,  the 
patient  may  learn  to  overcome  the  difficulty  in 
advancing  the  leg  by  lifting  it  high,  flexing  the  thigh 
on  the  trunk.  The  stiffness  may  be  severe  enough 
to  be  painful.  In  some  cases  particularly  in  the  hemi- 
plegias of  children,  there  develops  in  the  muscles  of 
the  paralyzed  limbs,  more  particularly  in  the  fingers, 
slow  involuntary  movements  of  flexion  and  extension 
which  have  been  given  by  Hammond  the  name  of 
"athetosis."  These  athetoid  movements  may  ex- 
tend to  the  elbow  and  shoulder  and  are  more  rarely 
observed  in  the  foot  and  in  the  face.  Hemitremor 
and  hemichorea  are  also  seen  occasionally.     In  chil- 
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dren  in  particular,  voluntary  movements  of  the  sound 
arm  are  sometimes  accompanied  by  involuntarj 
movements  in  tlie  paralyzed  arm,  "associated 
movements." 

Dependent  upon  the  location  of  the  Lesion  which  has 
caused  it,  hemiplegia  may  he  accompanied  liy  other 
symptoms  of  great  diagnostic  importance.  In  right 
hemiplegia  in  right-handed  people,  in  left  hemiplegia 
in  the  left-handed,  there  is  often  speech  defect 
through  interference  with  the  centers  presiding  over 
this  function  or  with  the  fibers  connecting  them  with 
one  another.  If  the  lesion  is  in  the  crus  cerebri  the 
third  nerve  on  the  same  side  may  be  involved  so  that 
there  is  paralysis  of  all  the  eye  muscles  except  the 
superior  oblique  on  the  side  of  the  lesion,  with  paralysis 
of  the  face,  arm,  and  leg  on  the  opposite  side  (Weber's 
syndrome),  while  if  it  is  in  the  lower  part  of  the  pons 
the  facial  fibers  will  have  already  crossed  and  the 
seventh  nerve  being  involved,  the  face  is  paralyzed 
on  the  same  side  as  the  lesion,  the  arm  and  leg  on  the 
opposite  side.  Both  of  these  varieties  are  called 
alternating  hemiplegia.  In  the  latter,  the  upper 
facial  muscles  are  involved.  In  a  few  cases  there  has 
been  a  lesion  in  the  medulla  about  the  region  where 
the  tongue  fibers  cross,  so  that  while  the  face  has 
escaped,  the  tongue  is  paralyzed  on  the  side  opposite 
the  affected  limbs.  Lastly  a  lesion  at  the  decussation 
of  the  pyramids  may  affect  the  arm  on  one  side,  the 
leg  on  the  other — hemiplegia  cruciata.  In  a  certain 
number  of  cases  of  hemiplegia  there  is  some  loss  of 
sensation  on  the  affected  side.  This  can  come  about 
in  cortical  lesions  if  the  region  behind  the  fissure  of 
Rolando  is  injured,  or  from  any  lesion  of  the  motor 
tract  which  is  sufficiently  extensive  to  involve  at  the 
same  time  the  sensory  tract  which  runs  behind,  the 
motor  fibers  in  the  capsule,  in  the  tegmentum  and 
in  the  pons.  The  different  forms  of  sensation  may  be 
affected  in  different  degree,  but  the  loss  is  seldom 
complete  and  tends  in  time  to  be  repaired,  being  per- 
manent only  when  the  fibers  in  the  area  behind  the 
motor  tract  in  the  capsule  (the  "  carrefour  sensitif " 
of  Charcot)  are  destroyed,  or  the  optic  thalamus  is 
affected  (Starr).  In  lesions  of  the  parietal  cortex, 
tactile  sense  is  chiefly  affected,  so  that  the  patient 
cannot  recognize  objects  by  their  feel  ("astereogno- 
sis").  Impairment  of  the  muscular  sense  on  the  same 
side  occasionally  accompanies  the  paralysis  (hemi- 
ataxia).  Half-sided  blindness  (hemianopsia)  may 
result  if  the  lesion  extends  far  enough  backward  to 
involve  also  the  visual  tract. 

Vasomotor  and  trophic  symptoms  are  an  occasional 
accompaniment  of  hemiplegia,  the  most  frequent 
manifestation  being  the  bed  sores  which  are  seen  in 
severe  paralyses,  though  these  are  no  doubt  in  part 
due  to  neglect.  A  muscular  atrophy  of  cerebral 
origin  has  been  described,  while  in  a  few  instances  an 
edema  of  the  paralyzed  limbs  has  been  seen,  the 
lesion  in  the  latter  condition  having  been  very 
extensive,  as  in  a  case  reported  by  the  writer  in  1898. 

Since  any  disease  of  the  brain  which  is  sufficiently 
extensive  to  produce  hemiplegia  must  disorder  its 
functions  more  or  less,  there  are  few  cases  of  hemi- 
plegia in  which  there  is  not  at  least  some  slight  mental 
impairment  and  in  the  more  severe  cases  this  may 
reach  a  degree  in  which  memory,  attention,  judgment- 
forming  capacity  and  emotional  control,  are  so  far 
damaged  as  permanently  to  prevent  the  victim  from 
playing  his  part  in  the  world. 

Infantile  Hemiplegia. — Synonym:  Infantile  cere- 
bral palsy.  A  number  of  causes  liable  to  act  both 
before  birth  and  within  the  first  year  or  two  of  life 
may  cause  injury  to  the  brain  with  arrest  of  develop- 
ment and  hemiplegia  as  symptoms,  and  the  picture  in 
these  cases  differs  enough  from  that  seen  in  adult 
cases  to  warrant  a  few  words  of  description. 

Since  these  accidents  occur  before  the  development 
of  the  mental  functions  these  are  nearly  always  im- 


paired and  the  child  goes  through  life  ai  a  defective. 
(See  Idiocj  and  [mbecility,  under  Menial  Deficiency.) 
The  paralyzed  limbs  fail  to  develop  normally  and  remain 
smaller  than  those  on  the  sound  side,  the  rigidity  and 
contractures  are  specially  marked,  and  the  deformity 
may  be  great.  The  reflexes  are  greatly  exaggerated 
and  athetoid  and  associated  movements  are  common. 
Contrary  to  what  is  the  casein  infantile  spinal  paral 
ysis  the  electrical  reactions  are  normal  and  there  is  no 

muscular  atrophy.      Sensory   and   speech   defects  may 

accompany  the  paralysis,  and  epilepsy  is  common. 
The  chief  causes  of  early  hemiplegia,  after  congenital 
defect  of  the  brain,  arc  hemorrhage,  most  frequent  in 
cases  born  in  difficult  labor  with  prolonged  pressure 
upon  the  head  or  instrumental  delivery,  embolism 
and  thrombosis,  and  encephalitis  or  meningitis  for 
which  some  acute  infectious  disease  is  usually  the 
starting  point.  The  conclusion  has  been  forced  upon 
us  of  recent  years  that  the  same  infectious  agent  which, 
when  it  acts  upon  the  spinal  cord,  produces  a  polio- 
myelitis, may,  when  it  acts  upon  the  brain,  set  up  an 
encephalitis  and  so  produce  a  paralysis  of  cerebral  type. 

Diagnosis. — Since  hemiplegia  is  not  a  disease  but 
rather  a  symptom,  diagnosis  concerns  itself  with  deter- 
mining the  underlying  cause.  Since  an  hysterical 
paralysis  may  assume  the  form  of  hemiplegia,  our  first 
care  must  be  to  decide  whether  in  a  given  case  the 
trouble  is  of  organic  or  of  functional  origin.  To  this 
end,  the  age  of  the  patient  and  his  (or  her)  general 
history,  the  circumstances  which  preceded  and  accom- 
panied the  onset  of  the  paralysis,  etc.,  must  first  be 
considered.  In  hysterical  hemiplegia  the  face  is 
rarely  affected,  the  paralysis  of  the  limbs  is  usually 
more  complete  than  in  organic  paralysis,  the  patient 
seems  incapable  of  making  any  use  of  them,  the  arm 
hangs  like  a  flail  and  the  leg  is  dragged  after  him  in 
an  entirely  different  manner  from  the  swinging  of 
organic  hemiplegia.  The  reflexes  are  not  exaggerated, 
there  is  no  change  in  the  electrical  reactions  and  the 
affected  side  is  often  anesthetic,  while  some  of  the 
other  stigmata  of  hysteria  are  frequently  present. 
Neri  has  described  the  following  sign  which  is  of  use 
in  differentiating  between  organic  and  hysterical 
hemiplegia.  "If  a  hemiplegic  while  standing,  bends 
the  body  forward  to  a  right  angle  with  the  thighs, 
the  limb  on  the  paralyzed  side  becomes  flexed,  while 
that  on  the  sound  side  remains  straight;  and  if  when 
lying  down,  the  legs  are  lifted  up,  the  one  on  the  par- 
alyzed side  becomes  flexed  when  an  angle  of  forty 
degrees  is  reached,  while  the  sound  leg  can  be  lifted 
to  at  least  sixty-five  degrees  without  flexion."  This 
does  not  occur  in  hysterical  cases.  From  poliomyelitis 
with  hemiplegic  distribution  of  the  paralysis,  cerebral 
hemiplegia  is  to  be  distinguished  by  the  fact  that  in 
it  the  paralysis  is  spastic  not  flaccid  as  in  poliomyelitis, 
the  reflexes  are  exaggerated,  not  lost,  and  the  electrical 
reactions  are  unaltered,  while  in  poliomyelitis  there 
is  apt  to  be  partial  or  complete  R  D.  The  diagnosis 
of  the  position  of  a  brain  lesion  causing  hemiplegia 
has  been  sufficiently  indicated  under  symptomatology, 
while  that  of  the  character  of  the  lesion  will  depend 
upon  the  recognition  or  exclusion  of  the  symptoms  of 
the  various  morbid  conditions  which  may  cause  the 
development  of  this  symptom,  such  as  cerebral  hemor- 
rhage, tumor,  abscess,  and  syphilis,  meningitis,  en- 
cephalitis, etc. 

Prognosis. — The  prognosis  of  hemiplegia  will  de- 
pend upon  the  nature  of  the  cause,  whether  removable 
or  not,  and  upon  the  degree  of  the  paralysis.  If  this 
is  slight  and  the  patient  not  too  feeble  there  may  be 
almost  complete  restitution.  In  severe  hemiplegia 
which  has  lasted  for  a  year  or  more,  and  especially  if 
contractures  have  developed,  there  is  little  likelihood 
of  further  improvement.  A  patient  who  has  had  one 
stroke,  especially  if  there  is  arterial  disease  with  high 
blood  pressure,  is  always  in  danger  of  another  one, 
which  may  or  may  not  prove  fatal. 
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Treatment. — In  the  early  stages  the  treatment  i- 
that  of  the  apoplectic  attack  or  of  whatever  ol  tier  dis- 
ease is  responsible  for  the  hemiplegia.  After  the 
paralysis  is  developed,  then'  is  lit 1 1  - •  which  can  be  done 
except  to  aid  as  much  as  possible  the  reparative 
efforts  of  nature  in  connection  with  whatever  measures 
may  suggest  themselves  as  likely  to  prevent  a  renewed 
attack.  Especially  does  the  intelligent  management 
of  existing  arterial  disease  impose  itself  as  necessary. 

As  far  as  the  paralysis  is  concerned,  as  soon  as  all 
symptoms  of  irritation  have  disappeared,  massage  of 
the  limbs  with  passive  movements  should  be  begun 
and  should  be  given  twice  a  day.  Electricity  maj 
be  used  to  exercise  the  paralyzed  muscles,  but  has  no 
other  value.  As  soon  as  any  power  begins  to  return, 
the  patient  should  be  encouraged  to  use  it  and  any 
device  which  can  assist  him  will  be  of  value.  It  is 
to  be  remembered  that  while  the  pyramidal  tracts  carry 
the  great  bulk  of  the  motor  impulses,  these  can,  in 
part  at  least,  be  relayed  around  by  some  of  the  other 
descending  tracts,  in  case  they  are  not  involved  in 
the  lesion,  so  that  it  would  seem  possible  that  by  a 
gradual  reeducation  they  may  be  able  to  take  on 
some  of  the  functions  of  the  damaged  pyramidal 
tracts.  Particular  attention  should  be  paid  to  the 
prevention  of  contractures  as  far  as  possible,  by  keep- 
ing the  paralyzed  limbs  in  suitable  positions,  by  work- 
ing them  frequently, and  by  applying  electricity  in  the 
form  of  galvanism  to  the  extensors  in  the  arm  and  to 
the  flexors  in  the  leg.  It  is  claimed  by  some  authors 
(Bing)  that  faradism  should  be  avoided  as  it  tends 
particularly  to  stimulate  the  muscles  which  produce 
the  contracture. 

When  the  patient  has  reacquired  some  power  he 
may  be  encouraged  to  practice  some  of  the  movements 
favoring  reeducation  of  the  muscles  as  in  the  method 
of  Fraenkel.  In  the  hemiplegias  of  children,  ortho- 
pedic measures  may  be  required  to  correct  the  club 
foot  and  other  deformities  which  occur,  while  in 
some  cases  which  have  been  bedridden  on  account  of 
the  extreme  spasticity  and  exaggeration  of  the  reflexes 
in  the  affected  muscles,  cutting  the  posterior  spinal 
nerve  roots  after  the  method  of  Foerster,  has  enabled 
the  patient  to  get  around  with  the  aid  of  crutches  or 
other  apparatus. 

Strict  attention  should  be  paid  to  improving  the 
nutrition  of  the  patient  by  means  of  full  diet  contain- 
ing plenty  of  fat  and  such  tonics  as  iron,  quinine,  and 
strychnine,  cod  liver  oil,  etc.,  should  be  administered. 
It  has  been  an  established  practice  to  give  iodide  of  po- 
tassium for  long  periods,  on  the  theory  that  it  hastened 
the  absorption  of  clot  or  exudation.  While  much 
doubt  has  been  thrown  upon  its  action  in  this  regard 
of  recent  years,  experience  seems  to  indicate  that  it 
has  some  effect  upon  existing  arterial  disease.  In 
cases  of  syphilitic  origin  antisyphilitic  treatment  is, 
of  course,  indicated,  not  that  it  will  cause  regeneration 
of  destroyed  nerve  tissue,  but  because  it  has  a  direct 
effect  upon  gummatous  new  formations  and  at  least 
will  tend  to  prevent  fresh  mischief. 

Charles  Lewis  Allen. 


Hemiptera. — An  order  of  insects  that  contains 
many  species  that  trouble  man.  It  includes  the  true 
bugs,  of  which  the  bed-bug,  the  "kissing-bug,"  and 
the  assassin-bug  are  examples.     See  Insects,  parasitic. 

A.  S.  P. 


Hemlock.-  -Sec  <  'oniiuti. 


Hemochromogen  is  probably  the  colored  atomic 
group  of  hemoglobin  and  of  its  combination  with 
gases,  and  this  atomic  group  is  united  with  proteins 
in  the  pigment.  The  characteristic  absorption  of 
light  depends  upon  the  presence  of  hemochromogen. 
It  is  this  group  which  binds    in  the   oxyhemoglobin 
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one  molecule  of  oxygen  and  in  carbon-monoxide  I,. 
globin  one  molecule  of  carbon  monoxide  with  one 
atom  of  iron.  Hemochromogen  may  be  formed  in  an 
alkaline  solution  of  hematin  by  the  action  of  reducing 
bodies.  Hemochromogen  in  alkaline  solution  -hows 
a  beautiful  cherry  red  color.  It  has  two  absorption 
bands,  one  between  D  and  E,  and  tin-  oth(  i  between 
E  and  B.  1      P.    [}. 


Hemocyanin. — In     certain     of     the     Arachnids, 
Crustacea,  Gastropoda?,  and  Cephalopoda?  a  substi 

analogous  to  hemoglobin  has  been  found.  This  sub- 
stance which  contains  copper  has  been  designated 
hemocyanin.  By  the  combination  with  oxygen  this 
substance  is  transformed  into  blue  ox\  hemocyanin 
and  by  the  escape  of  oxygen  again  becomes  colorless. 

F.  P.   U. 


Hemoglobin  which  is  also  known  as  reduced  hemo- 
globin or  purple  cruorin  is  found  in  small  quantitii 
in  arterial  blood,  in  larger  amounts  in  venous  blood, 
and  after  asphyxiation  makes  up  nearly  the  entire 
pigment  of  the  blood.  Hemoglobin  is  very  much  more 
soluble  than  oxyhemoglobin  and  its  crystals  are  there- 
fore obtained  with  difficulty.  A  solution  of  hemo- 
globin shows  a  single  absorption  band  between  D 
and  E  toward  the  red  end  of  the  spectrum.  A  hemo- 
globin solution  readily  absorbs  oxygen  and  is  con- 
verted into  oxyhemoglobin.  F.   P.   U. 


Hemoglobinuria. — The  excretion  of  hemoglobin 
in  the  urine,  the  red  cells  of  the  blood  being  absent  or 
in  insignificant  numbers.  The  pigment  excreted  is 
u-ually  in  the  form  of  methemoglobin.  It  imparts  to  ' 
the  urine  a  color  varying  from  a  faint  smokiness  to 
red,  brownish-red,  or  almost  black,  according  to  the 
quantity  present.  In  intense  hemoglobinuria,  with 
the  urine  colored  from  deep  port-wine  to  nearly  black, 
if  the  urine  be  shaken  a  yellowish-pink  froth  is  pro- 
duced. When  the  hemoglobin  is  present  in  very  small 
quantity  it  can  be  demonstrated  by  the  turpentine- 
guaiac  test.  Whether  oxj'hemoglobin  or  methemo- 
globin is  being  excreted  can  be  determined  with  the 
spectroscope,  but  is  a  matter  of  little  or  no  clinical 
importance.  The  absence  of  red  blood  cells,  at  least 
in  any  considerable  numbers,  is  determined  by  micro- 
scopic examination  of  the  urine  and  is  of  great  im- 
portance in  making  the  differential  diagnosis  between 
hemoglobinuria  and  hematuria.  In  the  latter  condi- 
tion, hematuria,  the  corpuscles  may  become  disin- 
tegrated in  a  long-standing  specimen,  particularly  if 
it  has  become  ammoniacal.  It  is  important  therefore 
that  urine  as  fresh  as  possible  should  be  examined  for 
diagnosis,  to  determine  the  presence  or  absence  of 
corpuscles.  Hematuria  is  a  symptom  usually  of  acute 
severe  local  injury  to  the  urinary  tract,  from  trau- 
matism, calculus,  ulceration,  neoplasm,  parasites,  or 
irritant  poisons.  Hemoglobinuria  is  a  symptom  usu- 
ally of  a  systemic  disease,  often  of  an  infectious  nature, 
causing  hemolysis;  it  represents  the  excretion  in  the 
urine  of  hemoglobin  already  set  free  in  the  blood 
plasma.  No  diagnostic  error,  then,  is  more  certain 
to  lead  to  misdirected  treatment  than  the  mistaking 
of  hemoglobinuria  for  hematuria,  but  this  mistake 
has  been  made  many  times. 

In  hemoglobinuria  the  microscope  will  often  dis- 
cover a  few  red  cells  in  the  urine,  but  by  no  means 
enough  to  account  for  the  amount  of  pigment  present. 
Epithelium,  urates,  and  amorphous  detritus  will 
probably  be  found  in  somewhat  more  than  normal 
quantities.  If  large  amounts  of  hemoglobin  are  being 
excreted  in  the  convoluted  tubules  they  fail  to  remain 
in  solution  in  the  secreted  urine,  but  are  deposited  in 
Henle's  loops  and  in  the  collecting  tubules  of  the 
kidneys,  forming  plugs,  hemoglobin  casts,  and  blocking 
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the  kidneys.  Thus  in  an  intense  hemoglobinuria 
the  urine  will  be  diminished  in  volume  from  this  cause. 
Hemoglobin  is  itself  a  diuretic,  however,  and  except, 
for  this  blocking  of  the  tubules  would  tend  to  increase 
the  flow.  These  facts  should  make  it  clear  to  the  prac- 
titioner that,  no  irritating  or  stimulating  diuretic 
drug  should  ever  be  given  in  a  case  of  hemoglobinuria, 
but  diuresis  should  be  promoted  by  efforts  to  increase 
water  absorption  by  drinking,  proctoclysis,  and  if 
necessary  hypodermoclysis. 

The  urine  is  constantly  albuminous  in  hematuria, 
It  is  also  albuminous  in  hemoglobinuria  but  usually  in 
a  relatively  moderate  degree. 

Hemoglobinuria  not  producing  any  discoloration 
of  the  urine  macroscopically  evident  to  the  eye  may 
be  shown  by  the  turpentine-guaiac  test  to  exist  in 
many  cases;  for  instance,  in  such  cases  of  sub  tertian 
malaria  as  show  five  per  cent,  or  more  of  the  corpuscles 
in  a  field  to  be  infected  with  parasites.  The  turpen- 
tine-guaiac test  is  applied  as  follows:  If  the  urine 
be  not  acid,  make  it  so  with  a  drop  or  two  of  acetic 
acid.  Put  an  inch  or  two  of  urine  in  a  chemically 
clean  test-tube  or  small  conical  glass.  Carefully 
stratify  on  top  of  it  a  mixture  of  equal  parts  of  tincture 
of  guaiac  and  oil  of  turpentine.  If  hemoglobin  is 
present  a  cloudy  ring  gradually  forms  at  the  junction  of 
the  two  layers  and  turns  slowly  to  an  intense  blue.  The 
tincture  of  guaiac  used  should  be  freshly  or  recently 
made  and  kept  in  an  amber-colored  bottle.  It  may 
be  used  in  the  full  official  strength,  twenty  per  cent., 
or  diluted  with  alcohol  to  a  pale  sherry  color.  The 
oil  of  turpentine  employed  must  be  ozonized,  i.e. 
must  be  old.  Fresh  oil  of  turpentine  can  be  ozonized 
by  allowing  it  to  stand  for  a  few  days  in  an  open  vessel 
in  the  sunlight. 

Clinical  Forms. — The  principal  clinical  forms  of 
hemoglobinuria,  according  to  causes,  are  (1)  toxi- 
hemoglobinuria,  (2)  paroxysmal  hemoglobinuria, 
(3)  hemoglobinuria  of  infants  with  congenital  syphilis, 
{4)  hemoglobinuria  in  Raynaud's  disease,  (.5)  infec- 
tious or  epidemic  hemoglobinuria  of  the  new-born 
(Winckel's  disease),  and  (6)  malarial  hemoglobinuria. 

Toxic  Hemoglobinuria. — This  is  produced  by  any 
hemolytic  poison  such  as  potassium  chlorate  in  large 
doses,  pyrogallic  acid,  carbolic  acid,  arseniureted 
hydrogen,  carbon  monoxide,  naphthol,  or  muscarine. 
The  toxins  of  some  of  the  infectious  diseases,  as  scarlet 
fever,  typhoid,  and  malaria  occasionally  have  the  same 
effect.  The  red  corpuscles  having  been  destroyed 
by  one  of  these  poisons,  their  hemoglobin  is  left 
free  in  solution  in  the  plasma;  this  condition,  hemo- 
globinemia,  being  precedent  to  the  hemoglobinuria. 
Quinine  alone  is  not  a  cause  of  hemoglobinuria  but  in 
subtertian  malarial  infections  the  administration  of 
quinine  sometimes  appears  to  act  as  a  contributing 
or  precipitating  cause.  Hemoglobinuria  is  some- 
times seen  after  severe  burns.  A  form  of  it,  probably 
of  a  toxic  nature,  is  seen  in  horses  following  exposure 
to  cold  and  hard  driving.  Transfusion  of  blood  from 
one  animal  to  another  causes  hemolysis  with  hemo- 
globinuria. Experimentally,  Oehler  has  produced 
hemoglobinuria  in  mice  by  causing  them  to  drink 
only  chemically  pure  distilled  water. 

Paroxysmal  Hemoglobinuria. — This  is  a  rare  con- 
dition. It  is  seen  oftenest  in  adult  males.  The  at- 
tacks recur  at  irregular  intervals,  being  cspecially 
liable  to  follow  exposure  to  sudden  chilling,  even  a 
cold  foot  bath  in  some  cases  invariably  producing  an 
attack.  The  attacks  are  usually  of  short  duration, 
from  a  few  hours  to  a  day.  They  appear  sometimes 
to  be  brought  on  by  exertion  or  by  bodily  or  mental 
exhaustion.  Sometimes  the  hemoglobinuric  symptom 
is  accompanied  by  lumbar  pain,  vomiting,  diarrhea, 
or  pyrexia.  Some  perceptible  degree  of  jaundice  is 
usually  present.  The  attacks  are  rarelv,  if  ever, 
fatal. 

In  a  recent   study   of  paroxysmal  hemoglobinuria 


{Am.  Jour.  Med.  Sci.,  August,  1912),  Cooke  says: 
"As  a  result  of  clinical  observation,  the  Wassermann 
reaction,  the  luetin  test,  and  the  serologic  studies  in 
metasyphilitic  disease,  it  seems  safe  to  say  that 
syphilis  is  the  most  important,  possibly  the  only, 
etiologic  factor  in  paroxysmal  hemoglobinuria,  1ml 
there  are  as  yet  no  observations  on  the  presence  or 
absence  of  hemolysin  after  the  disappearance  of  the 
Wassermann  reaction  as  a  result  of  syphilitic  treat- 
ment." 

Hemoglobinuria  in  Infants  with  Congenital  Syphilis. 
— This  is  not  to  be  confounded  with  the  epidemic 
hemoglobinuria  of  the  new-born.  It  is  in  all  proba- 
bility due  to  the  presence  in  the  infant's  blood  of  a 
hemolytic  amboceptor  produced  by  syphilitic  in- 
fection. If  the  connection  of  the  paroxysmal  hemo- 
globinuria of  adults  with  syphilis  be  presently  fully 
established,  we  shall  be  able  to  include  it  and  the 
hemoglobinuria  of  syphilitic  infants  under  one  heading, 
syphilitic  hemoglobin  uria. 

Hemoglobinuria  in  Raynaud's  Disease. — The  eti- 
ology of  Raynaud's  disease  is  at  present  undetermined. 
If  further  research  shall  show  that  it  is  to  be  placed 
among  the  metasyphilitic  diseases,  the  hemoglobin- 
uria incident  to  it  will  be  ranged  with  those  discussed 
under  the  two  foregoing  subheads,  as  a  syphilitic 
hemoglobinuria. 

Infectious  or  Epidemic  Hemoglobinuria  of  the  New- 
born (Winckel's  Disease). — This  disease  has  occurred 
chiefly  in  lying-in  and  foundling  hospitals  in  epi- 
demics, but  sporadic  cases  with  the  same  symptoms 
have  been  seen  in  private  practice.  It  was  described 
first  by  Charrin  of  Paris  in  1S73  and  more  fully  by 
Winckel  of  Dresden  in  1S79.  It  attacks  infants  in 
the  first  two  weeks  of  life  and,  though  nothing  is 
known  as  to  its  etiology,  it  has  all  the  ear-marks  of 
an  infectious  disease.  It  is  characterized  by  extreme 
cyanosis,  icterus,  hemoglobinuria,  somnolence,  rapid 
collapse,  and  death  usually  in  from  a  few  hours  to  two 
days.  A  few  mild  cases  recover.  Fever  is  slight  or 
absent.  The  umbilical  vessels  show  no  signs  of 
infection.  Postmortem  the  spleen  is  found  enlarged, 
hard,  engorged  with  blood.  The  liver  and  heart  some- 
times exhibit  an  acute  fatty  degeneration.  The  blood 
changes  and  the  condition  of  the  kidneys  are  similar 
to  those  found  in  other  forms  of  hemoglobinuria. 

Malarial  Hemoglobinuria.  (See  Black  water  Fever.) 
— This  is  the  most  severe,  most  serious,  most  fre- 
quently fatal  of  all  forms  of  hemoglobinuria  occurring 
in  the  adult.  The  chief  dangers  to  be  feared  in  this 
or  any  other  form  of  hemoglobinuria  of  high  degree 
are  kidney  block  and  heart  failure.  Quinine  and  diu- 
retic drugs  are  absolutely  contraindicatcd  during  any 
attack  of  hemoglobinuria.  The  treatment  of  malarial 
hemoglobinuria  during  the  attack,  as  laid  down  in 
the  article  on  Blackwaler  Fever,  covers  the  general 
principles  to  be  followed  in  treating  a  severe  hemo- 
globinuria from  any  cause.  J.  F.  Lets. 


Hemolymph  Glands. — Thehemolymph  glands  are 
lymphadenoid  structures  occupying  a  position  inter- 
mediate between  the  spleen  and  ordinary  lymphatic 
glands.  In  structure  the}-  closely  resemble  the  latter, 
the  essential  difference  between  the  two  being  that 
they  possess  blood  sinuses  in  place  of  lymph  sinuses. 
Transition  forms  between  the  two,  however,  exist ; 
a  gland  may  contain  both  lymph  and  blood  sinuses; 
but  the  presence  of  the  latter,  however  small,  is  suffi- 
cient warrant  for  its  classification  as  a  hemolymph 
gland.  There  are  also  transition  forms  between  the 
hemolymph  glands  and  spleen,  many  of  the  former, 
particularly  in  the  lower  animals,  possessing  a  spleen- 
like pulp.  The  spleen  itself  may  be  regarded  as  a 
hemolymph  gland;  and  undoubtedly  many  of  the 
so-called  accessory  spleens  fall  into  tlie  class  of  hemo- 
lymph glands.  The  term  hemolymph  is  not  the  most 
desirable  designation  for  this  type  of  blood   organ; 
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but  as  it  is  the  one  first  in  use,  i1  is  most  convenienl  to 
continue  it.  For  those  containing  blond  sinuses  alone 
the  term  hemal  or  hemolymphoid  node  lias  been  used, 
while  those  containing  afferent  and  efferent  lym- 
phatics are  given  the  designation  hemolymph  node. 

Occurrence. — The  existence  of  hemolymph  glands 
was  first  noticed  in  the  lower  animals,  particularly 
those  used  for  food  purposes.  In  the  steer,  pig,  and 
sheep  these  structures  are  very  numerous  in  the  pre- 
vertebral fat,  and  conspicuous  because  of  their  deep 
blood  color.  From  their  number  and  size  in  these 
animals  it  is  reasonable  to  suppose  that  their  function 
is  of  importance.  Butchers  and  meat  dealers  have 
long  been  acquainted  with  their  gross  appearances,  but 
have  usually  regarded  them  as  blood  clots.  From  the 
scientific  side  they  have  been  strangely  neglected, 
though  as  early  as  1S.57  Leydig  pointed  out  the  close 
resemblance  between  these  glands  and  the  spleen. 
More  recently  they  have  become  objects  of  scientific 
investigation,  and  have  been  found  to  be  present  also 
in  the  goat,  horse,  dog,  rat,  guinea-pig,  common  fowl, 
and  turkey.  They  vary  greatly  in  number  according 
to  the  species  of  the  animal,  and  individual  variation 
within  a  given  species  is  also  great. 

Their  presence  in  man  has  only  lately  become  a 
matter  of  careful  study,  though  lymph  glands  with 
blood-containing  sinuses  have  been  many  times  ob- 
served. Such  findings  were,  however,  interpreted  as 
ordinary  lymph  glands  into  whose  lymph  sinuses 
there  had  been  a  hemorrhage  or  backward  flow  of 
blood.  H.  Gibbes,  in  1884,  was  the  first  observer  to 
consider  such  glands  to  be  permanent  and  independ- 
ent structures.  A  similar  view  was  taken  by  Robert- 
son in  1890,  and  to  this  observer  we  owe  the  desig- 
nation hemolymph  gland,  this  name  having  been  sug- 
gested to  him  by  Dr.  Russell.  The  constant  presence 
of  these  glands  in  the  human  body  was  confirmed  later 
by  Gibbes  and  Vincent,  and  were  independently  dis- 
covered more  recently  by  the  present  writer.  Accord- 
ing to  the  investigations  of  the  latter,  lymph  glands 
containing  blood  sinuses  are  found  constantly  in  the 
human  body,  at  all  ages,  and  in  both  normal  and  patho- 
logical individuals.  That  these  glands  are  organs 
sMi  generis  and  not  hemorrhagic  lymphatic  glands  is 
evident  from  the  following  facts: 

First.  Lymphoid  nodes  containing  blood  sinuses  an 
constantly  present  in  the  human  body  in  all  conditions 
and  at  all  ages. 

Second.  The  structure  of  such  glands  differs  in 
many  respects  from  that  of  ordinary  lymphatic  glands; 
and  the  appearance  presented  by  hemorrhagic  lym- 
phatic glands  is  wholly  unlike  that  of  a  hemolymph 
gland.  The  direct  communication  of  the  blood  sin- 
uses with  the  blood-vessels  can  be  demonstrated  by 
injection. 

Third.  These  glands  in  the  human  body  show  many 
pointsof  similarity  to  the  hemolymph  glands  foundin 
the  steer  and  sheep,  and  the  latter  from  their  number, 
size,  constant  occurrence,  and  individual  structure  must 
be  regarded  as  organs  sui  generis  without  question. 
Nevertheless,  a  few  writers  continue  to  regard  all  red 
lymphoid  nodes  in  man  as  altered  ordinary  glands  or  as 
temporary  structures.  Meek,  in  particular,  regards 
them  as  lymph-nodes,  that  undergo  modification  as 
the  result  of  circulatory  changes.  The  writer  has 
already  pointed  out  that  this  is  true  with  reference  to  a 
certain  number  of  red  lymph-nodes;  but  the  constant 
presence  of  red  nodes  of  a  definite  structure  side  by 
side  with  unchanged  ordinary  lymph  nodes  shows  that 
circulatory  conditions  alone  cannot  account  for  these 
nodes  with  blood  sinuses. 

Fourth.  The  specific  pathology*  of  these  nodes 
indicates  a  specific  structure  and  function. 

Location. — In  the  lower  animals  the  hemolymph 
glands  are  found  chiefly  in  the  prevertebral  fat,  along 
the  course  of  the  aorta,  renal  and  adrenal  vessels,  brim   ' 
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of  the  pelvis,  and  in  the  root  of  I  he  mi   entei  j       'I  hi  j 
rarely  extend  far  out   into  the  latter,  but    are   oci 
sionally  found  in  the  omentum  and  epiploica.     They 

are  also  found  associated  with  the  peripheral  and     lib 

cutaneous  lymph-nodes,  usuall-  one  hemolymph  node 
to  each  lymphatic  gland.  They  are  also  of  less  common 
occurrence  in  the  mediastinal  region,  in  man  they 
are  found  in  greatest  numbers  in  the  prevertel 
retroperitoneal,  and  cervical  regions,  in  the  neigh- 
borhood of  the  adrenal  vessels,  along  the  brim  of  the 
pelvis,  in  the  root  of  the  mesentery,  but  rarely  extend- 
ing far  out  into  it,  and  are  of  very  rare  occurrence  in 
the  epiploica  and  omentum.  They  are  also  rare  in 
the  mediastinal  tissues  and  along  the  thoracic  aorta. 
except  under  conditions  in  which  there  is  a  general 
enlargement  of  all  the  hemolymph  glands  of  the  body, 
as  in  certain  forms  of  anemia  and  leukemia.  This 
fact  suggests  the  possibility  of  new  formation  of  these 
structures  in  these  diseases  or  their  existence  as 
resting  glands  too  small  to  be  found  under  normal 
conditions. 

Histology. — Bullock. — Hemolymph  glands  are 
found  in  the  prevertebral  fat  of  this  animal  to  the 
number  of  several  hundred.  Their  deep  red  color 
contrasted  with  the  white  fat  in  which  they  lie  em- 
bedded makes  them  very  conspicuous.  They  may  be 
found  associated  with  true  lymphatic  nodes  in  any 
part  of  the  body,  usually  one  hemolymph  node  lying 
in  the  hilum  of  the  lymph  gland.  They  are  usually 
round  with  a  slight  indentation  on  one  side;  but  vary 
from  bean-shaped  nodes  to  elongated  masses.  They 
vary  in  size  from  a  pinpoint  to  that  of  a  large  cherry  or 
almond.  In  many  the  blood  sinuses  occupy  so  large  a 
part  of  the  gland  that  they  resemble  blood  clots. 
Their  gross  appearance  varies  greatly  owing  to  the 
different  proportions  between  the  amount  of  lymphoid 
tissue  and  the  size  of  the  blood  sinuses  in  different 
glands.  On  microscopical  examination  they  show  a 
great  variation  of  structure  in  regard  to  the  amount 
and  arrangement  of  the  lymphoid  tissues  and  the 
number,  size,  and  course  of  the  blood  sinuses.  The 
capsule  of  the  gland  is  usually  very  thin  and  contains 
yellow  elastic  tissue  and  unstriped  muscle.  The  lym- 
phoid tissue  is  often  very  scanty,  consisting  of  small 
islands  lying  in  the  large  blood  sinuses,  or,  on  the 
other  hand,  the  greater  part  of  the  gland  may  be  com- 
posed of  lymphoid  cells  while  the  sinuses  are  small. 
In  the  large  glands  trabecules  of  connective  tissue  pass 
from  the  capsule  toward  the  center  of  the  gland.  The 
sinuses  are  usually  large  and  prominent,  and  in  the 
majority  of  cases  make  up  the  greater  part  of  the 
organ.  They  are  both  peripheral  and  central,  with  com- 
municating branches,  and  are  traversed  by  a  coarse 
reticulum,  which  may  be  very  scanty  or  so  close  and 
mesh-like  as  to  give  an  appearance  resembling  spleen 
pulp.  The  reticulum  is  lined  throughout  with  flat- 
tened ndothelium.  The  lymphoid  portion  may 
show  a  division  into  cortical  and  medullary  zones  but 
often  there  is  only  a  homogeneous  mass  of  lymphoid 
tissue  containing  germinal  centers,  but  showing  no  dis- 
tinct division  into  cortical  and  medullary  portions. 
Germinal  centers  may  be  present  in  the  cortical  por- 
tion, and  in  these  numerous  mitotic  figures  may  be 
found.  In  the  medullary  portion  the  lymphoid 
tissue  is  usually  arranged  in  columns  between  the 
blood  sinuses.  The  cells  of  the  lymphoid  areas  are 
chiefly  lymphocytes,  but  large  mononuclear  cells, 
mononuclear  eosinophiles,  transitional  and  poly- 
nuclear  form  are  numerous.  Many  of  the  cells  of 
the  reticulum  and  also  of  the  endothelial  cells  lining  the 
blood  sinuses  show  a  mast-cell  granulation,  but  this 
varies  greatly;  sometimes  the  majority  of  the  cells  in 
the  node  are  mast  cells.  In  the  central  sinuses  large 
mononuclear  phagocytes  are  found  in  great  numbers 
in  the  meshes  of  the  reticulum,  and  these  usually 
contain  disintegrating  red  cells  and  blood  pigment. 
The  glands  are  supplied  by  numerous  large  arteries 
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which  on  entering  the  organ  quickly  break  up  inlo 
■small  vessels  feeding  the  sinuses. 

Sheep. — The  hemolymph  glands  are  as  numerous 
and  prominent  in  this  animal  as  in  the  steer,  and 
in  structure  closely  resemble  those  found  in  that 
animal.  They  show  the  same  general  distribution 
as  in  the  steer.  They  are  not  as  large  on  the 
whole,  and  are  more  frequently  round.  As  a  rule, 
they  contain  more  lymphoid  tissue,  and  the  sinuses  arc 
relatively  smaller.  Their  capsule  is  also  more  delicate. 
The  type  with  central  lymphoid  tissue  and  peripheral 
sinus  is  more  common  than  in  the  ox.  Phagocytes 
containing  red  cells  and  pigment  are  also  less  common, 
and  the  degree  of  hemolysis  is  evidently  less.  Giant 
cells  resembling  those  of  the  bone  marrow  are  not 
infrequently  found  in  the  reticulum.  A  very  remark- 
able feature  is  the  large  number  of  mast  cells  present; 
in  many  glands  nearly  all  of  the  cells  in  the  central 
lymphoid  area  may  show  this  granulation.  Germinal 
centers  are  not  so  numerous  as  in  the  glands  of  the 
steer.  Red  blood  cells  are  found  throughout  the  reticu- 
lum of  the  lymphoid  areas. 

Horse. — The  hemolymph  glands  of  the  horse  have 
received  but  slight  attention.  They  have  been  found 
chiefly  in  the  neighborhood  of  the  kidneys,  no  thorough 
study  of  the  prevertebral  region  having  been  made. 
They  appear  as  dark-red  bodies  of  varying  size  and 
shape,  the  largest  about  2.5  centimeters  in  diameter,  the 
average  diameter  being  about  1.5  centimeters.  On  sec- 
tion they  resemble  very  closely  the  glands  of  the  sheep; 
but  usually  contain  a  larger  amount  of  lymphoid  tissue 
which  is  grouped  in  regular  nodes,  each  of  which  is 
surrounded  by  a  well-defined  blood  sinus,  usually  of 
uniform  width.  Cells  containing  disintegrating  red 
cells  and  blood  pigment  are  numerous.  In  horses  used 
for  the  production  of  diphtheria  serum,  large  hyper- 
plastic and  deeply  pigmented  hemolymph  nodes  may 
be  formed.  Baum  denies  the  existence  of  typical 
hemolymph  nodes  in  the  horse. 

Goat. — Hemolymph  glands  similar  to  those  in  the 
steer  and  sheep  are  found  in  this  animal,  and  in  micro- 
scopical features  they  resemble  those  of  the  sheep, 
though  less  numerous  and  smaller  than  in  that  animal. 

Pig. — The  first  observations  of  hemolymph  glands 
were  those  made  by  Leydig  in  1857,  on  the  gross 
appearances  of  glands  lying  along  the  thoracic  aorta  in 
the  pig,  which  bore  a  close  resemblance  to  splenic 
tissue,  and  were  regarded  by  him  as  intermediate 
structures  between  lymphatic  glands  and  the  spleen. 
Hemolymph  glands  are  also  mentioned  by  Clarkson  as 
occurring  in  this  animal,  but  no  description  of  their 
microscopical  appearance  has  ever  been  published. 

Dog. — Hemolymph  glands  occur  constantly  in  the 
prevertebral  peritoneal  fat,  along  the  brim  of  the 
pelvis,  and  near  the  renal  vessels.  They  may  be  of 
large  size.  In  puppies  they  resemble  closely  those  of 
the  sheep;  but  in  older  dogs  they  are  not  very  easily 
distinguished  by  the  naked  eye  from  ordinary  lym- 
phatic glands,  in  this  respect  being  similar  to  those  of 
the  human  body.  They  may  often  be  recognized  by  a 
reddish  peripheral  zone  or  by  red  streaks  correspond- 
ing to  the  blood  sinuses.  Phagocytes  are  numerous, 
and  hemolysis  may  occur  to  a  great  degree  as  shown 
by  the  large  amounts  of  blood  pigment  present.  Un- 
der pathological  conditions  (splenectomy,  ligature  of 
splenic  veins)  there  may  occur  a  great  new  formation 
of  hemolymph  nodes  in  the  mesentery  and  omentum 
of  certain  dogs,  some  animals  under  the  same  condi- 
tions showing  nothing  of  the  kind. 

Rat. — Small  oval  or  lenticular  hemolymph  glands 
can  almost  always  be  found  at  the  lower  border  of  the 
pancreas,  near  the  kidneys,  and  in  the  gastrosplenie 
omentum.  The  sinuses  are  both  peripheral  and  cen- 
tral; and  are  of  large  size.  They  are  usually  filled 
with  red  cells;  but  may  be  partly  or  wholly  empty. 
I'li\  gocytes  are  numerous,  and  the  evidences  of  hemo- 
lysis are  usually  marked.  The  lymphoid  tissue  con- 
sists of  both  cortical  and  medullary  zones,  the  former 
very  dense  but  showing  no  germinal  centers. 


Guinea-pig. —  Hemolymph  glands  have  been  ob- 
served in  this  animal  by  workers  in  the  write] 
laboratory.  Tiny  occur  in  the  prevertebral  tissue  a 
minute  points  usually  too  small  to  be  recognized  by  t  he 
naked  eye.  Their  microscopical  appearance  is  very 
similar  to  thai  of  many  of  the  hemolymph  glands  in 
man.  The  sinuses  are  small  and  arc  usually  partly 
collapsed,  t  he  lymphoid  areas  are  dense  and  only  rarely 
show  germinal  centers.  In  many  guinea-pigs  it  is 
impossible  to  demonstrate  the  presence  of  hemolj  mph 
nodes  even  with  the  greatest  care. 

Chicken. — Dark  red  glands  resembling  hemolymph 
glands  to  the  naked  eye  have  been  found  in  the 
abdominal  fat,  near  the  stomach,  and  below  the 
rectum.  On  microscopical  examination  the  greater 
part  of  the  gland  is  found  to  be  composed  of  blood 
sinuses  filled  with  nucleated  red  cells.  There  are  nu- 
merous communicating  branches  between  the  central 
and  peripheral  sinuses.  Pigment  and  phagoctyes  con- 
taining red  cells  are  abundant.  Red  cells  are  numer- 
ous throughout  the  reticulum  of  the  lymphoid  areas. 

Turkey. — (Hands  similar  to  those  in  the  chicken  are 
found  also  in  the  turkey. 

Fishes. — The  head  kidney  of  certain  Teleostean 
fishes  is  analogous  in  structure  to  the  hemolymph 
glands  of  the  higher  vertebrates,  being  composed  of 
irregular  masses  of  lymphoid  tissue  separated  from 
each  other  by  blood  sinuses.  The  peripheral  sinus 
is  of  large  size. 

Hemolymph  glands  have  also  been  sought  in  the 
monkey,  rabbit,  cat,  squirrel,  mouse,  hedgehog,  mole, 
pigeon,  parrot,  duck,  frog,  toad,  and  many  fishes  without 
success.  As  these  investigations  were  based  almost 
wholly  upon  naked-eye  appearances,  it  is  highly  prob- 
able that  careful  microscopical  investigation  ofthe 
tissues  of  these  animals  will  show  them  to  be  present 

Man. — Lymphoid  structures  containing  sinuses 
filled  with  red  blood  cells  are  constantly  present  in  the 
human  body.  To  the  naked  eye  they  are  not  nearly 
so  prominent  as  the  glands  of  the  sheep  and  steer 
because  of  the  fact  that  their  blood  sinuses  under 
ordinary  conditions  are  more  or  less  collapsed  after 
death.  Those  possessing  large  sinuses  are  dark  red  in 
color;  those  with  small  or  collapsed  sinuses  are 
recognized  by  their  dark  peripheral  zone  and  red 
streaks  corresponding  to  the  blood  sinuses.  The 
search  for  these  glands  may  be  greatly  facilitated  In- 
fixing the  prevertebral  tissues  in  four  per  cent,  forma- 
lin, which  bleaches  other  tissues,  but  darkens  the 
blood-containing  areas.  In  this  way  the  blood  sinuses 
are  brought  out  very  much  more  distinctly. 

The  human  hemolymph  glands  vary  greatly  in  loca- 
tion, number,  and  size,  seldom  occurring  in  exactly 
similar  manner.  They  are  larger  and  consequently 
more  easily  found  in  early  adult  life  than  in  old  age, 
becoming  atrophic  in  late  jrears.  They-  are  present  in 
the  newborn  being  particularly  numerous  in  the  pos- 
terior cervical  and  interscapular  regions  (so-called 
"hibernating  gland"  of  Hatai).  No  difference  has 
been  observed  in  their  occurrence  in  the  sexes.  They 
lie  for  the  greater  part  deeply  embedded  in  fat  tissue, 
and  possess  a  very  rich  vascular  supply.  The  average 
size  is  that  of  a  small  pea,  in  shape  round,  bean-shaped 
or  elongated  in  cord-like  masses;  their  relative  pm- 
portion  to  ordinary  lymphatic  glands  is  1  to  20-1  to 
50,  but  in  some  cases  they  are  found  in  such  large 
numbers  as  to  suggest  the  possibility  of  new  formation 
or  of  resting  glands  taking  on  an  active  state. 

On  microscopical  examination  the  human  hemo- 
lymph glands  show  an  exceedingly  great  variation  in 
structure.  It  would  seem  inadvisable  to  attempt  to 
classify  these  variations,  inasmuch  as  confusion  would 
result  from  the  numerous  transition  forms  found. 
Broadly,  two  distinct  types  may,  however,  be  dis- 
tinguished, and  to  these  I  have  applied  the  terms 
splenolymph  glands  and  marrow-lymph  glands  as 
indicating  their  structure  and  probable  function.  It 
must  be  understood  that  there  are  no   hard-and-fast 
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lines  between  these  types,  all  possible  transition  forms 
existing  between  them,  as  also  between  them  and  ord 
inary  lymphatic  glands.     My  later  investigations  tend 
to   show  that  the  marrow  -lymph  type  is  most  probably 
pathologic,  the  result   of  altered  blood  conditions. 

The  splenolymph  gland  is  the  more  common  form 
and  is  found  chiefly  in  the  neighborhood  of  the  solar 
plexus,  adrenal  and  renal  vessels,  brim  of  pelvis,  and 
in  the  deep  tissues  of  the  cervical  region,  and  occa- 
sionally in  the  mediastinal  region,  omentum,  and 
mesentery.  The  glands  are  usually  round  but  vary 
greatly  in  shape,  nil  en  Hat  or  cord-like,  possessing  a 
distinct  hilum  into  which  a  large  plexus  of  vessels 
passes.  The  capsule  of  connective  tissue  contains 
unstriped  muscle  and  yellow  elastic  tissue.  It  may 
be  very  thick  in  proportion  to  the  size  of  the  gland, 
but  not  infrequently  is  very  thin  and  delicate.  From 
the  capsule  trabecular  of  varying  size  run  into  the 
organ  cutting  it  up  into  irregular  lobules;  in  small 
glands  no  distinct  trabecular  may  be  present.  Imme- 
diately beneath  the  capsule  there  is  a  blood  sinus  of 
varying  width  which  usually  runs  entirely  around  the 
periphery  of  the  gland,  but  very  often  only  for  a  por- 
tion of  the  way,  being  frequently  interrupted  by 
masses  of  lymphoid  tissue  reaching  to  the  external 
capsule.  Branches  of  the  peripheral  sinus  run  toward 
the  center  of  the  gland  accompanying  the  trabecular. 
In  the  central  portion  they  often  become  very  large 
and  prominent.  The  lumen  of  the  sinuses  is  tra- 
versed by  a  coarse  reticulum  through  the  meshes  of 
which  the  blood  circulates.  In  the  large  central 
sinuses  the  reticular  meshwork  may  at  times  be  very 
scanty. 

The  reticulum  of  the  sinus  appears,  in  part  at  least, 
to  be  lined  with  endothelial  cells,  but  these  are  with 
great  difficulty  made  out,  and  in  many  places  the  blood 
seems  to  be  in  direct  contact  with  the  reticular  sur- 
faces. The  circulation  is  therefore  of  the  type  de- 
scribed as  sinusoidal.  The  nuclei  of  the  cells  of  the 
reticulum  stain  much  more  lightly  than  those  of  the 
neighboring  lymphoid  tissue.  There  is  apparently  a 
direct  continuation  of  the  sinus  reticulum  with  the 
reticulum  of  the  lymphoid  areas;  and  the  latter  may 
be  regarded  as  the  same  structure  enclosing  in  its 
meshes  masses  of  lymphocytes.  The  number  and 
size,  as  well  as  the  general  arrangement  of  the  blood 
sinuses,  vary  greatly,  so  that  scarcely  any  two  glands 
resemble  each  other  in  these  respects. 

The  lymphoid  tissue  lying  between  the  blood  sinuses 
resembles  that  of  the  spleen  or  ordinary  lymphatic 
gland.  It  varies  very  much  in  amount,  sometimes 
forming  a  mere  network  between  the  sinuses,  while  in 
other  cases  it  may  form  the  chief  part  of  the  gland. 
There  is  usually  no  division  into  cortical  and  medul- 
lary portions.  Usually  the  greater  mass  of  lymphoid 
tissue  is  toward  the  periphery,  forming  the  inner 
border  of  the  peripheral  sinus;  but  frequently  extend- 
ing to  the  capsule,  breaking  up  the  peripheral  sinus 
into  small  sections  that  run  for  a  short  distance  only. 
Small  round  collections  of  lymphoid  cells  resembling 
splenic  follicles  are  often  seen.  These  occur  more 
frequently  at  or  near  the  periphery,  but  they  may 
occasionally  be  found  near  the  central  portion  of  the 
gland.  They  may  be  partly  or  wholly  surrounded  by 
the  blood  sinus.  The  cells  in  the  central  portion  of 
the  follicle  stain  more  lightly  than  those  at  its  peri- 
phery. Serial  sections  show  that  these  nodes  are 
almost  perfectly  round  in  the  majority  of  eases.  Usu- 
ally they  possess  no  arterial  relations,  but  occasionally 
a  small  capillary  is  found  in  them  which  under  certain 
pathological  conditions  may  become  gradually  con- 
verted into  a  small  arteriole  with  thickened  walls. 
The  resemblance  in  this  case  to  the  splenic  follicle  is 
very  complete. 

The  cells  of  the  lymphoid  area  are  for  the  greater 
part  small  lymphocytes.  These  vary  greatly  with 
respect  to  the  relative  size  and  staining  power  of  the 
nucleus  and  the  relative  amount  of  protoplasm.     Next 
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to  the  small  lymphocytes  the  large  mononuclear 
leucocytes  are  the  most  common  form  present.  These 
also  vary  much  in  size,  form,  and  staining  power. 
Transitional  and  polynuclear  leucocytes  are  also 
present  in  varying  numbers.  A  small  number  of  b 
phile  and  mononuclear  eosinophils  is  also  usually 
present;  mast  cells  are  rare  in  the  majority  of  ca  I 
but  occasionally  a  gland  may  be  found  in  which  the 
majority  of  the  cells  of  the  central  portion  are  mast 
cells,  as  is  so  frequently  the  case  in  the  hemolymph 
glands  of  the  steer  and  sheep. 

The  reticulum  of  the  lymphoid  areas  resembles  that 
of  the  blood  sinuses,  and  is  directly  continuous  with  it. 
in  its  meshes  lie  the  cells  of  the  lymphoid  tissue  and 
also  numerous  red  blood  cells.  The  latter  fact  sug- 
gests the  presence  in  the  lymphoid  tissue  of  very  fine 
blood  spaces  similar  to  those  in  the  spleen  pulp,  but 
differing  from  the  latter  in  that  the  blood  spaces  are 
smaller  and  the  reticulum  is  more  dense.  The  reticu- 
lum of  the  large  sinuses  is  much  more  abundant  and 
of  a  coarser  mesh  than  that  of  the  lymph  sinuses  of 
the  lymphatic  glands.  Small  fibrillar  of  elastic  tissue 
and  unstriped  muscle  may  be  scattered  through  it. 
In  its  meshes  there  are  constantly  present  large  mono- 
nuclear phagocytes  containing  disintegrating  red 
cells  and  blood  pigment.  These  cells  are  also 
found  in  the  reticulum  of  the  lymphoid  tissue  in 
connection  with  free  pigment;  but  they  are  always 
more  numerous  in  the  reticulum  of  the  medul- 
lary sinuses  than  elsewhere.  Under  normal  condi- 
tions their  number  in  individual  glands  varies  greatly, 
the  appearances  suggesting  a  possible  cyclical  function 
of  hemolysis.  Glands  containing  many  of  these 
cells  may  be  found  side  by  side  with  others  whose 
reticular  spaces  contain  but  few.  The  same  appear- 
ances are  found  in  the  hemolymph  glands  of  the 
lower  animals,  particularly  in  those  of  the  dog  and 
rat.  Multinuclear  giant  cells,  esinophile,  basophOe, 
and  mast  cells  may  at  times  be  found  in  the  reticular 
meshes.  The  phagocytes  may  arise  either  from  leuco- 
cytes or  from  the  endothelial  cells  lining  the  reticulum, 
chiefly  from  the  latter. 

Scattered  masses  and  droplets  of  a  fuchsinophOe 
hyaline  substance  are  often  found  throughout  the 
lymphoid  tissue;  they  are  usually  most  numerous 
toward  the  periphery  of  the  gland.  They  are  fre- 
quently seen  as  highly  refract  Lie  spherules  lying  in 
the  meshes  of  the  reticulum  or  enclosed  in  phagocytes. 
They  are  evidently  the  product  of  the  destruction 
of  red  cells,  as  all  stages  of  their  formation  can  be 
found.  In  some  cases  the  spherules  are  seen  partly 
extruded  from  the  phagocyte.  They  frequently  give 
an  iron  reaction,  especially  those  found  in  phagocytic 
cells. 


Marrow-lymph  Glatvds. — This  type  of  hemolymph 
gland  is  of  very  much  less  frequent  occurrence  in  the 
normal  body;  but  is  much  more  prominent  in  certain 
pathological  conditions,  suggesting  the  possibility  of 
resting  glands  or  new  formations.  In  all  probability 
this  type  is  pathologic,  representing  the  reaction  of 
hemolymph  nodes  to  altered  blood  conditions.  In 
some  cases  they  appear  to  arise  directly  out  of  adipose 
tissue.  They  have  been  found  only  in  the  retro- 
peritoneal region,  along  the  vertebras  and  brim  of 
pelvis,  and  always  in  close  proximity  to  the  large 
vessels,  abdominal  aorta,  vena  cava,  common  iliacs, 
adrenal  and  renal  vessels.  They  are  present  most 
frequently  behind  the  aorta  or  between  it  and  the 
vena  cava.  These  glands  are  usually  flattened  and 
elongated,  their  greatest  dimension  lying  parallel  to 
the  axis  of  the  neighboring  vessel.  They  may  possess 
a  distinct  hilum.  but  the  number  of  vessels  entering 
is  not  so  great  as  in  the  case  of  the  splenolymph  gland. 
Lymph  vessels  are  also  found  in  connection  with  these 
glands.  Not  rarely  the  marrow-lymph  gland  is 
found   as   a   slender   cvlinder   several   centimeters   in 
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HEMOLYMPH  GLANDS— (warthin) 


„i— 1  m  'tt  c°mmon  Type  of  Hemolymph  Gland  from  Steer.    Peripheral  blood-sinus.    Camera  lucida  drawing.    Leitz  objective  3;  eye- 
piece iNo.il.     Reduced  one-third. 

rpcr,  i  r'-  ?'~j°nirff  the  Varieties  ,,t 'Hemolymph  Gland  from  Sheep.    The  blood-sinuses  form  the  greater  part  of  the  gland;  the  small,  ir- 
M      { i       ,;in513  ol  lymphadenoid  tissue  are  surrounded  on  all  sides  by  blood-sinuses.     Camera  lucida  drawing.     Leitz  obieel  iv,      I     ey, 
ino.  u.    Keduced  one-third. 

Fig.  3.     A  Common  Variety  of  Hemolymph  Gland  from  the  Human  Reir ritoneal  Region.     Peripheral,  communicating,  and  cen- 

i^SmA nusef',.  between  which  he  the  masses  of  lymphadenoid  tissue.    Camera  lucida  drawing.     Leitz  objective  3:  eye-] ,    No.  II.     Re- 

I'I°'  *• — Hemolymph  Nodes  in  Prevertebral  Fat  from  Steer. 
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length  embedded  in  fat.  On  section  those  glands  are 
white  or  pinkish  in  color  with  tine  red  streaks  cor- 
responding to  the  course  of  the  blood  sinuses.  Their 
consistence  is  very  soft,  and  on  section  they  present 
an  almost  homogeneous  surface. 

The  capsule  is  thin  and  eon  I  a  ins  but  little  unstriped 
muscle  and  yellow  elastic  tissue.  Delicate  trabecule 
run  from  it  toward  the  center  of  the  gland.  Beneath 
the  capsule  there  is  a  peripheral  blood  sinus  of  small 
size  which  usually  runs  entirely  around  the  gland, 
and  from  this  there  are  narrow  branching  sinuses 
accompanying  the  trabecules  toward  the  center  of  the 
gland.  All  of  the  sinuses  are  rilled  with  a  coarse 
reticulum  through  the  meshes  of  which  the  blood 
circulates.  Dilated  sinuses  as  in  the  splenolymph 
glands  are  not  present.  The  course  of  the  sinuses  is 
distinctly  shown  by  the  lighter  staining  nuclei  of  the 
reticulum  and  the  presence  of  red  cells.  Lymph 
sinuses  may  also  be  present.  Between  the  sinuses  lies 
the  lymphoid  tissue  arranged  in  irregular  lobules. 
It  is  in  much  greater  amount  than  in  the  case  of  the 
splenolymph  glands.  Throughout  the  lymphoid 
tissue,  near  the  central  portion  of  the  gland,  fat  cells 
are  present,  either  singly  or  in  small  groups.  This 
may  be  regarded  as  one  of  the  most  striking  character- 
istics of  this  type.  Collections  of  cells  resembling 
follicles  are  not  present.  The  reticulum  of  the 
lymphoid  areas  is  more  delicate  and  scanty,  and 
contains  but  little  elastic  tissue.  The  cells  of  the 
lymphoid  areas  present  a  much  more  striking  variety 
of  form  and  staining  properties  than  in  the  spleno- 
lymph glands.  Mononuclear  eosinophils  and  mast- 
cells  are  more  numerous;  and  multinuclear  as  well  as 
large  mononuclear  forms  with  deeply  staining  knobbed 
nuclei  may  be  present.  Giant  cells  resembling  those 
of  the  bone  marrow  are  occasionally  found,  and  in 
certain  pathological  states  of  the  blood  may  be  very 
numerous.  No  nucleated  red  cells  have  been  found 
under  normal  conditions.  Phagocytes  containing 
red  cells,  pigment,  fuchsinophile,  hyaline  bodies,  and 
leucocytes  occur  to  a  less  extent  than  in  the  spleno- 
lymph glands.  Numerous  red  colls  are  found 
scattered  throughout  the  reticulum  of  the  lymphoid 
tissue  suggesting  the  presence  of  smaller  blood  spaces. 

Transition  forms  between  spleno-lymph  and  marrow- 
lymph  glands  are  found,  and  also  between  the  latter  and 
ordinary  lymphatic  glands.  The  various  forms  found 
are  such  as  to  suggest  the  idea  that  hemolymph  glands 
are  not  permanent  structures  in  any  one  form,  but 
possibly  show  a  certain  amount  of  fluctuation.  Thus 
the  blood  sinuses  may  become  increased  in  size  by  a 
decrease  of  the  lymphoid  portion,  while,  on  the  other 
hand,  an  increase  of  lymphocytes  may  occur  at  the 
expense  of  the  blood  sinuses. 

Circulation. — The  exact  mode  of  circulation  in 
the  hemolymph  glands  has  not  yet  been  worked  out. 
It  is  probable  that  the  arteries  entering  the  hilum 
quickly  divide  into  smaller  branches  which,  passing 
toward  the  periphery,  empty  into  the  blood  sinuses 
from  which  the  blood  is  again  gathered  into  veins 
which  pass  out  at  the  hilum  or  obliquely  through  the 
capsule.  The  circulation  in  the  sinuses  is  of  the  type 
known  as  sinusoidal,  only  the  endothelium  separating 
the  blood  from  the  cells  in  the  reticular  meshes.  The 
current  in  these  spaces  must  be  very  slow,  and  a  long 
period  of  time  must  be  required  for  the  complete 
circulation  through  the  intricate  meshes  of  the  re- 
ticulum crossing  the  sinuses.  The  relations  of  the 
lymphatic  and  blood  systems  in  these  glands  are  also 
unknown.  It  is  possible  that,  in  the  human  body  at 
least,  a  mixture  of  blood  and  lymph,  the  so-called 
hemolymph,  may  be  present  in  the  sinuses,  and  that 
direct  communication  between  the  two  systems  occurs 
in  some  of  these  glands. 

Development. — Little  work  has  yet  been  done 
upon  the  development  of  these  structures.  They 
are  found  as  fully  developed  organs  in  the  new-born 
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child,  and   have  been  found  at   an  early  period  in  the 

fetal  calf.  They  are  without  doubt  to  be  regarded 
as  individual  organs  whoso  early  stage  of  develop- 
ment runs  parallel  with  those  of  I  he  lymphatic  glands. 
Their  development  is  also  parallel  with  thai  of  (he 
primitive  fat-organs,  as  is  beautifully  shown  in  the 
posterior  cervical  and  interscapular  regions  of  the 
human  fetus.  The  collection  of  hemolymph  mules 
in  the  posterior  cervical  ami  interscapular  regions 
interpreted  In  Hatai  as  representing  the  hibernat- 
ing gland  of  lower  animals  is  nothing  but  a  group 
of  primitive  fat  organs  and  developing  haemolym]  h 
and     lymphatic    nodes.      Such     formations    occur    in 

the  deep  cervical  tissues  anteriorly,  the  mediastinum 

and  near  the  kidneys  and  adrenals.  Under  certain 
pathological  conditions  it  is  possible  that  hemolymph 
nodes  are  developed  from  ordinary  lymphatic  glands 
or  from  adipose  i  issue  m  compensation  for  the  spleen 
or  bono  marrow. 

Function. — The  hemolymph  glands  are  so  numer- 
ous in  the  steer  and  .shoe])  that  their  function  is  ob- 
viously of  importance.  In  other  animals  and  in  man, 
while  constantly  present,  they  do  not  under  ordinary 
circumstances  attract  attention  through  either  their 
numbers  or  their  size.  The  constant  presence  of 
phagocytes  containing  disintegrating  red  cells  and 
pigment  would  indicate  that  extensive  hemolysis  is 
one  function  carried  on  in  these  structures.  As  before 
mentioned,  the  presence  of  glands  containing  many 
phagocytes  in  their  sinuses  side  by  side  with  those 
whose  sinuses  contain  only  red  cells  would  indicate 
a  cyclical  function;  and  there  are  man}'  other  appear- 
ances to  suggest  this.  Under  normal  conditions  no 
evidence  of  the  formation  of  red  cells  has  been  ob- 
served, unless  the  occasional  presence  of  bone-marrow 
giant  cells  may  be  taken  as  an  indication  of  this 
process.  The  presence  of  these  in  the  sinuses  may, 
however,  be  explained  on  the  assumption  of  giant- 
cell  embolism.  Under  pathological  conditions,  such 
as  anemia  and  leukemia,  the  hemolymph  glands, 
particularly  those  described  as  marrow  glands,  show- 
evidences  of  increased  functional  activity  in  the  hyper- 
plasia of  all  the  glandular  elements  and  the  increased 
number  of  mitoses  in  the  lymphoid  cells.  In  addition 
large  numbers  of  giant  cells  may  be  found  in  the  re- 
ticulum of  the  sinuses  and  in  the  lymphoid  areas, 
evidently  formed  in  the  gland;  also  nucleated  red 
cells,  myelocytes,  etc.,  may  be  present,  so  that  the 
gland  may  come  to  resemble  lymphoid  marrow. 
These  changes  are  not  shared  by  the  other  lymph 
glands  of  the  body.  The  hemolymph  glands  are  also 
to  be  regarded  as  important  centers  of  leucocyte 
formation.  After  splenectomy  or  in  certain  patho- 
logical conditions  of  the  spleen  the  splenolymph  glands 
may  compensate  for  this  organ  through  hyperplasia 
and  increased  hemolytic  activity.  In  short,  the 
hemolymph  glands  normally  possess  a  hemolytic 
function  and  give  rise  to  leucocytes ;  under  pathological 
conditions  they  may  also  become  centers  of  red-coll 
formation.  That  they  possess  some  part  in  the  pro- 
tective functions  of  the  body  is  shown  by  their 
extraordinary  hyperplasia  in  Texas  anrl  East  African 
fevers  in  cattle,  and  in  sleeping  sickness  in  man. 
Hyperplasia  of  the  hemolymph  nodes  is  particularly 
characteristic  of  chronic  protozoal  infection,  as  shown 
by  the  writer. 

Pathology. — The  more  common  pathological  pro- 
cesses, such  as  congestion,  inflammation,  tubercu- 
losis, metastases  of  malignant  tumors,  etc.,  have 
been  found  affecting  these  glands  in  common  with  the 
ordinary  lymphatic  glands.  In  a  limited  group  of 
conditions  such  striking  changes  occur  that  they 
must  be  regarded  as  specific  in  character.  These 
changes  are  confined  entirely  to  cases  showing  more 
or  less  marked  pathological  alterations  of  the  blood. 
Very  few  pathologists  or  anatomists  appear  to  recot;- 
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nize  the  presence  of  hemolymph  nodes.  In  the  ordi- 
nary autopsy  they  usually  are  not  seen  at  all;  and 
unless  the  prosector  has  made  himself  familiar  with 
them  he  is  likely  to  miss  them  entirely.  The  pathol- 
ogy of  these  organs  is  almost  wholly  the  work  of 
the  writer,  who  has  given  nearly  twenty  years  to  the 
study  of  these  organs. 

Anemia. — In  all  of  the  cases  of  anemia  examined 
either  the  splenolymph  or  the  marrow-lymph  glands 
showed  changes  of  greater  or  lesser  extent,  varying 
with  the  nature  and  degree  of  the  anemia. 

Post-hemorrhagic  Anemia. — In  a  case  of  fatal 
anemia  following  repeated  and  prolonged  attacks  of 
epistaxis  the  only  lymph  glands  showing  change  were 
those  of  the  retroperitoneal  region,  particularly  those 
in  the  neighborhood  of  the  solar  plexus.  These  were 
moderately  enlarged,  of  a  pink  color  and  soft  con- 
sistence. On  microscopical  examination  they  pre- 
sented a  structure  resembling  in  the  most  striking 
way  the  lymphoid  marrow.  Throughout  the  re- 
ticulum of  the  sinuses  and  lymphoid  areas  were 
numerous  giant  cells  in  all  respects  resembling  those 
of  the  marrow.  The  findings  admitted  of  but  one 
interpretation:  these  giant  cells  must  have  been 
formed  within  the  gland,  most  probably  from  the 
reticulum  or  the  endothelium  lining  it.  Large  numbers 
of  mononuclear  eosinophiles,  nucleated  red  cells  of 
large  and  small  size,  large  mononuclear  leucocytes 
corresponding  to  myelocytes,  and  all  possible  varie- 
ties of  transitional  forms  were  also  present.  The 
bone  marrow  of  this  case  showed  scattered  areas  of 
lymphoid  marrow,  and  in  both  the  liver  and  spleen 
changes  were  found  suggesting  a  return  to  a  fetal 
mode  of  blood  formation.  Numerous  nucleated  red 
cells  were  present  in  the  blood.  The  remaining  lymph 
glands  showed  only  a  fibroid  hyperplasia. 

Secondary  Cachectic  Anemia. — In  a  large  number  of 
cases  of  cachectic  anemia  both  marrow- and  spleno- 
lymph glands  showed  increased  hemolysis,  but  no  evi- 
dences of  the  formation  of  red  blood  cells  were  present. 

Splenic  Anemia. — In  a  case  of  splenomegaly  with 
severe  anemia,  the  patient  dying  after  splenectomy, 
numerous  minute  nodes  of  lymphoid  tissue  were 
found  scattered  throughout  the  adipose  tissue  of  the 
mesentery  and  retroperitoneal  region.  The  majority 
of  these  possessed  a  small  arteriole  showing  a  much 
thickened  wall;  in  some  cases  the  lumen  was  com- 
pletely obliterated  by  the  proliferation  of  the  intima. 
The  new  tissue  blocking  the  vessel  in  many  cases 
showed  a  hyaline  change,  and  the  concentric  arrange- 
ment in  some  instances  bore  a  strong  resemblance 
to  the  thymus  corpuscle.  In  some  eases  the  hyaline 
tissue  had  undergone  calcification.  This  new  forma- 
tion of  lymphoid  tissue  resembles  very  much  the 
changes  found  in  the  omentum  of  animals  whose 
spleens  had  been  experimentally  removed,  and  is 
probably  to  be  interpreted  as  compensation  for  the 
diseased  spleen.  The  splenolymph  glands  in  this 
case  showed  also  such  changes  that  they  resembled 
splenic  tissue,  both  to  the  naked  eye  and  on  mi- 
croscopical examination,  being  regarded  at  the  autopsy 
as  accessory  spleens. 

Pernicious  Anemia. — In  numerous  cases  of  pernicious 
anemia  examined  the  changes  in  the  hemolymph  glands 
were  so  constant  and  so  marked  that  the  writer  regarded 
them  as  specific  in  nature.  Since  his  original  report 
upon  this  subject  he  has  repeatedly  confirmed  this 
finding  in  cases  of  pernicious  anemia  of  the  hemolytic 
type.  In  the  more  rapidly  progressing  forms  the 
number  of  splenolymph  glands  is  so  great  that  they 
must  be  regarded  either  as  new  formations  or  as 
resting  glands  become  active.  In  one  case  over  sixty 
of  these  glands  were  removed  from  the  cervical, 
thoracic,  and  retroperitoneal  regions;  and  in  another 
over  thirty  from  the  retroperitoneal  region  alone. 
The  glands  are  enlarged  and  darker  in  color,  often  a 
chocolate  brown.  On  microscopical  examination 
the    central    and    communicating   sinuses   are   found 
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almost  filled  with  large  phagocytes  containing  red 
cells  and  pigment.  The  processes  of  hemolysis  are 
increased  to  an  extraordinary  degree,  particularly 
in  the  rapidly  progressing  forms.  The  spleens  in 
these  cases  showed  but  little  evidences  of  hemolysis, 
while  liver  and  kidneys  showed  marked  hemu 
In  all  of  the  cases  there  was  marked  atrophy  of  the  red 
marrow  associated  with  osteoporosis  and  the  forma- 
tion of  cystoid  cavities  filled  with  liquid  fat. 

In  one  case  of  progressive  anemia  extending  over 
three  years,  characterized  by  repeated  severe  atl 
of  epistaxis,  hematemesis,  and  bloody  stools,  the  only 
pathological  changes  of  importance  found  on  autopsy 
were  in  the  retroperitoneal  lymph  glands.  These 
were  enormously  enlarged,  forming  an  almost  con- 
tinuous double  row  on  each  side  of  the  abdominal 
aorta  and  diverging  below  along  the  brim  of  the  pelvis. 
Each  gland  was  three  to  four  centimeters  in  length 
and  one  to  two  centimeters  in  thickness.  They 
were  almost  cylindrical,  somewhat  flattened,  and 
were  dark  red  in  color,  almost  black.  On  section 
the  blood  flowed  freely  from  the  greatly  dilated 
sinuses.  On  microscopical  examination  a  great  hyper- 
plasia of  the  lymphoid  tissue  was  found,  extend- 
ing beyond  the  original  capsule  of  the  gland 
into  the  surrounding  fat  tissue.  The  appearances 
suggested  strongly  the  possibility  of  a  direct  conver- 
sion of  fat  into  lymphoid  tissue.  The  presence  of  blood 
sinuses  proved  these  glands  to  be  hemolymph  glands 
of  the  marrow-lymph  type,  and  the  process  was  inter- 
preted as  a  compensatory  hyperplasia  for  the  bone 
marrow  which  was  atrophic  and  cystoid. 

Aplastic  Anemia. — In  cases  of  aplastic  anemia  with 
bone-marow  exhaust  ion,  as  in  severe  bacteriemia  (acute 
miliary  tuberculosis,  streptococcemia,  etc.),  the  hemo- 
lymph nodes  may  show  myeloid  changes. 

Leukemia. — In  a  case  of  mixed  leukemia  an  enor- 
mous hyperplasia  of  the  marrow-lymph  glands  similar 
to  the  above  was  found.  On  microscopical  examina- 
tion the  blood  sinuses  were  found  filled  with  giant  cells 
which  were  also  scattered  throughout  the  lymphoid 
areas.  Mononuclear  eosinophile  cells,  nucleated  red 
cells,  myelocytes,  and  an  almost  infinite  variety  of 
leucocytes,  especially  well  shown  in  specimens  stained 
with  the  tri-acid  stain,  made  up  the  lymphoid  por- 
tions. The  resemblance  to  lymphoid  marrow  was 
very  close,  as  in  the  case  of  fatal  anemia  following 
epistaxis.  The  other  lymph  glands  showed  but 
slight  enlargement  due  to  the  increased  number  of 
leucoe3rtes  present.  The  bone  marrow  showed  but 
little  lymphoid  increase;  the  spleen  was  greatly  en- 
larged. The  changes  in  the  marrow-lymph  glands 
are  to  be  interpreted  in  this  case  also  as  being  evidence 
of  the  ability  on  the  part  of  these  glands  to  take  up 
the  blood-forming  function  of  the  bone  marrow. 

Chloroma. — In  this  form  of  leukemia  the  pre- 
vertebral hemolymph  nodes  show  ehloromatous 
changes  before  the  ordinary  lymphatic. 

Hodgkin's  Disease. — Myeloid  changes  occur  in  the 
hemolymph  nodes  in  a  certain  number  of  cases  of  this 
affection.  The  changes  characteristic  of  the  disease 
may  be  more  marked  in  the  spleen  and  hemolymph 
nodes  than  in  ordinary  lymphatic  glands. 

Leucocylosis. — In  cases  of  pyemia  showing  marked 
leucocyte  increase  the  hemolymph  glands  exhibit  evi- 
dences of  increased  activity  in  the  cells  of  the  lymph- 
oid areas,  as  shown  by  numerous  mitoses.  The 
mononuclear  eosinophiles  are  also  increased  in  number 
and  nucleated  red  cells  and  giant  cells  may  also  be 
found. 

Pseudomelanosis. — The  hemolymph  nodes  may  be 
found  black  at  autopsy  while  the  ordinary  lymph 
nodes  are  unaffected,  as  in  three  cases  reported  by 
the  writer.  The  change  is  due  to  the  action  of  ITS 
upon  the  blood  pigment  contained  in  the  nodes. 

Acromegaly. — In  one  case  seen  by  the  writer  the 
deep  cervical  tissues  showed  hyperplastic  hemolymph 
nodes. 
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Adiposis  Dolorosa. — New  formation  of  hemolymph 
nodes  has  been  observed  in  the  subcutaneous  fat. 

Chronic  Protozoal  Infections. — Texas  fever,  Eas1 
Coast  fever,  and  sleeping  sickness  are  characterized 
by  a  marked  hyperplasia  of  these  nodes.  The  hy- 
perplasia may  be  lymphoid,  endothelial,  myeloid,  or 
fibroid. 

Experimental  Pathology. — In  animals  whose 
spleens  have  been  removed  the  hemolymph  glands  may 
show  hyperplasia  and  evidences  of  increased  hemo- 
lysis. Ligation  of  the  splenic  vein  will  be  followed 
after  a  year  by  an  extraordinary  new  formation  of 
hemolymph  nodes  throughout  the  mesentery  and 
omentum  in  individual  dogs.  In  poisoning  with  hemo- 
lytic agents  such  as  pyrogallic  acid,  muscarine,  tolu- 
ylenediamine,  etc.,  these  glands  show  greatly  increased 
hemolysis,  the  sinuses  being  packed  with  phagocytes 
containing  red  cells  and  pigment. 

Summary. — By  the  above  cases  it  is  shown  that 
under  pathological  conditions  of  either  the  spleen  or 
bone  marrow,  the  hemolymph  glands  may  assume 
either  a  hemolytic  or  a  hematopoietic  function;  and 
that  in  all  conditions  characterized  by  increased 
hemolysis  the  chief  seat  of  the  blood  destruction  or 
elaboration  of  blood-products  appears  to  be  located 
in  the  sinuses  of  these  organs.  In  chronic  protozoal 
infections  a  marked  hyperplasia  of  hemolymph  nodes 
takes  place  indicating  some  specific  reaction  to  the 
infection.  Aldred  Scott  Warthin. 
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Hemolysis. — Synonyms:  Hemoeytolysis;  Hemato- 
lysis;  Laking  of  blood;  Globulysis;  Erythrocytolysis. 

Although  etymologically  this  term  includes  destruc- 
tion or  solution  of  both  red  and  white  corpuscles,  yet 
by  usage  it  has  come  to  be  applied,  when  used  without 
specification,  only  to  the  erythrocytes.  When  corre- 
sponding changes  of  the  leucocytes  are  considered,  the 
specific  term  leucolysis  or  leucocytolysis  is  generally 
used.  In  this  article  the  term  hemolysis  will  be  used, 
as  above  indicated,  to  apply  only  to  erythrocytolysis. 

In  hemolysis  the  essential  phenomenon  consists  in 
the  escape  of  the  hemoglobin  from  the  stroma  of  the 
corpuscles  into  the  surrounding  fluid.  As  it  is  not 
exactly  known  in  what  way  the  stroma  holds  the  hemo- 
globin normally,  whether  purely  physically  or  in  part 
chemically,  or  whether  the  stroma  consists  of  a 
spongioplasm  or  a  sac-like  membrane,  or  both,  the 
ultimate  processes  that  permit  the  escape  of  the 
hemoglobin  are  not  finally  solved.  However,  the 
agents  by  which  the  escape  is  brought  about  are  well 
known  and  extensively  studied,  and  they  are  found  to 


be  of  extremely  various  natures.  They  may  be 
roughly  classified  as:  (I)  Known  physical  and  chem- 
ical agents;  (2)  unknown  constituents  of  blood  scrum; 
(3)  bacterial  products;  (4)  certain  vegetable  poisons; 
(5)  snake  venoms. 

While  the  known  chemical  and  physical  agencies  in 
the  production  of  hemolysis  have  much  significance 
in  physiology,  and  to  some  extent  in  pathology,  yet 
the  importance  of  the  subject  of  hemolysis  rests 
chiefly  upon  the  work  now  being  done  with  blood 
serums;  and  in  turn  the  chief  importance  of  this  work 
lies  in  its  relation  to  problems  of  bacterial  destruction, 
cell  destruction,  and  the  general  laws  of  cell  suscep- 
tibility and  cell  resistance.  Hence  we  shall  devote 
particular  attention  to  the  subject  of  serum  hemolysis, 
appreciating  that  whether  time  docs  or  does  not  show 
this  work  to  be  of  as  far-reaching  importance  as  is  now 
hoped,  yet  in  any  event  it  will  mark  a  distinct  period 
in  the  history  of  medical  science.  As  being  by  far 
the  simpler,  however,  we  shall  first  discuss: 

(1)  Hemolysis  by  Known  Chemical  and  Physical 
Agencies. — If  distilled  water  is  added  to  corpuscles  of 
any  kind,  osmotic  changes  are  bound  to  occur,  since 
within  the  cells  are  abundant  salts,  soluble  in  water, 
which  will  begin  to  diffuse  outward  in  an  attempt 
to  establish  osmotic  equilibrium  between  the  cor- 
puscles and  the  surrounding  fluid.  Conversely  water 
enters  the  corpuscles  at  the  same  time,  and  ac- 
cumulating there  leads  to  swelling  until  such  injury 
has  been  produced  as  permits  the  hemoglobin  to 
escape  and  enter  the  surrounding  fluid.  Before 
this  occurred  the  fluid  was  opaque  because  of  the 
obstruction  to  light  offered  by  the  red  cells.  The 
stroma  now  settles  to  the  bottom,  while  the  hemo- 
globin diffuses  into  the  fluid,  making  it  red,  but 
perfectly  transparent.  This  process  has  long  been 
known  as  the  "laking"  of  blood,  and  is  essentially 
the  condition  present  in  all  forms  of  hemolysis. 
That  the  hemoglobin  escapes  only  through  injury 
of  the  stroma  and  not  through  simple  osmotic  dif- 
fusion is  shown  by  the  fact  that  if  salt  solution  of 
the  same  concentration  as  normal  serum  is  used  in- 
stead of  distilled  water,  no  such  escape  of  hemoglobin 
occurs.  As  hemoglobin  is  perfectly  soluble  in  the 
salt  solution  it  should  pass  out  if  it  diffused  as  do  the 
salts.  Since  there  is  no  escape  of  hemoglobin  in 
such  a  salt  solution,  it  is  evident  either  that  the  stroma 
is  not  permeable  to  hemoglobin,  or  else  the  hemoglobin 
is  in  some  way  attached  to  or  combined  with  the 
stroma.  Again,  if  the  corpuscles  are  placed  in  a  solu- 
tion of  salt  more  concentrated  than  their  own  fluids, 
water  escapes  and  the  corpuscles  shrink;  as  no  hemo- 
globin escapes  with  the  water  it  is  evident  that  the 
stroma  is  not  permeable  to  hemoglobin  when  intact. 
Therefore  it  would  seem  that  hemolysis  b}'  distilled 
water  may  be  purely  physical,  produced  by  the  cell 
stretching  until  rupture  occurs  and  the  hemoglobin 
escapes  as  from  a  sac,  or  else  it  may  be  that  the  stroma 
is  partly  soluble  in  water  but  not  in  salt  solution,  so 
that  the  distilled  water  dissolves  the  stroma  and  the 
hemoglobin  escapes  from  its  attachment.  Because 
of  the  resemblance  of  the  process  of  hemolysis  to  the 
rupture  of  plant  cells  with  escape  of  their  contents 
when  they  are  placed  in  distilled  water,  it  might  be 
assumed  that  hemolysis  is  largely  a  physical  matter, 
but  there  are  many  indications  that  chemical  changes 
must  be  involved.  For  example,  if  a  red  corpuscle 
in  an  isotonic  solution  is  cut  into  pieces  the  hemoglobin 
does  not  escape,  indicating  that  its  structure  is  quite 
dissimilar  to  that  of  the  simple  vegetable  cell,  and  that 
there  is  some  union  of  stroma  and  of  hemoglobin  other 
than  physical. 

Repeated  alternate  freezing  and  thawing  is  another 
physical  means  of  bringing  on  hemolysis.  Heating  to 
02°  to  64°  C.  causes  hemolysis  of  mammalian  cor- 
puscles; in  cold-blooded  animals  this  seems  to  occur 
at  a  slightly  lower  temperature. 
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Some  chemical  agents,  as  might  be  expected,  are 
capable  of  liberating  hemoglobin,  even  when  the  cor- 
puscles are  in  isotonic  solutions.  The  ordinary  salts 
of  serum,  of  course,  do  nol  have  this  property,  but 
ammonium  sails  are  strongly  hemolytic.  Urea  also 
will  dissolve  red  corpuscles.  The  chemical  agents 
that  dissolve  red  corpuscles  seem  to  be  those  that  have 
tie'  power  of  penetrating  tin-  stroma.  Ammonium 
salts  and  urea  penetrate  the  corpuscles  freely  and 
cause  hemolysis.  Sugar  and  NaCl  seem  not  to  pene- 
trate the  corpuscle,  and  therefore  do  not  produce 
hemolysis.  <  if  t  he  perineal  Lng  substances  there  seem 
to  be  two  types:  One,  like  urea,  does  not  produce 
hemolysis  when  in  a  solution  of  NaCl  isotonic  with  the 
serum;  the  other,  like  ammonium  chloride,  is  not  pre- 
vented from  producing  hemolysis  by  the  presence  of 
NaCl.  All  these  agents  seem  to  effect  hemolysis  by 
acting  on  the  stroma,  for  when  the  stroma  of  corpus- 
cles hard' md  in  formalin  has  its  lecithin  and  cho- 
lesterol removed  with  ether,  saponin,  a  powerful 
hemolytic  substance,  seems  to  have  no  effect .  The 
action  of  saponin  and  of  many  other  hemolytic  agents 
can  be  prevented  by  the  presence  of  cholesterol  in 
excess,  suggesting  that  it  is  this  constituent  of  the 
stroma  that  is  affected.  The  fact  that  chloroform, 
ether,  and  amyl  alcohol  will  cause  hiking  is  probably 
intimately  connected  with  the  fact  that  lecithin  and 
cholesterol,  important  constituents  of  the  stroma,  are 
both  soluble  in  these  substances.  Nearly  all  these 
non-specific  hemolytic  agents  are  more  or  less  inhib- 
ited by  serum,  in  which  action  probably  both  the 
protein  and  cholesterol  take  part.  Arseniureted 
hydrogen  when  inhaled  causes  intravascular  hemolysis, 
and  there  are  many  other  drugs  and  chemicals  with 
the  same  property,  among  which  may  bo  mentioned 
nitrobenzol,  nitroglycerin,  and  the  nitrites,  guaiacol, 
pyrogallol,  acetanilid,  and  numerous  aniline  com- 
pounds. Alcoholic  extracts  of  tissues  are  commonly 
hemolytic,  the  active  constituent  probably  being 
soaps,  which  increase  in  hemolytic  power  in  proportion 
to  the  degree  of  unsaturation  of  their  fatty  acids. 
The  bile  acids  and  their  salts  will  also  produce  hemo- 
lysis, as  seen  in  jaundice.  Sodium  bicarbonate 
solutions  of  one  or  two  per  cent,  are  hemolytic  for 
some  varieties  of  corpuscles,  but  0.1  per  cent.  Na»C03 
and  NaHC03  do  not  cause  hemolysis.  On  the  other 
hand,  AsH3  which  causes  severe  hemolysis  in  the 
living  animal  does  not  have  any  hemolytic  effect 
in  vitro.  This  same  difference  is  exhibited  by  some 
other  poisons,  and  the  hemolysis  with  these  substances 
is  probably  secondary  to  the  tissue  injuries  which 
they  produce;  from  the  injured  tissues  hemolytic 
substances  are  produced. 

Leucocytes  are  dissolved  by  some  of  these  agents, 
particularly  the  bile  salts,  although  they  are  affected 
by  no  means  so  rapidly  or  so  much  as  are  the  erythro- 
cytes. There  seems  to  be  no  relation  between  the 
erythrocytic  and  leucolytic  powers  of  these  substances. 
Water  causes  swelling,  with  solution  of  the  granules  in 
time,  and  the  same  is  true  of  ammonium-chloride 
solutions.  Bacterial  poisons,  especially  those  from 
pyocyaneus  and  diphtheria  bacilli,  have  marked 
leucocytolytic  effects. 

(2)  Hemolysis  by  Serums. — With  these  facts  as  to 
the  physical  and  chemical  properties  of  the  red  corpus- 
cles, we  may  consider  the  features  of  serum  hemolysis. 
Since  a  very  early  time  it  has  been  known  that  it  is'  not 
possible  to  substitute  the  blood  of  animals  for  the  blood 
of  man  by  transfusion,  because  the  corpuscles  of  both 
transfused  and  native  blood  soon  suffer  destruction. 
Animal  experiments  also  showed  that  as  a  general  rule 
the  blood  of  one  animal  cannot  be  substituted  for  that 
of  another  of  a  different  species.  This  observation  was 
not  extended,  however,  until  attention  was  drawn  to 
it  later  by  experimental  investigations  that  may  be 
said  to  have  begun  with  the  observations  of  Belfanti 
and  Carbone.     They  found  that  if  the  red  corpuscles 
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of  a  rabbit  were  injected  into  a  horse  repeatedly,  the 

serum   of  the  horse   became   very   toxic  for  rabbits, 
because  it    caused  dissolution  of  their  red   eorpu 
It    also  developed  that    this  same  hemolytic  property 
was  manifested  when  the  serum  was  added  to  rabbit 
corpuscles  in  a  test-tube.     When  Bordel  showed  the 

similarity  of  this  process  with  the  solution  of  bacteria 
by  serum,  a  process  that  had  already  been  st  udied  in  a 
similar  maimer,  the  phenomenon  of  hemolysis  by 
serum  suddenly  leaped  into  importance,  and  has  now 
ome  t  [me  occupied  the  attention  of  a  large  part  of 
tic  bacteriological  and  pathological  laboratories  of  the 
world.  In  hemolytic  experiments  we  have  a  means  of 
studying  the  property  of  blood  serum  of  destroying 
colls  under  varying  conditions,  which  is  extremely  easy 
to  observe  and  control  as  compared  with  the  less  read- 
ily examined  bacteria  or  tissue  cells.  Whatever  the 
future  may  develop  as  to  their  ultimate  worth,  there 
can  be  no  doubt  that  hemolysis  experiments  have 
given  us  many  new  and  clear  conceptions  of  the  means 
of  defense  of  the  body  against  bacteria,  and  also  of 
changes  in  cells  of  other  sorts,  that  would  not  have 
been  secured  by  any  other  method,  to  say  nothing  of 
so  valuable  a  diagnostic  procedure  as  theWassermann 
reaction. 

The  manner  of  conducting  hemolysis  experiments  is 
usually  about  as  follows:  Blood  corpuscles  of  the  kind 
to  be  tested  are  secured  by  defibrinating  the  freshly 
drawn  blood  in  the  usual  way,  by  whipping.  A  five- 
per-cent.  solution  of  these  corpuscles  is  made  by  adding 
nineteen  parts  of  0.75  per-cent.  NaCl  solution,  which 
is  isotonic  with  them.  This  emulsion  is  placed  in  test- 
tubes,  very  small  ones  by  choice  in  order  to  save 
material,  and  the  serum  that  is  to  be  studied  is  added 
to  it.  It  is  necessary  that  the  tubes  be  cleaned  as  for 
chemical  research  and  sterilized,  and  all  steps  of  the 
experiments  should  be  under  aseptic  precautions  to 
prevent  bacterial  action  affecting  the  experiments. 
As  Jordan  has  shown  that  even  the  degree  of  alkalinity 
possessed  by  some  varieties  of  glassware  when  new 
may  cause  hemolysis,  the  tubes  should  be  cleaned  with 
the  usual  acid  cleaning  fluid.  The  tubes,  stoppered 
with  cotton,  are  kept  at  37°  C,  and  in  the  course  of 
from  fifteen  minutes  to  two  hours  the  hemolysis  will 
be  manifested  by  the  diffusion  of  the  hemoglobin 
upward  into  the  supernatant  fluid,  while  the  turbidity 
produced  by  the  red  corpuscles  disappears.  At  the 
bottom  of  the  test-tube  the  stroma  collects  as  a  slight 
sediment. 

The  Mechanism  of  Hemolysis. — If  a  serum  from  an 
animal  immunized  against  the  red  corpuscles  of 
another  animal  is  allowed  to  act  upon  such  red  cor- 
puscles in  a  test-tube,  hemolysis  occurs  promptly. 
Bordet  showed  that  this  property  was  lost  if  the  serum 
was  heated  half  an  hour  at  55°  C.,  indicating  that  the 
destroying  agent  was  very  sensitive  to  heat.  In 
addition  he  found  that  if  to  such  heated  serum,  de- 
prived of  all  hemolytic  power,  there  was  added  a  small 
amount  of  serum  from  an  animal  that  had  not  been 
immunized  and  which  was  of  itself  inert,  the  combina- 
tion was  quite  as  active  as  the  unheated  immune 
serum.  In  other  words,  there  is  contained  in  normal 
serum  a  substance  easily  destroyed  by  heat,  that  needs 
to  be  present  to  cause  such  specific  hemolysis.  But 
this  thcrmolabile  substance  alone  is  not  able  to  dissolve 
the  red  corpuscles,  as  the  normal  serum  is  found  to  be 
quite  inactive;  it  is  necessary  also  to  have  present 
some  second  substance  that  appears  in  the  serum 
during  the  process  of  immunization.  And  as  heated 
serum  is  also  quite  inactive  it  is  apparent  that  this 
heat-resisting  {thermostable)  substance  is  not  of  itself 
able  to  dissolve  the  corpuscles.  Therefore  evidently 
two  substances  are  needed  to  dissolve  the  corpuscles: 
one,  which  is  easily  destroyed  by  heat  and  which  is 
present  in  normal  serum;  the  other,  which  is  present 
in  sera  of  immunized  animals,  and  which  resists  heat. 
Before  Bordet  had  demonstrated  these  facts  about  the 
red  corpuscles  he  had  found  out  that  the  same  condi- 
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tions  prevailed  in  the  destruction  of  cholera  spirilla 
by  the  serum  of  animals  immunized  against  them — two 

similarly  behaving  bodies  are  required  in  the  solution 
of  the  organisms,  the  so-called  "  Pfeiffer's  reaction." 
Out  of  these  fundamental  observations  have  grown 


chemical  laws  the  substance  that  has  the  greatest 
affinity  will  attract  the  toxin  until  it  is  saturated,  and 
only  on  condition  that  there  are  other  substances  with 
the  same  degree  of  affinity  i<n  the  toxin.     By  ordinary 
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Flos.  3121  and  3122. — Ehrllch's  Diagrams  Illustrating  the  Mechanism  of  Immunity  and  Cytolysis.  1,  2,  and  3  illustrate 
different  forms  of  receptors,  showing  the  necessity  for  agreement  of  the  combining  bodies.  The  figures  in  black  indicate  substances 
with  toxic  action.  4,  5,  and  6  illustrate  the  excessive  production  of  receptors  in  response  to  the  action  of  toxins,  and  their  escape 
from  the  cell;  in  6  they  are  seen  to  combine  with  toxin  outside  the  cell,  preventing  its  union  with  the  cell;  7  shows  the  structure  of  the 
complement  and  intermediary  body  of  bacteriolytic  and  cytolytic  sera;  S  shows  the  amboceptor,  while  attached  to  the  cell,  uniting 
the  complement  to  a  large  molecule. 


the  vast  amount  of  research  on  serums  in  their  relation 
to  immunity,  and  on  them  have  been  based  the  theory 
of  Ehrlich  as  to  the  ultimate  nature  of  the  processes 
of  bacterial  and  cellular  destruction  that  protect  the 
body  from  infection  and  disease,  and  which  perhaps 
play  a  part  even  in  normal  metabolism. 

Ehrlich's  Theory  op  Hemolytic  Processes. — Al- 
though Ehrlich's  ideas  stand  only  as  theories,  and 
nothing  more,  still  the  fact  that  they  have  given  us 
some  sort  of  mental  image  upon  which  to  base  investiga- 
tions of  undoubted  value,  places  them  in  a  certain  posi- 
tion of  permanence.  For  this  reason  we  shall  endeavor 
to  set  them  forth  briefly  in  this  article. 

The  Nature  of  Toxin  and  Antitoxin. — The  funda- 
mental feature  of  Ehrlich's  theory  rests  upon  a  con- 
ception of  the  manner  in  which  a  toxin  attacks  a  cell. 
If  we  consider  a  cell  purely  as  a  mass  of  various  chemi- 
cals, and  a  toxic  material  as  another  chemical  sub- 
stance, either  simple  or  complex,  it  will  be  apparent 
that  the  toxic  substance  will  affect  the  cell  if  there  is 
a  chemical  affinity  between  them.  If  there  is  no 
such  affinity  that  particular  toxic  substance  is  not 
harmful  for  that  particular  cell.  On  the  other  hand, 
if  the  toxic  substance  and  the  cell  do  possess  a  chemical 
affinity  they  will  unite,  and  the  composition  of  the 
cell  will  be  altered.  When  the  uniting  substance  is 
toxic  the  result  of  the  union  is  an  injury  of  some  kind 
to  the  cell.  Undoubtedly  other  substances  may  unite 
with  the  cell  without  injuring  it,  for  example,  food 
supplies. 

If  this  line  of  reasoning  be  carried  still  further,  it  will 
be  readily  seen  that  of  the  many  substances  of  different 
chemical  nature  that  compose  a  cell,  not  all  can  have 


affinity  of  varying  degrees  will  more  than  the  one 
susceptible  substance  unite  with  the  toxin.  We  can 
thus  conceive  of  a  cell  with  one  or  more  constituents 
that  may  become  united  to  any  given  toxin  with 
varying  readiness. 
To  these  cell  com- 
ponents that  com- 
bine with  the  toxin 
the  name  receptor 
has  been  given  by 
Ehrlich,  and  is  gen- 
erally applied.  It 
will  be  readily  seen 
that  if  a  cell  is  af- 
fected by  a  toxin 
that  fact  implies  the 
presence  in  the  cell 
of  a  receptor  for  the 
toxin.  Conversely 
an  absence  of  proper 
receptors  will  ex- 
plain the  lack  of  sus- 
ceptibility of  certain 
other  cells  to  the 
same  toxin.  For 
example,  we  may 
consider  that  some 
animals  are  immune 
to  tetanus  because 
the     cells     of    their 

nervous  systems  contain  no  receptors  that  will  com- 
bine with  the  tetanus  toxin.  To  make  the  analogy  to 
chemical  reactions,  Ehrlich  has  likened  the  receptors 
to  the  various  side  chains  of  organic  compounds. 
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Fig.  3123. — Receptor  of  the  First 
Order  (a),  e,  Haptophore  complex;  6, 
combined  toxin  molecule,  with  hapto- 
phore (c)  and  toxophore  (d)  groups. 
(After  Ehrlich.) 


Hemolysis 
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Figs.  3121  to  3125  represent  in  diagrammatic  form 
the  principles  involved,  in  which  definite  forms  are 
made  to  indicate  chemical  groups,  and  differences  in 
their  configuration  to  indicate  differences  in  chemical 
affinity.  The  protrusions  from  the  cells  indicate  the 
receptors  or  "side  chains"  that  combine  with  outside 
substances.  Each  particular  variety  of  receptor 
combines  with  the  particular  toxin  for  which  it  lias  a 
chemical  affinity,  as  indicated  by  correspondence  of 
configuration.     In   these    diagrams  toxic   bodies   are 


Fig.  3124. — Receptor  of  the  Second  Order  (aggl),  with  hapto- 
phore  (e)  and  zymophore  (d)  groups;  /,  combined  food  molecule 
(After  Ehrlich.) 

always  indicated  in  black  ;  and  the  black  objects  repre- 
sent toxins  which  combine  with  the  particular  recep- 
tors they  tit,  or,  in  other  words,  for  which  they  have  a 
chemical  affinity. 

The  body  known  as  antitoxin  is  evidently  one  that 
has  the  power  of  combining  with  the  toxin,  for  it  has 
been  demonstrated  repeatedly  that  mixtures  of  toxin 
and  antitoxin  in  proper  proportion  that  have  stood 
together  a  short  time  are  quite  inert ;  the  union  seems 
to  be  after  the  nature  of  the  union  of  chemicals.  This 
fact  likens  antitoxin  to  the  receptors  which  have  just 
been  described,  and  in  fact  it  is  considered  that  anti- 
toxin and  receptor  are  identical  substances,  with  the 
difference  that  the  receptor  is  a  part  of  a  cell,  while  the 
antitoxin  exists  free  in  the  serum.  Ehrlich's  explana- 
tion of  the  formation  of  antitoxin  is  as  follows:  When 
the  toxin  combines  with  the  receptors  of  a  cell,  the 
cell  is  deprived  of  these  receptors  for  whatever  use 
they  may  have  under  normal  conditions.  Obeying 
the  laws  of  regeneration  the  cell  replaces  these  lost 
groups  by  new  ones;  indeed  it  replaces  them  in  excess, 
much  as  in  the  healing  of  a  wound  there  is  an  excessive 
formation  of  new  cells.  The  excessive  receptor 
bodies  fall  away  from  the  cell  into  the  serum,  where,  if 
they  meetTwith  any  toxin,  they  will  combine  with  it 
just  as  well  as  if  they  were  still  attached  to  the  cell. 
Of  course  if  the  toxin  is  saturated  with  receptors  while 
in  the  serum,  it  is  devoid  of  any  affinity  for  the  recep- 
tors attached  to  the  cells  and  does  not  harm  the  cells. 
In  this  way  the  cells  are  protected  from  the  toxin. 
So,  when  we  inject  diphtheria  antitoxin  into  the  body 
of  a  patient ,  we  are  merely  introducing  receptors 
from  the  susceptible  cells  of  a  horse.  These  meet 
with  the  molecules  of  diphtheria  toxin  w-hile  it  is 
still  in  the  blood,  and  combining  with  it  there  prevent 
it  attaching  itself  to  any  of  the  cells  of  the  patient,  and 
so  it  is  rendered  incapable  of  causing  harm.  The 
diphtheria  antitoxin  is  not  only  able  to  combine  with 
diphtheria  toxin  which  is  in  the  circulation,  but  if  in 
excess  to  wrest  from  the  cells  toxin  which  may  have 
already  been  combined,  probably  by  the  law  of  mass 
action.  This  always  happens  when  a  case  of  diph- 
theria is  cured  by  antitoxin,  and  the  clinical  evidence 
of  the  "wresting"  process  is  the  sudden  subsidence  of 
the  disease.     It  is  not  so  easy  to  wrest  tetanus  toxin 
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from  the  nervous  tissue  witli  antitoxin,  and  accord- 
ingly tetanus  is  not  often  cured  by  antitoxin  given 
after  characteristic  evidences  of  alterations    in  the 

central  nervous  system  have  appeared. 

One  of  the  strongest  proofs  of  Ehrlich's  conception  of 
antitoxin  and  toxin  is  that  furnished  by  Wassermann's 
experiment.  This  consists  in  permitting  tetanus 
toxin  to  stand  for  some  time  iii  contact  with  nervous 
tissue;  it  will  then  be  found  that  the  fluid  part  has 
lost  all  of  its  toxic  property,  and  further,  that  the 
cellular  portion  which  presumably  contains  the  toxin 
is  also  not  toxic.  This  agrees  fully  with  Ehrlich's 
idea  that  a  toxin  attacks  tin-  cells  that  have  receptors 
for  it,  and  when  so  combined  is  harmless  for  other 
cells.  In  this  case  tin-  nerve  cells  have  combined  with 
the  toxin  just  as  does  antitoxin  and  have  rendered  it 
u liable  to  attack  other  nerve  cells.  Other  tissues  are 
found  to  be  quite  unable  to  fix  tetanus  toxin  in  this 
way.  A  similar  action  has  been  found  by  Flexner 
to  exist  between  nervous  tissue  and  the  specific 
nervous  poison  of  cobra  venom.  The  union  of  toxin 
and  antitoxin  seems  to  be  of  strictly  chemical  nature, 
for  it  follows  the  usual  laws  of  chemical  union,  and  it 
seems  impossible  to  separate  again  the  toxin  and 
antitoxin  after  they  have  combined. 

No.  4,  of  Fig.  3121,  and  No.  5,  of  Fig.  3122,  illustrate 
the  overproduction  of  receptor  groups,  which  are  liber- 
ated and  enter  the  blood  plasma.  No.  6  (Fig.  3122) 
indicates  the  combining  of  the  receptors  with  the  toxin 
molecules,  and  shows  how  incapable  they  now  are  of 
combining  with  the  cell. 

In  the  process  of  immunization,  under  this  concep- 
tion, the  receptors  of  the  cells  are  repeatedly  combined 
with  toxin,  and  the  resulting  reaction  on  the  part  of 
the  cells  causes  the  discharge  of  large  numbers  of  free 
cell  receptors  into  the  blood.  These  receptors  give 
the  serum  whatever  antitoxic  property  it  may  have. 

The  Structure  of  Toxins. — We  have  referred  to  the 
fundamental  conception  of  a  toxic  substance  as  a 
substance  which  by  combining  with  the  receptor  of  a 
cell  injures  the  cell  in  some  way.  It  has  been  devel- 
oped that  toxin  accomplishes  this  injury  by  a  portion 
of  itself  that  is  different  from  the  portion  that  com- 
bines with  the  receptor.     In   other  words,   a  toxin 


Fig.  3125. — Receptor  of  the  Third  Order,  amb.  The  receptor; 
e,  haptophore  (cytophile)  group;  g,  complementophile  group;  K, 
complement,  with  haptophore  (h)  and  zymotoxic  (z)  groups;  /, 
combined  food  molecule.     (After  Ehriich.> 

consists  of  a  substance  that  binds  it  to  the  cell,  and  of 
another  that  causes  the  injury  to  the  cell.  This  may 
be  explained  best  by  describing  the  facts  that  gave 
rise  to  this  idea.  When  a  toxin,  say  tetanus  toxin, 
has  been  kept  for  some  time,  it  is  found  that  its  toxic 
action  decreases  until  relatively  very  large  amounts 
are  required  to  produce  symptoms  of  tetanus  in 
animals.  Such  a  weakened  toxin,  however,  requires 
just  as  much  antitoxin  to  neutralize  its  toxic  action 
as  it  did  while  possessed  of  its  full  strength.  As  the 
antitoxin  is  merely  an  accumulation  of  free  receptors, 
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it  seems  that  the  toxin  during  the  process  of  weakening 
has  lost  none  of  its  power  to  unite  with  receptors,  but 
rather  lias  lost  its  power  to  cause  injury  to  the  cell. 
The  group  that  attaches  itself  to  the  cell  receptor  has 
been  called  by  Ehrlich  the  haptophore  group,  while  the 
group  that  injures  the  cell  is  called  the  toxophore 
group.  Toxins  that  have  become  weakened  while 
still  retaining  their  power  to  combine  with  antitoxin 
are  referred  to  as  toxoids,  and  are  supposed  to  be 
toxins  that  have  lost  the  toxophore  group  but  have 
retained  the  haptophore  group.  In  the  diagrams  of 
Ehrlich  the  fringed  portion  of  the  toxin  figure  repre- 
sents the  toxophore  portion;  the  part  fitting  with  the 
receptor,  the  haptophore. 

It  may  be  mentioned  that  this  degeneration  of 
toxins  into  toxoids  has  practical  application  in  im- 
munization, for  since  toxoids  are  just  as  capable  of 
combining  with  cell  receptors  as  are  toxins,  they  can 
be  used  to  produce  anti-toxin  without  danger  of 
causing  intoxication. 

The  Relation  of  Toxins  to  Hemolysins. — While  the 
above  discussion  of  the  nature  of  toxin  and  antitoxin 
does  not  directly  apply  to  the  subject  of  hemolysis, 
yet  it  is  necessary  to  an  understanding  of  the  principles 
of  cytolytic  phenomena,  since  out  of  this  conception 
of  the  nature  of  immunity  against  toxin  has  come  our 
present  conception  of  the  nature  of  immunity  against 
cells.  Animals  are  immunized  against  foreign  blood 
corpuscles  just  as  they  are  against  bacteria  and  against 
toxins,  by  repeated  injections  of  small  amounts  of 
the  foreign  substance.  Similarly  in  each  case  their 
serum  comes  to  contain  a  substance  capable  of  pro- 
tecting the  animal  against  the  injected  material. 
However,  there  is  one  important  difference  between 
immunity  against  toxin  and  immunity  against  cells, 
whether  these  cells  are  bacteria,  blood  or  tissue  cells 
matters  not.  To  neutralize  a  toxin  it  is  merely  neces- 
sary to  occupy  the  group  of  the  toxin  that  unites  with 
the  cell  receptors,  for  then  the  toxin  cannot  unite  with 
the  cells  to  injure  them;  in  this  harmless  condition  the 
toxin  is  destroyed  or  eliminated.  In  the  case  of  the 
cells,  however,  it  is  necessary  that  they  be  destroyed 
by  the  serum,  and  this  requires  more  than  the  entrance 
into  them  of  some  body  from  the  serum;  they  must  be 
attacked  somewhat  in  the  way  a  toxin  attacks  a  cell. 
In  fact,  a  serum  immunized  against  a  cell  is  really  a 
toxin  for  that  cell,  and  like  the  bacterial  toxins  it 
possesses  two  groups,  one  combining  with  the  cell, 
and  the  other  that  attacks  the  cell.  However,  there 
are  certain  important  differences  between  bacterial 
toxins  and  immune  serums.  It  will  be  remembered 
that  it  was  found  that  both  bacteriolytic  and  hemo- 
lytic serums  lost  the  power  of  producing  their  specific 
effects  of  cell  destruction  when  heated  for  half  an 
hour  at  55°  C,  and  that  they  regained  this  power  in 
full  when  to  them  was  added  some  normal  serum, 
which  alone  was  quite  inactive.  From  this  it  was 
deduced  that  two  substances  enter  into  the  cytolysis: 
one  susceptible  to  heat  and  present  in  normal  serum, 
the  other  more  resistant  to  heat,  and  present  only  in 
immunized  animals.  Comparing  the  cytolytic  serum 
with  the  toxin  we  see  that  the  chief  difference  lies  in 
the  fact  that  one  of  the  cytolytic  bodies  is  present 
normally  in  the  serum,  and  can  be  supplied  quite 
readily  to  make  the  other  body  active.  In  its  sus- 
ceptibility to  injurious  agents  and  in  its  power  to 
destroy  cells  this  thermolabile  substance  resembles  the 
toxophore  group  of  the  toxin.  As  it  has  to  be  added 
to  the  body  that  is  developed  during  immunization 
to  render  the  latter  active,  it  has  been  given  the  name 
of  complement,  indicating  that  it  is  a  complementary 
substance  in  the  reaction.  Another  name  sometimes 
applied  to  the  same  body,  addiment,  is  of  similar 
significance.  On  the  other  hand,  the  body  developed 
in  the  serum  through  the  process  of  immunization, 
is  quite  like  the  haptophore  group  of  the  toxin,  in 
that  it  is  more  resistant  to  injurious  influences,  and,  as 
will  be  shown  later,  is  concerned  in  uniting  the  com- 


plement  to  the  cell  to  be  attacked.     As  it  has  two 

affinities,  one  for  the  cell,  the  other  for  the  comple- 
ment, it  has  been  called  by  Ehrlich  anthoccptur, 
implying  the  double  affinity.  A  receptor,  for  example, 
having  but  one  affinity  may  be  called  a  uniceptor. 
Another  name  commonly  given  to  the  amboceptor  is 
immune  body,  because  it  is  the  specific  substance  that 
confers  immunity;  but,  as  this  or  a  similar  body  may 
be  naturally  present  in  the  serum  of  animals  that  have 
not  been  immunized,  this  name  can  be  used  only  for 
specifically  immunized  animal  serum,  and  the  more; 
general  term,  intermediary  body,  is  used  except  in 
specific  instances. 

The  Mechanism  of  Hemolysis. — Our  understanding 
of  the  phenomena  of  serum  hemolysis  is  therefore  as 
follows:  During  immunization  the  immune  bodies  are 
developed,  which  have  the  property  of  combining  with 
the  red  cells,  attaching  themselves  to  the  receptors  of 
the  corpuscles.  They  combine  on  the  oilier  side  with 
the  complement  that  is  present  normally  in  t  he  serum, 
even  before  immunization,  and  by  so  attaching  it  to 
the  corpuscles  enable  it  to  exert  its  destructive  action. 
This  arrangement  is  indicated  by  No.  7  (Fig.  3122), 
in  which  the  black  fringed  body  represents  the  comple- 
ment, united  by  the  amboceptor  to  the  red  cell  re- 
ceptor. Beside  it  are  shown  free  the  two  constituents 
of  the  hemolysin.  Without  being  attached  in  this  way 
the  complement  is  quite  inert.  That  the  immune 
body  is  attached  to  the  corpuscles  is  shown  by  the 
following  experiment:  If  an  immune  serum  is  heated 
the  complement  is  destroyed,  and  we  have  the  immune 
body  in  an  inactive  condition  in  the  serum.  This  in- 
active serum  is  mixed  with  red  corpuscles,  and  kept 
for  fifteen  minutes  at  45°  C;  the  red  corpuscles  are 
then  separated  by  centrifugalization.  The  super- 
natant fluid  is  removed  and  added  to  other  red  cells. 
If  it  still  contains  intermediary  body  it  should  be  able 
to  dissolve  the  corpuscles  when  fresh  normal  serum, 
containing  complement,  is  added.  As  no  hemolysis 
does  occur  it  appears  that  all  the  intermediary  body 
has  been  taken  out  of  the  serum  by  the  red  corpuscles 
to  which  the  serum  was  first  added.  That  this  is  the 
case  can  be  proved  by  adding  to  these  corpuscles  some 
normal  serum  which  contains  complement,  but  no 
intermediary  body,  for  the  corpuscles  are  now  quickly 
dissolved.  Therefore  all  the  intermediary  body  must 
have  been  united  to  the  red  corpuscles  during  the 
fifteen  minutes'  exposure  at  45°  C.  Another  demon- 
stration of  this  is  made  as  follows:  If  just  enough  red 
corpuscles,  heated  immune  serum,  and  fresh  normal 
serum  are  mixed  at  0°  C.  in  the  proportions  required  to 
saturate  all  the  affinities  and  to  leave  nothing  over, 
on  removing  the  corpuscles  it  will  be  found  that  all 
the  complement  is  in  the  supernatant  fluid,  and  all 
the  intermediary  body  is  attached  to  the  corpuscles. 
This  indicates  that  the  affinity  of  the  intermediary 
body  for  the  receptor  of  the  corpuscle  is  greater  than 
its  affinity  for  the  complement,  and  also  shows  that 
at  0°  C.  the  complement  and  intermediary  body  can 
exist  side  by  side  without  combining. 

The  foregoing  are  the  fundamental  facts  concerning 
the  mechanism  of  hemolysis,  and  the  facts  themselves 
are  generally  accepted.  However,  there  are  those  who 
oppose  the  theory  advanced  by  Ehrlich  in  explanation, 
contesting  it  on  various  grounds.  For  instance,  by 
some  it  has  been  thought  that  the  intermediary  body 
acts  after  the  manner  of  a  mordant,  simply  modifying 
the  cell  so  that  it  absorbs  the  complement,  and  all  the 
features  of  hemolysis  are  considered  manifestations 
of  physical  rather  than  of  chemical  action.  Never- 
theless, at  the  time  of  writing  it  has  been  possible  to 
fit  all  the  facts  that  have  been  developed  into  accord 
with  the  theory,  and  there  is  no  question  that  the 
theory  has  been  of  immense  value  in  giving  a  ground 
from  which  to  proceed  in  new  investigations  of  the 
laws  and  processes  of  immunity.  In  defending  the 
theory,  however,  it  has  been  found  necessary  greatly  to 
amplify  and  modify  the  original  simple  conception 
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stated  in  the  preceding  paragraphs;  and,  as  this 
process  is  still  going  on,  it  will  be  impossible  here  to 
give  a  complete  account  of  all  the  changes  so  made. 
Considering  each  by  itself,  we  shall  make  an  attempt 
to  give  the  chief  facts  concerning  the  two  agents  in 
the  hemolytic  process. 

The  Intermediary  Body. — This  factor  in  the  cyto- 
lytic process  has  had  an  unfortunately  large  number  of 
names  applied  to  it,  leading  to  much  unnecessary 
confusion.  Immune  body  and  amboceptor  have  al- 
ready been  mentioned  and  explained.  French  writers 
often  use  the  term,  substance  sensibilisalrice,  with  the 
view  that  its  action  is  to  prepare  the  corpuscle  for  the 
action  of  the  complement.  Rarely  used  now  are  the 
terms  fixator,  desman,  ami  copula.  In  general  the 
name  "intermediary body"  (German,  Zwischenkorper) 
is  to  be  preferred,  unless  we  are  dealing  with  a  specific 
substance  obtained  by  immunization,  when  the  term 
"immune  body"  may  be  used. 

Its  exact  nature  is  totally  unknown,  for  it  has  not 
been  found  possible  to  isolate  it  from  other  constitu- 
ents of  either  serum  or  blood  corpuscles.  The  fact 
that  it  is  generally  deprived  of  its  action  at  about 
70°  C.  would  suggest  that  it  is  either  a  form  of  protein 
or  is  combined  with  one.  However,  thermolabile 
intermediary  bodies  have  been  described;  like  the 
complement  they  are  destroyed  at  a  lower  tempera- 
ture. The  intermediary  body  does  not  seem  to  de- 
velop an  affinity  for  the  complement  until  it  has  first 
combined  with  the  cell.  Probably  it  unites  with  the 
stroma  rather  than  with  the  hemoglobin,  and  it  may 
produce  some  alterations  in  the  corpuscles  independ- 
ent of  the  complement. 

In  immunization  the  body  is  formed  in  large  quan- 
tities, much  as  is  the  antitoxin.  As  a  rule  the  greater 
the  difference  in  the  nature  of  the  animals  used  the 
greater  the  activity  of  the  resulting  serum.  Rapid 
absorption  of  large  quantities  of  corpuscles  is  also 
desirable,  to  which  end  the  blood  is  usually  diluted 
with  an  equal  quantity  of  0.75  per  cent,  salt  solution 
and  injected  intraperitoneally.  Immunization  with 
either  the  stroma  of  red  cells,  or  laked  blood  free  from 
stroma,  gives  rise  to  hemolj'sins;  but  pure  hemo- 
globin does  not  have  as  marked  an  immunizing  power 
(Ford  and  Halsey).  An  ether-soluble  substance,  in- 
soluble in  acetone  and  hence  resembling  lecithin,  has 
been  extracted  from  erythrocytes,  which  also  has 
immunizing  power  (Bang  and  Forssmann).  Ehrlich 
explains  the  formation  of  the  immune  body  on  the 
same  basis  as  the  antitoxin  formation  is  explained. 
In  its  ordinary  processes  of  nourishment  each  cell  must 
combine  with  protein  molecules  so  large  that  in  com- 
parison with  them  the  toxin  molecules  are  small  in- 
deed. Such  giant  molecules  cannot  be  used  by  the 
cell  as  they  are,  but  are  made  available  by  means  of 
a  ferment-like  process  which  splits  them  up  into 
smaller  fragments.  This  act  is  pictured  as  being 
accomplished  by  a  group  attached  to  the  cell,  which 
has  one  arm  with  affinity  for  the  protein  molecule  and 
another  for  the  ferment  (see  No.  8,  Fig.  3122).  In 
this  way  the  protein  molecule  and  the  ferment  are 
united  in  order  that  the  protein  may  be  acted  upon.  It 
will  be  seen  that  this  is  merely  an  amplification  of  the 
idea  of  the  toxophore  group  of  the  toxin,  which  is 
attached  to  the  cell  by  the  haptophore  group,  in  order 
that  it  may  produce  its  injurious  effects.  In  hemolysis 
the  red  corpuscle  is  considered  in  the  place  of  the  pro- 
tein molecule,  and  in  immunization  against  red  cor- 
puscles we  simply  have  large  quantities  of  such  "side 
chains"  as  have  this  double  affinity  for  corpuscle 
and  ferment,  cast  off  in  numbers  into  the  plasma. 
These  side  chains,  then,  are  the  intermediary  bodies, 
which  by  the  nature  of  their  affinities  are  able  to  unite 
the  complement  to  the  red  corpuscles  and  to  accom- 
plish their  destruction.  It  has  not  yet  been  deter- 
mined in  just  what  cells  or  tissues  the  hemolytic  am- 
boceptors are  formed,  but  it  is  known  that  they  are 
not  formed  in  the  blood  itself  (Hektoen  and  Carlson). 
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Normal  serum  may  contain  bodies  with  the  same 
properties  as  the  immune  bodies,  lor  example,  dog 
serum  has  normally  considerable  hemolytic  adieu  on 
guinea-pig  corpuscles,  and  human  Berum  on  rabbit 

corpuscles.  That  this  is  due  to  the  action  of  a  true 
intermediary  body  is  shown  by  Hie  fact  that  when  the 
scrum  is  heated  and  tin-  dog  complement  is  destroyed, 
normal  guinea-pig  serum  when  added  will  furnish 
complement  and  hemolysis  will  occur.  This  also 
indicates  that  one  particular  intermediary  body  may 
unite  with  more  than  one  sort  of  complement,  for  in 
this  instance  guinea-pig  complement  has  taken  the 
place  of  dog  complein*  nl,  and  has  united  with  ambo- 
ceptors from  dog  serum.  So  far  as  we  know,  all  varie- 
ties of  animals  may  produce  hemolytic  amboceptors. 
Noguchi  has  demonstrated  their  presence,  both 
normally  and  after  immunization,  in  both  vertebrates 
and  invertebrates. 

It  is  to  the  immune  body  that  the  specific  action  of 
immune  sera  is  due.  This  may  be  shown  by  placing 
both  chicken  and  guinea-pig  corpuscles  in  a  drop  of 
serum  from  a  rabbit  immunized  against  chicken  cor- 
puscles. The  nucleated  corpuscles  of  the  chicken  can 
be  readily  distinguished  from  the  corpuscles  of  the 
guinea-pig,  and  it  will  be  found  that  they  undergo 
hemolysis,  while  the  guinea-pig  corpuscles  do  not.  It 
may  also  be  mentioned  that  in  this  process  the  nuclei 
of  the  corpuscles  are  not  dissolved,  only  the  cyto- 
plasm containing  the  hemoglobin  being  noticeably 
affected. 

On  the  other  hand,  it  is  possible  for  a  serum  to 
contain  at  the  same  time  a  large  variety  of  hemolytic 
amboceptors.  These  may  be  present  normally,  in 
which  case  the  serum  has  the  power  to  dissolve  many 
varieties  of  corpuscles;  or  the  same  effect  may  be 
obtained  by  immunizing  the  animal  with  several 
varieties  of  blood  at  the  same  time.  It  has  been  shown 
that  here  we  have  not  one  amboceptor  capable  of  unit- 
ing with  all  the  varieties  of  corpuscle,  but  rather  there 
is  a  special  amboceptor  for  each  variety.  If  one  is 
removed  by  saturating  with,  one  sort  of  red  corpuscle, 
the  serum  can  still  dissolve  all  the  other  sorts. 

Another  interesting  feature  of  the  immune  body  is 
that  animals  may  be  able  to  produce  a  body  hemolytic 
for  other  individuals  of  their  own  species;  for  example, 
a  goat  immunized  against  the  corpuscles  of  another 
goat  may  have  its  serum  become  hemolytic  for  the 
corpuscles  of  that  particular  goat.  Such  a  lysin  is 
called  isolysin,  as  contrasted  with  the  heterolysins 
formed  when  animals  of  different  species  are  used. 
Of  great  importance  is  the  fact  that  an  autolysin,  that 
is,  a  body  causing  hemolysis  of  the  corpuscles  of  the 
animal  providing  the  serum,  cannot  be  readily  ob- 
tained, although  many  experiments  have  been  made 
to  this  end.  It  can  be  readily  understood  what  serious 
results  would  promptly  arise  if  such  autolytic  bodies 
were  formed,  and  it  has  naturally  been  suggested  that 
such  a  condition  may  exist  in  certain  instances  of  auto- 
intoxication. In  various  diseases,  moreover,  Eisen- 
berg  found  that  isoagglutinins  were  present  in  very 
variable  quantities,  yet  there  were  no  instances  in 
wdiich  the  individual's  serum  was  hemolytic  for  his 
own  blood. 

In  paroxysmal  hemoglobinuria,  according  to  Donath 
and  Landsteiner  and  others,  the  blood  does  contain 
an  autohemolysin  which  will  act  upon  the  individual's 
own  corpuscles  and  sensitize  them  for  his  own  comple- 
ment. This  autohemolysin  can  react  with  the  cor- 
puscles only  at  low  temperature,  such  as  may  be  fur- 
nished in  the  peripheral  vessels  by  exposure  to  cold, 
and  the  complements  unite  when  the  temperature  of 
the  sensitized  corpuscles  reaches  37°  in  other  parts 
of  the  body.  In  susceptible  persons  attacks  may  be 
brought  on  by  holding  the  hands  in  cold  water,  and 
their  serum  will  sensitize  human  corpuscles  in  citro 
at  low  temperatures. 

The  time  required  for  the  development  of  immune 
bodies  varies  greatly,  as  also  does  the  time  of  per- 
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sistence  after  immunizing  injections  are  stopped.  In 
some  instances  hemolysins  may  be  found  as  soon  as  a 
day  after  injection  of  corpuscles  for  the  first  time,  and 
they  are  usually  present  in  a  week.  In  certain  experi- 
ments of  Ehrlich  the  time  when  maximum  activity 
of  the  serum  was  reached  varied  from  seven  to  fifteen 
days. 

Bordet  and  other  French  observers  have  claimed  that 
the  union  between  amboceptor  and  corpuscle  is  not 
chemical  but  purely  physical,  but  this  contention  is 
not  accepted  by  Ehrlich  and  his  followers.  Ehrlich 
illustrates  the  resemblance  of  the  reactions  of  inter- 
mediary bodies  to  known  chemical  substances  by  a 
comparison  with  diazo-benzaldehyde.  By  means  of 
the  diazo  group  the  benzene  radical  may  be  united  to 
one  set  of  substances,  such  as  phenols,  aromatic  amines, 
etc.,  while  by  the  aldehyde  group  a  different  set  of 
substances  can  be  combined,  including  ammonia 
radicals  and  HCN.  Thus  by  having  the  diazo-ben- 
zaldehyde as  an  intermediary  body,  phenol  and  HCN 
can  be  united,  the  phenol  in  this  case  assuming  the 
place  of  the  red  corpuscle,  and  the  HCN  the  place  of 
the  complement.  In  any  event  it  seems  certain  that 
the  union  of  the  immune  body  is  with  the  stroma 
alone,  and  as  physical  means  have  been  found  in- 
adequate to  cause  the  liberation  of  the  hemoglobin 
it  is  apparent  that  some  chemical  change  results. 

Of  the  two  combining  portions  of  the  amboceptor, 
the  one  that  has  an  affinity  for  the  complement  is 
referred  to  as  the  complemenlophile  group,  while  the 
one  that  unites  with  the  cell  is  called  the  cytophile; 
or,  in  the  case  of  hemolysis,  as  the  hemophile  or 
hemotrophic  group.  It  seems  probable  that  there 
are  also  intermediary  bodies  that  have  several 
combining  groups,  and  are  therefore  not  ambo- 
ceptors, but  triceptors,  quadriceptors,  etc. 

By  those  who  consider  phagocytosis  of  particular 
importance  in  all  processes  of  immunity,  the  observa- 
tions of  Savtchenko,  that  immune  serum  causes  the 
phagocytes  to  engulf  corpuscles  with  great  readiness, 
is  esteemed  of  much  significance.  This  increased 
phagocytosis  is  manifested  by  leucocytes  either  in  the 
body  or  in  the  test-tube,  and  may  explain,  at  least  in 
part,  the  increased  phagocytosis  observed  in  many 
diseases.  It  seems  to  be  due,  according  to  the  obser- 
vations of  Hektoen,  to  an  accumulation  of  specific 
opsonins  in  the  blood ;  opsonins  being  those  substances 
which  render  bacteria,  corpuscles,  and  other  cells 
susceptible  to  phagocytosis;  they  seem  to  be  quite 
different  from  the  other  immune  bodies. 

Immune  bodies  are  capable  of  transmission  only 
in  small  amounts  from  mother  to  fetus,  although 
there  is  no  transmission  from  the  male  parent. 
A  rabbit  immunized  before  or  during  pregnancy  to 
certain  corpuscles  may  give  birth  to  young  possessing 
similar  immune  bodies,  and  it  is  possible  for  immune 
bodies  to  be  transmitted  by  the  milk,  especially  in  the 
colostrum.  Normally  existing  hemolytic  and  agglu- 
tinating properties  may  be  transmitted  from  mother 
to  fetus,  but  they  do  not  necessarily  agree  in  propor- 
tion in  the  blood  of  each;  they  are  usually  less  in  the 
fetus. 

Complement. — Because  of  its  property  of  causing  so- 
lution phenomena  in  cells,  whether  corpuscles  or  other 
kinds,  complement  is  generally  considered  as  of  the 
nature  of  a  ferment,  and  this  is  supported  by  its  sus- 
ceptibility to  heat,  which  is  much  the  same  as  that  of 
the  known  proteolytic  enzymes;  also  it  is  largely 
held  back  by  Berkefeld  filters,  and  is  destroyed  by 
vigorous  shaking.  Many  chemical  agents,  such  as 
ten  per  cent.  HC1,  also  destroy  complements.  Fur- 
thermore Delezenne  has  shown  that  the  union  of 
trypsinogen  and  enterokinase  in  the  intestine,  that 
results  in  the  production  of  the  active  proteolytic 
ferment  trypsin,  is  of  exactly  similar  nature  to  the 
union  of  complement  and  immune  body.  On  the 
other  hand,  after  hemolysis  of  red  corpuscles  no  bodies 
are  constantly  found  that  agree  with  those  produced 


by  either  tryptic  or  peptic  digestion,  and  tin-  stroma 
is  not  ordinarily  dissolved,  but  is  deposited  at  the 
bottom  of  the  test-tube  as  a  sediment,  still  retaining 
some  of  its  original  form.  In  solution  of  red  corpus- 
cles by  the  known  proteolytic  enzymes  the  hemoglobin 
is  attacked  and  much  altered,  while  it  is  unaffected 
iii  serum  hemolysis.  Again,  the  hemolysin  differs 
from  a  ferment,  in  that  definite  quantities  of  com- 
plement dissolve  definite  quantities  of  corpuscles, 
and  do  not  have  unlimited  action  as  do  the  ferments; 
therefore  it  would  seem  that  the  complement  enters 
into  combination  in  the  reaction  in  a  way  that  fer- 
ments do  not  r|n.  Certain  compounds  of  soaps  and 
proteins  behave  much  as  complement  does,  but  it 
is  probable  that  these  do  not  correspond  to  true 
complement  as  concerned  in  immunity  reactions. 
Some  authors  hold  that  the  hemolytic  complement 
may  behave  like  a  lipase,  acting  on  the  lipoids  of  tin- 
corpuscles  (Jobling).  Lecithin  may  behave  much 
like  complement  with  certain  hemolytic  agents, 
particularly  cobra  venom,  but  there  is  much  doubt 
as  to  the  justification  of  considering  it  a  true  com- 
plement (endocomplement). 

The  origin  of  the  complement  is  unsettled,  al- 
though there  is  much  reason  to  believe  that  the  leu- 
cocytes are  one  source,  and  perhaps  the  chief  one. 
The  complement  content  of  peritoneal  fluid  seems  to 
be  increased  if  many  leucocytes  undergo  dissolution 
in  it,  and  this  fact  was  the  basis  of  the  idea  of  a 
bactericidal  substance,  alexin  (Buchner),  that  the 
leucocytes  secreted.  Ehrlich  seems  to  have  demon- 
strated that  this  alexin  is  the  same  as  the  immune 
body  and  complement,  and  not  a  single  substance 
that  by  itself  destroys  bacteria.  Aseptic  inflam- 
matory reactions  have  been  found  to  increase  both 
the  bacteriolytic  and  hemolytic  complement  of 
the  blood,  although  it  cannot  be  demonstrated  that 
the  exuded  leucocytes  are  rich  in  complement.  It 
has  also  been  found  that  the  complement  content 
of  the  blood  in  disease  varies  often  in  direct  ratio  to 
the  amount  of  leucocytosis.  Removal  of  the  spleen 
does  not  prevent  either  the  presence  of  complement 
or  the  formation  of  immune  bodies  in  experimental 
animals  (Levin).  Complement  is  present  in  the. 
serum  of  cold-blooded  animals. 

Undoubtedly  there  is  more  than  one  sort  of  com- 
plement, although  at  first  Ehrlich  thought  that  the 
complement  was  one  and  the  same  for  all  cytolytic 
processes.  In  some  sera  saturation  of  all  the  comple- 
ment possible  with  one  variety  of  amboceptor  still 
leaves  the  serum  containing  complement  that  can 
dissolve  corpuscles  when  the  proper  amboceptors 
are  supplied.  Again,  .serums  have  been  found  to 
possess  complements  with  varying  resistance  to  heat, 
some  being  indeed  quite  thermostable.  In  one  serum, 
for  example,  immunized  against  a  mixture  of  swine, 
sheep,  and  ox  blood,  Wendelstadt  found  that  the  com- 
plement for  swine  blood  was  more  resistant  to  heat 
than  that  for  ox  or  sheep  blood,  while  the  latter 
resisted  HC1  more.  Normal  horse  serum  was  shown 
by  Ehrlich  to  contain  two  complements;  one  specific 
for  rabbit  corpuscles,  the  other  for  guinea-pig  cor- 
puscles, which  could  be  separated  by  filtering  through 
a  Pukall  filter,  as  the  guinea-pig  complement  alone 
passed  through.  This  variability  in  filtration  of 
complement  indicates  that  the  size  or  consistence  of 
the  molecules  is  not  dissimilar  to  that  of  the  enzymes, 
which  are  also  variously  held  back  by  filters.  Some 
complements  have  been  found  to  diffuse  through 
animal  membranes,  while  others  do  not.  It  there- 
fore seems  that  complement  is  not,  as  was  at  one 
time  believed,  a  single,  non-specific  substance,  but 
complements  may  be  as  numerous  and  as  various  as 
the  intermediary  bodies.  However,  one  thing  seems 
proved,  namely,  that  the  complement  is  not  developed 
through  the  process  of  immunization,  but  is  a  con- 
stant constituent  of  the  normal  serum,  although 
greatly  fluctuating  in  quantity.     In  immune  serum, 
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as  a  rule,  the  amount  of  complement  is  inadequate  to 
saturate  the  immune  bodies  present.  As  before 
mentioned,  this  deficiency  may  be  met  by  adding 
serum  from  animals  not  immunized — serum  which 
contains  complement.  As  a  rule  the  normal  serum 
should  be  from  an  animal  of  the  same  species  as  the 
immune  animal,  but  it  is  a  remarkable  fact  that  a 
proper  complement  may  be  obtained  for  immune 
serum  of  one  animal  from  an  animal  of  an  entirely 
different  species.  For  example,  serum  of  a  dog 
immunized  against  the  corpuscles  of  a  guinea-pig, 
after  being  rendered  inactive  by  having  its  comple- 
ment destroyed  by  heat,  may  be  again  activated  by 
addition  of  uormal  guinea-pig  serum;  that  is,  the 
guinea-pig  complement  will  unite  with  the  dog 
immune  body  as  well  as  will  the  complement  from 
the  dog. 

There  are  two  groups  in  complement:  one  of  which 
is  united  to  the  immune  body,  therefore  a  hapto- 
phore  group,  and  another  that  acts  upon  the  cell  to 
which  it  is  anchored,  and  called  the  zi/moloxic  group. 
This  latter  is  analogous  to  the  toxophore  group  of  a 
toxin.  As  a  matter  of  fact  a  complement  is  a  toxin 
for  the  cell  it  may  attack.  As  might  be  expected, 
therefore,  just  as  toxoids  are  formed  by  degeneration 
of  the  toxophore  group  of  the  toxin,  so  also  com- 
plementoids  are  formed  by  the  degeneration  of  the 
zymotoxic  group  of  the  complement.  It  is  generally 
stated  that  if  serum  containing  complement  be  so 
treated  as  to  separate  the  globulins  from  the  albumin, 
it  is  found  that  the  complement  has  been  divided  into 
two  parts,  one  presentin  each  of  the  protein  fractions. 
The  globulin  fraction  of  the  complement  will  unite  to 
amboceptor  which  is  fixed  to  cells,  and  hence  is  called 
the  mid-piece  of  the  complement,  for  it  will  unite  also 
with  the  end-piece  of  the  complement  contained  in  the 
albumin  fraction,  and  then  cytolysis  can  take  place. 
Without  the  intervention  of  the  globulin  mid-piece 
the  albumin  end-piece  cannot  unite  with  the  ambocep- 
tor, while  in  the  absence  of  end-piece  the  amboceptor 
mid-piece  complex  can  cause  no  cytolysis.  Both  frac- 
tions of  the  complement  are  destroyed  by  heat,  but  if 
the  mid-piece  is  bound  to  the  amboceptor  it  resists 
heating.  The  mid-piece  corresponds  to  Ehrlich's 
haptophore,  the  end-piece  to  the  toxophore  group, 
and  this  complex  structure  is  common  to  both  bacteri- 
olytic and  hemolytic  complement.  Bronfenbrenner 
and  Noguchi,  however,  contend  that  the  supposed 
cleavage  of  complement  is  merely  an  inactivation  by 
the  agencies  employed,  all  the  complement  being  in 
the  albumin  fraction  in  a  condition  capable  of  reacti- 
vation, not  only  by  globulin  but  by  simple  ampho- 
teric substances. 

As  before  mentioned,  the  affinity  between  com- 
plement and  intermediary  body  is  less  than  between 
intermediary  body  and  cell  receptor,  therefore  the 
latter  union  occurs  first.  If  the  amount  of  inter- 
mediary body  is  largely  in  excess  of  the  amount  of 
complement  the  hemolysis  is  greatly  interfered  with, 
because  the  excessive  intermediary  bodies  unite 
with  the  complement;  and  as  the  cell  receptors 
have  all  been  at  once  occupied  by  intermediary  bodies, 
the  complement  cannot  become  attached  to  the  cell, 
since  intermediary  bodies  do  not  unite  with  each  other. 
This  blocking  off  is  referred  to  as  deviation  of  tin' 
complement,  a  term  often  incorrectly  applied  to  the 
reaction  of  fixation  of  complement,  as  exemplified 
in  the  Wassermann  reaction,  which  will  be  found 
discussed  in  another  place. 

Regeneration  of  complement  after  it  has  been  ex- 
hausted takes  place  in  a  short  time.  In  rabbits  whose 
serum  was  deprived  of  complement  by  injecting  goat 
corpuscles  until  the  complement  had  all  been  absorbed 
by  them,  it  was  found  that  complete  regeneration  may 
take  place  in  from  two  to  four  hours. 

Although  the  complement  is  the  normal,  constantly 
present  constituent  of  the  blood  that  probably  pro- 
tects the  body   against  bacteria  and  other  injurious 
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agents,  yet  it  is  also  capable  of  being  harmful  to  the 
cells  of  its  own  creator.  Snake  venoms,  for  example, 
seem  to  owe  their  poisonous  properties  to  the  presence 
of  large  numbers  of  amboceptors  of  various  sorts, 
and  therefore  to  produce  their  violently  injurious 
effects  they  require  the  action  of  complement,  whi<  h 
is  furnished  by  the  poisoned  individual  for  his  own 
destruction.  It  is  probable  that  Here  are  other  con- 
ditions in  which  the  complement  is  an  agent  of  harm 
rather  than  of  protection.  In  anaphylaxis,  for  exam- 
ple, thepoisonous  agent  may  be  formed  from  the 
foreign   proteins  by  action  of  complement. 

The  amount  of  complement  in  the  serum  of  an  indi- 
vidual varies  in  health,  and  even  more  so  in  disease. 
In  phosphorus  poisoning  the  power  of  the  serum  of  the 
rabbit  to  destroy  guinea-pig  corpuscles  is  lost,  because 
the  corresponding  complemeni  is  absent.  Longcope 
claims  that  complement  for  typhoid  and  colon  bacilli 
is  decreased  in  many  chronic  diseases,  which  may  ac- 
count for  terminal  septicemia.  Alcoholism  is  also 
said  to  reduce  the  complement  of  the  blood  of  animals. 
Undoubtedly  the  fluctuation  of  complement  content  of 
the  blood  is  an  important  factor  in  determining  sus- 
ceptibility to  infection. 

An  indication  of  how  purely  chemical  is  the  union 
between  the  various  substances  implicated  in  hemol- 
is  the  observation  by  Hektoen  that  ions  of  Ca, 
Sr,  Ba,  and  SO4  combine  in  such  a  way  with  comple- 
ment that  it  is  unable  to  unite  with  the  immune  body, 
and  thus  they  prevent  hemolysis.  These  inorganic 
substances  seem  to  saturate  the  affinity  of  the  hapto- 
phore group  of  the  complement  in  the  same  way  that 
amboceptors  do. 

Antihi  molysin. — Just  as  an  antitoxin  can  be  pro- 
duced by  immunizing  cells  against  the  toxins  that 
injure  them,  so  by  immunizing  the  blood  corpuscles 
against  hemolytic  serum  an  antihemolytic  serum  can 
be  obtained.  If  heated  serum  is  used  in  immunizing, 
an  anti-immune  body  is  obtained,  that  acts  by  com- 
bining with  the  cytophile  group  of  the  intermediary 
body  and  thus  preventing  the  intermediary  body  and 
the  corpuscles  from  uniting.  If  there  are  several 
intermediary  bodies  in  the  injected  serum,  antibodies 
may  be  obtained  that  are  specific  for  each.  These 
antibodies  seem  to  be  the  receptors  of  the  red  cells 
that  unite  with  the  intermediary  body  in  producing 
hemolysis. 

By  immunizing  against  normal  serum,  whether 
heated  or  not,  anticomplement  is  obtained  which  also 
is  specific.  Ehrlich  has  shown  that  this  anticomple- 
ment acts  by  combining  with  the  haptophore  group, 
thus  preventing  the  complement  from  being  anchored 
to  the  cell  by  the  intermediary  body.  Such  anti- 
complement  does  not  unite  at  all  with  the  inter- 
median-  body,  which  remains  in  a  condition  capable 
of  taking  up  fresh  complement  if  it  is  provided. 
Again,  resembling  the  production  of  antitoxin  with 
toxoids,  anticomplement  can  be  obtained  by  immu- 
nizing with  complementoid. 

Not  only  can  antiheterolysins  be  obtained,  but  also 
antiisolysins,  if  serum  hemolytic  for  blood  of  an 
homologous  animal  be  used  in  immunizing.  Since 
during  normal  conditions  of  life  red  corpuscles  are 
continually  undergoing  dissolution,  it  may  be  that  in 
every  bod3r  there  really  develop  autolysins,  which  are 
prevented  from  causing  extensive  destruction  of  the 
corpuscles  by  the  production  of  antiautolysin.  Bes- 
redka  seems  to  have  demonstrated  the  presence  of 
such  antibodies  in  normal  serum,  and  suggests  that 
such  self-immunization  may  be  an  important  process 
in  protection  of  the  body.  In  this  connection  it  may 
be  mentioned  that  there  seem  to  be  antiferments 
normally  present  in  the  blood  that  are  perhaps  of 
importance  in  preventing  self-digestion  of  the  tissues 
during  life  by  the  ferments  of  the  body  itself. 

Agglutination  in  Relation  to  Hemolysis. — The  well- 
known  agglutinating  reactions  of  bacteria  can  be  dupli- 
cated with  red  corpuscles.     As  with  bacterial  agglu- 
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tinins  the  agglutinin  seems  to  be,  in  Ebrlich'a  terms,  a 
uniceptor;  thai  is,  il  has  but  one  group  with  affinity 
for  other  substances,  as  is  the  case  with  the  toxins. 
Agglutinins  for  corpuscles  are  found  to  varying  extent 
in  normal  serum,  as  well  as  in  serums  specifically 
immunized  against  the  corpuscles.  Heating  at  .55°  C. 
does  not  destroy  the  agglutinin,  and  in  this  way  the 
agglutination  can  be  observed  independently  of  the 
hemolytic  processes.  Agglutination  also  occurs  at 
temperatures  approaching  freezing,  when  hemolysis 
is  inhibited.  Agglutinated  red  corpuscles  collect  in 
rouleaux  and  clumps  that  unite  with  considerable 
tenacity,  so  that  ordinary  shaking  will  not  break  them 
up.  In  hemolytic  immune  serum  this  agglutination 
precedes  the  hemolysis,  but  the  two  processes  are 
quite  unrelated.  Normal  serum  may  contain  agglu- 
tinins and  not  be  at  all  hemolytic,  and  the  converse 
is  also  true.  The  mechanism  of  agglutination  is  not 
understood,  but  it.  is  suggested  that  some  chemical 
change  in  the  substance  of  the  corpuscle  renders  the 
surface  adhesive,  or  that  some  physical  change  in 
surface  tension  accounts  for  the  coaptation  and  ad- 
hesion of  the  corpuscles.  As  agglutination  occurs  in 
corpuscles  that  have  been  fixed  in  formalin  or  sub- 
limate, it  is  probably  not  the  protein  of  the  corpuscle 
that  is  affected,  but  the  other  ingredients  of  the 
stroma,  of  which  lecithins  and  cholesterol  seem  to  be 
the  chief.  Flexner  and  Noguchi  found  that  if  ricin, 
an  agglutinator,  was  allowed  to  act  for  two  or  more 
hours  it  is  still  possible  then  to  produce  hemolysis  by 
serpent  venom,  but  the  stroma  remains  at  the  bottom 
as  a  white,  conglutinated  mass.  From  this  it  appears 
that  agglutination  brings  about  a  kind  of  coagulation 
of  the  stroma.  Bergel  believes  that  hemagglutin- 
ation is  produced  by  a  serum  lipase,  which  alters  the 
lipoid  membranes  of  the  corpuscles. 

Agglutination  of  the  corpuscles  during  life  may  be  of 
some  pathological  importance,  for  such  masses  of 
agglutinated  corpuscles  could  readily  produce  capil- 
lary thrombi  and  emboli,  which,  if  widespread,  might 
create  much  disturbance.  Many  bacteria  produce 
substances  that  are  agglutinative  for  human  red 
corpuscles,  among  them  being  typhoid,  pyocyaneus, 
and  staphylococcus.  Flexner  has  found  in  typhoid 
fever  thrombi  that  seemed  to  be  composed  of  agglu- 
tinated red  corpuscles,  almost  free  from  fibrin  and 
leucocytes.  Probably  many  of  the  so-called  "hyaline 
thrombi"  found  frequently  in  infectious  diseases  are 
really  composed  of  agglutinated,  partly  hemolyzed 
red  corpuscles.  Pearce  has  found  that  agglutinative 
serum  when  injected  into  dogs  causes  widespread 
necrosis  of  the  liver.  The  serum  of  one  individual 
may  agglutinate  the  corpuscles  of  another  (isoagglu- 
tination)  which  is  of  great  practical  importance  in  the 
operation  of  transfusion  of  blood.  Autoagglutination 
of  a  person's  own  corpuscles  may  also  occur,  especially 
when  the  blood  is  chilled  in  persons  suffering  from 
paroxysmal  hemoglobinuria. 

Agglutination  is  also  produced  by  certain  vegetable 
poisons,  including  ricin,  abrin,  and  crotin,  and  these 
have  been  found  to  produce  thrombi  of  agglutinated 
red  corpuscles.  Of  these  substances  ricin  alone, 
although  strongly  agglutinative,  has  no  hemolytic 
action,  showing  the  independence  of  the  two  processes. 
Snake  venom,  like  most  hemolytic  substances, 
produces  marked  agglutination,  and  here  also  the 
agglutinin  is  distinct  from  the  hemolysin.  The  seeds 
of  many  non-poisonous  leguminous  plants,  and  also 
of  the  Solonacem,  yield  strongly  hemagglutinative 
extracts.  Silicic  acid  and  certain  other  colloids  may 
act  as  agglutinins. 

1 3)  Hemolysis  by  Bacteria. — Both  pathogenic  and 
non-pathogenic  bacteria  produce  hemolytic  sub- 
stances that  are  excreted  into  the  fluids  in  which 
they  grow.  During  many  infectious  diseases  marked 
hemolysis  occurs,  especially  in  those  with  septi- 
cemia.     After    death    the   hemoglobin   of   the  blood 


goes  into  solution,  and  the  resulting  staining  of 
the  walls  of  the  blood-vessels,  and  later  of  the  tissues 
everywhere,  is  generally  familiar.  In  the  postmortem 
hemolysis  probably  the  putrefactive  organisms  are 
chiefly  concerned,  although  it  is  marked  a  very  short 

I  imc  after  death  in  many  eases  of  sept  ieemia,  particu- 
larly when  the  infect  ing  organism  is  the  si reptococcus, 
and  here  probably  the  pathogenic  organism  is  the  chief 
cause    of    the    hemolysis.      The    hemolytic    action    of 

bacteria  can  be  studied  both  in  >itn>  and  in  vivo. 
Among  the  best  known  are  tetanolysin,  pyocyanoly.  in, 
typholysin,  staphylolysin,  and  streptocolysin,  as  thej 
have  been  termed.     Of  these  the  case  of  pyocj  anolysin 

is  questionable  because  it  has  been  described  as  re- 
sisting heat  over  the  boiling  point,  and  Jordan  seems 
to  have  proved  that  the  hemolysis  is  ascribable  to  the 
alkalinity  that  this  organism  produces  in  culture 
media.  Other  bacteria]  hemolysins  are,  however, 
destroyed  by  heat  at  70°  C.  for  two  hours;  that  is, 
they  are  altogether  different  from  ordinary  cellular 
hemolysins.  G.  Ruediger  shows  the  following  differ- 
ences between  streptocolysin  and  the  hemolysins  of 
serum:  Streptocolysin  is  not  destroyed  at  65°  C.  for 
one-half  hour,  and  therefore  is  different  from  comple- 
ment. When  destroyed  by  heating  to  a  higher  point 
it  cannot  be  reactivated  by  the  addition  of  comple- 
ment, thus  differing  from  intermediary  body.  It  is 
also  different  from  intermediary  body  in  that  it  does 
not  combine  with  corpuscles  at  0°  C.;  on  the  other 
hand  it  does  combine  at  6°  C,  but  does  not  exert  any 
hemolytic  effect  until  the  mixture  is  raised  to  a  higher 
temperature.  This  last  observat  ion  indicates  that  the 
streptocolysin  is  similar  in  nature  to  the  toxins, 
namely,  a  toxophore  group  and  a  haptophore  group. 
In  other  words,  streptocolysin  is  simply  a  toxin  for 
red  cells,  which  acts  like  bacterial  toxins  for  other  cells 
by  joining  directly  to  the  cell  receptors  without  the 
intervention  of  any  intermediary  body.  As  a  similar 
structure  has  been  shown  for  staphylolysin  and 
tetanolysin,  it  is  probable  that  the  bacterial  hemoly- 
sins are  all  merely  toxins  with  a  particular  affinity 
for  red  cells,  and  against  some  of  these  bacterial  hemo- 
toxins  antitoxic  sera  are  said  to  be  obtainable.  Of 
course  bacteria  may  also  form  many  non-specific 
hemolytic  substances,  as  products  of  their  metab- 
olism, such  as  acids  and  bases. 

Secondary  anemia  of  the  infectious  diseases  is 
probably  to  be  explained  largely  by  this  hemolytic 
property  of  bacterial  toxins.  Hemoglobinuria  also 
may  be  produced  in  the  same  way.  Intravenous 
injections  of  filtrates  of  the  saprophyte,  B.  megathe- 
rium, will  produce  hemoglobinuria  in  guinea-pigs. 

(4)  Hemolysis  by  Vegetable  Poisons. — A  num- 
ber of  plant  poisons  are  strongly  hemolytic,  and 
some  of  them  owe  their  toxicity  largely  to  their 
effect  on  the  erythrocytes.  One  group,  which  in- 
cludes ricin,  abrin,  crotin,  robin,  and  phallin,  is 
composed  of  substances  supposed  to  be  proteins, 
and  called  vegetable  toxalbumins;  of  these  crotin  and 
phallin  are  most  actively  hemolytic,  while  with  the 
others  the  agglutinating  action  is  relatively  more 
prominent.  They  resemble  the  bacterial  toxins  in 
that  immunity  can  be  secured  against  them,  but 
they  resist  heating  to  70°  (except  phallin).  The 
activity  of  these  toxalbumins  may  be  realized  if  it  is 
mentioned  that  purified  ricin  kills  rabbits  in  doses  of 
0.000001  gram  per  kilo  of  body  weight,  and  solutions 
of  0.001  per  cent,  agglutinate  red  corpuscles.  Accord- 
ing  to  the  investigations  of  Ford  and  Abel  the  hemo- 
lytic poison  of  the  poisonous  mushrooms,  the  phallin 
of  Robert,  is  not  a  toxalbumin  but  a  glucoside. 
Another  quite  distinct  group  of  vegetable  poisons 
with  hemolytic  properties  consist  of  the  saponin 
substances,  of  which  there  are  many  varieties  widely 
distributed  in  the  vegetable  kingdom.  Sapotoxin 
of  soap  bark  is  one  of  the  best  known.  They  are 
entirely  different  from  the  toxins,  being  heat  resistant 
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and  not  giving  rise  to  antibodies  when  injected; 
chemically  they  are  glucosides.  Apparently  they 
produce  their  effect  bj  acting  on  the  lipoids,  especially 
the  cholesterin,  of  the  corpuscles. 

(5)  Hemolysis  by  Venoms. — The  hemolytic  power 
of  venom  derived  from  different  varieties  of  reptiles  lias 
been  brought  into  the  domain  of  biologic  hemolysis,  and 
the  result  has  been  not  only  an  understanding  of  the 
mechanism  by  which  the  lethal  effect  of  these  poisons  is 
produced,  but  also  at  the  same  time  a  new,  easily  con 
trolled  medium  for  research  in  problems  of  immunity 
has  been  provided.  The  most  fundamentally  impor- 
tant fact  is  the  discovery  by  Flexner  and  Noguchi  thai 
the  hemolytic  and  other  toxic  agents  of  venom  them- 
selves resemble  true  intermediary  bodies.  By  itself 
venom  is  not  hemolytic,  but  it  requires  the  presence 
of  a  complementing  substance  to  enable  it  to  produce 
hemolysis,  and  as  the  venom  contains  no  comple- 
ment, this  necessary  part  of  the  poison  is  furnished 
by  the  serum  that  contains  the  corpuscles.  It  is 
probable  that  many  lipoidal  substances,  notably 
lecithin  (Kyes),  soaps  and  soap-protein  compounds 
(Noguchi),  may  act  as  the  complementing  agent  in 
venom  hemolysis.  The  probable  source  of  the 
intermediary  bodies  is  apparently  in  the  serum  of 
the  serpents,  as  if  they  were  secreted  directly  from 
the  blood  into  the  poison  glands,  for  serum  of  poi- 
sonous snakes  is  found  to  possess  intermediary  bodies 
almost  identical  with  those  of  the  venom.  Venom 
from  cobra,  rattlesnake,  moccasin,  and  copperhead 
possesses  in  each  intermediary  bodies  that  seem  to  be 
identical  in  nature,  although  they  may  vary  in 
quantity.  This  explains  the  rather  remarkable  fact 
that  serum  of  animals  immunized  against  cobra 
poison,  generally  called  antivenin,  will  neutralize  the 
hemolytic  and  many  of  the  other  properties  of  the 
venom  of  rattlesnake,  copperhead,  and  moccasin. 
Antivenin  acts  as  an  anti-intermediary  body,  and  by 
occupying  one  of  the  haptophore  groups  of  the 
venom  keeps  it  from  uniting  complement  and  cell. 
In  order  of  decreasing  hemolytic  power  for  mam- 
malian corpuscles  come  venoms  from  cobra,  water 
moccasin,  copperhead,  and  rattlesnake.  These  ven- 
oms are  also  agglutinative  for  all  corpuscles  tried, 
and  agglutination  will  occur  at  0°  C.  Exposure  for 
thirty  minutes  at  75°-80°  C.  destroys  the  agglutina- 
tive property.  In  general,  the  hemolytic  power  of  the 
venoms  for  different  sorts  of  corpuscles  varies  in 
inverse  proportion  to  its  agglutinative  power.  The 
hemolytic  intermediary  bodies  are  remarkably 
resistant  to  heat,  suffering  but  slight  loss  of  power 
at  100°  C.  Each  venom  contains  many  intermediary 
bodies,  seemingly  different  for  each  sort  of  corpuscle 
hemolyzed,  at  least  to  a  great  part;  no  one  sort  of 
corpuscle  can  so  saturate  all  the  intermediary  bodies 
that  none  is  left  for  other  kinds.  After  the  inter- 
mediary body  is  attached  to  a  corpuscle  it  can  unite 
with  many  different  sorts  of  complements,  but  only 
the  one  natural  to  its  serum  accomplishes  complete 
hemolysis.  Leucocytes  also  are  dissolved,  and  they 
seem  to  have  specific  intermediary  bodies  different 
from  those  that  unite  with  red  corpuscles,  but  the 
agglutinin  for  each  seems  to  be  the  same.  As  the 
venom  contains  large  amounts  of  intermediary  bodies, 
when  an  animal  is  poisoned  by  a  snake  the  comple- 
ment is  quickly  taken  up,  and  this  probably  explains 
the  deficient  bactericidal  power  of  blood  serum  in 
this  condition  that  permits  the  extensive  infections 
so  characteristic  of  snake  bites.  Antivenin  will 
prevent  this  interference  with  normal  bacteriolysis 
by  occupying  one  of  the  groups  of  the  intermediary 
bodies  of  the  venom  so  that  it  cannot  use  up  the 
serum  complement. 

The  erythrocytes  of  different  individuals  show 
considerable  differences  in  their  resistance  to  hemolytic 
agents,  which  has  been  made  the  object  of  some 
study    as    to    diagnostic    value.     Thus,    in    syphilis 
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the    corpuscles    show    a    heightened    resistance    to 

hemolysis    by    cobra  venom,   except    in    the   earlii 
stages  when  they  are  hypersensitive.     Also  the  scrum 
of    patients    with    various    mental    diseases    inhibits 
the  hemolysis  of  human  corpuscles  by  cobra  venom. 

In  passing  it  may  be  noted  that  the  effects  of  venom 
on     nerve     and     endothelial     cells,     which      with     the 
hemolysis  constitute  the  manifestations  of  its  toxicity, 
are   produced    in    the   same    way   as   the    net 
Amboceptors  are  present   thai   unite  complement   to 

these  cells,  enabling  it  to  attack  them.  As  certain 
venoms  are  richer  in  one  sort  of  intermediary  bod;, 
than  others,  so  the  effects  of  the  bite  of  one  kind  of 
snake  differ  from  those  of  another  kind,  e.g.  rattle- 
snake poison  is  particularly  endotheliolytic,  and 
therefore  hemorrhages  are  a  prominent  sequence  of 
the  rattlesnake's  bite. 

Red  corpuscles  of  the  frog  are  not  hemolyzed  by 
venom,  and  those  of  necturus  (mud  puppy)  but 
slightly,  agreeing  with  the  known  resistance  of  cold- 
blooded animals  to  snake  bites. 

Eel  serum  is  remarkably  hemolytic,  so  much  so 
that  a  quantity  of  0.1  c.c.  per  kilogram  of  body  weight 
will  kill  a  rabbit  or  guinea-pig  in  three  minutes  when 
injected  intravenously.  Heating  at  54°  C.  for  fifteen 
minutes  destroys  the  hemolytic  action,  and,  unlike 
ordinary  serum  hemolysins,  the  addition  of  comple- 
ment does  not  restore  its  activity.  Animals  can  be 
immunized  against  this  serum.  Introduced  into  the 
stomach,  eel  serum  is  not  toxic.  It  can  be  dried  and 
redissolved  without  losing  its  activity,  but  acids  and 
alkalies  readily  destroy  it.  Mosso,  who  first  dis- 
covered the  toxicity  of  eel  serum,  called  the  unknown 
active  principle  ichthyotoxin.  Many  other  animals 
produce  hemolytic  poisons,  e.g.  spiders,  bees. 

Hemolysis  in  Disease. — During  health  there  is 
always  going  on  a  certain  amount  of  destruction  of 
red  corpuscles  that  have  outlived  their  usefulness;  so 
in  disease  we  may  have  to  deal  with  either  an  altera- 
tion in  the  normal  processes  of  blood  destruction,  or 
the  introduction  of  entirely  new  processes.  Although 
the  place  and  manner  of  normal  red-corpuscle  de- 
struction is  not  completely  known,  yet  it  seems 
probable  that  there  is  relatively  little  hemolysis 
within  the  circulating  blood.  When  a  red  corpuscle 
becomes  damaged  it  seems  to  become  more  susceptible 
to  phagocytosis,  and  it  is  picked  out  of  the  blood 
chiefly  by  the  endothelial  cells  of  the  sinuses  of  the 
spleen,  hemolymph  glands,  and  bone  marrow. 
Within  these  cells  it  apparently  undergoes  hemolysis. 
Eventually  the  resulting  pigment  is  split  up  by  the 
liver,  the  non-ferruginous  portion  forming  the  bile 
pigments,  while  the  iron  seems  to  be  mostly  withheld 
to  be  worked  over  into  new  hemoglobin.  Whenever 
during  disease  red  corpuscles  are  more  rapidly 
injured  than  they  are  under  normal  conditions,  these 
processes  of  normal  hemolysis  are  exaggerated  and 
we  not  only  find  the  phagocytic  cells  of  the  spleen 
and  glands  packed  with  them,  but  endothelial  cells 
elsewhere  and  leucocytes  also  take  on  the  hemolytic 
function.  At  the  same  time  there  is  an  excessive 
production  of  bile  pigment  from  the  destroyed  red 
corpuscles,  which  has  an  undetermined  relation  to  the 
so-called  "hematohepatogenous"  jaundice.  If  hemol- 
ysis is  very  excessive  the  blood  pigment  accumulates 
in  other  organs  than  the  liver  and  spleen.  When 
at  one  time  over  one-sixtieth  part  of  the  hemoglobin 
of  the  blood  is  in  solution  in  the  plasma,  it  may  es- 
cape in  the  urine,  producing  hemoglobinuria.  It 
is  said  that  both  globin  and  hematin  are  toxic,  and 
hence  they  may  be  responsible  for  some  of  the 
effects  of  hemolysis. 

The  hemolysis  of  the  acute  febrile  diseases  is 
readily  explained  by  the  demonstrable  hemolytic 
property  of  the  products  of  the  organisms  that  cause 
them,  such  as  streptocolysin,  staphylolysin,  etc. 
Perhaps  at  the  same  time  altered  metabolic  products 
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may  also  play  a  part,  but  it  does  nut  seem  probable 
from  experimental  results  that  the  thermic  condition 
per  se  has  much  effect.  In  malaria,  although  the 
parasites  enter  and  destroy  the  corpuscles  in  which 
they  live,  yet  this  alone  does  not  account  for  all  the 
blood  destruction  of  the  disease,  for  the  amount  of 
anemia  is  quite  without  relation  to  the  number  of 
parasites  to  be  found.  There  is  good  reason  to  be- 
lieve that  the  plasmodia  produce  hemolytic  substances 
that  are  discharged  into  the  serum.  In  the  primary 
anemias  hemolysis  seems  to  be  the  essential  proc- 
ess, although  the  agents  involved  are  at  present 
unknown.  Absorption  of  hemolytic  products  of 
intestinal  putrefaction  or  infection  has  always  come 
in  for  much  suspicion,  without  ever  becoming  com- 
pletely established.  Here  also  the  hemolysis  seems 
to  take  place  in  the  endothelial  cells  rather  than  in 
the  vessels.  In  such  a  disease  as  pernicious  anemia 
there  is  much  reason  to  assume  that  defective  or 
abnormal  hematogenesis  is  an  important  factor. 
Probably  the  anemia  of  nephritis  is  the  result  of 
hemolytic  action  of  the  retained  products  of  metab- 
olism, in  which  connection  the  hemolytic  properties 
of  ammonium  compounds  may  be  recalled.  In 
some  diseases  associated  with  anemia  it  has  been 
found  that  the  blood  serum  of  the  patient  is  dis- 
tinctly isohemolytic,  although  isoagglutination  seems 
to  be  more  frequent.  Such  sera,  however,  do  not  seem 
to  be  autohemolytic,  at  least  in  the  test-tube.  The 
bloody  fluids  that  can  be  obtained  from  cancers  have 
been  found  to  be  hemolytic,  while  antihemolysin  has 
been  found  in  ascitic  and  pleural  effusions.  Autolyz- 
ing  tissues  produce  hemolytic  substances. 

The  resistance  of  the  corpuscles  to  hemolysis  by 
different  agents  varies  greatly  in  disease,  the  difference 
being  caused  sometimes  by  changes  in  the  per- 
meability of  the  corpuscles,  and  sometimes  by  changes 
in  their  environment,  or  the  presence  of  protective 
substances  in  either  the  corpuscle  or  the  plasma. 
Cholesterol  seems  to  be  an  important  protective 
substance,  and  when  the  amount  in  the  serum  is 
increased  the  corpuscles  become  more  resistant;  if 
soaps,  especially  of  the  unsaturated  fatty  acids,  are 
present  in  excess  the  corpuscles  are  more  readily 
hemolyzed,  since  these  are  strong  hemolytic  agents. 

In  many  forms  of  poisoning  hemolysis  is  a  promi- 
nent feature;  in  some  it  seems  to  be  the  chief  effect 
of  the  poison,  e.g.  potassium  chlorate  and  arseni- 
uretted  hydrogen.  In  severe  extensive  burns  there 
may  occur  hemolysis,  and  hemoglobinuria  may 
also  result.  The  hemoglobinemia  of  "blackwater 
fever"  has  been  the  cause  of  much  discussion 
as  to  whether  the  malarial  parasite  or  the  quinine 
is  the  cause,  with  a  divided  opinion  resulting,  al- 
though undoubtedly  cases  do  occur  in  malaria  with- 
out administration  of  quinine.  After  removal  of 
the  spleen  hemolysis  by  the  hemolymph  glands 
exceeds  that  of  the  primitive  spleen,  causing  an  ex- 
cessive destruction  of  red  corpuscles  (Warthin). 
This  suggests  that  the  spleen  may  normally  dispose 
of  some  hemolytic  agent  which  acts  either  by  stimu- 
lating phagocytosis  or  by  so  altering  the  red  cells 
that  they  are  particularly  susceptible  to  phagocytosis. 
However,  it  has  been  found  that  after  splenectomy 
the  corpuscles  show  a  heightened  resistance  to  hemol- 
ysis (Pearce). 

As  mentioned  previously,  resistance  of  corpuscles 
to  various  hemolytic  agents  varies  in  disease.  They 
arc  said  to  be  more  resistant  in  carcinoma,  syphilis 
and  obstructive  jaundice,  and  more  easily  hemolyzed 
in  dementia  pracox,  anemia,  and  exophthalmic 
goiter. 

The  lesions  produced  in  the  organs  of  animals 
injected  with  hemolytic  agents  are  usually  pro- 
nounced and  quite  characteristic.  There  is  often  a 
subcutaneous  edema,  frequently  blood-stained,  and 
similar  fluid  may  be  present  in  the  serous  cavities. 
The  fat  is  yellowish,  and  the  muscles  are  darker  in 


color  than  is  normal.  The  spleen  is  usually  much 
swollen,  soft,  friable,  and  very  dark  in  color.  The 
liver  is  usually  swollen  ami  mottled  with  red  areas  in 
a  yellow  background.  The  renal  cortex  is  dark  in 
color,  even  chocolate-colored,  and  the  pyramids  are 
comparatively  light;  in  the  urine  is  frequently  hemo- 
globin. In  the  lungs  are  often  hemorrhages  or  areas 
resembling  small  infarcts.  The  blood  may  be  thin 
and  even  distinctly  transparent.  Microscopically 
the  red  corpuscles  are  found  in  all  conditions  of 
degeneration,  and  often  fused  together.  In  the  liver, 
besides  patches  of  congestion,  fatty  changes  are 
present  if  the  animal  lives  long  enough.  Large 
phagocytic  cells  packed  with  red  corpuscles  are  abun- 
dant in  the  spleen,  as  well  as  diffuse  accumulations 
of  blood,  often  fused,  and  pigment  both  free  and  in 
the  cells.  Pigment  also  accumulates  in  the  renal 
epithelium,  which  also  often  shows  much  disintegra- 
tion; congestion  is  prominent  and  hemorrhages  into 
both   interstitial  tissue  and  glomerules  are  frequent. 

Bacteriolysis. — It  is  not  our  purpose  in  this 
article  to  discuss  the  specific  microorganisms  in  this 
relation,  but  merely  to  indicate  the  relations  of  hem- 
olysis and  bacteriolysis.  Whatever  has  been  said  in 
preceding  paragraphs  about  the  mechanism  of 
hemolysis  can  be  transcribed  to  apply  to  bacteria 
and  bacteria-immune  serum.  Pfeiffer's  observation 
of  the  solution  of  bacteria  by  serum  of  immunized 
animals  was  the  precursor  of  the  modern  studies 
of  hemolysis  and  the  extension  of  Ehrlich's  theory. 
Indeed  the  chief  reason  for  the  great  interest  in 
hemolysis  lies  in  the  understanding  that  whatever 
may  be  learned  about  hemolytic  processes  can  be 
directly  applied  to  the  processes  of  immunity  against 
bacteria.  Therefore  we  understand  that  in  the  serum 
of  an  animal  immunized  against  bacteria  themselves, 
and  not  merely  their  toxins,  there  is  present  an 
intermediary  body  that  is  specific  for  the  injected 
organism.  This  intermediary  body  attaches  itself 
to  the  bacterium  by  one  haptophore  group,  and  with 
the  other  anchors  the  complement  of  the  serum  which 
then  destroys  the  bacterium.  Now  as  during  im- 
munization only  intermediary  bodies  are  produced 
in  excess,  while  the  complement  is  not  increased,  it 
often  may  be  that  defence  may  fail  because  of 
deficiency  in  the  amount  of  complement.  This  pos- 
sibly explains  why  it  has  so  far  been  impossible  to 
secure  immune  sera  that  will  protect  against  bacteria 
as  effectively  as  antitoxin  protects  against  toxin,  for 
with  toxin  no  complement  is  required.  The  results 
of  decreased  complement  content  would  be  an  in- 
creased susceptibility  to  infection,  and  this  is  seen 
in  snake  bites,  when  the  venom  uses  up  the  blood 
complement  and  the  patient  often  succumbs  to  bac- 
terial infection  after  surviving  the  direct  effects  of 
the  poison.  In  chronic  diseases  Longcope  claims 
that  in  the  later  stages  the  amount  of  complement  is 
much  decreased,  probably  accounting  for  the  occur- 
rence of  terminal  septicemias. 

It  is  probable  that  hemolytic  complement  is  at 
least  partly  distinct  from  that  causing  bacteriolysis, 
and  that  complements  for  different  bacteria  can  be 
separated  from  one  another  as  well  as  from  the 
agglutinins. 

Welch  has  suggested  that  possibly  the  bacteria  in 
their  turn  may  develop  antibodies  to  the  tissues  and 
fluids  in  which  they  are  growing.  If  so,  we  have  a 
reasonable  explanation  of  the  development  of  toxic 
substances  with  marked  action  on  specific  cells  of 
the  host,  e.g.  endotheliolysins,  leucolysins,  hemolysins; 
and  also  the  peculiar  manner  in  which  bacteria  often 
attack  only  certain  tissues,  e.g.  multiple  septic 
arthritis. 

Cytolysis. — Red  corpuscles  being  merely  a  par- 
ticular sort  of  body  cell  it  might  be  expected  that 
lysins  for  other  cells  could  be  obtained  in  a  similar 
manner,    and    such    is    the    case.     Such    lysins    are 
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called  by  the  generic  term  cytolysins,  or  cy  to  toxins, 
and  are  "specifically  indicated  by  the  name  of  the  cell 
concerned,  as  endotheliotoxins  or  endotheliolysins, 
hepatotoxins,  nephrotoxins,  etc.  The  Iysins  or 
toxins  in  this  case  are  similar  in  composition  to  the 
hemolysins,  that  is,  an  amboceptor  and  a  comple- 
ment group,  and  these  groups  are  in  all  respects 
similar  to  the  components  of  the  hemolysins  except 
that  the  cytophile  group  of  the  amboceptor  is  more 
or  less  specific  for  certain  tissue  cells  rather  than  for 
red  corpuscles.  Such  cellular  toxins  may  be  ob- 
tained by  immunizing  the  animals  against  the  tissue 
which  is  injected  emulsionized  into  its  peritoneal 
cavity;  but,  as  with  the  hemolysins,  they  may  oc- 
casionally appear  in  normal  serums  of  various  sorts 
of  animals.  It  is  by  no  means  as  easy  to  determine 
the  results  with  tissue  cells  as  with  red  corpuscles, 
where  the  liberation  of  the  highly  colored  hemoglobin 
is  easily  detected.  To  some  degree  lytic  changes 
can  be  observed  in  tissue  cells  under  the  microscope, 
but  this  is  not  usually  very  satisfactory.  Another 
method  of  observation  consists  in  injecting  the 
immune  serum  into  the  body  of  an  animal,  and 
studying  both  the  symptoms  and  the  anatomic 
changes  brought  about  in  this  way.  The  latter 
method  has  found  the  most  general  application.  A 
disturbing  element  in  all  such  experiments  lies  in 
the  difficulty  of  securing  tissue  cells  of  one  kind  alone 
for  injecting.  For  example,  when  hepatic-tissue 
suspensions  are  injected  there  are  introduced  at  the 
same  time  endothelial  cells,  connective-tissue  cells, 
and  usually  red  corpuscles  and  leucocytes.  There- 
fore an  immune  serum  obtained  in  this  way  would 
contain  immune  bodies  for  all  these  cells,  and  it 
becomes  impossible  to  ascribe  any  changes  that 
follow  its  injection  into  an  animal  solely  to  effects  of 
the  hepatotoxins.  While  there  are  possible  ways  of 
avoiding  many  of  these  difficulties  they  have  not 
been  generally  applied,  and  much  of  the  earlier  work 
is  very  questionable  on  this  account.  At  the  same 
time  that  cytolysins  are  formed  agglutinins  also 
appear,  and  agglutination  of  cells  occurs  as  it  does 
with  bacteria  and  corpuscles.  One  of  the  earliest 
pieces  of  work  in  this  direction  was  with  sperm  agglu- 
tinins, obtained  by  immunizing  with  sperm.  Such 
serum,  however,  was  not  spermolytic. 

It  was  at  first  believed  that  it  would  be  possible  to 
obtain  immune  serum  so  specific  for  a  given  organ  or 
tissue  that  by  injection  of  the  proper  immune  serum 
a  given  organ  could  be  thrown  entirely  out  of  func- 
tion, but  these  ideas  have  not  been  realized,  for 
immune  serums  as  yet  obtained  do  not  show  any  high 
degree  of  specificity  for  the  type  of  cells  used  in 
immunizing.  The  immune  serums  usually  obtained 
do,  to  a  certain  extent,  injure  the  specific  organ,  but 
they  also  often  injure  other  organs  as  much  or  per- 
haps even  more.  Beebe  claims  to  secure  more  specific 
sera  by  immunizing  with  the  nucleoproteids  of  organs, 
but  at  the  time  of  writing,  this  work  has  not  been 
satisfactorily  corroborated,  Pearce  and  Jackson 
being  unable  to  confirm  it.  In  view  of  the  elementary 
condition  of  cytolytic  investigations,  and  the  afore- 
mentioned sources  of  error  in  much  of  the  work  that 
has  already  been  reported,  I  do  not  feel  justified  in 
this  article  in  more  than  briefly  discussing  the  specific 
results  so  far  obtained.  It  should  also  be  mentioned 
that  recently  some  investigators  who  have  used  care 
in  avoiding  hemolysins,  etc.,  in  preparing  specific 
sera  have  not  been  able  to  obtain  as  marked  results 
as  had  been  earlier  reported. 

Leucocytolytic  Serum. — This  may  be  obtained 
either  by  immunizing  with  leucocytes  obtained  from 
exudates  or  from  the  blood,  or  by  using  emulsions  of 
lymph  glands.  The  latter  method  introduces  so 
many  cells  besides  the  lymphocytes  that  it  is  not 
desirable.  Specific  leucocytolytic  sera  agglutinate 
leucocytes  and  produce  observable  morphological 
changes,  in  the  way  of  solution  of  the  cytoplasm  and 


cessation  of  ameboid  movements.  Of  the  leucocytes 
the  large  granular  cells  seem  most  affected  and  the 
lymphocytes  least.  When  injected  into  the  peri- 
toneal cavity  such  serum  causes  an  apparent  initial 
leucopenia,  and  later  a  decided  leucocytosis  in  the 
peritoneal  fluid.  Corresponding  with  this,  if  bac- 
teria are  injected  at  the  same  time  as  the  serum, 
resistance  is  found  decreased,  but  later  it  is  much 
increased.  Such  serum  also  contains  anticomplement, 
according  to  Wassermann,  indicating  that  the  in- 
jected leucocytes  contain  complement.  Leucotoxin 
obtained  by  immunizing  against  lymphatic  tissue 
is  very  thermolabile,  being  destroyed  by  55°  C. 
for  thirty  minutes,  and  the  serum  can  be  only  par- 
tially reactivated  by  the  use  of  fresh  serum.  Un- 
doubtedly leucotoxic  amboceptors  are  present  in 
many  normal  sera,  and  their  presence  in  the  serum  of 
certain  cold-blooded  animals  and  in  venom  has  al- 
ready been  shown.  Bacterial  filtrates  may  also 
contain  "leucocidins"  analogous  to  the  hemolysins. 

Eiidotheliolytic  Scrum. — Every  attempt  at  im- 
munizing an  animal  with  any  sort  of  fixed  tissue  must 
of  necessity  involve  the  injection  of  endothelial  cells 
as  well  as  those  specific  to  the  tissue  studied.  There- 
fore it  is  possible  that  cytotoxic  serum  so  obtained  will 
contain  endothelial  toxins  and  so  complicate  any 
results  of  intra  vitam  experiments.  There  is  every 
reason  to  believe  that  eiidotheliolytic  substances  are 
produced  in  this  way.  Ricketts  found  that  serum  of 
animals  immunized  against  lymph  glands  was  toxic 
to  endothelial  cells,  w-hich  was  indicated  by  hemor- 
rhages at  the  point  of  injection,  and  marked  des- 
quamation of  endothelium  when  the  injection  was 
made  into  a  serous  cavity.  In  snake  poisoning 
the  extensive  hemorrhages  are  also  due  to  an  endothe- 
Iiolytic  principle,  called  by  Flexner  hemorrhagin. 
This  is  destroyed  by  heating  at  7.5°  C,  and  is  par- 
ticularly abundant,  in  fact  the  chief  toxic  agent  in 
rattlesnake  venom. 

Lymphatolytic  Serum. — This  serum  has  been  studied 
by  Ricketts  and  by  Flexner,  immunizing  animals 
with  lymph  glands.  As  might  be  expected  from 
the  nature  of  the  injected  glands  the  resulting  serum 
contained  endotheliotoxin,  leucotoxin,  hemolysin,  hem- 
agglutinin, leucoagglutinin,  and  precipitins.  When 
injected  into  animals  this  serum  had  a  marked  effect 
upon  the  spleen  and  lymph  glands,  producing  great 
enlargement  of  these  structures,  which  were  also 
congested.  The  bone  marrow  was  also  somewhat 
affected,  and  when  marrow  was  used  in  immunizing, 
the  myelotoxic  serum  produced  marked  proliferative 
changes  in  the  lymph  glands  as  well  as  in  the  marrow. 
The  changes  produced  in  the  leucocytes  were  the 
same  as  those  described  for  leucotoxic  serum,  indicat- 
ing that  the  different  forms  of  leucocytes  can  com- 
bine with  immune  bodies  produced  against  lym- 
phocytes. Leucotoxic  substances  are  said  to  be 
produced  in  the  blood  of  leukemic  patients  who 
have  been  treated  with  x-rays  (Capps  and  Smith). 

Nephrolytic  Serum. — It  has  been  claimed  that  if  a 
kidney  is  destroyed  by  ligating  its  vessels  or  ureter 
the  remaining  kidney  develops  serious  degenerative 
changes,  which  are  not  present  if  one  kidney  is  en- 
tirely removed.  This  has  been  attributed  to  the 
development  of  nephrotoxic  substances  produced  in 
reaction  to  the  absorption  of  the  injured  renal  tissue 
that  has  been  left  in  the  body.  Other  methods  of 
renal  injury  have  been  thought  to  produce  similar 
effects,  and  serum  of  animals  with  kidney  disease  was 
said  to  injure  the  kidneys  of  normal  animals.  From 
this  basis  it  has  been  thought  to  explain  the  pro- 
gressive nature  of  the  chronic  nephritides  as  the 
result  of  nephrotoxins  produced  through  the  absorp- 
tion of  the  injured  cells,  and  which  nephrotoxins 
injure  still  other  cells.  Such  a  process,  however,  in- 
volves the  production  of  cell  toxins  in  an  animal  toxic 
for  its  own  cells,  that  is  autocytotoxins;  and  as  it  has  so 
far  been  practically  impossible  to  produce  autolysins 
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of  other  sorts,  it  is  not  altogether  probable  that  the 
kidney  is  an  exception.  Furthermore,  Pearce  was 
unable  to  produce  isonephrotoxins,  and  could  not 
corroborate  the  results  said  to  have  been  found  in 
the  remaining  kidney  after  ligating  the  vessels  of  the 
other.  He  did  obtain  an  active  heteronephrolysin, 
but  also  found  that  immunization  with  liver  produced 
just  as  actively  nephrolytic  serum  as  immunization 
with  kidney. 

Neurolytic  Serum. — Even  as  highly  specialized  cells 
as  those  of  the  nervous  tissue  seem  to  produce  a 
reaction  with  the  formation  of  immune  bodies. 
Perhaps  because  any  symptoms  produced  by  action 
on  the  nervous  system  are  so  readily  detected,  and 
because  of  the  advanced  condition  of  our  knowledge 
concerning  the  minute  structure  of  ganglion  cells, 
the  results  obtained  with  neurolytic  serum  have  been 
particularly  striking.  Perhaps  the  most  positive 
results  are  those  of  Ricketts  and  Rothstein,  who  found 
that  serum  of  rabbits  immunized  against  the  brains 
or  cords  of  guinea-pigs  was  highly  toxic,  when  in- 
jected into  the  vessels  of  guinea-pigs,  causing  death 
with  various  symptoms  only  explainable  on  the  as- 
sumption of  nervous  lesions.  Microscopically  the 
ganglion  cells  showed  marked  changes  in  those  animals 
that  survived  the  injection  long  enough.  All  the 
results  so  far  obtained  have  been  with  heterogeneous 
serum.  Venoms,  particularly  that  of  cobra,  possess 
strong  neurolytic  substances,  that  are  the  chief  toxic 
agents  in  most  of  the  venoms  (the  rattlesnake  ex- 
cepted). This  neurolysin  can  be  removed  by  satura- 
tion with  nervous  tissue  from  the  hemolysin,  ami 
conversely  the  hemolysin  can  be  removed  by 
saturating  with  red  corpuscles,  thus  corroborating 
Wassermann's  experiments  with  tetanus  toxin  and 
supporting  Ehrlich's  theory. 

Thyrolytic  Serum. — The  report  of  Portis  indicates 
that  after  removal  of  all  hemolysis  as  a  factor  there 
do  occur  changes  in  the  nature  of  excessive  absorption 
of  colloid,  and  proliferation  after  the  order  of  that 
seen  in  regeneration.  However,  the  clinical  picture  of 
thyroidectomy  was  not  produced  in  any  case,  and 
the  anatomic  changes  were  not  great.  Beebe  has 
secured  an  antiserum  by  immunizing  with  thyroid 
nucleo-protein  which  has  been  used  in  the  treatment 
of  exophthalmic  goiter.  MacCallum  could  not 
obtain  an  antiserum  specific  for  the  parathyroid. 

Numerous  reports  may  be  found  indicating  at- 
tempts with  varying  success  to  obtain  sera  toxic  for 
other  tissues.  Among  them  may  be  mentioned 
epitheliolysin  (for  ciliated  epithelium),  spermatotoxin, 
hepatolysin,  cardiolysin,  splenolysin,  and  syncytiolysin. 
Attempts  at  the  production  of  immune  serum  with 
adrenal  by  Abbott  resulted  only  in  a  serum  with 
great  hemolytic  power,  but  with  no  particular 
effect  on  the  adrenal.  The  principle  in  all  is  the 
same,  but  the  results  as  a  whole  are  not  now  in  a 
state  to  warrant  extensive  consideration.  In  general, 
it  can  be  said  that  it  has  not  been  found  possible  in 
this  way  to  throw  out  of  function  one  particular  organ, 
with  or  without  involvement  of  other  structures. 
It  must  be  borne  in  mind  that  we  can  have  grave 
functional  disturbances  without  corresponding  ana- 
tomic alterations.  There  is  no  reason  known  why 
a  group  of  receptors  of  essential  importance  to  the 
functional  manifestations  of  the  cell  may  not  be  quite 
independent  of  vegetative  functions;  and  with  im- 
pairment of  these  alone  there  need  be  no  visible  cell 
changes.  H.  Gideon  Wells. 
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Hemopericardium. — Under  this  heading  are 
included  only  those  cases  in  which  there  is  a  collect  ion 
of  pure  blood  in  the  pericardium.  It  is  a  rare  condi- 
tion and  of  but  slight  clinical  interest.  Those  condi- 
tions in  which  there  is  a  hemorrhagic  exudate  into  tin; 
pericardium,  such  as  may  occur  in  tuberculosis  or 
malignant  disease  of  that  sac,  are  not  included  in  this 
title. 

Etiology. — Hemorrhage  into  the  pericardium  may 
occur  as  a  result  of  the  following  causes: 

(1)  As  a  result  of  traumatic  injury  from  without, 
or  by  foreign  bodies  penetrating  the  esophagus  from 
within.  The  injury  may  be  limited  to  the  parietal 
layer  of  the  pericardium. 

(2)  Such  hemorrhages  have  been  found  associated 
with  scurvy,  purpura,  leukemia,  and  allied  conditions. 

(3)  From  the  so-called  spontaneous  rupture  of  the 
heart  wall  such  as  may  occur  in  fatty  degeneration  of 
the  heart,  acute  and  chronic  myocarditis,  abscess  and 
single  or  multiple  aneurysms  of  the  heart.  Coronary 
thrombosis  with  subsequent  fatty  degeneration  of  the 
infarction  and  primary  and  secondary  malignant 
tumors  of  the  heart  wall  have  also  been  noted  as 
causes.  The  lesion  itself  may  be  very  minute  so  as  to 
be  found  at  autopsy  only  with  difficulty. 

(4)  From  rupture  of  an  aneurysm  of  the  aorta  or 
pulmonary  artery.  The  first  part  of  the  aorta  is 
usually  involved  and  it  may  be  only  by  a  pinhole 
rupture. 

(5)  From  rupture  of  small  vessels,  namely,  one  of 
the  coronary  arteries,  or  of  vessels  in  a  new  growth. 

Anatomical  Characters. — The  quantity  of  blood 
varies  greatly.  It  is  greater  when  the  opening  into 
the  aorta  is  small.  When  an  aneurysm  bursts  into 
the  pericardium  the  average  amount  of  blood  found 
is  said  to  be  about  seven  ounces.  When  the  hemor- 
rhage takes  place  through  a  small  hole,  it  may  reach 
twenty-four  ounces.  A  traumatic  case  has  been 
reported  in  which  over  six  pints  of  thin,  dark,  fluid 
blood  were  removed  from  the  pericardium  in  the 
course  of  three  hours.  The  patient  recovered.  The 
blood  may  appear  as  a  soft,  red,  jelly-like  clot.  A 
variable  amount  of  serum  may  have  separated  from  it. 

Symptoms. — The  condition  may  occur  suddenly 
and  the  associated  causative  condition  may  or  may 
not  have  been  recognized.  When  the  hemorrhage 
takes  place  through  a  large  rent,  immediate  or  very 
rapid  death  usually  occurs,  either  from  the  effects  of 
the  hemorrhage  or  from  paralysis  of  the  heart.  The 
symptoms  are  those  of  internal  hemorrhage  and  the 
signs  those  of  rapidly  accumulating  fluid  in  the 
pericardium.  In  those  instances  where  the  events  do 
not  take  place  so  rapidly,  there  is  cardiac  oppression  or 
pain,  dyspnea  and  faintness.  Naismith  describes 
an  epigastric  pain  which  is  said  to  accompany  a 
slowly  accumulating  hemorrhage.  In  these  cases  also 
the  disappearance  of  the  apex  beat,  the  weakening  of 
the  heart  sounds  and  the  enlarged  area  of  dullness  are 
much  more  apt  to  be  made  out.  A  single  small 
lesion  in  the  pericardium,  healing  rapidly  without 
infection,  may  give  practically  no  signs. 

Prognosis. — The  prognosis  is  bad  when  the  condi- 
tion is  secondary  to  internal  disease.  It  is  not  wholly 
so  in  traumatic  cases  and  is  gradually  growing  better 
with  the  perfection  in  the  operative  technique. 
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Treatment. — In  the  aon-traumatic  cases  the  treat- 
ment is  limited  t'>  the  relief  of  symptoms.  The 
application  of  an  ice-bag  and  the  administration  of 
morphine  are   always     indicated.     A    leu     patients 

reeo\  nit  of  aspiration  of  (he  pericardial  sac. 

The  administration  of  cardiac  stimulants  may  serve 

to  prolong  life  in  some  instances.  In  the  traumatic 
ca  es,  in  the  presence  of  an  indicalio  vitalis,  it  is  besl 
to  open  the  pericardium  and  attempt  to  repair  the 
damage.  This  should  not,  however,  he  done  until  it 
is  seen  what  the'  patient  is  apt  to  do.  "Absolute 
rest  and  wait  a  little,  l.ut  he  ready."  The  first  lev. 
hours  are  the  most  dangerous  and  if  the  patient 
survives  t  hem  he  is  apt  to  recover  without  interfe:  i 
The  operative  mortality  is  not  high,  the  chief  danger 
being  postoperative  pneumonia.  If  he  recovers 
is  always  the  possibility  that  he  will  develop  peri- 
cardia] adhesions  which  may  serve  to  impair  cardiac 
action.  James  Rae   Arneii/L. 

Revised  by   Ralph  G.  Stillman. 


Hemophilia. — Hemophilia  is  an  inherited  disposi- 
tion to  bleed  from  the  serous  or  mucous  membranes,  or 
from  the  skin,  either  as  a  result  of  slight  trauma  or 
spontaneously,  together  with  pain  and  swelling  of  the 
joints,  in  which  locality  also  hemorrhage  usually  takes 
place.  The  chief  features  of  the  disease  are  an  heredi- 
tary disposition  to  uncontrollable  bleeding. 

Etiology. — The  disease  has  been  dealt  with  by 
many  medical  writers,  but  not  till  the  latter  part 
of  the  eighteenth  century  and  the  early  part  of  the 
nineteenth  century  did  it  receive  critical  considera- 
tion. At  this  time  the  term  "bleeder"  was  com- 
monly used  by  the  laity  to  designate  those  subject 
to  the  disease.  This  term  was  adopted  by  Otto 
in  his  writings — hemophilia  being  introduced  by 
Schonlein.  The  cause  of  the  disease  is  unknown. 
The  theory  of  abnormally  thin  blood-vessels,  as 
advanced  by  Virchow,  has  been  disproven.  A  few 
cases  show  increase  in  blood  pressure,  and  this  find- 
ing was  linked  by  Immermann  to  Virchow's  obser- 
vation upon  the  thinness  of  the  blood-vessel  wall; 
both  theories  have  failed  of  proof.  It  is  well  to  re- 
member that  the  body  is  thoroughly  guarded  against 
undue  strain;  probably  no  safeguard  in  the  body 
defences  is  more  efficient.  Every  tissue  has  a  reserve 
which,  when  compared  with  man-made  machines,  is 
enormous.  The  earliest  influences  which  the  body,  in 
its  process  of  development,  was  called  upon  to  meet 
were  violence  and  strain.  In  consequence  every  cell 
developed  a  resistance  far  beyond  the  ordinary 
demand.  The  liver,  for  example,  was  shown  by  Pon- 
fick  to  be  capable  of  functionating  with  only  one-sixth 
of  the  whole  organ  intact.  The  heart,  even  of  congen- 
ital deficiency,  has  an  enormous  resistance  to  strain. 
The  mechanical  or  anatomical  explanation  of  hemo- 
philia— thin  vessel  walls  and  high  blood  pressure — has 
therefore  the  support  neither  of  the  findings  in  this 
disease  nor  in  the  behavior  of  tissues  in  general  toward 
strain.  One  naturally  turns  for  explanation  to  an 
infectious  origin,  but  this  is  with  even  less  support  in 
fact  than  the  anatomical  or  mechanical  theory.  In 
pernicious  anemia  there  are  a  few  experimental  proofs 
(see  Pernicious  (Addisonian)  Anemia,  vol.  i,  p.  346)  in 
support  of  the  theory  that  a  hemolytic  agent  is  respon- 
sible for  the  blood  destruction,  but  in  hemophilia  there 
is  not  a  particle  of  evidence  in  either  the  clinical  or 
pathological  findings  to  support  the  theory  that  an  in- 
fectious agent  is  responsible  for  the  hemorrhages  in  that 
disease.  Koch's  contention  that  "nearly  all  the  pa- 
tients .  .  .  have  an  enlarged  spleen" is  not  borne  out 
by  autopsy  findings.  That  pathogenic  organisms  are 
capable  of  producing  hemorrhagic  areas  (petechia;,  pur- 
pura, etc.)  is  no  evidence  that  similar  hemorrhages  in 
hemophilia  have  any  relation  tosuch  infections.  Koch 
states  that  he  "considers  hemophilia  an  infectious  dis- 
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ease  like  scurvy" — thue  attempting  to  explain  one  un- 
explainable  condition  by  another.  The  infectious 
origin  of  hemophilia  must  be  dismissed  as  being  found- 
ed upon  purely  theoretic  ground — and  not  very  firm 
ground  at  that.  It  is  one  of  the  surprises  that  the  stu- 
dent of  medicine  experiences  thai  an  investigator  like 
Koch  should  so  emphaticallj  state  infection  as  the 
proven  etiology.  The  only  theory  which  is  supported 
perimental  or  clinical  evidence  is  thai  winch  at- 
tributes the  uncontrollable  bleeding  to  changes  in  the 
chemical  composition  of  the  vessel-wall  fluids.  The 
action  of  these  fluids  in  hemorrhage-  occurring  in  the 
normal  individual  is  to  produce  thrombi  at  the  orifice 

of  a  broken  bl 1- vessel,  and  thus  plug  the  outlet.     A 

clinical  finding  which  is  strong  support  of  this  theory  is 
that  the  blood  of  hemophiliacs  usually  clots,  outside  of 
the  body,  in  normal  time.  One  must,  however,  take 
into  account  the  diet,  the  time  of  taking  the  specimen, 
etc.,  in  determining  the  coagulability  of  the  blood. 
The  tissue  fluids  responsible  for  the  formation  of 
thrombi  at  the  orifice  of  a  broken  blood-vessel  are 
thrombogen  and  thrombokinase  which,  in  union,  pro- 
duce in  the  presence  of  calcium  a  fibrin  ferment.  A 
great  reduction  or  absence  of  these  fluids  in  the  blood- 
vessels of  the  hemophiliac  would  cause  a  failure  in  the 
production  of  the  necessary  thrombi  to  check  hemor- 
rhage. Thus  far  this  theory  of  Sahli1  is  supported  by 
clinical,  physiological,  and  chemical  evidence.  Upon 
these  he  goes  on  to  build  theories  with  regard  to  the 
hereditary  feature  of  this  disease  and  other  clinical 
manifestations — all  of  which  theories  are  unsupported 
by  evidence.  It  will  be  seen,  therefore,  that  Sahli's 
theory,  if  taken  in  conjunction  with  Virchow's  obser- 
vation on  the  blood-vessels  of  some  of  these  cases,  will 
indicate  an  abnormality  of  the  vessel-wall  in  its  struc- 
tural and  chemical  make-up,  and  not  primarily  in  any 
alteration  in  the  blood  itself  or  in  the  blood-making 
organs.  The  hereditary  character  and  its  curious  dis- 
position  to  transmission  through  the  female  remain 
wholly  without  explanation. 


Symptoms. — Uncontrollable  hemorrhage  following 
some  insignificant  injury  is  the  first  symptom  which 
suggests  hemophilia.  Add  to  this  a  family  history  of 
similar  hemorrhagic  tendency  and  the  two  most  essen- 
tial features  are  present.  A  question  of  great  impor- 
tance is  from  what  portion  of  the  body  such  hemor- 
rhage may  come.  Is  the  tendency  to  bleed  confined 
to  groups  of  vessels — to  vessels  in  certain  tissues,  or  is 
the  whole  vascular  system  of  a  hemophiliac  uniformly 
deficient  ?  A  patient  of  Agnew's,  quoted  by  Osier,2  bled 
from  injury  to  vessels  above  the  neck  only.  Bleeding 
from  one  kidney  has  been  reported  (Senator3  Klem- 
perer,4  Grosglik5).  Epistaxis  is  the  form  of  hemorrhage 
in  about  fifty  per  cent.  In  twelve  per  cent,  of  the 
cases  the  bleeding  occurred  from  the  gums  and  intes- 
tines and  in  six  per  cent,  the  lungs,  kidneys,  and  stom- 
ach were  the  seats  of  hemorrhage.  Other  locations 
are  the  joints,  the  uterus,  skin,  and  conjunctiva?. 
The  serous  surfaces  are  rarely  the  location  of  hemor- 
rhage, while  the  mucous  surfaces  are  commonly  so. 
Much  has  been  written  regarding  the  character 
of  the  hemorrhage;  for  example,  bleeding  has  been 
described  as  "superficial"  and  "interstitial"  and  these 
have  been  further  divided  into  "spontaneous"  and 
"traumatic."  These  seem  to  be  mere  subdivisions 
without  much  clinical  value,  as  in  all  probability 
injury,  though  slight,  first  induces  hemorrhage  in  ail 
cases.  Some  individuals  are  said  to  have  a  premoni- 
tion of  the  hemorrhagic  attack,  such  as  nervousness, 
tingling,  and  a  sense  of  foreboding,  as  is  the  case  in 
the  epileptic  aura.  If  this  be  so  the  spontaneous 
hemorrhage  must  be  admitted  as  occurring.  These 
people,  however,  are  for  the  most  part  nervous  and 
fearful,  both  naturally  and  from  the  effects  of  gossip 
and  conversation  upon  their  tendency.  Indeed  it  is 
possible  that  from  early  childhood  in  these  hereditary 
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families  the  individual  has  heard  hemophilia  discussed. 
This  is  rarely  the  case  with  epileptics  until  actual  seiz- 
ures have  occurred.  The  statement  of  hemophiliacs 
that  they  experience  prehemorrhagic  warning  should 
be  interpreted  with  caution.  In  deep-seated  hemor- 
rhages it  is  possible  that  what  they  interpret  as  pre- 
hemorrhagic  is  the  sensation  actually  produced  at  the 
beginning  of  a  slow  hemorrhage.  There  is,  therefore, 
no    substantial    proof    of    spontaneous    hemorrhage. 

The  joints  are  usually  painful  and  swollen,  the  knee 
and  elbow  being  those  most  commonly  affected. 
After  the  blood  has  accumulated  and  remained  for  a 
time  in  the  joint,  inflammation  is  likely  to  follow, 
though  many  hemorrhages  into  the  joint  may  take 
place  without  any  inflammation.  In  such  cases  the 
joint  merely  fills  up,  swells  out  and  remains  so  until 
the  blood  is  absorbed.  Some  thirty  or  forty  such  hem- 
orrhages are  reported,  after  which  permanent  deform- 
ity resulted.  Ankylosis  and  deformity  is  the  final 
stage  of  such  joint  invasion.  It  is  very  doubtful, 
whether  any  inflammation  of  the  joint  precedes  the 
hemorrhage.  The  occurrence  of  joint  involvement  is 
probably  the  only  clinical  manifestation  suggesting 
infection  as  being  an  etiological  factor  in  this  disease 
and  has  led  some  observers  to  consider  a  bacteriological 
agent  as  being  the  underlying  etiology  of  the  whole 
disease.  It  is  yet  to  be  proven  that  arthritis  precedes 
the  hemorrhage,  or  that  even  arterial  disease  of  the 
joint  exists.  The  joints  are  subject  to  constant  and 
sometimes  rough  use,  and  it  is  but  natural  that  the 
hemorrhagic  tendency  should  find  in  this  location  a 
sufficient  trauma  to  establish  hemorrhage.  Indeed 
one  would  select  the  joints  as  the  portion  of  the  body 
most  open  to  the  trivial  trauma  sufficient  to  produce 
hemorrhage  in  the  hemophiliac.  The  presence  of 
blood  in  the  joint  might  act  there  as  a  foreign  body 
inducing  inflammation.  The  great  difficulty  which 
has  been  experienced  in  obtaining  positive  bacterial 
findings  from  joint  exudates  in  many  of  the  marked 
cases  of  arthritis  would  make  the  negative  bacterial 
findings  from  these  hemophilic  joints  of  little  diagnos- 
tic value.  One  cannot,  however,  dismiss  infection 
from  the  list  .of  theoretical  explanations  of  hemo- 
philia when  one  considers  that  many  of  the  arthritides 
are  now,  after  persistent  search,  being  found  to  be  due 
to  bacterial  invasion.  In  the  case  of  hemophilia  this 
explanation  must  be  considered  as  wholly  theoretical 
for  with  the  presence  of  blood  in  the  joint  subsequent 
infection  could  readily  develop  and  so  cause  and  effect 
be  easily  confused. 

The  quantity  of  blood  which  one  may  lose  and  the 
duration  of  the  hemorrhage  are  variously  reported — 
not  infrequently  the  amount  is  recorded  in  pounds, 
and  the  duration  in  days.  Most  of  the  subjects  die  in 
infancy;  some  reach  early  youth,  but  few  attain  adult 
life.  A  few  reports  mention  those  living  to  advanced 
years.  The  tendency  to  hemorrhage  is  said  to  decrease 
with  increasing  years.  In  the  course  of  a  hemorrhage 
a  thinning  of  the  blood  often  indicates  that  the  bleed- 
ing is  about  to  cease,  and  swooning  and  unconsciousness 
may  precede  a  prompt  stoppage  of  the  flow.  The 
viscera  rarely  present  abnormal  signs  as  due  to  or 
associated  with  this  disease.  Koch's  statement  that 
the  spleen  is  usually  enlarged  has  not  received  the 
support  of  clinical  evidence.  It  would  be  more  correct 
to  state  that  the  spleen  is  rarely  enlarged.  The  blood 
pressure  is  reported  in  most  cases  as  ranging  between 
1 10  and  125  millimeters  of  Hg.  In  a  very  few  instances 
is  it  given  as  above  125  millimeters.  The  blood  shows 
a  reduction  in  the  total  white  blood  cell  count  with  a 
relative  increase  in  lymphocytes  and  a  relative  and 
absolute  decrease  in  polynuelear  lymphocytes.  Meg- 
aloblasts  and  normoblasts  occur  according  to  the  extent 
and  duration  of  the  hemorrhage.  The  serum  and  min- 
eral constituents  of  the  blood  are  normal,  as  is  also  the 
fibrin  content.  The  blood  plates  are  not  diminished 
in  number.  The  red  cells  are  normal  in  number  and 
shape   until  hemorrhage   has   continued   for   a    con- 
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siderable  time.  It  will  be  seen  from  these  reports  that 
the  blood  does  not  differ  from  that  of  ordinary  secon- 
dary anemia,  and  even  such  changes  do  not  appear 
until  after  the  hemorrhage  has  been  going  on  for  some 
time. 

The  coagulation  time  has  been  the  subject  of  much 
discussion  and  investigation,  and  observers  have 
reported  very  variable  findings.  This  is  due  largely 
to  the  fact  that  the  coagulation  time  varies  according 
to  the  stage  of  the  hemorrhage  at  which  the  specimen 
is  taken.  In  order  to  ascertain  the  coagulating  fea- 
tures of  the  blood  in  any  individual  case,  the  specimen 
must  be  taken  from  a  fresh  wound.  Pratt6  has  empha- 
sized this  by  the  following  statement — "A  second  drop 
of  blood,  obtained  from  a  cut  after  the  first  drop  has 
coagulated,  always  coagulates  more  rapidly  than  the 
first.  This  occurs  also  if  the  skin,  after  the  removal  of 
the  first  drop,  is  cleaned  carefully  with  water,  alcohol, 
and  ether."  Sahli  has  also  called  attention  to  the 
importance  of  estimating  the  coagulation  time  by  a 
specimen  from  a  fresh  wound.  In  addition  to  the 
time  at  which  the  specimen  was  taken,  the  diet  and 
drugs  ingested  and  the  temperature  must  be  taken  into 
account.  That  there  is  abnormality  of  the  blood  with 
regard  to  coagulation  seems  to  be  proven — retarda- 
tion being  greatest  at  the  beginning  of  the  hemorrhage 
and  lessening  in  proportion  to  the  length  of  time  the 
hemorrhage  has  continued.  Forty-five  minutes  and 
one  hour  appear  not  infrequently  among  the  recorded 
coagulation  periods.  In  one  case  of  fatal  hemorrhage 
(Goodall)  blood  from  the  femoral  vein  is  recorded  as 
having  failed  to  clot.7  The  methods  for  determining 
coagulation  time  in  the  majority  of  observations  are 
those  of  Wright  and  Vierodt.  It  should,  however,  be 
emphasized  that  as  yet  no  systematic  observations 
upon  the  coagulation  time  of  the  blood  have  been  made 
with  due  regard  to  the  period  in  the  hemorrhagic 
attack  at  which  the  specimen  was  taken  and  with 
regard  to  the  diet,  the  drugs,  and  the  temperature. 
Until  a  large  number  of  observations  have  been  made 
with  reference  to  these  various  factors,  the  question 
of  the  coagulability  of  the  blood  must  remain  incom- 
pletely answered. 

The  geographical  distribution8  and  the  relative 
involvement  of  the  sexes  is  well  shown  in  the  following 
table  by  Grandidier: 

Hemophilia:    Geographic    Distribution    and    Occurrence    in 
the  Sexes  (Grandidier) 


Bleeder. 

Bleeders. 

Country. 

Families. 

Bleeders. 

Male. 

Female. 

93 
46 
20 
15 

7 
5 
3 
2 

1 
1 
1 

258 

141 

80 

61 

11 

48 

9 

9 

4 

3 

6 

230 

134 

75 

00 

7 

4S 

6 

7 

4 

2 

5 

22 

7 

5 

North  America 

1 
4 

Sweden-Norway 

Holland 

3 
2 

1 

1 

194 

630 

584 

46 

92  6 

7    1 

In  studying  this  table,  one  cannot  help  but  ques- 
tion whether  a  greater  interest  in  the  disease  in  Ger- 
many does  not  account  for  the  preponderance  of  cases 
in  that  country.  The  same  question  cannot,  however, 
come  up  with  regard  to  the  involvement  of  the  sexes  as 
the  percentage  of  male  sufferers  (92.6  per  cent.)  is 
enormously  in  excess  of  that  of  the  female  (7.4  per 
cent.).  The  number  of  "bleeder"  families  now  on 
record  has  reached  a  considerable  figure,  amounting  to 
between  200  and  250;  all  of  these  records  bear  out  the 
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fact  that  the  females,  although  exhibiting  no  trace  ol 
the  disease  themselves,  are  the  transmitters  to  t  he- 
males,  who  manifest  the  features  of  the  disease.  Two 
of  the  most  famous  of  these  families  are  the  Mampel 
family  of  Kircheim  near  Heidelberg,  and  the  Appleton- 
Swain  family  of  Reading,  Massachusetts.  The  trans- 
mission through  the  various  generations  is  shown  by 
the  family  trees  here  reproduced.9     In  the  case  of  the 


OLIVER  APPLETON 


[]  MALES 


O  FEMALES 


Fig.  3126. — Chart  of  the  Appleton-Swain  Family  of  Bleeders 
showing  the  transmission  of  the  tendency  to  the  seventh  genera- 
tion within  200  years.  The  black  squares  represent  bleeders; 
those  marked  -f-  died  from  hemorrhage. 

Mampel  family  it  presents  perhaps  the  most  trust- 
worthy record,  as  the  members  of  this  family  have  been 
under  careful  observation  for  nearly  a  hundred  years. 
It  must  always  be  remembered  that  in  so  spectacular 
a  disease  as  that  under  discussion,  superstition  and 
gossip  may  enter  into  many  of  the  records.  It  would 
appear,  however,  that  the  tendency  to  bleed  dies  out, 
having  its  greatest  activity  in  the  first  four  or  five 
genera  tions,  and  extends,  in  rare  instances,  as  far  as 
the  seventh  generation. 


Fio.  3127. — Chart  of  the  Mampel  Family  of  Bleeders,  according 
to  Lossen.  The  black  squares  represent  the  bleeders;  the  members 
designated  by  +  died  from  hemorrhage. 

Diagnosis. — The  condition  is  not  difficult  to  diag- 
nose. Petechia;,  purpura,  and  arteriosclerotic  bleeding 
from  the  nose  and  throat  should  cause  no  confusion. 
Hemophilic  hemorrhages  always  occur  at  the  time  of 
the  trauma,  have  a  marked  tendency  to  recur  and  are 
more  prof  use  and  uncontrollable  than  any  other  known 
bleeding.  One  case  (under  the  author's  observation) 
of  bleeding  following  tonsillotomy  occurred  several 
days  after  the  operation.  The  child  nearly  died  from 
loss  of  blood  which  was  found  to  be  due  to  the  separa- 
tion of  a  scab,  twice  in  succession,  from  the  same  point. 
The  length  of  time  at  which  the  hemorrhage  took  place 


after  the  operation  proved  that  this  Child  was  not  a 
bleeder.  The  diagnoses  of  hemophilia  should  not  be 
made  on  the  strength  of  a  single  hemorrhage.  The 
bleeder  always  exhibits  a  tendency  to  recurring 
hemorrhage. 

Prognosis. — Prognosis  is  unfavorable.  Death  be- 
fore the  eighth  year  is  common,  occurring  in  about  60 
per  cent,  of  the  cases.  The  prognosis  is  bet  ter  as  more 
advanced  years  are  reached,  but  the  hemorrhagic 
tendency  is  rarely  outgrown.  Few  die  in  their  first 
hemorrhage. 

Treatment. — It  is  very  doubtful  whether  any  of  the 
drugs  or  measures  recommended  are  in  themselves 
sufficient  to  check  the  hemorrhage.  Prophylaxis 
occupies  an  important  place  in  the  care  of  these  indi- 
viduals. Prophylactic  measures  consist  of  the  avoid- 
ance of  situations  which  may  produce  traumata  and 
in  the  administration  of  horse  serum  before  even 
slight  operations;  in  the  latter  procedure  small  doses 
of  serum  should  be  administered  at  intervals  some 
time  before  the  date  of  the  operation,  and  serum  should 
be  in  readiness  for  administration  at  the  time  of  the 
operation,  should  hemorrhage  threaten.  In  the 
administration  of  serum  great  run:  should  be  exercised 
with  regard  to  the  possibility  of  an  anaphylactic  reac- 
tion. The  ordinary  measures  exercised  in  the  check- 
ing of  hemorrhage  should,  of  course,  be  employed. 
The  use  of  calcium  lactate  and  of  gelatin  has  been 
warmly  recommended,  but  it  is  very  evident  that  the 
drugs  and  measures  mentioned  by  the  writers  on  this 
subject  are  merely  enumerations  of  trials  made  with 
various  agents,  no  one  of  which  has  been  proven  to 
act  certainly  and  uniformly  in  all  cases.  Until 
it  is  determined  what  the  body  lacks  in  these  indi- 
viduals and  until  a  means  of  supplying  this  lack  is  dis- 
covered, remedies  must  be  employed  empirically.  It 
should  be  remembered  that  these  individuals  can  lose 
large  quantities  of  blood  without  a  fatal  termination 
necessarily  taking  place  and  that  there  is  no  evidence 
in  these  cases  of  disease  of  the  blood-making  organs. 
The  realization  of  these  two  facts  should  make  one 
persist  in  the  effort  to  check  hemorrhage  by  the  ordi- 
nary hemostatic  means.  Some  writers  warn  against 
the  subcutaneous  administration  of  gelatin  on 
account  of  the  possibility  of  severe  hemorrhage  being 
induced  by  the  puncture  and  also  because  of  the  dan- 
ger of  tetanus,  the  organism  of  which  occurs  in  gelatin 
and  resists  the  ordinary  antiseptic  precautions;  gela- 
tin by  mouth  is,  however,  quite  harmless. 

The  treatment  of  the  joint  affections  is  as  unsatis- 
factory as  that  of  the  hemorrhage.  Affections  of  the 
joints  in  hemophiliacs  should  be  considered  as  occur- 
ring in  three  stages.  The  first  is  that  of  ordinary  hemor- 
rhages  into  the  joint.  With  the  application  of  non- 
irritating  substances  and  the  protection  of  the  joint, 
the  blood  which  accumulates  rapidly,  deforming  the 
joint,  may  be  absorbed,  and  the  joint  become  normal. 
In  the  second  stage,  inflammation  may  be  set  up,  and 
the  outcome,  as  in  all  arthritides,  depends  upon 
the  organism  invading  the  joint  tissues;  such  joints 
usually  resist  all  treatment  and  the  joint  remains 
swollen  and  goes  on  to  the  third  stage  of  ankylosis. 
In  the  first  stage  repeated  hemorrhages  may  occur, 
the  blood  being  absorbed  and  the  joint  recovering  with 
little  or  no  impairment.  Forty  such  hemorrhages  are 
reported  to  have  occurred  within  a  single  joint,  with 
no  evidences  of  permanent  deformity  until  the  last 
few  hemorrhages  occurred.  C.  N.  B.  Camac. 
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Hemoptysis. — The  term  hemoptysis  lal^a,  blood, 
Tiai^,  spitting)  is  used  technically  to  indicate 
bleeding  from  the  lungs  or  bronchial  tree.  Blood 
that  is  expectorated  may  come  from  other  sources, 
especially  the  nose,  pharynx,  and  gums,  but  such 
cases  are  not  commonly  included  under  this  caption. 
Parasitic  hemoptysis,  caused  by  the  presence  in  the 
lungs  of  the  lung  fluke,  Paragonimus  westermanni,  is 
a  special  variety. 

Etiology. — The  cause  of  hemoptysis  may  lie  in  the 
condition  of  the  vessels,  in  the  elements  forming  the 
blood-clot,  or  in  the  blood-pressure.  As  to  the  vessels, 
the  bleeding  may  occur  from  either  the  pulmonary  or 
the  bronchial  arteries,  veins  or  capillaries.  Of  the 
elements  forming  the  clot,  attention  has  been  paid 
to  the  contents  of  calcium  salts,  thrombokinase,  anti- 
thrombin,  and  prothrombin,  but  these  studies  are 
only  beginning  to  be  of  practical  value.  The  platelets, 
the  clotting  period,  and  the  bleeding  time  have  been 
studied,  thus  far  without  practical  result. 

Hemoptysis  usually  means  tuberculosis,  but  not 
invariably.  The  laity  has  come  to  recognize  pretty 
commonly  the  frequency  of  tuberculosis  in  the  eti- 
ology of  hemoptysis.  The  modern  physician,  though 
not  overlooking  the  frequency  of  tuberculosis  in  these 
cases,  should  be  able  to  recognize  the  non-tuberculous 
cases  of  hemoptysis. 

Aside  from  tuberculosis,  there  are  numerous  less 
frequent  causes  of  hemoptysis.  Mention  has  been 
made  of  the  parasitic  form.  Trauma  is  a  common 
cause,  usually  easy  of  recognition.  Hemoptysis  due 
to  change  in  altitude  is  common,  and  is  of  special 
interest  to  the  tuberculous  patient  contemplating  a 
change  of  climate.  The  hemoptysis  of  pneumonia  is 
characteristic.  Pulmonary  congestion  with  infarc- 
tion, observed  often  in  cardiac  disease,  especially  in 
those  cases  in  which  the  mitral  valve  is  most  affected, 
is  probably  next  to  tuberculosis  in  the  causation  of 
hemoptysis.  Aortic  aneurysm  is  a  not  infrequent 
cause  and  should  not  be  overlooked.  The  various 
forms  of  the  hemorrhagic  diathesis  may  show  hem- 
optysis. Thus  hemoptysis  may  occur  in  hemorrhagic 
smallpox  or  any  form  of  severe  purpura  and  in 
hemophilia.  Abscess  or  gangrene  of  the  lung  may 
show  traces  of  blood  in  the  sputum.  New  growths 
are  possible  but  rare  causes  of  hemoptysis. 

Hemoptysis  sometimes  occurs  as  an  expression  of 
vicarious  menstruation. 

In  all  cases  hemoptysis  should  be  differentiated 
from  hematemesis,  especially  the  vomiting  or  regurgi- 
tation of  blood  from  ulcer  or  malignant  disease  of  the 
esophagus  or  stomach.  Hemorrhage  from  the  phar- 
ynx may  be  recognized  by  inspection.  In  excessive 
hemoptysis,  considerable  quantities  of  blood  are  swal- 
lowed, to  be  later  vomited  (hematemesis)  or  passed  as 
tarry  stools  (melena). 

Symptomatology. — The  hemorrhage  of  hemoptysis 
varies  greatly  in  both  quantity  and  character.  Blood 
may  appear  in  the  sputum  only  in  microscopic 
quantity,  the  sputum  may  only  be  streaked  with 
blood,  or  the  quantity  of  blood  lost  may  be  suf- 
ficient to  cause  syncope.  The  blood  may  appear 
in  the  sputum  in  specks  or  streaks,  or  it  may  be 
intimately  mixed  with  the  sputum.  The  color  may 
vary  from  bright  red  to  a  red  that  is  so  dark  that  it 
appears  almost  black.  The  rusty  sputum  of  pneu- 
monia and  the  reddish-brown  or  brick-dust-colored 
"anchovy  sauce"  sputum  of  amebic  dysentery,  are 
characteristic.  The  latter  is  found  especially  in  the 
cases  of  amebic  abscess  of  the  liver  discharging 
through  the  lung. 

Diagnosis. — In    hemoptysis,    the    clinician    thinks 


firs!  of  tuberculosis.  Often  there  are  no  gross  pul- 
monary physical  signs  observed  for  sunn-  weeks  after 
hemoptysis  fir>t  occurs  in  cases  of  tuberculosis.     So 

thai  the  diagnosis  in  these  cases  must  rest  upon  a 
thorough   examination,   including  the  examination  of 

the  .sputum  and  the  tuberculin  test.     Nor  must   we 

be  deceived  by  the  appearance  of  the  patient.  Hem- 
optysis is  especially  prone  to  occur  in  the  full-blooded 
incipient  cases  of  tuberculosis,  patients  that  present 
otherwise  the  appearance  of  perfect  health,  with 
color  and  weight  above  the  average,  well-developed 
musculature,  and  a  history  possibly  of  never  having 
been  sick.  The  sputum  of  such  a  case  may  contain 
myriads  of  tubercle  bacilli.  To  make  tin' diagnosis, 
it  is  a  good  rule  to  subject,  the  sputum  to  an  examina- 
tion for  the  tubercle  bacillus  in  every  case  of  hem- 
optysis. 

Hemoptysis  and  pulmonary  hemorrhage  are  not 
synonymous;  either  may  occur  without  the  other. 

The  blood  may  come  from  the  larynx,  more  fre- 
quently from  the  bronchi.  Filarial  hemoptysis  has 
been  referred  to.  Hemoptysis  sometimes  is  observed 
in  hysteria,  in  which  cases  hysterical  hemoptysis  must 
be  differentiated  from  attempts  at  deception.  Such 
patients  frequently  obtain  the  blood  from  other 
sources,  notably  the  gums  and  pharynx,  apparently- 
craving  the  attention  that  is  usually  bestowed  upon 
cases  of  hemoptysis.  Hemoptysis  may  occur  in 
aneurysm  of  the  aorta,  bronchiectasis,  brown  indura- 
tion of  the  lungs,  typhoid  fever,  influenza,  and  pul- 
monary syphilis. 

In  pulmonary  tuberculosis,  hemoptysis  may  occur 
from  congestion  very  early  in  the  course  of  the  dis- 
ease. Later  hemorrhages  are  usually  due  to  erosion  of 
blood-vessels,  and  the  quantity  of  blood  lost  is  deter- 
mined largely  by  the  size  of  the  vessel  from  which 
the  hemorrhage  occurs.  The  blood-vessels  are  often 
weakened  or  aneurysmal  in  the  cases  showing  traces 
of  blood  in  the  sputum. 

Microscopic  traces  of  blood  may  be  found  in  the 
sputum  in  practically  all  ulcerative  cases  of  pulmonary 
tuberculosis,  and  there  is  the  gross  appearance  of 
blood  in  the  sputum  in  about  two-thirds  of  the  cases. 
A  predisposing  influence  has  been  ascribed  to  gen- 
eral humidity  of  the  atmosphere.  At  any  rate  cases 
of  hemoptysis  are  prone  to  occur  in  groups. 

Hemoptysis  sometimes  occurs  as  the  first  intimation 
of  pulmonary  tuberculosis.  In  such  cases  the  bleeding 
may  be  slight  or  profuse.  Hemoptysis,  especially 
severe  pulmonary  hemorrhage,  is  far  more  frequent 
after  the  formation  of  cavities  in  the  so-called  third 
stage  of  tuberculosis. 

Aside  from  the  weakening  and  erosion  of  vessels, 
increased  blood  pressure  is  an  important  factor  in 
etiology.  Among  the  important  exciting  causes  of 
hemoptysis  are  excessive  coughing  or  physical  exer- 
tion, periods  of  anger  or  excitement,  and  the  inhala- 
tion of  gases  or  vapors. 

The  site  of  the  hemorrhage  in  pulmonary  tuberculo- 
sis may  usually  but  not  invariably  be  determined  by 
auscultation,  bronchial  rales  occurring  over  the 
infected  area.  Such  rales  may  be  absent  in  true 
cases  of  pulmonary  hemorrhage,  or  they  may  be 
present  in  the  absence  of  hemorrhage  from  the  lungs. 

In  bronchiectasis  the  sputum  may  be  streaked  with 
blood  or  there  may  be  profuse  hemorrhage.  Two 
instances  of  fatal  hemorrhage  in  bronchiectasis  have 
been  observed  by  Barth. 

There  is  often  hemoptysis  in  brown  induration  of 
the  lungs,  and  the  bleeding  may  be  free  in  the  cases 
dependent  upon  mitral  regurgitation.  Usually  there 
is  merely  the  spitting  of  blood  for  a  protracted 
peri i  id.  There  is  more  danger  from  sepsis  and  toxemia 
than  hemorrhage  in  these  cases,  the  blood  making  a 
more  favorable  soil  for  the  growth  of  microorganisms. 

Laryngeal  hemorrhage  may  be  due  to  syphilis,  tuber- 
culosis, malignant  disease,  the  presence  of  a  foreign 
body,  the  so-called  hemorrhagic  diathesis,  cirrhosis 
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of  the  liver,  pregnancy,  vicarious  menstruation,  etc. 
Among  the  exciting  causes  are  excessive  coughing, 
vomiting,  or  singing,  and  violent  exercise  thai  tends 
to  raise  the  blood  pressure.  Laryngeal  hemorrhage 
due  to  erosion  is  usually  caused  by  a  lesion  at  the  pos- 
terior insertion  of  the  vocal  cords  or  on  the  anterior 
face  of  the  arytenoids.  . 

The  hemoptysis  of  laryngeal  hemorrhage  is  usually 
small  in  quantity,  the  blood  appearing  in  small  par- 
ticles in  the  saliva.  The  color  is  usually  bright,  but 
small  dark-colored  clots  may  be  expelled.  There  is 
rarelv  profuse  bleeding,  but  dyspnea  may  be  caused 
by  the  formation  of  a  clot  that  occludes  the  respiratory 
passage. 

Prognosis. — This  varies  with  the  cause.  In 
pulmonary  hemorrhage  the  immediate  prognosis  is 
usually  go'od,  though  the  bleeding  may  be  so  severe  as 
to  cause  syncope.  The  ultimate  prognosis  of  hemop- 
tysis in  pulmonary  tuberculosis  depends  upon  a  num- 
ber of  factors,  chief  among  which  are  the  prostration 
of  the  patient  and  secondary  infection  due  to  the 
growth  of  microorganisms  upon  the  clotted  blood  in 
the  lungs.  Furthermore  there  is  a  tendency  to  a 
repetition  of  the  hemorrhage  in  tuberculosis. 

The  immediate  outlook  in  the  hemoptysis  of  mitral 
disease  is  usually  good.  Pulmonary  infarction  with 
infection  in  these  cases  may  later  give  a  grave  prog- 
nosis. Hemoptysis  due  to  aortic  aneurysm  presents  a 
grave  outlook.  In  the  various  forms  of  the  hemor- 
rhagic diathesis,  the  prognosis  of  hemoptysis  is  that 
of  the  underlying  condition  and  is  not  good.  The 
grave  hemorrhagic  infections,  in  which  hemoptysis 
occurs,  afford  an  unfavorable  prognosis.  In  the  hem- 
optysis of  vicarious  menstruation  the  outlook  as  to 
life 'is  good  and  often  such  cases  cease  spontaneously. 
The  ultimate  prognosis  is  bad,  depending  upon  the 
cause,  in  the  hemoptysis  of  pulmonary  abscess,  gan- 
grene, and  new  growths.  In  traumatic  hemoptysis  the 
outlook  is  usually  good,  but  not  invariably  without 
gravity.  In  such  cases  there  is  usually  more  danger 
from  sepsis  than  from  the  hemorrhage  per  se. 

Treatment. — In  the  treatment  of  hemoptysis,  rest 
is  a  sine  qua  non.  This  may  be  best  obtained  by- 
placing  the  patient  in  a  recumbent  or  semi-recum- 
bent position.  The  hypodermic  use  of  morphine  and 
atropine  has  probably  come  into  vogue  largely  because 
these  agents  tend  to  "quiet  the  patient  and  thus  secure 
more  complete  rest.  Strapping  the  chest  is  a  valuable 
procedure  for  the  same  reason. 

To  assist  in  the  formation  of  the  clot,  coagulose,  the 
precipitated  normal  blood-serum  containing  fibrin  fer- 
ment, is  of  especial  value  in  cases  of  hemophilia.  The 
calcium  salts,  especially  the  lactate  of  calcium,  may 
be  given  in  a  dose  of  sixty  grains  with  the  beginning 
of  the  hemorrhage,  repeated  in  three  or  four  days. 
There  is  no  known  satisfactory  remedy  that  acts  by 
constricting  the  bleeding  vessel  in  the  lung,  save  possi- 
bly the  ice-bag.  The  pituitary  extract  apparently 
raises  the  body  blood-pressure  and  reduces  the 
pulmonary  blood-pressure. 

At  the  time  of  the  hemorrhage  the  patient  may  take 
a  tablespoonful  of  common  salt  with  as  little  water  as 
possible.  Sometimes  dyspnea  is  best  relieved  by 
champagne.  In  the  presence  of  great  dyspnea  in 
severe  bleeding,  it  may  be  necessary  to  remove  clotted 
blood  from  the  throat  and  larynx.  It  may  be  advis- 
able to  ligate  the  extremities.  Persistent,  cases  may 
be  controlled  by  compression  of  the  lung,  which  may 
be  secured  by  the  injection  of  oxygen  or  nitrogen  gas 
into  the  pleural  cavity.  Where  only  temporary  pres- 
sure is  necessary,  on  li  nary  oxygen  gas  maybe  injected, 
when  more  lasting  pressure  is  needed,  nitrogen  gas 
should  be  used.  In  all  cases  of  hemorrhage  the 
patients  should  observe  absolute  rest  in  the  recumbent 
or  semi-recumbent  posture,  and  should  remain  in  bed 
a  week  after  the  last  (race  of  hemorrhage.  The  appli- 
cation of  the  ice-ban  to  the  chest  is  recommended,  out 


of  deference  to  custom,  and  the  patient  is  directed  to 
swallow  pieces  of  ice.  Thirst  is  relieved  by  cold 
drinks.  The  use  of  tannin,  which  has  been  recom- 
mended as  a  spray  and  by  internal  administration, 
upon  theoretical  grounds,  is  of  very  doubtful  value. 
Atropine  may  be  administered  in  doses  of  gtt.  iii.-v.,  of 
a  solution  of  gr.  i.  to  5i-  every  three  or  four  hours 
until  the  bleeding  stops,  or  up  to  tolerance.  Nitro- 
glycerin may  be  given,  one-half  drop  every  half  hour. 
Cough  should  be  relieved  by  opium,  best  in  the  form 
of  Dover's  powder,  gr.  ii.-iii.  every  two  or  three  hours. 

Ergot,  in  the  form  of  the  fluid  extract,  a  teaspoonful 
every  hour  or  two,  has  been  recommended,  but  is  not 
so  good  as  atropine. 

Aconite  has  been  used  as  a  cardiac  sedative. 
Hydrastis  canadensis  is  considered  an  important  rem- 
edy. In  the  presence  of  fever,  quinine  may  be  given, 
gr.  v.  every  three  or  four  hours  during  the  continuance 
of  the  hemorrhage.  Ipecac  may  be  administered,  gr. 
xv.  every  ten  minutes  (Trousseau),  or,  to  avoid  vomit- 
ing, it  may  be  given  in  smaller  doses,  gr.  i.-ii.  (Jaccoud) 
every  half  hour,  then  every  hour  and  then  every  two 
hours,  taking  care  to  avoid  nausea.  The  use  of  anti- 
mony and  potassium  tartrate  has  been  recommended 
(Peter),  gr.  Vs  every  two  hours  until  nausea  is  pro- 
duced, when  the  hemorrhage  may  be  stopped  by  an 
energetic  contraction  of  the  blood-vessels.  Potassium 
bromide  may  be  given  with  digitalis,  especially  in  the 
presence  of  nervousness,  as  at  the  menstrual  time. 

George  E.  Malsbary. 


Hemorrhage. — From  a^or,  blood,  and  jiiiyvviii, 
to  break  through.  The  blood  may  escape  from  the 
arteries,  veins,  or  capillaries,  and  from  its  origin  the 
hemorrhage  is  designated  as  arterial,  venous,  or 
capillary. 

In  arterial  hemorrhage  the  blood  escapes  from  the 
arteries  in  jets  synchronously  with  the  contraction 
of  the  left  ventricle,  and  flows  continuously  during 
diastole.  The  blood  is  then  of  a  bright  or  pale  red 
according  to  the  quality.  In  dyspnea  it  is  dark  in 
color. 

In  venous  hemorrhage  the  blood  escapes  from  the 
veins  in  a  continuous  stream  or  in  feeble  jets  and  is 
dark  in  color.  In  capillary  hemorrhage  the  blood 
oozes  from  a  smaller  or  larger  surface  and  is  reddish 
in  color. 

Secondary  hemorrhage  occurs  from  one  to  eight  days 
after  operations,  and  may  be  due  to  slipping  of  a 
ligature  or  separation  of  a  slough  or  dislodgment  of 
a  thrombus.  It  is  especially  liable  to  occur  in  infected 
wounds.  Long  continued,  increased,  intravenous 
pressure  causes  dilatation  of  the  veins  and  may  be 
followed  by  rupture,  as  seen  occasionally  in  the  veins 
of  the  leg  and  in  the  esophageal  veins  in  oases  of 
hepatic  cirrhosis. 

Just  what  are  the  alterations  in  the  blood  that  favor 
hemorrhage  are  not  definitely  determined,  but  the 
white  corpuscles  are  greatly  increased  in  numbers  and 
the  time  required  for  coagulation  is  increased.  The 
coagulation  time  may  be  determined  by  the  coagulo- 
meter;  normal  blood  clots  in  the  tubes  in  from  three  to 
five  minutes.  In  some  forms  of  purpura  the  coagula- 
tion time  is  retarded  to  ten  or  fifteen  minutes,  and  in 
hemophilia  it  has  been  delayed  as  long  as  fifty  minutes 
(Osier). 

These  changes  in  the  constitution  of  the  blood, 
which  lessen  its  coagulability  and  thus  favor  hemor- 
rhages, obtain  particularly  in  leukemia,  purpura, 
and  prolonged  icterus,  especially  if  associated  with 
malignant  disease. 

Of  recent  years  there  has  been  an  increasing  ten- 
dency to  regard  the  spontaneous  hemorrhages  occur- 
ring in  new-born  children  as  a  manifestation  of 
microorganismal  disease.  Hemorrhages  from  changes 
in  the  blood,  as  in  leukemia,  have  long  been  recognized. 
Many  of  the  hemorrhages  occurring  from  the  mucous 
membrane,   especially  that   lining   the   stomach    and 
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intestines  are  now  regarded  as  due  to  an  infection 
originating  in  the  gall-bladder,  vermiform  appendix, 
or  other  part  of  the  intestinal  canal. 

Consequences. — Repeated  small  hemorrhages  may 
gradually  bring  about  a  profound  degree  of  anemia. 
Large  hemorrhages  result  in  anemia  but  they  are  also 
followed  by  a  condition  of  shock.  The  severity  of  the 
symptoms  is  greatly  increased  if  the  bleeding  lakes 
place  rapidly.  It  has  been  shown  conclusively  that 
death  from  hemorrhage  takes  place  in  consequence 
of  a  lowering  of  intracardiac  and  intravascular  pres- 
sure, incompatible  with  the  continuance  of  the  func- 
tion of  the  circulatory  organs. 

Hemorrhage  may  result  disastrously,  not  only  from 
the  loss  to  the  individual  of  a  large  quantity  of  blood, 
but  also  from  the  pressure  of  the  escaped  blood  on 
adjacent  structures.  This  is  notably  the  case  in 
intracranial  and  pericardial  hemorrhages. 

Symptoms. — The  symptoms  may  vary  with  the 
rate  and  quantity  of  blood  lost.  In  repeated  small 
hemorrhages  anemia  is  the  obvious  result.  The 
Objective  signs  are  pallor  of  the  skin  and  mucous 
membranes,  coldness  of  the  surface,  the  degree  of 
anemia  present  being  accurately  determined  by  a  blood 
count.  It  is,  of  course,  evident  that  a  much  greater 
quantity  of  blood  may  be  lost  in  small  quantities  and 
at  intervals  without  a  fatal  result  than  in  one  or 
two  large  hemorrhages.  In  the  former  instance  re- 
pair is  constantly  going  on  and  the  system  acquires 
toleration. 

When  a  large  quantity  of  blood  is  lost  rapidly, 
faintness  and  pallor  of  the  skin  and  mucous  membranes 
are  the  first  symptoms  to  attract  notice.  If  the  bleed- 
ing continues  the  pulse  becomes  soft,  small  and  com- 
pressible. The  blood  pressure  is  lowered.  The  face 
and  extremities  become  cold,  the  respiration  rapid, 
shallow  and  sighing,  and  "air  hunger'  is  complained 
of  because  the  supply  of  oxygen  to  the  tissues  is  limited 
in  proportion  to  the  decreased  volume  of  blood  cir- 
culating through  them.  There  is  great  restlessness. 
Finally  noises  are  heard,  the  pupils  dilate  and  the 
sphincters  relax. 

Children  bear  loss  of  blood  badly  but  make  it  up 
quickly.  Adults,  and  especially  old  people,  are  slow 
to  recover  great  loss  of  blood.  There  occurs  a  marked 
leucocytosis.  In  six  or  eight  weeks  a  child  can  recover 
from  a  considerable  loss  of  blood.  In  older  people, 
while  the  water,  albumin,  and  salts  are  quickly  re- 
placed from  the  tissues,  yet  the  red  bone  marrow  of 
the  long  bones  and  vertebrae  only  slowly  restore  the 
red  blood  cells,  and  old  people,  as  a  rule,  after  a  large 
hemorrhage  remain  permanently  more  or  less  anemic. 

Women,  during  the  child-bearing  period,  seem  able 
to  survive  very  large  losses  of  blood  and  to  recover 
quickly  and  satisfactorily. 

At  other  times  the  evidences  of  hemorrhage  are  to 
be  sought  for  in  focal  lesions  of  the  brain  or  in  the 
presence  of  physical  signs  of  fluid  in  the  pericardium, 
in  the  pleura,  or  in  the  abdomen. 

It  is  not  always  easy  to  differentiate  the  symptoms 
of  acute  anemia  the  result  of  a  large  concealed  hemor- 
rhage, from  shock  due  to  other  causes.  Reliance  must 
be  placed  upon  the  history  of  the  onset,  and  the  ex- 
clusion of  other  causes  of  shock,  such  as  fright,  local 
injuries  to  important  organs,  extensive  superficial 
burns,  severe  pain,  and  the  presence  of  the  physical 
signs  of  fluid  in  the  great  cavities  of  the  body. 

Treatment  may  be  prophylactic,  constitutional, 
and  local. 

Prophylaxis. — The  value  of  calcium  chloride  as  a 
preventive  and  curative  agent  has  been  questioned. 
Blood  containing  less  calcium  than  normal  coagulates 
slowly.  To  supply  an  additional  quantity  in  hemo- 
philics and  to  patients  for  a  long  time  jaundiced,  seemed 
rational.  Some  surgeons  have  expressed  disappoint- 
ment with  the  results.     It  probably  cannot  do  any 


harm.  If  employed  as  a  prophylactic  thirty  grains 
should  be  administered  by  mouth  every  four  hours 
for  a  day  or  two  before  operation  and  continued  in 
the  same  dose,  either  by  mouth  or  per  rectum,  for  a 
couple  or  three  days  afterward. 

Before  beginning  an  operation  usually  attended  by 
considerable  hemorrhage,  some  surgeons  have  made 
it  a  practice  to  introduce  into  the  circulation  through  a 
vein  or  subcutaneously  a  liter  of  normal  saline  solution 

In  operations  upon  an  extremity  much  blood  can 
be  saved  by  previously  placing  around  the  limb  an 
Esmarcli  elastic  band.  The  constricting  band  should 
be  two  inches  or  more  in  width  and  so  placed  that 
important  nerves  shall  not  be  unduly  pressed  upon. 
Negligence  of  this  precaution  has  occasionally  resulted 
in  a  more  or  less  persistent  paralysis  of  the  parts  below 
the  elastic  ligature.  There  is  no  object  in  applying 
this  bandage  too  tightly.  Sufficient  pressure  to 
arrest  the  circulation  in  the  arteries  is  better  than 
more.  Before  applying  the  Esmarch  band  the  limb 
may  be  elevated  for  a  few  minutes.  Force  of  gravity 
will  materially  lessen  the  quantity  of  blood  in  the  ves- 
sels. It  is  not  usually  wise  to  bandage  the  limb 
before  applying  the  constrictor;  by  so  doing  septic 
matter  might  be  forced  along  the  vessels  into  the  circu- 
lation. Troublesome  oozing  is  apt  to  follow  the 
prolonged  application  of  Esmarch's  elastic  band. 
It  is  due  to  a  degree  of  vasomotor  paralysis  of  the 
smaller  vessels.  Sometimes  free  and  troublesome 
oozing  follows  the  removal  of  the  bandage. 

Temporary  ligation  of  vessels  may  be  practised 
with  safety.  Senn  states  that  a  temporary  ligature 
may  be  left  on  a  vessel  for  twenty-four  hours  without 
permanent  injury,  provided  the  ligature  is  not  drawn 
tight  enough  to  injure  the  intima.  He  has  frequently- 
placed  temporary  ligatures  on  the  carotid  at  the  level 
of  the  lower  border  of  the  thyroid  cartilage,  before 
operating  on  the  parts  above.  He  refers  especially 
to  operations  performed  on  the  pharynx,  parotid, 
and  submaxillary  regions.  He  places  a  double  liga- 
ture, which,  if  need  be,  can  be  made  permanent. 
Temporary  may  well  replace  preliminary  ligature  of 
large  arteries  in  suitable  cases. 

Momburg's  constriction  of  the  abdominal  aorta 
by  a  soft  rubber  tube  passed  around  the  body  midway 
between  the  border  of  the  ribs  and  the  iliac  crests,  and 
drawn  sufficiently  tight  to  arrest  the  pulsation  in  the 
femoral  artery,  enables  the  surgeon  to  operate  in  the 
pelvis  and  on  the  lower  extremities  without  hemor- 
rhage. Constricting  bands  are  also  applied  around 
the  thigh  below  Poupart's  ligament  and  others  around 
the  legs  just  below  the  popliteal  spaces.  The  order 
of  removal  of  the  constricting  bands  is  important. 
The  band  around  the  body  should  be  removed  first, 
then  one  of  the  thigh  bands,  then  one  of  the  leg  bands, 
etc.,  the  object  is  to  avoid  too  sudden  and  too  great 
stress  upon  the  heart. 

Constitutional  Measures.— Many  drugs  are  held  in 
high  repute  as  hemostatics.  Mention  may  be  made 
of  aromatic,  sulphuric,  tannic  and  gallic  acids,  spirit 
of  turpentine,  ergot,  acetate  of  lead,  and  opium. 
Some  act  by  producing  clotting,  some  by  stimulating 
the  vessels  to  contract,  and  opium  by  equalizing  the 
circulation  and  thus  lessening  intravascular  pressure 
at  the  bleeding  point.  Turpentine  has  many  advo- 
cates. It  may  be  given  three  or  four  times  daily  in 
doses  of  ten  to  fifteen  minims.  In  hemorrhage  from 
the  intestinal  mucous  membrane  opium  has  been 
found  very  useful. 

Suprarenal  capsule  is  now  being  used  as  a  styptic. 
Its  active  principle  is  called  adrenalin.  Powdered 
suprarenal  capsule  may  be  used  locally  or  may  be  given 
internally  in  doses  of  two  to  five  grains.  Adrenalin 
is  very  readily  oxidized,  and  is  on  the  market  in  solution. 
That*  prepared  by  Parke,  Davis  &  Co.,  is  adrenalin 
chloride  1  to  1,000  of  physiological  saline  solution. 
Its  permanence  is  maintained  by  the  addition  of  0.5 
per  cent,  of  chloretone.     It  may  be  used  locally  or 
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internally  in  doses  of  five  to  thirty  minims.  Locally 
it  acts  in  very  weak  solution.  A  solution  made  by 
adding  one  part  of  the  1  to  1,000  solution  to  one 
thousand  parts  of  sterilized  physiological  salt  solution 
is  an  effective  local  astringent.  Powdered  suprarenal 
body  and  its  active  principle  adrenalin  act  by  causing 
the  contraction  of  the  walls  of  the  vessel.  Evidence 
of  its  effectiveness  is  accumulating  daily.  The 
writer  has  found  it  most  satisfactory  in  arresting 
hemorrhage  in  epistaxis  and  in  bleeding  piles.  It 
acts  by  stimulating  the  contraction  and  closure  of 
the  gaping  vessel.  It  might  be  expected  to  fail  when 
applied  to  vessels  whose  surroundings  prevented 
contraction,  as,  for  instance,  in  the  indurated  base 
of  a  gastric  ulcer  or  perhaps  in  hemorrhage  from  bone. 

Ergot  is  especially  serviceable  in  postpartum  hem- 
orrhage. It  stimulates  contraction  of  the  unstriped 
muscle  of  the  uterus  and  thus  compresses  the  veins 
and  blood  sinuses  in  the  uterine  wall.  It  also  stimu- 
lates to  contract  the  middle  coat  of  the  arteries  and 
has  been  used  in  the  treatment  of  hemoptysis.  When 
administering  ergot  it  must  always  be  remembered 
that  it  causes  peripheral  vasoconstriction  and  so 
raises  the  blood  pressure. 

Local  Treatment. — Arterial  hemorrhage  may  be  ar- 
rested spontaneously  by  the  contraction  of  the  vessel 
wall  and  the  clotting  of  the  blood.  "If  a  small 
artery  is  completely  divided,  the  circular  fibers  of  the 
muscular  coat  contract  and  narrow  the  orifice;  at  the 
same  time  the  internal  and  middle  coats  curl  up  in 
the  interior  of  the  vessel,  and  the  longitudinal  fibers 
contract  and  shorten  it,  so  that  it  retracts  within  its 
sheath.  As  a  result,  there  is  clotting  of  blood;  as 
soon  as  the  blood  comes  in  contact  with  the  tissues 
that  are  injured,  or  which  are  not  similar  to  the  lining 
of  the  membrane  of  the  vessels,  it  undergoes  coagula- 
tion. Consequently,  as  soon  as  the  blood  escapes 
from  the  vessel,  clotting  tends  to  take  place,  unless 
the  escape  of  blood  be  so  free  that  the  clot  is  swept 
away  with  it.  The  clotting  within  the  vessel  extends 
up  to  the  nearest  collateral  branch."  Later  on,  the 
clot  becomes  organized  into  fibrous  tissue.  If  the 
vessel  is  only  partially  divided  it  cannot  contract 
within  its  sheath  and  the  hemorrhage  is  more  apt  to 
continue.  The  spontaneous  arrest  of  hemorrhage 
from  the  veins  and  capillaries  is  due  chiefly  to  clotting 
and  sealing  by  lymph  (Cheyne  and  Burghard). 

Of  all  the  artificial  methods  of  arresting  hemorrhage 
that  by  ligature  is  far  and  away  the  most  important. 
The  aseptic  ligature  is  one  of  the  great  results  of  Lister's 
work.  Of  the  absorbable  ligatures  catgut  is  the  chief, 
and  silk  is  the  ideal  non-absorbable  ligature.  Catgut 
may  now  be  prepared  in  a  manner  that  renders  it 
aseptic  and  not  too  readily  absorbed.  It  is  certainly 
the  best  ligature  to  use  in  a  field  that  is,  or  is  likely  to 
become,  infected.  Silk  or  linen  thread  have  the  great 
advantage  of  being  easily  prepared  and  may  be  used 
in  aseptic  tissues.  It  is  better  to  use  the  smallest 
sizes  of  both  catgut  and  silk  that  can  be  used  with 
safety.  It  is  no  longer  thought  necessary  to  tie  a 
ligature  tightly  enough  to  rupture  the  intima.  If  the 
walls  of  the  vessel  are  brought  firmly  in  contact, 
adhesions  between  them  will  take  place  and  the  vessel 
be  quite  safely  occluded. 

Suture  of  wounds  in  large  arteries  and  veins  may 
be  successfully  accomplished.  Although  Lambert 
of  Newcastle  successfully  sutured  a  wound  of  the 
carotid  artery  in  1762,  but  little  attention  was  given 
to  this  method  of  closing  wounds  of  blood-vessels 
until  recent  years.  This  method  of  closure  should 
be  adopted  in  wounds  of  important  vessels,  such  as 
the  aorta,  carotid,  axillary,  or  femoral  arteries,  when 
not  more  than  half  the  circumference  of  the  vessel  is 
divided  and  when  the  wound  is  aseptic.  Experiments 
seem  to  show  that  if  end  to  end  anastomosis  is  per- 
formed, after  complete  division  of  the  artery,  complete 
occlusion  will  occur  in  a  few  weeks,  but  not  until 
sufficient  time  has  elapsed  for  the  collateral  circulation 


to  become  established.  The  endothelial  and  con- 
nective-tissue proliferation  which  closes  the  wound 
in  a  pari  of  the  vessel  wall  goes  on  to  i  omplete  occlu- 
sion when  the  whole  circumference  nas  been  divided 
and  afterward  stimulated  by  many  needle  punctures 
and  by  the  presence  of  the  suture  material.  Closure 
of  wounds  of  veins  by  means  of  sutures  has  also  been 
practised  successfully.  In  Hie  suturing  only  the  outer 
coats  should  be  included,  the  intima  being  avoided. 
The  sheath  of  the  artery  should  also  be  sutured. 

Pressure  is  a  valuable  means  of  controlling  capillary 
hemorrhage  and  that  from  small  wounds  and  from 
veins.  The  hemorrhage  from  a  ruptured  varicose 
vein  is  thus  readily  stopped.  Even  bleeding  from  the 
sinuses  of  the  brain  may  often  be  effectually  arrested 
by  pressure.     In  applying   pressure   it   is   important 


Fig.  31 2S. — Various  Contrivances  in  Common  Use  for  Arresting 
Hemorrhage.  The  three  knots  shown  in  the  right-hand  upper 
corner  of  the  picture  represent  respectively  (from  above  downward) 
the  surgeon's  knot,  the  granny  knot,  and  the  reefer's  knot.  Im- 
mediately below  the  last  knot,  placed  transversely,  is  Pean's  artery 
forceps;  and  below  this  are  four  different  types  of  forceps  known 
respectively  (from  left  to  right)  as  Armstrong's  forceps.  Doyen's 
clamp  forceps  (straight).  Terrier's  clamp  forceps  (curved),  and 
Hichclot's  clamp  forceps  (lateral-curved).  The  left  half  of  the 
picture  is  occupied  by  a  series  of  eighteen  different  patterns  of 
forceps  known  respectively  (from  above  downward)  as  (1)  Kocher's 
forceps,  (2)  Pozzi's  T-forceps,  (3)  Bottini's  forceps,  (4)  Tait's 
forceps,  (5)  Pean's  long  light  bleeding-point  forceps,  (6)  unnamed 
pattern  of  forceps,  (7)  Greig  Smith's  heavy  forceps,  (8)  Halsted's 
mosquito-point  forceps,  (9)  Segond's  bleeding-point  forceps  (heavy), 
(10)  Horsley's  lateral  angular  forceps,  (11)  angioclast,  (12)  Horsley's 
artery  forceps  (curved  on  the  flat,)  (13)  Pean's  long  bleeding- 
point  forceps,  (14)  Hamilton's  artery  forceps,  (15)  Horsley's  artery 
forceps,  (16)  Esmarch's  torsion  forceps,  (17)  Greig  Smith's  small 
forceps,  (IS)  Ferguson's  artery  forceps. 
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lo  gel  the  pad  directly  on  the  bleeding  vessel.  If 
this  is  at  the  bottom  of  a  deep  wound  and  it  is  not 
desirable  to  enlarge  it,  a  graduated  compress  may  be 
applied.  Place  first  simply  a  small  pad  dee])  down 
on  the  bleeding  point,  then  another  against  the  first, 
and  so  on  until  sufficient  pressure  is  obtained.  In 
emergency  cases,  when  bleeding  takes  place  from  an 
extremity,  a  bandage  or  handkerchief  or  a  pair  of 
suspenders  may  be  placed  around  the  limb  above  the 
bleeding  point.  This  may  be  tightened  by  twisting 
as  in  the  Spanish  windlass. 

Elevation  of  the  limb  is  of  material  assistance. 
The  pressure  of  the  hemostatic  forceps  permanently 
stops  the  bleeding  in  many  small  cutaneous  vessels. 
Doyen  extended  the  application  of  this  principle  in 
his  angiotribe. 


Fio.  3129. — Other  Apparatus  used  in  Arresting  Hemorrhage. 
On  the  left-hand  side,  Esmarch's  flat  tourniquet;  on  the  right, 
emergency  tourniquet;  in  the  center,  above,  Skey'a  arterial  com- 
pressor; in  the  center,  below,  thermocautery  apparatus. 

Torsion  has  not  been  very  extensively  used.  By 
torsion  the  intima  and  media  are  ruptured.  They 
curl  up,  plug  the  lumen  of  the  vessel,  and  are  held  by 
the  twisted  adventitia.  If  applied  to  large  arteries 
the  vessel  should  be  caught,  freed  from  its  sheath  and 
surrounding  tissue  and  held  by  one  pair  of  forceps  at 
a  point  above  where  it  is  desired  to  rupture  the  inner 
coats.  The  cut  end  of  the  vessel  is  then  caught  by 
another  forceps  and  twisted  until  the  rupture  is  felt 
to  occur.  It  can  scarcely  be  called  a  safe  method  and 
should  be  confined  to  small  and  cutaneous  vessels. 
In  such  cases  it  is  unnecessary  to  apply  more  than  one 
forceps  and  that  to  the  cut  end. 

The  cautery  is  still  sometimes  found  useful  as  a 
hemostatic,  particularly  to  arrest  oozing  from  surfaces 
that  are  deep  and  inaccessible  or  where,  because  of 
the  thinness  of  the  tissue  or  its  extreme  friability,  a 
ligature  is  contraindicated. 

In  certain  cases  of  gastric  hemorrhage,  when  the 
bleeding  takes  place  from  many  small  points  or  oozes 
from  the  surface  of  the  mucosa,  it  may  be  arrested 
by  brushing  the  surface  over  with  a  cautery  at  a  dull 


red  heat.  No  cautery  is  more  effectual  than  the  old 
actual  cautery.  Tlie  Paquelin  thermocautery  has 
been  extensively  used  and  many  operating  rooms  are 
equipped  with  an  electric  cautery  apparatus  which  is 
a  very  convenient  form. 

Hemorrhage  from  bone  is  sometimes  troublesome. 

For  the  oozing  from  the  edges  of  divided  hone,  Sir 
Victor  Horsley  lias  prepared  an  antiseptic  wax.     It 

is  Composed  of  beeswax  7  parts,  almond  oil  1  part, 
and  salicylic  acid  1  part.  It  is  often  very  helpful. 
Suprarenal  extract  or  adrenalin  may  be  found  (In- 
most satisfactory  of  all.  The  writer  used  it  success- 
fully in  a  case  of  secondary  hemorrhage  in  acute 
osteomyelitis. 

Cold,  locally  applied,  in  the  form  of  Leiter's  tubes, 
or  cracked  ice,  may  be  used  in  robust  patients,  for  the 
arrest  of  oozing.  It  acts  by  stimulating  the  muscular 
coats  to  contract  and  reflexly  may  stimulate  vessels 
situated  beneath  the  surface.  Cold  should  generally 
be  avoided  in  the  weak  and  in  acute  anemia. 

Heat,  preferably  in  the  form  of  hot  saline  solution, 
has  a  decidedly  styptic  action  on  tissues.  The 
temperature  should  be  120°  F.  Heat  applied  in  this 
way  to  oozing  surfaces  is  sometimes  very  useful.  If 
the  solution  is  below  115°  or  118°  F.  it  may  rather 
encourage  than  check  hemorrhage. 

Treatment  of  acute  anemia  resulting  from  hem- 
orrhage is  only  second  in  importance  to  the  arrest 
of  the  bleeding  which  caused  it.  Stimulants  must 
be  exhibited  with  caution  until  the  bleeding  is  stopped, 
as  their  effect  is  often  to  increase  intravascular  pres- 
sure. They  have  an  important  place  when  used  with 
discretion  and  good  judgment.  Opium  is  also  valu- 
able as  an  equalizer  of  the  circulation  and  a  determi- 
nant of  blood  to  the  cerebral  centers. 
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Fig.  3130. — Apparatus    for    Subcutaneous    and    Intravenous    In- 
jection of  Saline  Solution. 

Transfusion. — In  cases  of  severe  hemorrhage  the 
most  important  indication  after  the  bleeding  has  been 
arrested  is  to  refill  the  blood-vessels,   and  to  raise 
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the  intravascular  pressure  to  :i  point  compatible  with 
life.  This  object  is  most  quickly  accomplished  by 
the  intravenous  transfusion  of  physiological  saline  solu- 
tion (six-tenths  of  oneper  cent.).  It  is  readily  prepared 
by  adding  one  teaspoonful  of  common  salt  to  a  pint 
of  water.  The  solution  should  be  sterilized  by  boil- 
ing. Ten  minims  of  adrenalin  solution  (1  to  1,000) 
may  be  added  to  further  raise  the  blood  pressure. 
The  median  basilic  is  generally  used.  After  a  com- 
pression bandage  is  applied  to  the  arm  the  vein  be- 
comes prominent.  It  is  exposed  and  a  double  ligature 
passed  beneath  it.  The  distal  ligature  is  tied.  A 
small  incision  is  made  in  the  wall  of  the  vein  with  a 
pair  of  scissors  or  a  knife,  through  which  the  point  of 
the  glass  nozzle  is  passed  into  the  vein.  The  proximal 
ligature  is  then  tightened  and  the  solution  allowed  to 
flow  slowly  into  the  vein.  Precautions  must  be  taken 
to  prevent  the  entrance  of  air.  One  to  three  pints 
may  be  allowed  to  enter  at  a  temperature  of  105°  F. 
When  the  nozzle  is  withdrawn  the  proximal  ligature 
is  tightened.  Saline  solution  may  be  placed  beneath 
the  skin.  Five  pints  will  run  through  a  needle  into 
the  subcutaneous  below  the  axilla  in  half  an  hour. 
Indeed  the  subcutaneous  injection  of  saline  solution 
is  very  satisfactory  although  it  does  not  enter  the 
circulation  as  rapidly  as  when  injected  into  the  vein. 
Rectal  salines  given  every  four  or  six  hours  in  quanti- 
ties varying  from  four  ounces  to  one  pint,  or  given 
very  slowly  and  continuously,  are  indicated  when 
there  is  no  emergency.  In  some  cases,  when  there 
is  no  vomiting,  considerable  quantities  may  be  given 
by  mouth. 

Direct  transfusion  from  one  human  to  another 
has  been  recommended  for  centuries,  and  this  method 
is  now  advocated  by  Crile.  Animal  experiments  show 
that  the  red  cells  may  be  disintegrated,  the  freed 
hemoglobin  may  then  break  down  the  white  cells 
and  set  free  sufficient  fibrin  ferment  in  the  blood  to 
cause  intravascular  clotting.  Nevertheless,  Crile 
speaks  favorably  of  direct  transfusion  in  both  hemor- 
rhage and  shock.  He  advises  the  anastomosis  of 
the  radial  with  the  median  basilic  or  other  veins. 
The  transfusion  may  be  allowed  to  continue  for  twenty 
minutes.  The  use  of  defibrinated  blood  has  not 
proved  successful.  Transfusion  of  blood  from  another 
species,  for  instance  the  sheep,  is  not  to  be  commended. 

In  extreme  cases  until  the  bleeding  is  stopped 
elastic  bands  may  be  applied  to  the  extremities  close 
up  to  the  body,  thus  saving  the  patient's  blood.  The 
foot  of  the  bed  should  be  raised  eight  or  ten  inches, 
thus  sending  the  major  part  of  the  blood  toward  the 
great  centers  of  the  nervous  and  circulatory  systems. 
This  is  a  most  effective  method  of  autotransfusion. 
George  E.  Armstrong. 

Hemorrhoids.- — See  Rectum  and  Anus,  Diseases  of 
the. 

Hemp. — See  <  'an nobis  Saliva. 

Hemp,  Canadian. — See  Apocynum. 

Hemp,  Indian. — See  Cannabis  Indica. 

Henbane. — See  Hyoscyamus. 

Henle,  Friedrich  Qustav  Jacob. — Born  of  Jewish 
parents  at  Ftirth,  in  Franconia,  Germany,  on  July 
19,  1809.  He  studied  medicine  at  the  universities 
of  Bonn  and  Heidelberg,  and  received  his  doctor's 
degree  in  1S32.  In  1840  he  was  appointed  Professor 
of  Anatomy  in  Zurich,  Switzerland,  and  it  was  while 
he  resided  in  that  city  that  he  published  his  famous 
work  entitled  "Allgemeine  Anatomie,"  Leipzig, 
1841.  In  1844  he  was  called  to  Heidelberg,  to  fill 
the  second  Chair  of  Anatomy;  and  in  1849,  when 
Tiedemann  was  made  emeritus  professor,  Henle  was 
promoted  to  the  first  Chair  of  Anatomy  and  to  be  the 


Director  of  the  Anatomical  Institute.  Finally,  in  1852, 
he  was  called  to  Gdttingen,  to  fill  the  Chair  of  Anatomy 
which  had  been  left  vacant  through  the  death  of 
the  elder  Langenbeck.  He  i-ontinin-il  to  hold  this 
professorship  up  to  the  time  of  his  death,  on  May  13, 
1885. 

In  his  estimate  of  Henle's  true  place  in  the  history 
of  medicine,  Pagel  says  that  he  ranks  not  only  as  one  of 
the  greatest  anatomists,  but  also  as  one  of  the  most 
prominent  medical  men  of  the  nineteenth  century.  It 
was  he,  for  example,  who  first  discovered  the  cylindrical 
epithelium  of  the  intestinal  canal;  who  determined  the 
limits  of  the  different  territories  in  the  animal  organism 
occupied  by  the  various  kinds  of  epithelium  ;  who  ex- 
plained how  the  different  epithelia  were  related  the  one 
to  the  other;  who  established  the  true  relationship  that 
existed  between  the  central  chyliferous  vessels;  who 
discovered  the   epithelium    (endothelium)   lining   the 


Fig.  3131. — Friedrich  Gustav  Jacob  Henle. 

blood-vessels ;  who  demonstrated  the  loop-shaped  renal 
canaliculi  which  bear  his  name  ("Henle's  loops"), 
etc.  The  great  improvement  which  he  effected  in 
anatomical  nomenclature  deserves  also  to  be  men- 
tioned here. 

Of  his  published  writings  the  following  still  remain 
to  be  mentioned:  " Systematische  Anatomie"  (which 
was  issued  in  two  forms — a  large  edition,  in  3  volumes, 
with  the  corresponding  atlases,  and  a  small  com- 
pendium); and  "  Pathologische  TJntersuchungen," 
Berlin,  1840.  There  is  reason  to  believe  that  it  was 
from  the  ideas  which  Robert  Koch  found  expressed  in 
this  book  that  he  received  the  stimulus  that  prompted 
him  to  undertake  his  original  bacteriological  investi- 
gations into  the  etiology  of  tuberculosis,  the  infection 
of  wounds,  septicemia,  anthrax,  etc. 

Henle  was  not  only  a  successful  teacher,  an  original 
investigator  of  the  first  rank,  and  an  author  of  great 
merit;  he  also  possessed  personal  characteristics  that 
made  him  universally  beloved.  His  pupils  fairly 
idolized  him.  (This  side  of  Henle's  character  is 
admirably  brought  out  in  the  biography  written  by 
his  son-in-law  and  successor — F.  Merkel,  Braun- 
schweig, 1891.)  A.  H.  B. 

Henna. — Under  this  name  the  leaves  of  Lawsonia 
inermis  L.  (fam.  Lythracea;)  are  extensively  used  in 
Eastern  countries  as  a  pigment  for  coloring  the  skin 
and  hair  and  also  as  an  astringent.  Their  use  in 
jaundice  is  doubtless  due  to  a  superstition  relating  to 
their  coloring  matter.  In  this  country  they  are  enor- 
mously used  as  an  ingredient  of  cigarettes.  They 
contain  a  peculiar  astringent  resinous  substance  which 
has  been  called  henotannic  acid. 

Henry  H.  Rtjsby. 

Henoch,  Eduard  Heinrich. — A  leading  German 
authority   in   diseases   of   children.     Born  in   Berlin, 
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Prussia,  June  16,  1820.  He  pursued  his  medical 
studies  chiefly  under  Schoenlein  and  Romberg  in  the 
University  of  his  native  city,  and  received  his  doctor's 
degree  from  that  institution  in  1843.  In  1872  he  whs 
appointed  Director  of  the  Clinic  and  Policlinic  for 
Children's  Diseases  in  the  Charite  Hospital,  and  he 
served  in  this  capacity  up  to  the  year  1893.  It  was  he 
who  first  described,  in  1874,  the  infectious  disease  of 
childhood  since  generally  known  as  Henoch's  purpura. 
His  death  occurred  in  1900. 

The  titles  of  his  most  important,  published  writings 
are  the  following:  "Klinische  Ergebnisse,  gesam- 
melt  in  dem  konigl.  poliklinischen  Institut  der  Uni- 


FlG.  3132. — Eduard  Heinrich  Henoch. 

versitat,"  Berlin,  1840;  "Klinik  der  Unterleibs- 
krankheiten,"  Berlin,  3  volumes,  1852,  1854  and  1858 
(3rd  edition  in  1863);  and  "  Vorlesungen  fiber  Kinder- 
krankheiten,"  1881  (10th  edition  in  1899).     (Pagel.) 

A.  H.  B. 


Hepptine  is  the  gastric  juice  of  Hying,  healthy, 
pigs.  It  is  claimed  for  hepptine  that  in  addition  to 
its  digestive  properties  it  restores  the  tone  of  the 
stomach  to  its  normal  condition  and  tends  to  estab- 
lish a  normal  gastric  secretion.  It  is  said  to  be  in- 
dicated in  dyspepsia  and  various  gastric  disorders, 
and  to  be  contraindicated  in  hyperchlorhydria 
and  gastric  ulcer.  The  average  dose  is  a  table- 
spoonful  in  half  a  glass  of  water  sipped  during  meal 
times.  R.  J.  E.  Scott. 


Heredity. — Heredity  may  be  defined  as  a  corre- 
lation between  the  variations  of  characteristics  in 
individuals  related  to  one  another  by  birth. 

The  words  used  as  the  names  of  phenomena  are  apt 
to  influence  our  conceptions  of  their  character.  This 
is  particularly  true  of  heredity.  No  doubt,  most 
persons  think  of  heredity  as  similar  to  the  inheritance 
of  goods  and  chattels.  To  them  a  son  has  received 
from  his  father  the  color  of  his  eyes  very  much  in  the 
same  way  that  he  may  expect  to  receive  his  seal  ring 
or  his  watch.  Such  an  idea  is  entirely  foreign  to  the 
scientific  conception  of  heredity,  and  in  using  the 
term  it  is  necessary  to  keep  in  mind  always  its  meta- 
phorical character  in  order  not  to  confuse  the  meta- 
phor with  the  reality  that  it  represents.  Scientifically 
heredity  is  merely  a  special  case  of  the  correlation  of 
variations. 

This  correlation  may  be  direct,  as  between  father  or 
mother  and  son  or  daughter,  between  grandfather  and 
grandson,  etc.;  or  it  may  be  collateral,  as  between 
brothers,  sisters,  brothers  and  sisters,  uncles  or  aunts 
and  nephews  or  nieces,  between  cousins,  etc.  In  man 
and  the  higher  animals  inheritance  is  always  bi- 
parental.  That  is  to  say,  every  individual  has  two 
parents;  but  there  are  cases  in  which  there  is  only  one 


parent,  as  in  certain  insects  and  Crustacea  thai  pro- 
duce young  most  frequently  by  means  of  partheno- 
genetlC  eggs,  and  among  some  of  the  lower  animals  and 
the  plants,  which  frequently  produce  new  individuals 
by  means  of  buds,  underground  shoots,  etc.  In 
such  cases  inheritance  is  uniparental. 

Of  direct  inheritance  there  are  three  important 
types:  (1)  blended  inheritance,  where  the  child  is 
intermediate  in  character  between  the  two  parents, 
as  in  stature;  (2)  exclusive  inheritance,  where  the 
character  of  the  child  is  like  that  of  one  parent  but 
not  like  the  other,  if  they  differ,  as  in  the  color  of  the 
eyes;  (3)  particulate  inheritance,  where  the  characters 
of  both  parents  appear  in  the  child,  but  do  not  blend; 
for  example,  a  pup  may  have  spots,  some  of  which  are 
of  the  color  of  the  mother,  while  others  are  like  the 
coat  of  the  sire,  or  a  boy  may  have  a  nose  like  his 
father  and  eyes  like  his  mother. 

The  subject  of  this  article  will  be  treated  in  two 
main  divisions.  The  first  will  be  a  description  of 
some  of  the  principal  phenomena  of  heredity,  and 
second  will  be  a  discussion  of  the  theories  that  have 
been  advanced  to  explain  the  mechanism  of  in- 
heritance. 

I.  The  Phenomena  of  Heredity. 

Our  knowledge  of  the  facts  of  heredity  are  derived 
by  three  methods  of  study,  which  may  be  designated 
as  (a)  observational,  ('>)  statistical,  and  (c)  analytical. 
The  observational  method  was  employed  by  the  older 
breeders  of  animals  and  plants,  and  yielded  many 
interesting  facts,  which  were  quoted  extensively  by 
Darwin  in  support  of  his  theory  of  evolution.  These 
observations  were  made,  however,  without  regard  to 
any  good  working  hypothesis,  and  therefore  failed  to 
produce  any  general  results  of  value. 

The  statistical  method,  founded  by  Galton,  involves 
the  orderly  collection  of  a  vast  number  of  observa- 
tions of  the  same  kind  and  their  integration  by 
mathematical  induction.  This  method  has  yielded 
important  results  in  regard  to  racial  heredity.  The 
analytical  method,  founded  by  Mendel,  is  partially 
statistical  but  chiefly  experimental.  It  depends  on 
carefully  planned  matings  of  parents  of  known 
pedigree  through  a  number  of  generations,  and  a 
statistical  study  of  the  offspring  in  each  generation. 
It  has  yielded  important  results  in  regard  to  individual 
heredity  and  has  contributed  greatly  toward  an  under- 
standing of  the  mechanism  of  inheritance.  These 
two  methods  (b  and  c)  will  be  discussed  below. 

1.  The  Statistical  Method. — The  material  for  the 
statistical  study  of  heredity  is  to  be  found  in  the 
variations  and  correlations  among  related  groups  of 
individuals,  such  as  fathers  and  sons.  Hence  to 
avoid  ambiguity,  it  will  be  necessary  to  treat  briefly 
of  the  mathematical  expressions  for  variability  and 
correlation. 

Variability. — Variation  is  deviation  from  the  type, 
and  for  most  statistical  inquiries  the  type  taken  as  the 
standard  is  the  arithmetical  mean  of  the  population 
or  group.  Deviations  are  of  two  kinds,  abnormal 
such  as  the  "sports"  of  the  horticulturist,  and  normal 
variations,  which  may  be  observed  in  every  family 
or  other  group  of  individuals.  The  normal  variations 
are  found  to  be  distributed  about  the  mean  in  a  way 
that  may  be  expressed  by  certain  mathematical 
formulae  derived  from  the  theory  of  probability  and 
chance  (see  articles,  Evolution  and  Variation).  The 
relations  most  frequently-  met  with  are  represented  in 
Fig.  3133. 

The  rectangles  in  this  figure  taken  together  form 
what  is  called  a  polygon  of  frequency,  and  the  flowing 
curve  is  a  theoretical  curve  of  chance,  or  probability, 
that  has  been  fitted  to  the  polygon,  which  represents 
graphically  the  observed  facts.  Now  if  we  plot  the 
curves  of  two  sets  of  observations,  employing  units 
of  scale  of  the  same  value  in  both,  the  differences  in 
the  forms  of  the  curves  will  depend  upon  the  number 
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of  individuals  in  the  most  frequent,  or  modal,  class 
thai  is  the  tallest  rectangle,  ami,  supposing  the  curve 
to  he  symmetrical,  upon  the  amounl  of  deviation  on 
either  side  of  the  mean.  The  amount  of  deviation 
that  is  the  variability  of  I  he  group,  is  measured  by 
what  is  railed  the  standard  deviation  (the  "mean 
error"  of  the  mathematicians).  This  is  obtained 
by  multiplying  the  square  of  the  deviation  from  the 
mean  of  each  class  by  its  frequency,  adding  all  the 
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Fig.  3133. — Graphic  Representation  of  a  Series  of  Variations. 
Variation  in  the  width  of  the  angle  at  the  apex  of  the  shell  in 
Purpura  lapillus.  Mxo,  position  of  the  mean;  °\  standard  devi- 
ation. 

results  together,  dividing  by  the  total  number  of 
observations,    and    finding   the    square   root   of   the 

quotient,  as  indicated  by  the  formula  ( a  =  \f—  -     -  ) 

The  Greek  letter  a  is  used  as  the  symbol  for  this 
quantity.  Its  relation  to  the  curve  of  frequency  is 
shown  at  o-  in  Fig.  31.33. 

Correlation. — "Two  variable  organs  are  said  to  be 
correlated  when  the  variation  of  one  is  accompanied 
on  the  average  by  more  or  less  variation  of  the  other. 
and  in  the  same  direction"  (Galton,  18SS).  In 
order  to  determine  the  degree  of  correlation  between 


two  organs  accurately,  it  is  necessary  to  have  a  large 
number  of  observations  and  to  arrange  them  in  a 
"correlation    table."     There    arc-    several    forms    of 

con-elation  (able,  most   of  them  constructed  on  the 
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Fig.  3134. — Galton's     Standard     Scheme     of      Descent.     (From 
Galton.) 

same  principle,  which  is  best  illustrated,  by  one  of  the 
original,  extended  form,  like  Table  I. 

The  construction  of  this  table  may  be  understood 
from  a  consideration  of  the  first  column  of  entries. 
Five  fingers  of  the  right  hand  were  found  in  which  the 
length  of  the  first  joint  was  between  1.95  and  2 
inches.  These  form  a  "class."  Of  the  corresponding 
fingers  on  the  left  liand  only  one  was  of  the  same 


Table  I. — 

Correlation  in  the  Length  of  First  Joint  of  Index  Fingers  of  Women,  Right  and 
(From  "Whitely  and  Pearson.) 

Left  Hands. 

Left  hand 
(relative 
Classes). 

Right  hand  (subject  classes). 

Totals. 

Length  of  joint 
in  inches. 

1.95  to 
2.00. 

2.00  to 
2.05. 

2.05  to 
2.10. 

2.10  to 
2.15. 

2.15  to 
2.20. 

2.20  to 

2 .  25. 

2.25  to 
2.30. 

2.30  to 
2.35. 

2.35  to 
2.40. 

2.40  to 
2.45. 

2.45  to 
2.50. 

2.50  to 
2.55. 

2.55  to 
2.60. 

1.90  to  1.95... 

1.0 
1.0 
1.5 
1.5 

1.0 
2.0 

7.5 
2.5 

1.0 

3.0 

1.95  to  2.00... 

3  0 

2.00  to  2.05... 

13.0 

12.0 

3.5 

4.0 

17.0 

21.0 

4.5 

1.5 

3.5 
32.0 

38.75 
7.25 
1.0 

4.0 

1.0 

7-0 

35.5 

45.25 

8.25 

27.0 

2.05  to  2.10..  . 

37.5 

2. 10  to  2.15. .. 

1.0 
9.75 

64.5 

2.15  to  2.20.  .. 

1    5 

90.0 

45    25        5   25 

0.5 

2.25 

24.5 

17.75 

3.5 

1.0 

105.0 

2.25  to  2.30... 

30.5 
7.0 
1.0 

28.5 

41.25 

5.5 

76.5 

2.30  to  2.35... 

3.25 
13.5 
12.0 

2.75 

76.0 

2.35  to  2.40... 

0.25 
6.5 
1.75 
1.0 

38.0 

2.40  to  2.45... 

0.5 
0.5 

0.5 
0.5 

22.5 

6  0 

2.50  to  2.55. . 

1.5 

2.55  to  2.60. . . 

0.5 

Total9 

5.0 

13.0 

29.5 

48.0 

82.5 

98.0 

100.5 

82.0 

49.5 

31.5 

9.5 

1.0 

1.0 

551.0 
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No.  in  each.. 


length.  One  was  shorter,  1.90  to  1.95  inches;  and 
three  were  longer,  one  of  these  being  exactly  2.05 
inches  long,  was  placed  half  in  the  relative  class 
above  and  half  below  that  mark.  Thus  the  totals  at. 
the  base  of  the  columns  show  the  number  of  fingers  in 
each  class  of  the  right  hand,  while  Hie  figures  in  the 
columns  show  the  number  of  associated  fingers  in 
each  class  of  the  left  hand.  The  right  hand  is  said  to 
be  the  subject  and  the  left  hand  the  relative  and  each 
column  is  called  an  array.  Conversely,  we  may, 
without  altering  the  table,  regard  the  left  hand  as 
subject,  and  the  right  hand  as  relative,  anil  the  arrays 
would  then  be  the  rows  of  figures,  which  are  added  up 
in  the  last  column. 

Now  by  this  means  we  may  study  the  correlation  of 
any  pair  of  organs  in  respect  to  any  characteristic  that 
permits  of  being  expressed  in  quantitative  terms. 
We  may  compare  not  only  different  organs  or  parts 
of  the  same  individual,  but  also  any  suitable  charac- 
teristics of  distinct  individuals,  provided  they  are 
related  in  some  constant  way,  as  for  example  husbands 
and  wives,  fathers  and  sons,  brothers  and  sisters,  etc. 
But  fathers  and  sons,  and  brothers  and  sisters  are  re- 
lated by  birth,  and  when  we  study  the  correlation 
between  them  we  are  studying 
what  is  called  natural  inheritance. 

The     Statistics     of    Heredity. —   

Some  of  the  most  important  re-  I    u    I 

suits  of  a  long  series  of  studies 
of  inheritance  are  represented 
graphically  in  Galton's  "Standard 
Scheme  of  Descent,"  which  is  re- 
produced in  Fig.  3134.  This 
scheme  represents  a  supposed 
case  in  which  there  are  a  thousand 
couples  of  parents  and  in  which 
each  parent  is  mated  to  another 
of  the  opposite  sex  having  rela- 
tively the  same  deviation  from  the 
mean  in  the  character  measured, 
and  each  couple  is  supposed  to 
have  one  adult  child.  The  par- 
ents are  divided  into  eight  classes 
having  the  relative  frequency  and 
deviation  from  the  mean  repre- 
sented by  the  polygon  of  fre- 
quency at  the  top  of  the  figure. 
The  classes  R,  S,  T,  U,  present 
positive  deviations  from  the  mean, 
and  r,  s,  t,  u,  have  corresponding 
negative  deviations.  The  distri- 
butions of  the  variations  in  the 
children  of  each  parental  class  are 
represented  by  the  polygons  below 
— drawn  to  the  same  scale.  An 
attentive  study  of  this  diagram 
reveals  many  interesting  things. 
In  the  first  place  the  filial  polygons 
are  similar  in  form  to  the  parental 
one.  A  dot  above  each  filial 
polygon  indicates  the  position  of 
its  mean;  and  the  second  point 
of  interest  is  that  the  mean  of 
any  group  of  children  does  not 
correspond  with  the  mean  of  its 
parents,  nor  with  the  mean  of 
parents  in  general,  but  lies  be- 
tween the  two.  Still  the  mean 
of  the  children  of  u  is  much  nearer  the  mean  of  u  than 
is  the  mean  of  the  children  of  U.  There  is  evidently 
a  correlation  between  the  parents  and  their  offspring. 
But  this  is  not  perfect,  for,  while  parents  with  negative 
deviations  from  the  mean  have  children  whose  devia- 
tions on  the  average  are  negative  and  those  with 
positive  deviations  have  children  who  deviate  on  the 
average  in  the  positive  direction,  still  in  each  case  the 
mean  of  the  children  deviates  from  that  of  their 
parents  and  toward  the  mean  of  parents  in  general, 


which  is  probably  the  same  as  the  mean  of  the 
population  of  which  they  form  a  sample.  This 
tendency  for  the  mean  of  the  children  to  deviate  from 
the  type  of  i  heir  parents  toward  tin-  type  of  the  popu- 
lation in  general  is  called  regression.  The  results 
tli.it  follow  from  the  laws  of  variability  ami  regres- 
sion in  children  are  of  considerable  interest  and 
importance.  If  we  suppose  parents  of  grade  11 
to  lie  especially  gifted  in  some  way,  we  see  that  when 
both  parents  are  of  tin's  glade  they  may  hope  to  have 
children  equally  gifted  in  the  proportion  of  li  to  22  or, 
say,  two  children  equally  gifted  with  themselves  in  a 
family  of  seven.  On  the  other  hand,  if  we  take 
twenty  children  in  grade  U,  only  six  will  have  parents 
as  gifted  as  themselves,  and  two  of  them  will  be  de- 
rived from  very  mediocre  parents  of  grade  I{.  Never- 
theless, the  chances  that  the  exceptional  parents  will 
produce  equally  exceptional  children  as  against 
mediocre  children  are  6  to  2,  while  the  chances  of 
mediocre  parents  of  grade  R  are  2  to  154.  The  reason 
that  there  are  so  many  gifted  children  of  relatively 
mediocre  parents  is  that  there  are  so  many  mediocre 
parents.  When  we  add  up  all  the  children  in  each 
grade,  as  is  done  at  the  bottom  of  the  scheme,  we 

Parental  Grades  (Subject). 
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I  n 


Fla.  3135 


Regression  Table,  Children  on  Parents.     One  thousand  parents  with  mates  of 
same  grade  and  one  adult  child  to  each.       (Data  from  Galton.) 


find  that  the  mean  and  variability  of  children  in 
general  is  nearly  the  same  as  of  parents  in  general. 
They  would  have  been  more  nearly  the  same  if  we 
had  taken  larger  numbers.  So,  if  no  selection  is 
being  made,  the  population  as  a  whole  in  one  genera- 
tion will  be  the  same  in  character  as  the  previous  one. 
For  the  exact  study  of  inheritance  use  is  made  of 
correlation,  or  regression,  tables  similar  to  Table  I. 
We  have  converted  Galton's  scheme  of  descent  into 
such  a  table  (Fig.  3135)  represented  graphically  by 
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placing  each  filial  polygon  as  an  array  beneath  the 
center  of  the  corresponding  parental  grade,  or  class; 
and  adding  up  the  filial  grades  at  the  right.  In  this 
diagram  the  parental  deviations  are  measured  on  the 
horizontal  scale,  and  the  filial  deviations  on  the 
vertical  scale.  The  heights  of  the  shaded  areas 
represent  the  frequency  of  each  parental  class,  and 
widths  represent  frequency  in  the  filial  classes. 

The  line  YY  occupies  the  position  of  the  parental 
mean  and  the  line  XX  the  position  of  the  filial  mean. 
The  two  lines  cross  at  right  angles  in  the  middle  of 
the  diagram.  The  line  AB  is  a  straight  line  drawn 
through  the  position  of  the  mean  (represented  by  a 
round  dot)  in  each  array  and  through  the  point  of 
intersection  of  the  lines  XX  and  YY.  It  is  called 
the  regression  line.  In  an  actual  regression  table  it 
would  not  pass  through  every  dot,  but  would  be  placed 
so  that  the  deviations  of  the  means  above  and  below 
it  would  balance  one  another  as  nearly  as  possible. 
Now  the  slope  of  this  line  may  be  measured  by  taking 
the  ratio  between  the  distance  of  any  point  on  the 
line  AB  from  the  line  XX  and  the  distance  from  the 
same  point  to  the  line  YY.  A  point  three  spaces  to 
the  left  or  right  of  the  line  IT  will  he  two  spaces  below 
or  above  XX.  So  the  slope  of  AB  may  be  said  to  be 
2  in  3,  or  f.  This  quantity  (in  this  case,  =  f)  is 
called  the  coefficient  of  regression.  It  is  the  quantity 
which  multiplied  by  tfie  deviation  of  a  parental  class 
from  the  mean  of  parents  will  give  the  average  deviation 
of  it's  array  of  children  from  the  mean  of  children. 
For  example,  parents  of  grade  S  deviate  on  the  average 
one  and  one-half  spaces  of  our  scale  from  the  mean  of 
parents,  lj  X  f  =  1,  which  is  the  deviation  of  the 
mean  of  the  children  of  <S  from  the  mean  of  children 
in  general.  The  slope  of  the  regression  line  will 
differ  in  different  cases.  If  there  were  no  regression, 
the  deviations  of  the  parental  class  and  of  the  array 
of  offspring  would  be  the  same,  and  the  regression 


parental  deviations  on  a  scale  having  units  twice  as 
long  as  in  the  scale  of  filial  deviations,  the  slope  ol 
the  line  would  be  reduced  one-half.  But  having  equal 
units  of  scales,  we  should  find  the  same  result  il  tin- 
variability  of  parents  were  twice  that  of  children. 
Now  differences  of  variability  are  found  in  the  prac- 
tical study  of  correlations  and  must  be  taken  into 
account.  This  is  done  if  we  regard  the  slope  of  the 
regression  line  as  the  resultant  of  two  factors: 
thi'  ratio  of  the  two  variabilities,  and  an  unknown 
factor  that  is  called  the  coefficient  of  correlation. 

Putting  this  info  symbols,  r  =    p  — ,    where   r  =   coclfi- 

cient  of  regression,  a,  =  standard  deviation  of  parents, 
o-2  =  standard  deviation  of  children,  and p  =  coefficii  al 
of  correlation.  From  these  considerations  Pearson 
has  derived  a  general  formula*  for  calculating  the 
value  of  p  as  follows: 

p=  s(  x  yfi 

rta\(ji 

When  there  is  perfect  correlation  p  =  1 ;  when  there 

is  no  correlation  p  =  0.     In  the  theoretical  example 

that   we   have    been    studying   parents   and    children 

are  supposed  to  have  the  same  variability,  — that  is, 

<7i  =  o-o.     In  such  a  case,  of  course,  p  =  p  ~,  and  the 

slope  of  the  line  AB  represents  the  coefficient  of 
correlation  as  well  as  that  of  regression. 

This  coefficient  of  correlation  is  taken  as  the 
statistical  measure  of  heredity.  In  practice  the  coef- 
ficients of  regression  and  correlation  are  found  to  be 
essentially  the  same  in  collateral  inheritance;  and  also 
in  direct  inheritance,  if  we  take  into  account  only  one 
parent  of  each  couple  and  suppose  the  other  to  be 
chosen  at  random.  The  value  of  p  calculated  from 
observations  in  a  number  of  such  cases  is  given  in 
Table  II  (see  below). 


Table.  II. — (From  Pearson.) 


Relationship. 

Material. 

Organs. 

Coefficient  of 

Subject. 

Relative. 

Subject. 

Relative. 

correlation  P. 

Son . . . 

0.369 

Son 

Stature 

0.396 

Middle  class  English 

Middle  class  English 

Middle  class  English 

North  American  Indians     

North  American  Indians   

Thoroughbred  horses 

0.360 

Son 

Daughter 

Son 

Daughter 

Foal 

0  302 

Mother 

Mother 

Stature 

Head  index 

Head  index 

Coat  color 

Coat  color 

Coat  color 

Coat  color 

Stature 

Head  index 

Coat  color 

Stature 

Head  index 

Coat  color 

Stature 

Head  index 

Head  index 

Coat  color 

Coat  color 

Coat  color 

Coat  color 

i)    2s  4 
0.370 
0 .  300 

0.517 

Foal 

Offspring 

Offspring 

Brother 

0.527 

0.335 

0.134 

Middle  class  English 

0.391 

Head  index 

Coat  color 

Stature 

Head  index 

Coat  color 

0.379 

Colt            

Con 

0.623 

Middle  class  English 

North  American  Indians 

0.444 

0.4S9 

Fillv 

Filly 

0.693 

Sister 

Middle  class  English 

North  American  Indians 

Thoroughbred  horses 

0.375 

Head  index 

Coat  color 

Coat  color 

Head  index 

Coat  color 

Coat  color 

0.340 

Colt 

Filly. 

0.583 

Whole  brethren.  . .  . 

0.508 

line  would  occupy  the  position  CD.  On  the  other 
hand,  if  there  should  be  complete  regression,  the  mean 
of  the  filial  array  would  be  the  same  as  the  mean  of 
children  in  general,  no  matter  how  great  the  devia- 
tion of  their  parents,  and  then  the  regression  line  would 
coincide  with  XX.  The  regression  line,  then,  may  lie 
anywhere  between  the  position  CD  where  the  coeffi- 
cient is  1  and  XX  where  it  is  0.  So  the  le,ss  the  re- 
gression the  greater  the  coefficient,  and  vice  versa. 
But  it  is  evident  that  the  slope  of  the  line  may  de- 
pend   on    several    factors.     If    we    should    plot    the 
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The  Mid-parent. — But  in  man  and  the  higher 
animals  inheritance  is  always  biparental,  and  in  order 

*  In  this  formula  x  and  y  are  the  deviations  from  their  means  of 
the  two  organs  of  an  associated  pair,  as  father  and  son,  /  is  their 
frequency,  n  is  the  total  number  of  pairs,  and  2  is  the  symbol  for 
addition. 

When  there  is  no  correlation  2  (x.y.f.)  =  0  .  *  .  P  —  0. 

When  correlation  is  perfect  y  =  x  and  <*i  =  "\. 
~  (x.y.J)        SCx2-/)  .       1  1 


The 


:  and 


2  (x.y.f) 


1  =  P. 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


Heredity 


to  study  the  true  relations  between  parents  and  off- 
spring it  is  necessary  to  take  both  parents  into  ac- 
count. This  involves  the  correlation  of  three  variable 
quantities.  In  order  to  avoid  this  difficulty  the  two 
parents  are  combined  into  a  single  artificial  individual 
called  the  mid-parent.  For  example,  Galton  Found 
that  the  mean  stature  of  women  in  England  is  to 
the  mean  stature  of  men  as  1  :1.08.  So  in  order  to 
study  the  inheritance  of  stature,  he  converted  the 
stature  of  each  mother  and  daughter  into  its  "male 
equivalent"  by  multiplying  it  by  1.08;  and  he  ob- 
tained the  mid-parent  by  taking  the  mean  of  the 
father's  stature  plus  the  mother's  male  equivalent. 
Thus  if  the  father  had  a  stature  of  seventy  inches  and 
the  mother  of  sixty- -six  inches,  the  stature  of  the  mid- 
parent  would  be 

70  +  (1.08  X  66)  =  70  64 
~j 
In  the  study  of  heredity,  however,  deviations  from 
the  mean  are  used  more  frequently  than  the  absolute 
dimensions  of  organs.  Therefore  Pearson  has  general- 
ized and  simplified  Galton's  formula  for  the  mid- 
parent  by  putting  it  in  this  form: 


(A, 


+  ^hj 


H 


where  hi  =  the  deviation  in  the  particular  father 
from  fathers  in  general;  h?  =  deviation  of  mother 
mated  to  this  father  from  the  type  of  mothers, 
ai  =  standard  deviation  of  fathers  in  general ;  at  = 
standard  deviation  of  mothers,  and  H  =  deviation 
of  the  mid-parent  from  the  type  of  mid-parents.  Th  is 
formula  will  apply  to  measurements  of  any  organs, 
and  it  enables  one  to  calculate  easily  either  the  devia- 
tion or  the  absolute  value  of  the  organ  in  the  mid- 
parent.  Having  calculated  the  mid-parents,  one 
may  study  the  correlation  between  children  and  mid- 
parents,  just  as  if  the  latter  were  single  individuals. 

The  Law  of  Ancestral  Heredity. — Now  we  are  pre- 
pared to  consider  the  influence  of  each  ancestor  upon 
the  characteristics  of  the  child.  Returning  to  Fig. 
3135,  if  there  were  no  inheritance,  the  means  of  all 
the  arrays  would  lie  along  the  line  XX;  and  we 
may  think  of  heredity  as  a  force*  tending  to  pull 
each  array  away  from  XX  in  the  direction  of  its 
parental  grade,  that  is,  toward  the  line  CD.  Now  the 
question  is,  How  much  of  this  pull  is  exerted  by  each 
parent,  grandparent,  great-grandparent,  etc.? 

From  the  study  of  a  variety  of  data,  Galton  came  to 
the  conclusion  that,  of  the  total  heritage,  the  mid- 
parent  contributes  one-half,  the  mid-grandparent 
one-quarter,  the  mid-great-grandparent  one-eighth, 
and  so  on.  Or,  if  h  be  the  mean  deviation  of  a  given 
group  of  offspring  from  offspring  in  general  and 
H\,  Hi,  H3,  etc.,  be  the  deviations  from  their  mid- 
parental  means  of  the  mid-parent,  mid-grandparent, 
etc.,  of  these  offspring,  then 

h  =  i  H,  +  i  H2  +  |  H3    .    .    .   etc. 
If  the  mid-parent   contributes  one-half,  each  parent 
will     contribute     one-quarter.     So     we     may     state 
Galton's  law  in  the  words  of  Pearson  as  follows: 

"Each  parent  contributes  on  an  average  one- 
quarter,  or  (0.5)2,  each  grandparent  one-sixteenth, 
or  (0.5)4,  and  so  on,  and  that  generally  the  occupier  of 
each  ancestral  place  in  the  nth  degree,  whatever  be 
the  value  of  n,  contributes  (0.5)2"  of  the  heritage." 

Galton's  series,  i  +  i  +  s  +  rV,  •  ■  •  etc.  =  1, 
is  a  geometrical  series  having  a  total  of  one.  But  the 
values  §,  j,  etc.,  may  not  be  true  for  all  species,  and 
Pearson,  therefore,  proposes  to  substitute  the  symbols 
70,  ya2,  ya3,  etc.,  in  which  there  are  two  factors,  one 
constant  in  each  generation  (7),  and  one  which  varies 
in  a  geometrical  series  (a,  a2,  a3,  .  .  .  etc.).  Galton's 
law  would  now  take  the  form 

h  =  t(oHi  +  a2H,  -f  a3H3        .    .    .   etc.). 

•  Note  that  this  is  a  purely  metaphorical  expression. 


Now  when  7(1/  -j-  a-  +  a3 


ya      m  j 
1  —  a 


1  -  a 


etc.).  =  1, 

-  1 


1+7 


a  a 

So  we  may  eliminate  the  quantity  a  from  the  formula 
by  substituting  this  value  and  our  formula  becomes: 

/,^(r+7,1'+<.+7)2l,2+(.  b»H'"-et0-) 

But  if  we  wish  to  be  very  exact,  we  must  take  into 
account  the  fact  that  the  variability  of  all  the  off- 
spring, o,  may  differ  from  the  variability  of  the 
successive  generations  of  mid-parents,  <r,,  <r2,  a.-,,  etc., 
so  the  ratios  of  these  standard  deviations  must  be 
included  in  our  formula,  which  then  becomes: 


+  7   "1 


1  +  7)2'* 
II,    .    . 


.  etc.) . 


(1  +  7)3'     az 

This  is  the  law  of  ancestral  heredity  as  given  by 
Pearson  in  its  complete  form.  It  is  undoubtedly  a 
generalization  of  great  importance,  expressing  the 
statistical  results  obtained  by  a  study  of  blended 
inheritance.  According  to  this  theory  the  degree  of 
correlation  between  parents  and  offspring  will  depend 
upon  the  hereditary  influence  represented  by  the 
symbol  7.  In  Galton's  original  formula  7  =  1,  very 
nearly.  The  effects  of  different  values  of  7  are  shown  in 
the  following  table: 

Table  III. — Heredity — Direct  Line.      (From  Pearson.) 


Coefficient  of  Correlation,  p. 

Offspring  and — 

When. 
7  =  1. 

When 
I   =  0.9. 

When 
7    =   2  35 

0.3000 
0.1500 
0.0750 
0.0375 

0.6  X  CI" 

0.2851 
0.1 42.1 
0.0713 
0.0356 

0.5702  XJ" 

0.4000 

0.2000 

Great-grandparent.  .  .  . 
Great-g  reat-grand- 

parent. 
nth  order  grandparent. 

0.1000 
0.0500 

0.8X(i)". 

These  theoretical  values  of  the  coefficient  of  correla- 
tion should  be  compared  with  the  values  obtained 
from  observation  in  Table  II.  From  the  study  of 
"a  really  considerable  amount  of  quantitative  meas- 
urements of  heredity"  Pearson  concludes  that  the 
values  of  the  coefficient  of  heredity  given  in  the 
first  column  of  Table  III  (when  7=1)  "seem  to  fit 
the  observed  facts  fairly  well  in  the  case  of  blended 
inheritance." 

Table  II  gives  cases  also  of  collateral  inheritance, 
and  the  theoretical  values,  when  7=1,  are  given 
below : 

Table  IV. — Collateral  Heredity.     (From  Pearson.) 

Relatives.  Correlation 

when  7  =   1. 

Brothers 0.4000 

Uncle  and  nephew 0.  1500 

Great-uncle  and  nephew  0.0625 

First  cousins 0 .  0750 

First  cousins,  once  removed.  .  0.0344 

Second  cousins 0.0172 

Second  cousins,  once  removed 0  0082 

Third  cousins 0.0041 

We  see  that  brothers  are  more  closely  related  than 
parent  and  offspring,  and  the  correlation  between  first 
cousins  is  the  same  as  that  between  offspring  and 
great-grandparent. 

2.  The  Analytical  Method. — The  phenomena  for- 
merly classified  as  exclusive  and  particulate  inheritance, 
prepotency,  and  the  like,  are  best  treated  by  the 
analytical  method,  and  are  usually  included  in  the 
term  Mendelian  inheritance,  or  Mendelism. 
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When  individuals  of  separate  races  it  species  are 
crossed,  the  mongrel  or  hybrid  offspring  of  the  firs! 
generation  may  be  more  or  less  intermediate  in 
character  between  the  two  parents,  or  they  may  re- 
semble one  parent  only  in  some  respects.  But  in 
subsequent  generations  there  is  greater  diversity 
among  the  offspring,  and  reversion  to  one  or  the 
other  parental  type  is  common.  The  facts  wen- 
noted  by  Darwin,'  but  the  first  one  to  study  them  by 
statistical  methods  was  Gregor  Mendel,  abbol  "I 
Brunn  in  Moravia.  Mendel's  work  was  published  in 
1866  and  1870,  but  it  remained  practically  unnoticed 
until  1900,  whe  De  Vries,  happening  to  find  a  reference 
to  it,  looked  it  up  and  was  surprised  to  discover  that 
Mendel  had  anticipated  results  which  De  Vries 
himself  was  then  about  to  publish.  Mendel  worked 
with  varieties  of  garden  peas,  Pisum  sativum,  and 
studied  one  character  at  a  time,  first  testing  the 
varieties  to  make  sure  that  they  would  breed  true. 
He  found  that  when  the  parents  possessed  certain  con- 
trasted characters  one  character  of  each  pair  would  fail 
to  appear  in  the  first  generation  of  offspring,  but  would 
reappear  in  subsequent  generations.  He  called  the 
character  that  appears  exclusively  in  the  first  genera- 
tion dominant,  while  the  one  that  reappears  only  in 
later  generations  he  termed  recessive.  In  peas  he 
found  that  the  rounded  form  of  the  seed  is  dominant 
and  the  wrinkled  form  recessive,  the  yellow  color  of  the 
cotyledons  of  the  ripe  seed  is  dominant,  the  green 
color  recessive,  and  the  same  is  true  of  a  number  of 
alternative  characteristics.  Now  the  point  of  Mendel's 
work  is  that  he  found  the  dominant  and  recessive 
characters  to  reappear  in  succeeding  generations 
according  to  a  definite  and  simple  numerical  law. 

If  a  certain  dominant  character  be  represented  by  A 
and  the  corresponding  recessive  by  a,  then  all  the  off- 
spring of  the  first  generation  will  have  apparently  only 
the  character  .4.  But  if  the  flowers  of  this  generation 
are  fertilized  with  their  own  pollen,  the  next  genera- 
tion will  contain  la  to  3.4.  These  plants  being  again 
self-fertilized,  all  of  the  recessives,  a,  are  found  to  breed 
true  and  to  continue  to  do  so  during  succeeding  genera- 
tions. One-third  of  the  dominants  also  breed  true 
in  the  same  way,  but  the  other  two-thirds  give  rise  to 
both  forms,  as  the  hybrids  did,  in  the  same  proportion 
of  one  to  three. 

These  relations  may  be  represented  by  the  following 
diagram: 

Parents A  a 

Hybrid. A 

Socond  generation 1 A  2A  la 

I I 

Third  generation A  1A  2A  la  a 

I  I I  I 

Fourth  generation A  A  1A          2A          la  a  a 

I  I        -—         I          I  I 

Fifth  generation A  A  A                        a  a  a 

If  we  represent  pure  dominants  by  A  and  domi- 
nants capable  of  producing  both  kinds  of  offspring  by 
Aa,  and  suppose  each  plant  to  produce  only  four  seeds, 
the  following  ratios  will  be  obtained : 

A  A  a  a 

Second  generation 1  :  2  1 

Third  generation 3  :  2  :  3 

Fourth  generation. . .             7  :  2  :  7 

Fifth  generation 15  :  2  :  15 

Sixth  generation 31  :  2  :  31 

1  -f  nth  generation 2"  —  1  :  2  :  2"  —  1 

If  we  consider  tun  or  more  characters  at  a  time,  the 
results  become  correspondingly  complicated,  for 
characters  that  are  not  mutually  exclusive  may  ap- 
pear in  the  offspring  in  any  possible  combination. 
Thus  the  seed  may  be  dominant  in  shape  and  recess- 
ive in  color,  or  rice  versa,  or  it  may  be  dominant  in 
both  or  recessive  in  both.  With  each  of  these  com- 
binations may  be  associated   inflated  or  constricted 
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pods,  long  or  short  stems,  and  other  alternative 
characters.      In   the   peas    Mendel   found   in   all   seven 

pairs  of  alternative  characters.  When  one  pair  only 
is  considered  and  a  pure  dominant  is  crossed  with  a 
■  ive  two  out  of  four  of  the  second  general  ion  of 

offspring  will  breed  true,  half  of  these  being  dominants 
and  half  recessive.  When  there  are  two  pairs  of 
characters  four  out  of  sixteen  offspring  in  the  second 
generation  will  breed  true,  of  these  constant  combina- 
tions one  will  be  dominant  in  both  characters,  one 
recessive  in  both,  and  two  dominant  in  one  and  reces- 
sive in  the  other.  As  all  of  these  combinations  may 
appear  in  the  offspring  of  a  single  plant  of  the  first  gen- 
eration, Mendel  inferred  that  in  the  ovaries  and  anthers 
of  plants  of  the  first  generation  there  are  formed  as 
many  kinds  of  germ-cells  as  there  are  possible  constant 
combinations  of  characters,  and  that  they  are  formed  in 
equal  numbers.     This  led  to  the  theory  of  segregation. 

Terminology. — What  is  to  follow  will  be  clearer 
if  before  proceeding  we  define  some  of  the  terms  that 
have  arisen  in  connection  with  the  recent  study  of 
Mendelian  inheritance,  for  most  of  which  we  are  in- 
debted to  Bateson.  The  offspring  resulting  from  an 
initial  mating  are  known  collectively  as  the  first 
filial  generation,  represented  by  the  symbol,  F,. 
Their  offspring  are  the  second  filial  generation,  F;; 
and  they  in  turn  may  produce  F3,  etc.  The  germ- 
cells,  whether  eggs,  pollen-cells  or  spermatozoa  are 
called  gametes.  The  individual  produced  by  the 
union  of  two  gametes  is  a  zygote.  That  something, 
whether  material  or  otherwise,  which  when  present 
in  the  gamete  determines  a  certain  character  in  the 
resulting  zygote,  is  called  the  factor,  or  gene,  for  that 
character.  When  two  contrasting  characters  form 
an  alternative  pair,  they  are  said  to  be  allelomorphic, 
and  are  described  as  a  pair  of  allelomorphs.  The 
visible,  or  somatic,  characters  forming  such  a  pair 
are  called  unit-characters.  The  term  phenotype  is 
used  to  designate  all  the  individuals  bearing  the  same 
characters. 

Segregation. — Mendel's  greatest  contribution  to 
science  is  the  theory  of  segregation.  According  to 
this  theory  the  facts  of  alternative  inheritance  can 
be  explained  by  the  supposition  that  the  two  factors 
for  a  pair  of  allelomorphs  are  never  present  together 
in  the  same  gamete,  and  that  when  gametes  contain- 
ing factors  for  each  character  of  an  allelomorphic  pair 
are  produced  by  one  parent,  they  are  produced  in 
equal  numbers.  For  example  if  a  pure  bred  black 
guinea-pig  be  mated  with  a  white  one.  The  Fi 
generation  will  all  be  black,  but  when  these  individuals 
are  bred  together,  the  resulting  F2  generation  consists 
of  both  black  (S)  and  white  (6)  animals  in  the  pro- 
portion 3,8  :  16.  This  is  what  would  be  expected 
if  the  gametes  of  Fi  are  of  two  kinds,  half  containing 
the  factor  B  and  the  other  half  6.  If  fertilization  is 
a  matter  of  chance,  the  probable  combination  of 
factors  in  F2  may  be  represented  thus: 

IB  B  b              b 

(  rametes           i  X 

B  B  b               b 

ZygotasCFil     BB  Bb  bB           bb 

That  is  to  say,  with  two  kinds  of  gametes  in  equal 
numbers  uniting  at  random  the  probable  gametic 
constitution  of  the  zygotes  would  be  represented  by 
the  formula 

BB  +  2  Bb  +  bb. 
But  because  black  is  dominant  in  this  case  over 
white,  all  individuals  containing  the  factor  B  will  have 
black  coats.  Therefore  the  visible,  or  somatic, 
characters  of  the  offspring  will  be  represented  by  the 
formula,  3B  +  16.  This  is  the  fundamental  Mendt 
ratio,  three  to  one.  When  these  black  guinea-pigs 
of  the  F2  generation  are  tested  by  breeding,  they  are 
found  to  be  of  two  kinds.  On  the  theory  of  segrega- 
tion one-third  of  them  will  contain  only  factors  for 
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the  dominant  character  and  will  breed  true,  while 
two-thirds  will  contain  the  factors  for  both  characters, 
and  when  bred  together  will  produce  both  kinds  of 
offspring  in  the  proportion  of  three  to  one.  Breeding 
experiments  on  a  large  number  of  animals  and  plants 
have  given  results  which  are  In  general  accord  with 
this  theory. 

Dominance.  -While  dominance  was  the  first  recog- 
nized and  most  striking  feature  of  medelian  inheri- 
tance, it  is  not  an  essential  feature,  as  segregation  is. 
Cases  are  on  record  in  which  offspring  are  produced  in 
a  Mendelian  ratio  and  yet  the  heterozygotes  are 
intermediate  in  character  between  the  two  parent ial 
forms.  Among  plants  Correns  (1905)  found  that 
when  a  certain  strain  of  Mirabilis  jalapa  with  white 
flowers  is  crossed  with  a  pink  variety  the  F>  genera- 
tion has  light  pink  flowers.  When  these  are  self- 
fertilized  the  resulting  Fa  generation  are  white,  light 
pink,  and  pink  in  the  proportion  1:2:1. 

Among  birds  a  similar  example  is  afforded  by  the 
Andalusian  breed  of  fowls.  The  chief  characteristic 
of  this  breed  is  a  slaty  blue  color  (Punnett,  1911) 
really  due  to  a  fine  mosaic  of  black  with  white 
(Castle,  1911).  Fanciers  have  never  been  able  to 
make  these  fowls  breed  true.  When  the  blue  fowls 
are  mated  a  large  number  of  the  offspring  are  either 
black  or  white  splashed  with  gray.  Bateson  and 
Punnett  found  that  the  proportion  is  one  black  + 
two  blue  +  one  white,  and  that  when  white  and  black 
are  mated  all  the  chicks  are  blue.  Evidently  the  unit- 
characters  are  black  and  white  and  the  blue  fowls  are 
heterozygotes. 

In  many  cases  of  dominance,  the  dominant  char- 
acter is  positive  while  the  recessive  character  is  nega- 
tive. In  both  plants  and  animals  whiteness  is  reces- 
sive to  color,  the  silky  plumage  of  fowls,  which  lacks 
barbules,  is  recessive  to  ordinary  plumage,  tallness 
in  peas  is  dominant  over  shortness,  etc.  These 
facts  may  have  suggested  to  Bateson  an  important 
modification  that  he  has  introduced  into  the  Mendel- 
ian theory,  this  is  the  hypothesis  of  presence  and 
absence. 

According  to  this  hypothesis  "a  dominant  char- 
acter is  the  condition  due  to  the  presence  of  a  definite 
factor,  while  the  corresponding  recessive  owes  its 
condition  to  the  absence  of  the  same  factor."  Thus 
a  green  pea  owes  its  recessive  greenness  to  the  absence 
of  a  factor  which,  if  present,  would  cause  the  chloro- 
phyll to  turn  yellow.  The  original  theory  required 
a  separate  factor  for  each  character  in  an  allelo- 
morphic  pair,  as  one  for  green  and  one  for  yellow. 
But  difficulties  were  presented  by  certain  complex 
ratios,  to  be  discussed  in  a  later  section,  and  it  was 
to  meet  these  difficulties  that  the  presence  and  absence 
hypothesis  was  invented. 

Experimental  Tests. — The  question  whether  a  given 
character  in  any  race  is  dominant  or  recessive  can 
not  be  determined  by  inspection,  and  usually  homo- 
zygous dominants  and  heterozygotes  are  indistinguish- 
able to  the  eye.  To  determine  the  gametic  constitu- 
tion of  an  individual,  even  of  known  pedigree,  it 
may  be  necessary  to  make  a  breeding  experiment. 
In  plants  the  test  for  purity  of  constitution  is  generally 
most  easily  made  by  self-fertilization.  If  the  plant 
is  homozygous  it  will  breed  true,  if  heterozygous  the 
recessive  character  will  appear  in  one-fourth  of  the 
offspring. 

With  animals  the  test  is  usually  made  by  a  back 
cross  on  to  the  parental  stock.  Suppose  it  is  required 
to  test  a  pair  of  guinea-pigs,  one  black  and  one  white 
(with  pink  eyes).  Representing  the  factor  for  black 
by  B  and  its  absence,  white,  by  6,  the  results  of  two 
matings  would  be: 

Pi (BB)  X  (bb) 

II 

F. „(Bb) 

F; n(BB)  +  -2n(Bb)  +  n(bb) 


If  F]  is  all  black  and  Fj  is  three  black  to  one  white, 
we  know  lli.it  (lie  parents  (Pi)  are  homozyi 
ami  that  !•',  is  all  heterozygous.  Then  one  of  the 
"extracted"  whiles  of  !•'..  may  be  expected  to  prove 
itself  homozygous  by  giving  all  white  offspring  when 
mated  with  the  white  member  of  the  first  pair,  or 
half  white  and  half  black  if  mated  with  one  of  !•',. 
The  gametic  combinations  in  the  latter  case  are 
shown  in  the  following  table: 

Heterozygous  Black  Fi 
<  iametes  B  b 


\\  he,. 
Fj 


1  itlspring.— 1  Bb  :  1  bb 

The  black  guinea-pigs  in  Fs  will  be  either  homozygous 
(BB)  or  heterozygous  (Bb).  To  discover  the  number 
of  each  form  present  in  this  generation  it  is  necessary 
to  test  each  individual  by  breeding.  This  may  be 
done  by  mating  with  the  original  white  stock  Pi  or 
with  one  of  the  extracted  whites.  If  the  individual 
is  heterozygous,  the  offspring  will  be  black  and  white 
in  equal  numbers,  as  shown  in  the  table  below: 

Heterozygous  black  F2 
Gametes  B  b 


"" 

bb 

Bb 

bb 

Extracted 
White  Fa 
6 


Bb 


Offspring. — lBb  :  166. 

If  the  black  guinea-pig  to  be  tested  is  homozygous 
and  is  mated  as  before,  the  result  will  be  all  blacks  as 
as  follows : 

Homozygous  black  Fa 
Gametes  B  B 


Offspring. — All   56,   heterozygous   black. 

These  are  the  expected  results  in  testing  any  pair  of 
alternative  unit-characters. 

Variability  of  tin  Ratios. — So  far  we  have  treated  the 
Mendelian  ratios  as  if  they  were  invariable,  but  in 
practice  this  is  far  from  true.  It  is  very  seldom  that 
the  results  of  any  series  of  matings  accord  exactly 
with  expectation.  Some  examples  are  given  in  the 
following  table: 


Authority  and 
material. 

Matings. 

"3  « 

l.  a 

-S  o, 

c    » 

z  ° 

a 

as 

a 

S 
o 
Q 

to 
> 

m 

Q 

a 
o 
« 

Expecta- 
tion. 

Mendel,         1806, 

Hybrids  round  self- 

7324 

5474 

1850  5493   1831 

Peas 

fertilized 

Hybrids   high,   self-  1064 

787 

277    798     266 

fertilized 

Castle,           1905, 

Hybrid     pigmented    22'4 

158 

65    167:      56 

Guinea-pigs 

i  id)  red 

Hybrid     pigmented 

284 

14S 

136     142:    142 

X  albino 

Davenport    1908, 

H  i  ■  r  e  r  o  z  y  g  o  u  s 

66 

48      IS  49.5: 16.5 

Canaries 

crested  inbred 

Deviations  from  expectation  may  result  from  (a) 
the  chances  of  random  fertilization,  (6)  selective 
fertilization,  (c)  differential  mortality,  (d)  blending 
of  characters,   (e)  the  presence  of  unrecognized  unit- 
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Heredity 
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characters,  and  (/)  from  errors  of  observation.  If 
the  conditions  of  an  experiment  are  such  that  a 
simple  Mendelian  ratio  may  properly  be  expected, 
then  the  deviations  from  the  expected  results  should 
not  exceed  a  number  that  may  be  determined  by  the 
mathematical  laws  of  chance.  In  statistical  theory 
this  comes  under  the  rule  for  "simple  sampling  of 
attributes"  (Yule,  1911),  and  the  agreement  between 
observed  results  and  expectation  is  measured  by  the 
standard  deviation  of  simple  sampling,  also  called 
the  standard  error  of  the  number  of  successes.  If  in 
a  series  of  matings  n  be  the  total  number  of  offspring; 
p,  the  expected  proportion  showing  the  dominant  ;  and 
q,  the  expected  proportion  showing  the  recessive 
character  of  a  pair  of  allelomorphs,  then  the  standard 
error  of  the  number  of  dominants  or  recessives  will  be 

a  =   'Vjm/ii. 

and  if  the  observed  deviation  from  expectation  is 
not  greater  than  three  times  the  standard  error  it 
may  safely  be  attributed  to  the  chances  of  fertilization. 
To  illustrate  this  method  of  testing  an  observed 
ratio,  take  Castle's  case  of  the  hybrid  pigmented 
guinea-pigs  which  were  bred  together.  The  expecta- 
tion was  that  three-fourths  of  the  young  would  be 
pigmented  and  one-fourth  albinos.  The  number  of 
young  born  was  223.  Then  the  standard  error  will 
be  given  by  the  equation 

<r=  V0.75X  0725  X  223  =  6.47 

The  number  of  albinos  produced  was  65,  nine  more 
than  expected.  But  as  9  is  less  than  twice  the 
standard  error,  it  may  be  safely  inferred  that  this 
deviation  is  due  to  chance,  and  not  to  any  disturbing 
factor. 

If  instead  of  comparing  the  absolute  numbers  with 
expectation,  it  is  desired  to  test  the  observed  ratio  of 
dominants  or  recessives,  then  we  use  the  standard 
error  of  the  proportion  of  successes, 


=  >R 


For  example  East  and  Hayes  (1911)  in  their  study 
of  inheritance  in  maize  obtained  by  crossing  a 
non-starchy  with  a  starchy  dent  variety  an  ear  of 
corn  (No.  19  X  7  —  2)  containing  371  grains  in  the 
following  proportions : 

Total   Starchv   Non-starchy  Ratio         Deviation 

371         297  '  74  3.2020:0.7980     0.2020 

The  expected  ratio  was  3:1,  therefore 


4 


=  \  0.75  X  0.25  X 


_1_ 

371 


0.0225 


The  observed  ratio  deviates  from  expectation  by 
nearly  ten  times  the  standard  error,  and  we  may 
infer  therefore  that  in  this  case  the  proportion  has 
been  influenced  by  some  other  factor  than  the  chances 
of  fertilization. 

If  the  results  of  matings  are  expressed  as  a  per- 
centage instead  of  a  ratio,  the  standard  error  of  the 
percentage  is  given  by  the  formula 

s  =  lOOyjpql 

It  has  been  pointed  out  by  Yule  (1911)  that  the 
standard  error  is  the  most,  convenient  and  best  meas- 
ure of  the  accordance  between  observed  results  and 
expectation.  More  commonly,  however,  the  so-called 
probable  error  is  used.  This  is  obtained  by  multiply- 
ing the  standard  error  by  0.6745, 
E  =  0.6745<r 
This  quantity  preceded  by  the  sign  +  is  often  written 
after  the  observed  quantity.  Thus  in  the  last 
example  the  ratio  is 

3.2020:0.7980  +  0.01517, 
which  means  that  it  is  an  even   chance  that  the  true 
rat  io  does  not  differ  from  the  one  observed  by  more  than 
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0.01517.  East  and  Hayes  compare  their  deviations 
with  a  quantity  ("PE")  which  is  four  times  the 
probable  error.  This  is  apt  to  be  misleading,  and 
is  justified  only  by  the  fact   that  a  deviation  which 

doi     1 ixceed  t<<ui  times  the  probable  error  may  be 

due  to  the  chances  of  sampling. 

Complex  Ratios. — When  crossing  occurs  between 
parents  that  differ  in  two  or  more  pairs  of  allelomorphs 
the  ratios  become  complex,  Mendel,  for  example, 
in  his  experiments  on  peas,  fertilized  a  plant  bearing 
round  yellow  seeds  witii  pollen  from  one  having 
wrinkled  green  seeds.  All  the  seeds  of  the  F,  genera- 
tion were  rounrl  and  yellow.  From  these  15  plants 
were  raised,  and  being  self-fertilized,  produced  556 
seeds  (F2).  These  were  315  round  yellow,  101 
wrinkled  yellow,  108  round  green,  and  32  wrinkled 
green,  approximately  in  the  ratio  9:3:3:1.  The 
following  diagram  shows  how  the  union  of  parents 
heterozygous  in  two  pairs  of  unit-characters  will 
produce  this  ratio. 

Gametes 


YR 


Yr 


YR 

Yr 

yR 

V 

YR 
YR 

YR 

Yr 

YR 

yR 

YR 

yr 

YR 

Yr 

Yr 
Yr 

Yr 

yR 

Yr 

yr 

YR 
yR 

Yr 

vR 

yR 
yR 

yR 

yr 

YR 
yr 

Yr 

yr 

yR 
yr 

yr 
yr 

yR 


In  this  diagram  the  capital  letters  represent  the 
factors  for  the  dominant  characters,  yellow  and  round, 
and  the  small  letters  indicate  their  absence,  or  the 
presence  of  the  corresponding  recessive  characters, 
green  and  wrinkled.  In  the  sixteen  squares  rep- 
resenting the  zygotes,  nine  contain  both  Y  and  R,  three 
contain  Y  only,  three  R  only,  and  one  is  purely  re- 
cessive (yr),  and  the  ratio  of  visible  somatic  characters 
is  therefore  9YR:3Yr  :3yR  :  lyr. 

The  same  ratio,  9:3:3:1  is  obtained  in  the  F2 
generation  from  a  cross  between  a  dark  short-haired 
and  an  albino  long-haired  guinea-pig  (Castle,  1911)  and 
this  is  the  normal  ratio  when  two  independent  pairs 
of  unit  characters  are  concerned.  With  three  pairs 
of  characters,  there  are  eight  terms  in  the  ratio.  In 
general,  if  n  be  the  number  of  allelomorphic  pairs, 
the  number  of  phenotypes  and  their  ratios  in  the 
F2  generation  will  be  given  by  expansion  of  the  ex- 
pression (3  +  1)". 

Latent  Characters. — If  a  black  animal  be  mated  with 
an  albino,  the  offspring  will  all  be  black,  or  both  black 
and  white.  Brown  mice  bred  together  produce 
only  brown  or  brown  and  white.  Therefore  the 
union  of  a  brown  mouse  with  an  albino  would  be  ex- 
pected to  give  similar  results.  But  experiments  have 
shown  that  in  mice  there  are  at  least  four  kinds  of 
albinos  (Castle,  1911),  which  with  a  brown  mate 
produce  gray,  black,  cinnamon,  and  brown  young 
respectively.  As  it  may  be  shown  that  the  factors 
for  gray,  black,  and  cinnamon  are  absent  in  brown 
mice,  it  is  inferred  that  when  these  colors  appear 
in  the  young  they  are  supplied  by  the  albino  parent, 
in  which  they  are  supposed  to  exist  in  a  latent  condi- 
tion. This  latency  has  been  explained  as  due  to  the 
absence  of  a  color  factor,  usually  represented  by  the 
symbol  C,  which  is  present  in  all  pigmented  animals. 
In  the  brown  mouse  the  factors  C  and  Br  occur  to- 
gether and  cause  the  appearence  of  brown  pigments, 
whereas  in  the  albino  the  various  factors  for  pigments 
may  be  present  but  are  unable  to  produce  any  visible 
effect  in  the  absence  of  C. 

Epistacy. — The  offspring  resulting  from  a  mating 
between  a  pure  bred  pigmented  and  an  albino  guinea- 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Beredlty 


pig  are  all  pigmented  of  the  color  of  the  pigmented 
parent.  But  when  a  pure  bred  black  guinea-pig  is 
mated  with  a  red  one  all  the  young  arc  usually  black 
with  a  slight  reddish  tinge/  This  is  not  a  case  of 
presence  and  absence,  for  the  red  pigments  is  formed 
but  is  masked  by  the  more  opaque  black  pigment. 
To  distinguish  this  form  of  dominance  from  that 
met  with  when  a  pair  of  truly  allelomorphic  characters 
are  brought  together  in  the  same  individual,  Bateson 
invented  the  terms  rpislatic  and  hypostatic.  In  our 
example  black  is  epistatio  to  red,  which  is  hypostatic 
in  the  presence  of  black. 

Distributive  Factors. — The  color  of  animals  is  not 
always  distributed  evenly  over  the  body.  It  may  be 
confined  to  certain  parts  of  each  hair,  or  the  hairs  is 
some  regions  of  the  body  may  differ  more  or  less  from 
the  hairs  in  other  regions,  producing  patterns  of 
various  kinds.  Study  of  the  inheritance  of  pattern 
has  resulted  in  the  discovery  of  a  number  of  dis- 
tributive factors. 

Of  particular  interest  is  the  factor  A,  which  pro- 
duces the  agouti,  or  gray,  color  common  in  wild 
animals,  such  as  wild  mice,  rabbits  and  guinea-pigs. 
In  this  type  of  coloration  there  is  a  reddish-yellow 
band  of  pigment  on  each  hair  near  the  tip,  while  the 
rest  of  the  hair  is  black. 

Castle  obtained  agouti  guinea-pigs  by  breeding 
certain  red  guinea-pigs  with  black  ones.  The  Fi 
agouti  individuals  when  bred  together  produced 
young  (F:)  of  three  kinds,  agouti,  black,  and  red  in 
the  proportion  of  9:3:4.  This  appears  to  be  a  new 
Mendelian  ratio,  but  that  it  is  in  reality  merely  a 
modification  of  the  familiar  9:3:3:1,  will  be  seen  from 
the  following  diagram : 


Fi 
BA 


Black  Red 

Bi      X  RiAi 

BRA  (agouti) 

B  RA 


B1A2 

agouti 

B?A 
agouti 

BRA, 
agouti 

BRA 

agouti 

B:A 

agouti 

£2 
blaok 

BRA 

agouti 

BR 

black 

BR  At 
agouti 

BRA 
agouti 

RiA,             R«.A 
red                 red 

BRA 
agouti 

BR 

black 

RU 

red 

R2 
red 

Gametes 
BA 
B 

RA 
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If  we  assume  in  this  case  that  the  agouti  factor,  A, 
is  latent  in  the  red  parents,  the  gametic  formula  for 
Fi,  will  be  BRA  (omitting  symbols  for  absence  and 
indicating  the  homozygous  condition  by  the  sub- 
script "2"),  and  the  gametes  produced  by  F,,  will  be 
of  four  kinds,  BA,  B,  RA,  and  R.  Inbreeding  will 
give  the  results  shown  in  the  diagram,  which  indicates 
the  sixteen  possible  combinations  of  factors  and  the 
resulting  coat  color  in  the  F2  generation.  In  nine  of 
the  squares  B  and  A  come  together  and  the  proportion 
of  agouti  individuals  was  nine  in  sixteen.  B  occurs 
without  A  three  times  and  we  have  three  black.  In 
four  squares  is  R  without  B  and  we  have  four  red 
guinea-pigs,  but  three  of  them  contain  the  agouti 
factor,  A,  in  a  latent  condition,  and  one  is  a  pure 
homozygous  red.  These  inferences  have  been  tested 
and  confirmed  by  Castle  (1913)  in  an  extensive  series 
of  experiments. 

Further  treatment  of  the  distributive  factors  would 
expand  this  article  beyond  permissible  limits.  To 
obtain  a  conception  of  the  complexity  of  the  subject 
the  reader  should  consult  Little's  beautifully  illus- 
trated treatise  (1913).     A  useful  general  treatment  of 
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this  subject  with  a  discussion  of  various  complex 
Mendelian  ratios  is  given  bj  Plate  (1913,  p.  112  el 
seq.). 

Compound   Characters. — Besides    the    agouti    color, 

there  are  various  oilier  colors  and  patterns  that-  may 

be  regarded  as  the  product   of  the  ((unbilled  effect    of 

one  or  more  factors  for  pigments  and  one  or  several 

distributive  factors.  To  such  characters  produced  by 
the  interaction  of  several  factors  Bateson  gave  the 
name  compound  characters.  They  are  not  confined  to 
color.  An  example  of  a  structural  character  of  this 
kind  is  the  walnut  comb  characteristic  of  Malay 
fowls  (Fig.  3130).  Other  kinds  of  combs  are  rose,  pea, 
and  single,  the  latter  is  recessive  to  the  other  two. 
When  rose  is  crossed  with  pea  the  F,  generation  all 
have  walnut  combs,  as  was  discovered  by  Bateson, 
wdio  obtained  by  inbreeding  these  birds  an  F2  genera- 
tion with  four  kinds  of  combs  walnut,  rose,  pea,  and 
single  in  the  proportion  9:3:3:1.  The  single  comb 
proved  to  be  a  pure  recessive,  and  the  walnut  comb  is 
believed  to  be  produced  by  the  interaction  of  the 
two  dominant  factors  for  rose  and  pea  comb.  It  was 
this  case  that  led  to  the  development  of  the  presence 
and  absence  hypothesis. 


Fig.  3136. — Effects  of  Crossing  Pea  Comb  with  Rose  Comb. 
In  F;  (bottom  row)  are  found  walnut,  pea,  rose,  and  single.  (From 
Baur  and  Goldschmidt's  Wandtafeln.) 

Linkage. — Hitherto  we  have  dealt  with  characters 
that  are  inherited  independently.  But  there  are 
some  characters  that  are  associated  in  inheritance. 
Mendel  found  in  peas  violet-red  flowers  associated 
with  gray-brown  seed  coats,  and  white  flowers  with 
wdiite  seed  coats.  In  sweet  peas  there  has  been  found 
in  certain  strains  a  linkage,  or  coupling,  of  gametic 
factors  for  color  with  the  hooded  character  of  the 
standard,  and  of  color  of  flowers  with  shape  of  the 
pollen. 

In  animals  we  have  many  familiar  examples,  as  the 
beard  of  man,  antlers  of  the  stag,  brilliant  colors  and 
special  ornaments  in  birds,  that  are  limited  to  the  male 
sex,  although  they  may  be  transmitted  through  the 
mother.  Besides  these  secondary  sexual  characters, 
Morgan  (1913)  has  found  in  insects  certain  character- 
istics that  are  linked  to  sex  in  a  somewhat  different 
manner.  The  explanation  of  these  phenomena  in- 
volves certain  physiological  conceptions  of  the  mechan- 
ism of  heredity  and  may  be  discussed  more  con- 
veniently in  a  later  section  of  this  article  (see  p.  206). 

Multiple  Factors. — We  have  seen  that  when  a  fowl 
with  a  pea  comb  is  mated  with  one  with  a  rose  comb, 
all  the  chicks  in  F!  are  alike  in  having  walnut 
combs,  and  wdien  these  are  bred  together  the  F2 
generation  shows  an  increased  variability  in  charac- 
ters of  the  comb — walnut,  pea,  rose,  and  single 
combs  appearing.  If  we  divide  these  into  non-single 
and  single  the  ratio  is  15:1.     Three   pairs  of  allelo- 
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morphs  would  give  a  ratio  of  dominants  to  pure 
recessives  of  63:1.     Nilsson-Ehle  (1909)  on  crossing  a 

Swedish  variety  of  red  wheal  with  a  white  one  ob- 
tained in  F2  a  ratio  of  sixty-three  red  to  one  white. 
East  (1910)  in  a  cross  between  yellow  and  white 
varieties  of  maize  obtained  in  F2  fifteen  yellow  to  one 
white.  In  this  case  the  yellow  varied  from  dark  to 
light.  The  inference  drawn  from  these  and  similar 
results  is  that  we  are  dealing  with  two  or  more 
factors  each  dominant  to  its  absence  and  each  capable 
of  producing  the  same  or  a  similar  somatic  character. 
Such  factors  occurring  in  the  same  zygote  and  tend- 
ing to  produce  the  same  result  are  called  multiple 
factors. 

Multiple  factors  exhibiting  true  Mendelian  segrega- 
tion but  without  dominance  have  been  invoked  to 
explain  blended  inheritance,  expecially  of  size.  The 
evidence  depended  upon  is  chiefly  the  increased  varia- 
bility in  Fs  as  compared  with  F,.  Keeble  and  Pellew 
(1910)  crossed  two  semi-dwarf  varieties  of  peas  three 
to  four  feet  tall.  Plants  of  the  F,  generation  were 
seven  to  eight  feet  tall,  and  in  F2  they  varied  from 
one  and  one-half  to  eight  feet  in  height.  These  au- 
thors were  able  to  distinguish  two  factors  both  con- 
tributing to  height,  one  of  which  increased  the 
thickness  of  the  stem  and  the  other  increased  the 
distance  between  the  nodes.  In  rabbits  derived  from 
a  cross  between  a  small  (c?)  and  a  large  (?)  variety, 
MacDowell  (1914)  compared  the  Fi  generation  with 
the  results  of  a  back  cross  with  the  original  small 
male  parents  (instead  of  F2)  and  obtained  increased 
variability  in  the  latter. 

Whether  blended  inheritance,  as  in  size,  is  to  be 
explained  as  a  mere  mingling  of  the  characters  of  the 
two  parents,  or  as  the  resultant  of  the  effects  of 
numerous  segregating  factors,  and  whether  these 
factors  if  present  are  themselves  variable,  are  ques- 
tions still  under  discussion.  Castle,  who  is  skeptical 
as  to  the  applicability  of  Mendelian  laws  to  the  in- 
heritance of  size  points  out  (1914)  that  there  is  a 
high  degree  of  correlation  between  various  skele- 
tal dimensions,  and  therefore,  if  there  are  numer- 
ous factors  influencing  size  they  must  be  general  in 
their  effects,  not  separate  factors  for  each  part,  but 
each  factor  tending  to  modify  the  size  of  the  body  as 
a  whole. 

Yule  (1907),  on  the  other  hand,  has  shown  mathe- 
matically that  the  results  of  the  statistical  study  of 
blended  inheritance  are  not  necessarily  inconsistent 
with  the  theory  of  pure  gametes  with  segregating 
multiple  factors  without  dominance. 

Prepotency. — This  is  the  superior  influence  of  one 
parent  over  the  other,  in  determining  one  or  more 
characteristics  of  the  offspring,  and  was  much  dis- 
cussed by  Darwin.  It  is  now  classified  with  the 
phenomena  of  Mendelian  inheritance. 

Inheritance  at  Corresponding  Periods  of  Life. — 
Correlations  may  be  observed  not  only-  between  adult 
parents  and  adult  offspring,  but  also  between  the 
immature  stages  of  parent  and  offsprings,  and,  of 
course,  these  correlations  come  at  corresponding 
periods  of  life,  or  there  would  be  no  regularity  in  the 
course  of  development.  But  it  has  been  observed 
that  abnormalities  in  parent  and  offspring  tend  to 
appear  likewise  at  corresponding  periods  of  life.  Of 
this  Darwin  gives  a  number  of  examples. 

Characters  that  may  be  Inherited. — In  general  all 
congenital  characters  exhibit  the  phenomena  of  he- 
redity, either  of  one  type  or  another.  This  includes 
not  only  normal  variations  but  also  various  abnormali- 
ties and  those  constitutional  weaknesses  that  pre- 
dispose the  subject  to  disease.  Pearson  has  shown 
that  fertility  may  be  inherited.  As  to  the  inheritance 
of  modifications  acquired  as  the  result  of  external 
influences  upon  the  cells  of  the  body,  we  have  but 
few  observations  of  value.  The  results  from  Fay's 
observations  on  the  inheritance  of  deafness  are  given 
in  the  following  table: 
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Table  VI.— Inheritance  of  Deafnebs. 


Condition  of  parents. 


Both  deaf,   acquired 

Hearing  and  deaf,  acquired.  .  . 
Deaf,  congenital  and  acquired. 
Hearing  and  deaf,  congenital1. 
Both  deaf,  congenital 


Number 

of  children. 


Per  "iit 
deaf. 


1,720 
713 

1,820 
528 
779 


2.3 

2   -' 

6 .  3 

11.9 
25.9 


The  difference  of  the  results  between  the  cases  in 
which  congenital  deafness  appears  in  the  parentage 
and  cases  in  which  it  apparently  does  not  is  •. 
striking.  It  is  possible  that  it  might  be  still  more  so 
if  it  were  not  for  the  difficulty  of  distinguishing  in 
every  case  between  congenital  and  acquired  deaf  in  ■--. 
a  difficulty  which  may  perhaps  account  for  the  ap- 
pearance of  even  the  small  percentage  of  deaf  children 
credited  to  parents  that  appear  to  have  acquired  deaf- 
ness. The  evidence  for  and  against  the  inheritance 
of  acquired  characters  is  discussed  in  a  previous  article 
(see  Evolution).  We  need  mention  here  only  a 
recent  contribution  by  Kammerer  (1913),  who  believes 
that  changes  in  color  induced  in  the  skin  of  salamanders 
by  their  surroundings  will  influence  the  color  patterns 
of  their  offspring.  The  value  of  his  experiments  is 
much  impaired  by  the  fact  that  these  animals  are 
highly  variable  in  color,  and  the  gametic  constitution 
of  the  parents  was  not  investigated  before  the 
experiments  were  begun. 

Reversion. — The  discussion  of  reversion  and  atavism 
is  reserved  for  another  place.      (See  article  Reversion.) 

Telegony. — Many-  breeders  of  domestic  animals  are 
firmly  convinced  that  a  previous  sire  may  influence 
the  progeny  of  a  subsequent  one.  This  supposed 
influence  is* called  telegony  and  is  regarded  as  a  phe- 
nomenon of  heredity.  The  subject  has  been  investi- 
gated experimentally  by  Ewart,  using  horses  and 
zebras,  and  he  found  no  evidence  of  such  an  influence. 
Pearson  has  attacked  the  problem  from  the  statistical 
point  of  view  and  likewise  reached  negative  results. 

In  plants  there  is  a  phenomenon  called  xenia.  In 
Indian  corn  when  a  cross  is  made  in  such  a  way  that 
the  pollen  carries  a  dominant  factor  the  maternal 
part  of  the  fruit  takes  on  the  characteristics  of  the 
male  parent,  which  one  would  not  expect  to  appear 
until  the  formation  of  the  fruit  of  the  next  generation. 
De  Vries  and  Webber  have  explained  this  as  due  to  a 
process  of  double  fertilization  first  observed  by  Nawa- 
schin  and  Guignard  (see  Impregnation). 

In  concluding  our  review  of  the  phenomena  of 
heredity  it  should  be  noted  that  little  is  to  be  learned 
by  the  study  of  isolated  cases.  We  can  acquire  ideas 
of  value  in  regard  to  heredity  only  by  dealing  with 
large  numbers  of  observations  by  approved  statistical 
or  analytical  methods.  And  it  has  been  with  the 
hope  of  giving  some  notion  of  the  first  principles  of 
that  new  and  important  branch  of  biological  science 
that  we  have  devoted  so  much  space  to  the  subject. 
We  now  turn  to  the  theories  of  heredity. 

II.  Theories  of  Heredity. 

Importance  of  the  Subject. — We  are  all  interested  in 
the  question  as  to  how  we  have  come  to  be  what  we 
are,  and  we  have  seen  that  what  we  call  the  principle 
of  heredity  has  been  an  important  factor  in  determin- 
ing the  present  condition,  not  only  of  every  human 
being,  but  also  of  every  living  thing  whether  animal 
or  plant.  We  now  turn  naturally  to  the  study  of  the 
mechanism  of  heredity.  But  this  is  a  thing  which  is 
not  open  to  direct  observation,  and  the  best  that  we 
can  do  is  to  construct  a  theory  of  heredity  from  such 
facts  as  we  can  observe.  Such  an  inquiry  is  not  only 
of  importance  to  the  students  of  pure  science  desirous 
of    fully    comprehending   the    origin    of    organic    in- 
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dividuals,  but  is  equally  important  to  the  practical 
breeder  of  domestic  animals  and  plants  wishing  to 
maintain  his  stock  at  the  highest  value  and  to  the 
practical  philanthropist  anxious  for  the  perfection  of 
the  human  species.  The  medical  practitioner  is  also 
constantly  face  to  face  with  questions  of  heredity,  and 
the  value  of  his  advice  in  such  cases  will  depend  on 
whether  or  not  they  are  founded  upon  a  sound 
theory. 

Requirements  of  a  Theory  of  Heredity. — A  theory  of 
heredity  is  not  required  to  explain  the  multiplication 
of  organisms,  but  it  must  explain  the  relations  of  form 
between  parent  and  offspring.  These  relations  are 
expressed  by  the  terms  heredity  and  variation.  We 
have  seen  how  intimately  connected  variation  and 
heredity  are  with  one  another,  that  they  are  in  fact 
but  the  opposite  phases  of  the  same  phenomena.  A 
theory  of  heredity,  therefore,  must  be  also  a  theory  of 
variation.  But  heredity  and  variation  are  both  the 
result  of  the  process  of  development  and  to  explain 
them  one  must  first  explain  development.  The 
embryologist  has  explained  the  development  of  any 
structure  sufficiently  for  his  purpose  when  he  has 
shown  how  this  structure  is  the  necessary  result  of  a 
certain  observed  order  of  cell  division,  growth, 
and  differentiation.  For  him  the  cell  is  the  funda- 
mental structure,  and  unequal  growth,  fusion,  and 
fission  of  tissues  are  fundamental  processes.  For  the 
student  of  heredity,  however,  it  is  necessary  to  go 
deeper  and  to  try  to  discover  the  fundamental  struc- 
ture of  the  cell  itself  and  to  investigate  the  minute 
processes  of  cell  division  to  determine,  if  possible,  the 
causes  that  result  in  unequal  growth  and  differentia- 
tion and  thus  control  the  development  of  the  organ- 
ism as  a  whole.  A  theory  of  heredity  and  variation, 
therefore,  must  be  also  a  theory  of  development  in 
the  deepest  sense.  It  follows  from  this  that  our 
theory,  to  be  valid,  must  be  capable  of  explaining  all 
of  the  phases  of  development,  including  direct  devel- 
opment, both  sexual  and  asexual,  metamorphosis, 
sexual  dimorphism,  other  forms  of  polymorphism, 
regeneration  of  lost  parts,  and  the  alternation  of 
generations.  It  will  readily  be  seen,  moreover,  that 
such  a  theory  necessarily  involves  some  conception 
as  to  the  essential  structure  of  living  matter. 

The  Fundamental  Conceptions  in  Theories  of  Heredity. 
— From  the  numerous  theories  that  have  been  ad- 
vanced to  explain  the  similarity  between  parent 
and  offspring  there  may  be  extracted  a  compara- 
tively small  number  of  fundamental  conceptions, 
which  we  will  consider  in  turn.  These  conceptions 
may  be  enumerated  as  follows:  (1)  animism,  (2) 
physiological  units,  (3)  heredity  as  a  form  of  motion 
or  as  memory,  (4)  pangenesis,  (5)  idioplasm  as  dis- 
tinguished from  trophoplasm,  (6)  germ  plasm  as 
distinguished  from  somatic  idioplasm,  (7)  continuity 
of  germ  plasm,  (8)  evolution,  and  (9)  epigenesis. 

Animism. — The  earliest  views  as  to  the  causes  of  the 
phenomena  of  heredity  may  generally  be  classed  under 
the  head  of  animism.  Most  of  them  agree  that  the 
character  of  the  material  body  is  controlled  by  a 
spiritual  body,  the  soul,  or  animus,  which  enters  the 
material  body  at  its  conception. 

Van  Helmont  and  other  writers  of  the  middle  ages 
have  supposed  that  there  is  an  actual  transfer  of 
spiritual  substance  not  only  through  the  sexual  prod- 
ucts but  also  through  the  milk  of  the  mother  or  nurse. 
Indeed,  it  is  said  that  such  is  the  belief  of  many  per- 
sons at  the  present  time. 

Others  believe  that  the  thoughts  of  the  mother  may 
affect  the  mental  and  physical  character  of  the  de- 
veloping child.  Birth  marks,  supposed  cases  of 
telegony,  and  the  like,  have  been  explained  in  this 
way.  When  Jacob  set  up  the  rods  before  the  cattle 
he  was  acting  upon  this  theory. 

The  animistic  theories  have  the  great  advantage  of 
simplicity,  but  they  are  utterly  without  scientific 
basis  and,  therefore,  must  be  rejected. 


Physiological  Units. — In  direct  contrast  with  the 
animistic  theories  of  heredity  are  the  materialistic 
theories — those  that  postulate  a  physical  basis  for 
heredity.  One  of  the  earliest  attempts  to  ascribe  a 
physical  basis  to  heredity  is  that  of  BufTon.  Ac- 
cording to  his  concept  ion,  organic  matter  is  essent  iallj 
different  from  inorganic  matter  and  the  two  arc 
equally  indestructible.  Organic  molecules  arc  to  be 
found  everywhere  and  arc  capable  of  uniting  to  form 
an  organism  wherever  they  come  together  under 
certain  conditions,  hence  his  theory  of  spontaneous 
generation. 

When  Herbert  Spencer  wrote  his  "Principles  of 
Biology,"  is  was  known  that  there  is  no  chemical 
element  found  in  living  bodies  that  is  not  found  also  in 
inorganic  substances  and  that  Buffon's  idea  of  orgahic 
molecules  was  without  foundation.  .Spencer,  how- 
ever, made  a  very  decided  step  forward  when  he 
revived  the  idea  in  another  form. 

If  living  material  be  separated  into  its  constituent 
chemical  molecules  it  ceases  to  be  alive.  Life  is  not  a 
property  of  any  ordinary  chemical  substance.  Still 
you  can  divide  living  material,  and  even  particles  of  a 
cell  will  retain  for  a  time  at  least  their  vital  prop- 
erties. Therefore  living  matter  must  be  made  up 
of  units,  much  smaller  than  a  cell,  and  much  larger  and 
more  complex  than  a  chemical  molecule.  Spencer 
calls  these  ultimate  particles  of  living  matter  physio- 
logical units.  He  regards  them  as  possessing  tin- 
physical  basis  of  life  and  as  being  the  bearers  of  the 
hereditary  qualities. 

Haeckel  accepts  Spencer's  theory  but  refuses  to 
believe  that  the  physiological  unit,  which  he  calls  a 
plastidule,  is  anything  more  than  a  very  complex 
chemical  molecule. 

Weismann  agrees  with  Spencer  in  regarding  proto- 
plasm as  made  up  of  units  which  are  of  a  higher  order 
than  a  molecule.  He  calls  them  biophors  (the  life 
bearers)  and  attributes  to  them  somewhat  different 
properties  from  those  that  Spencer  supposes  his 
physiological  units  to  possess.  The  biophors  carry 
with  them  only  the  elementary  qualities  of  the 
organism.  The  true  bearers  of  heredity  are  higher 
units,  the  determinants,  which  are  themselves  composed 
of  biophors  having  certain  properties  and  arranged  in 
a  definite  order. 

Nageli  takes  a  somewhat  similar  position.  Accord- 
ing to  him,  when  proteids  are  formed  in  a  watery 
solution  they  are  precipitated  in  minute  crystal-like 
masses  that  he  calls  micella,  but  they  do  not  form 
part  of  the  living  material  until  they  are  united  into 
larger  masses  which  are  drawn  out  into  threads. 
These  threads  of  micella?  are  the  ultimate  particles  of 
living  matter  and  the  bearers  of  the  hereditary 
qualities. 

Darwin,  who  was  one  of  the  first  to  give  to  the  world 
a  definite  theory  of  heredity,  made  no  attempt  to 
discover  the  ultimate  structure  of  living  matter.  He 
believed,  however,  in  a  physical  basis  of  heredity, 
which  he  thought  could  be  found  in  minute  bud-like 
bodies,  gemmulcs,  given  off  from  the  various  cells  of 
the  body.  He  was  followed  by  Brooks  and  to  a 
certain  extent  by  Galton,  and  de  Vries  attempted  to 
improve  his  theory  by  supposing  the  gemmules,  which 
he  named  pangencs,  not  to  be  produced  by  the  cell,  but 
by  the  nucleus. 

In  all  of  these  theories  the  bodies  that  are  supposed 
to  carry  the  hereditary  characteristics  are  too  minute 
for  observation,  and  therefore  it  is  equally  impossible 
to  prove  or  disprove  their  existence.  In  fact,  these 
theories  are  not  intended  to  be  anything  more  than 
working  hypotheses.  The  main  question  with  us  is, 
not  whether  one  or  the  other  of  these  hypotheses  is 
correct,  but  whether  the  general  principle  that  under- 
lies them  all  should  be  accepted  or  rejected.  It 
seems  to  the  writer  that  no  one  who  has  carefully 
studied  the  phenomena  of  fertilization  and  develop- 
ment, and  has  considered  the  results  of  heredity,  can 
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fail  to  believe  that  it  has  a  physical  basis  and  that  this 
must  consist  of  units  that  arc  much  less  than  the  cell 
and  much  more  complex  than  the  molecule. 

Heredity  as  a  Form  of  Motion. — The  earliest  theory 
of  heredity  that  is  sufficiently  well  founded  to  deserve 
serious  consideration  is  that  of  Herbert  Spencer.  But 
even  this  theory  is  conceived  to  a  great  extent  inde- 
pendently of  any  facts,  and  is  therefore  largely 
metaphysical  and  to  be  understood  only  in  connec- 
tion with  Spencer's  philosophical  system  of  cosmic 
evolution. 

He  compares  the  organism  to  a  crystal.  The 
molecules  which  go  to  make  up  a  crystal  are  originally 
all  exactly  alike,  but  in  the  crystal  they  do  not  all  have 
the  same  relative  position  nor  the  same  morphological 
value.  One  will  form  part  of  an  angle,  another  part 
of  a  face,  etc.  In  a  similar  way  the  organism  is  made 
up  of  physiological  units  that  are  all  alike  but  differ  in 
position.  The  molecules  of  the  crystal  on  the  one 
hand,  and  the  physiological  units  of  the  organism  on 
the  other,  have  a  certain  polarity  that  causes  them  to 
unite  whenever  possible  into  aggregates  having  a  cer- 
tain definite  form.  If  a  crystal  be  mutilated  and  then 
placed  in  a  saturated  solution  of  the  same  salt,  deposi- 
tion of  new  material  will  take  place  in  such  a  way  as  to 
restore  the  crystal  to  its  original  shape.  Spencer 
regards  the  regeneration  of  lost  parts  in  organisms  as 
an  exactly  analogous  process. 

The  form  alike  of  the  crystal  and  of  the  organism  is 
due  to  interaction  of  internal  and  external  forces.  But 
the  organism  differs  from  the  crystal  in  being  much 
more  sensitive  to  external  conditions;  it  is  due  to  them 
that  variations  occur.  When  a  permanent  variation  is 
produced  the  polarity  of  the  physiological  units  has 
been  changed.  But  any  force  affecting  a  part  affects 
the  whole  and,  therefore,  the  polarity  of  all  tin 
physiological  units  in  the  body  will  be  altered,  includ- 
ing those  of  the  germ  cells.  Consequently  when  the 
physiological  units  of  the  germ  grow  and  multiply 
to  form  a  new  organism,  they  will  tend  to  arrange 
themselves,  not  in  the  form  that  the  parent  had 
originally,  but  in  the  form  that  it  acquired  as  the 
results  of  the  action  of  external  conditions.  In  this 
way  all  characteristics,  whether  congenital  or  acquired, 
tend  to  be  inherited.  According  to  this  view  heredity 
may  be  regarded  as  a  form  of  motion  or  energy  that 
is  propagated  from  all  parts  of  the  body  to  the  germ 
cells. 

The  famous  botanist,  Nageli,  spent  the  latter  years 
of  his  life  in  working  out  a  very  complete  theory  of 
heredity  that  in  many  of  its  essential  features  closely 
resembles  Spencer's.  The  threads  of  micellae  that, 
according  to  Niigeli,  constitute  the  active  living 
material  are  arranged  in  bundles  which  are  continuous 
throughout  the  body  and  into  the  germ  cells.  Each 
thread  is  the  seat  of  one  of  the  fundamental  characters 
of  the  organism,  and  all  of  the  different  kinds  of  threads 
necessary  to  make  a  complete  organism  are  present 
in  each  bundle.  From  time  to  time  new  threads  may 
arise,  causing  congenital  variations  in  a  certain  definite 
direction.  External  conditions  affect  the  micellar 
threads,  and  their  reactions  lead  to  adaptive  modifica- 
tions. These  morphogenic  stimuli  set  up  by  external 
conditions  may  be  transmitted  along  the  threads  to 
the  germ  cells  with  the  result  that  the  adaptive  modifi- 
cations of  the  parent  may  be  inherited  by  the  offspring. 

If  a  stone  be  dropped  into  the  edge  of  a  pond,  the 
surface  of  the  pond  at  that  point  is  momentarily 
altered.  This  disturbance  sets  up  a  wave  motion  in 
adjacent  particles  and  these  set  other  particles  in 
motion  and  so  on  until  the  wave  finally  reaches  the 
farthest  shore.  Spencer  and  Nageli  think  that  in  the 
same  way  anything  that  affects  the  physiological 
units  or  micella  in  one  part  of  the  organism  sets  up  a 
sort  of  wave  motion  that  extends  throughout  the 
body  and  into  the  germ  cells  affecting  their  physio- 
logical units  so  that  they  may  give  rise  to  similar 
modifications    in    the    offspring.     Nageli    makes    an 
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improvement  on  Spencer'e  theors  in  furnishing  a  path 
for  heredity  along  the  micellar  threads. 
Several  other  authors  have  attempted  to  construct 

similar    theories,    but    none    of    them    presents    any 
advantage  over  the  ones  that  have  been  outlined. 

Haeckel's  theory  is  intimately  connected  with  the 
monistic  system  of  philosophy  and  is  almost  entirely 
metaphysical.  The  cycle  of  life  from  egg  to  egg  is, 
according  to  Haeckel,  a  great  wave  motion.  As  each 
individual  gives  rise  to  numerous  offspring,  this  wave 
motion  becomes  branched  with  the  act  of  generation. 
This  branched  wave  motion  is  called  perigenesis — 
and  the  plastidules  of  which  the  living  material  is 
composed  have  a  similar  wave  motion,  or  perigenesis. 
Heredity  is  due  to  the  propagation  of  this  wave 
motion.  Haeckel  sums  up  his  theory  by  saying  that 
heredity  is  the  memory  of  the  plastidules;  variability, 
their  power  of  perception. 

The  only  evidence  of  importance  in  favor  of  these 
theories  is  the  fact  that  in  certain  tissues  of  animals 
and  plants  the  cells  are  found  to  be  connected  by 
minute  protoplasmic  threads.  This  line  of  evidence 
has  been  gathered  together  (1898)  by  O.  Hertwig,  who 
calls  attention  also  to  the  interesting  experiments  of 
Pfeffer,  which  show  that  in  one  case  at  least  these 
protoplasmic  filaments  may  transmit  a  formative 
impulse.  A  vegetable  cell  deprived  of  both  its 
nucleus  and  cellulose  wall  will  not  regenerate  either, 
but  if  the  nucleus  be  present  a  new  cell  wall  may  be 
formed.  Pfeffer  prepared  cells  of  the  protonema  of 
a  moss  in  such  a  way  that  an  isolated  mass  of  proto- 
plasm without  a  nucleus  remained  connected  to  its 
neighboring  nucleated  cell  by  the  fine  protoplasmic 
filaments  traversing  the  cell  wall.  In  such  a  case  a 
new  cell  wall  was  formed  around  the  protoplasm. 
But  if  both  cells  were  deprived  of  nuclei  the  cell  wall 
was  not  regenerated. 

On  the  other  hand,  there  are  certainly  in  the  bodies 
of  both  animals  and  plants  cells  that  have  no  such 
connections,  and  a  general  continuity  of  protoplasm 
has  not  been  demonstrated  in  any  organism  except  in 
certain  algae  and  in  the  earliest  stages  of  cleavage  in 
the  eggs  of  some  animals.  Child  in  a  series  of  papers 
in  course  of  publication  is  endeavoring  to  prove  from 
the  facts  of  regeneration  in  some  of  the  lower  animals 
that  some  kind  of  formative  stimulus  may  pass  through 
the  body  so  that  one  part  may  influence  the  develop- 
ment of  another. 

The  objection  to  these  theories  that  occurs  to  one 
at  once  is  their  fanciful  character  and  lack  of  any 
really  substantial  basis  of  fact.  Their  real  motive 
is  to  account  for  the  supposed  inheritance  of  acquired 
characters.  If  any  one  of  these  theories  is  true,  then 
the  inheritance  of  acquired  characters  should  be  a 
matter  of  every-day  occurrence.  It  is  impossible 
to  prove  that  acquired  characters  are  never  inherited 
and  it  is  therefore  impossible  to  disprove  any  such 
theory.  But  the  ablest  advocates  of  the  doctrine 
of  the  inheritance  of  acquired  characters  are  admitting 
now  that  such  inheritance  is  not  common,  and,  there- 
fore, such  a  theory  cannot  be  a  complete  explanation 
of  heredity,  but  must  represent  at  most  only  a  small 
factor. 

We  may  conclude,  then,  that  the  idea  that  heredity 
is  a  form  of  motion  or  something  akin  to  memory 
cannot  be  accepted  until  more  evidence  in  its  favor 
is  presented,  and  such  evidence  does  not  seem  to  be 
forthcoming. 

Pangenesis. — Four  years  after  Spencer  published 
his  "Principles  of  Biology,"  Darwin  gave  to  the 
world  his  provisional  hypothesis  of  "Pangenesis," 
as  the  concluding  chapters  in  his  book  on  the  "De- 
scent of  Man." 

The  fundamental  conception  in  this  hypothesis 
had  been  expressed  about  400  years  before  Christ 
by  the  Greek  philosopher  Democritus  when  he 
said  that  the  seed  of  animals  is  elaborated  by  con- 
tributions from  all  parts  of  the  body;  and   Buffon 
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likewise  had  supposed  th.at  the  different  parts  of  the 
offspring  are  made  up  of  organic  molecules  derived 
from  corresponding  parts  of  the  parents.  But  the 
influence  that  this  conception  has  had  on  scientific 
thought  is  due  to  the  brilliant  manner  of  its  presents 
tion  by  Darwin. 

Darwin  supposed  that  the  contributions  from  the 
various  parts  of  the  body  are  in  the  form  of  gemmules, 
little  buds  given  off  from  each  cell  in  the  body.  The 
gemmules  circulate  in  the  blood  and  are  finally  col- 
lected in  the  sexual  products.  When  the  egg  develops 
each  gemmule  may  give  rise  to  cells  like  the  one  from 
which  it  was  derived.  Thus  by  a  simple  and  perfectly 
intelligible  process  Darwin  explains  the  inheritance 
by  the  child  of  the  various  characteristics  of  the  parent, 
both  congenital  and  acquired.  All  of  the  gemmules  in 
the  egg  are  not  supposed  to  develop,  but  some  may 
be  passed  on  to  subsequent  generations.  This  is 
always  the  case  with  the  gemmules  representing  the 
sexual  characters.  Individuals  of  one  sex  always 
contain  the  gemmules  of  the  other  in  a  latent  con- 
dition. All  cases  of  reversion  are  supposed  to  be  due 
to  the  development  of  such  latent  gemmules.  Other 
forms  of  variation  are  explained  as  due  to  the  rear- 
rangement of  the  gemmules  in  the  egg,  or  else  as  due 
to  the  direct  action  of  the  environment,  or  the  effects 
of  use  and  disuse  upon  the  cells  of  the  parent  which 
are  transmitted  by  the  gemmules  given  off  from 
them. 

The  central  fact  upon  which  Darwin's  theory  is 
based  is  the  supposed  inheritance  of  acquired  char- 
acters, but  it  explains  equally  well  the  inheritance  of 
congenital  variations,  reversion,  particulate  inherit- 
ance, alternation  of  generation,  etc.  It  is  therefore 
a  very  complete  theory  of  heredity. 

As  early  as  1872,  however,  Galton  was  led  to  doubt 
Darwin's  theory.  He  urged  his  objections  in  the 
first  place  on  a  priori  grounds.  He  did  not  believe 
that  acquired  characters  are  generally  inherited.  The 
gemmules,  he  said,  are  purely  imaginary,  and  there- 
fore their  existence  is  an  unwarranted  assumption. 
But,  waiving  this  last  objection,  another  and  more 
serious  one  arises.  If  we  suppose  that  every  cell  is 
continually  giving  off  gemmules,  the  number  present 
in  the  organism  must  be  enormous;  and,  if  every  cell 
of  the  offspring  is  represented  by  a  gemmule  in  the 
germ,  we  see  that  if  a  spermatozoon  is  to  contain  not 
only  these  gemmules,  but  also  a  large  number  of  latent 
ones,  in  order  that  so  many  ri5ay  lodge  in  so  small  a 
space,  they  must  be  excessively  minute. 

In  the  second  place,  Galton  tested  the  question  ex- 
perimentally. He  took  silver-gray  rabbits,  which 
generally  breed  true,  and  into  eighteen  of  these  he 
transfused  blood  from  rabbits  of  other  breeds.  He 
reasoned  that,  if  gemmules  be  given  off,  as  Darwin 
supposed,  the  blood  must  contain  a  large  number, 
and,  if  blood  of  one  breed  is  transfused  into  the  body 
of  another,  the  offspring  of  the  latter  should  show 
some  traces  of  characters  of  the  former.  Eighty- 
six  young  were  reared  from  the  individuals  experi- 
mented upon,  and  none  of  them  showed  any  trace  of 
foreign  blood. 

He  concluded,  therefore,  that  pangenesis  pure  and 
simple  is  an  incorrect  hypothesis.  He  was  willing 
to  admit,  however,  that  acquired  characters  might 
rarely  be  inherited  and  that  this  might  be  explained 
by  the  occasional  giving  off  of  germs  by  cells. 

In  1876  Brooks  outlined  a  theoiy  of  heredity  which 
was  very  fully  developed  in  his  book  on  "Heredity," 
in  18S3.  This  theory  is  a  modification  of  Darwin's 
theory  of  pangenesis  changed  to  meet  the  objections 
of  Galton  and  others.  Brooks  introduced  the  im- 
portant conception  of  the  continuity  of  the  germ  cells 
to  explain  ancestral  heredity,  and  retained  pangenesis 
simply  to  explain  variation.  He  supposed  gemmules 
to  be  given  off  by  cells  only  when  subjected  to  un- 
favorable conditions.  He  further  supposed  homolo- 
gous gemmules  to  unite  in  the  germ  cells  and  by  thus 


producing  new  combinations  to  induce  variability 
in  the  iiii'spn'rig.  Thus  external  conditions  affecting 
t  he  parents  may  si  imulate  the  product  ion  of  gemmules 
and  cause  the  young  to  vary — but  not  in  any  part  icular 
direction,  for  Brooks  denied  the  inheritance  of  ac- 
quired modificat  ions. 

To  sum  up,  the  theory  of  pangenesis  presented  in 
various  forms  by  Darwin  and  Brooks  supposes  the 
germ  to  be  made  up  of  material  part  ides  derived  from 
.ill  parts  of  the  parents  or  more  remote  ancestors  and 
able  by  developing  to  form  corresponding  parts  of  I  tie 
offspring.  This  theory  agrees  with  the  dynamic  or 
memory  theories  in  supposing  that  the  characters  of 
the  offspring  depend  on  the  character  of  certain 
physical  substances  in  the  germ,  and  that  the 
germinal  characters  in  turn  are  influenced  directly 
by  the  corresponding  parts  of  the  parents.  The 
theories  differ  in  the  method  by  which  this  influence 
is  supposed  to  be  exerted.  According  to  the  dynamic 
theories  homologous  parts  of  the  parent  and  offspring 
are  alike  because  the  germinal  rudiments  of  the  parts 
of  the  offspring  have  been  subjected  to  the  influence 
of  some  sort  of  formative  energy  radiating  from  ho- 
mologous parts  of  the  parent.  According  to  the  theory 
of  pangenesis,  homologous  parts  of  the  parent  and 
offspring  are  alike  because  they  are  of  the  same  sub- 
stance (//.,  Fig.  3137).  But  these  theories  are  found 
to  be  equally  unsatisfactory  when  tested  by  the  light 
of  recent  know  ledge  of  the  history  of  the  germ  cells. 

Continuity. — The  theory  of  pangenesis  is  inter- 
mediate between  the  idea  of  heredity  as  a  form  of 
energy  and  a  third  fundamental  conception — 
continuity  of  the  physical  basis  of  heredity.  This  is 
one  of  the  most  important  of  the  fundamental  con- 
ceptions found  in  the  more  recent  theories  of  heredity. 
The  idea  is  important  becaue  it  is  founded  upon  the 
facts  of  observation.  Like  the  theory  of  pangenesis,  it 
attempts  to  discover  a  physical  basis  for  heredity  in 
the  germ  cells.  But  it  differs  from  that  theory  in  the 
view  taken  as  to  the  history  of  the  bearers  of  the 
hereditary  qualities,  and  in  regard  to  the  relation  of  the 
germ  cells  to  the  somatic  cells  of  the  parent. 

According  to  this  theory,  the  germ  gives  rise  to 
an  individual  like  the  parent,  not  because  any  part  of 
the  germ  is  derived  from  the  parent,  but  because  the 
germ  which  produces  the  offspring  is  a  part  of  the 
same  germ  that  gave  rise  to  the  parent  (III.,  Fig. 
3137).  An  egg  or  a  spermatozoon  is  a  cell,  and  like 
every  other  cell  is  derived  from  a  pre-existing  cell 
by  division.  If  we  trace  the  history  of  the  germ  cells 
in  any  individual,  we  find  that  they  have  arisen  by  a 
succession  of  cell  divisions  form  the  same  fertilized 
egg  that  produced  the  whole  body  (see  /.,  Fig.  3137). 
They  are  the  lineal  descendants  of  that  egg,  and  hav- 
ing undergone  little  or  no  differentiation  they  share 
its  qualities.  The  two  germ  cells  that  united  to 
form  that  egg  had  a  similar  history,  and  so  on  back 
for  all  generations,  and  in  every  case  this  history  is 
shared  by  the  nucleus  and  more  especially  by  the 
chromatin.      (See  article  Germ  Cells.) 

Lloyd  Morgan  has  expressed  the  difference  between 
pangenesis  and  the  theory  of  continuity  very  graphic- 
ally by  saving  that  by  pangenesis  the  hen  produces 
the  egg  which  in  turn  gives  rise  to  a  new  hen,  while 
by  the  theory  of  continuity  the  hen  does  not  produce 
the  egg  but  the  egg  produces  the  hen. 

The  first  to  recognize  that  the  germ  cells  differ  from 
the  body  cells  and  are  continuous  in  descent  from 
generation  to  generation,  and  that  this  may  serve  to 
explain  heredity  was  Sir  Richard  Owen,  who  published 
this  opinion  in  1849.  Afterward,  however,  he  denied 
that  such  an  explanation  is  possible. 

The  next  one  to  express  a  similar  opinion  was 
Francis  Galton,  writing  in  1872  and  1876.  He  gave 
the  name,  "stirp"  to  the  sum  total  of  all  hereditary 
principles,  or  germs,  in  the  germ  cells  and,  according 
to  his  theory,  heredity  is  explained  by  the  multiplica- 
tion and  transmission  of  this  stirp. 
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Brooks  outlined  his  theory  of  heredity  in  1876  and 
published  it  in  full  in  1883.  He  says:  "The  ovum  is 
a  cell  which  has  gradually  acquired  a  complicated 
organization  and  which  contains  material  particles  of 
some  kind  to  correspond  to  each  of  the  hereditary 
characteristics  of  the  species.  The  ovum,  like  other 
cells,  is  able  to  reproduce  its  like,  and  it  not  only 
gives  rise  during  its  development  to  the  divergent  cells 


Fm.  3137. — Diagram  Illustrating,  I.  Normal  Histogenesis;  II- 
Theory  of  Pangenesis;  III.  Theory  of  Continuity  of  the  Germ 
Plasm.  The  fertilized  ovum  C/.o.)  by  the  process  of  cell  division 
gives  rise  to  the  adult  body,  or  soma  (S),  composed  of  somatic  cells 
in,  .s,  7ft,  d,  v)  constituting  the  nervous  secretory,  muscular,  diges- 
tive, and  other  tissues,  besides  the  germ  cells  (G)  of  the  reproductive 
organs.  I.  Histogenesis,  showing  the  successive  rise,  S,  and  union 
C/.o.)  of  the  maternal  and  paternal  germ  cells  by  direct  histogenesis. 
II.  Pangenesis,  showing  the  tissues  of  the  body,  5,  contributory  to 
the  germ  cells,  G,  so  that  each  f.o.  is  composed  of  elements,  gem- 
mules,  from  both  the  somatic  and  germ  cells.  III.  Continuity  of 
the  germ-plasm,  showing  the  division  of  the  idioplasm,  f.o.,  of  the 
egg  into  somatoplasm,  S,  from  which  the  body  cells  arise,  and  germ 
plasm,  G,  which  passes  directly  to  the  germ  cells  establishing  a  direct 
continuity. 

of  the  organism,  but  also  to  cells  like  itself.  The 
<'\.'ni;ni  ova  of  the  offspring  are  these  latter  cells  or 
their  direct  unmodified  descendants."  The  child  will 
therefore  be  like  the  mother  except  in  so  far  as  it  is 
affected  by  new  gemmules  introduced  chiefly  in  the 
process  of  fertilization.  Here  we  have  the  theory 
of  (lie  continuity  of  the  germ  cells  stated  very  clearly. 
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but  pangenesis  is  added  to  it  to  explain  the  '.n^'in  of 
congenital  variations. 
The  continuity  of  germ  cells  had  bei  d  recognized 

by  Jiiger  and  Nu'-sbaum  in   1879  and    1880,  but   thi 
did  not  lead  in  either  case  to  any  important  general- 
izations. 

From  studies  on  the  origin  of  the  germ  cells  in 
insects  and  in  hydromedusae,  Weismann  arrived  at  a 
similar  view  at  about  the  same  time  and  quite  inde- 
pendently, and  it  is  due  to  his  series  of  brilliant  essays, 
beginning  in  1883,  that  the  theory  of  continuity 
taken  so  important  a  place  in  recent  discussio 

It  was  formerly  believed  that  the  primary  germ-cells 
are  formed  by  differentiation  of  somatic,  or  body,  cells 
of  the  embryo,  but  much  evidence  lias  accumulated 
to  show  that  they  are  essentially  the  end  products  of 
an  unbroken  series  of  embryonic  cells  derived  directly 
from  one  or  more  of  the  blastomeres  of  the  segmenting 
egg  (see  article  Germ  Cells). 

Idioplasm. — The  doctrine  of  continuity  depends 
upon  observations  of  the  structure  and  history  of 
the  germ  cells,  and  involves  two  other  fundamental 
conceptions  in  regard  to  the  relations  of  the  parts  of 
the  cell.  These  are  the  doctrines  of  idioplasm  and  of 
germ  plasm.  We  owe  the  first  of  these  ideas  to 
Nageli.  He  regards  protoplasm  as  composed  of  two 
substances.  Both  of  these  consist  of  proteids  in  tin- 
form  of  minute  rounded  micella?  and  of  water.  In 
one  of  these  substances,  the  "Nahrplasma"  or 
trophoplasm,  the  micellae  are  scattered  through  the 
water  without  any  special  arrangement.  In  the 
other  substance,  to  which  he  gave  the  name  idioplasm 
the  micella;,  on  the  contrary,  have  a  very  definite 
arrangement  into  threads  which  in  turn  are  united 
into  bundles. 

The  idioplasm  is  the  true  living  substance  and  all  of 
the  characters  of  the  organism  are  due  to  its  activities. 
The  trophoplasm,  on  the  other  hand,  is  not  really  alive, 
but  is  the  nutritive  material  upon  which  the  idio- 
plasm draws  in  order  to  grow  and  to  make  good  its 
waste.  The  threads  of  micellas  have  been  mentioned 
before  as  being,  according  to  Nageli,  the  bearers  and 
conductors  of  hereditary  qualities.  These  threads 
constitute  the  idioplasm. 

Weismann  adopts  Niigeli's  conception  of  the  idio- 
plasm with  some  important  modifications.  He 
agrees  with  De  Vries  in  holding  that  Niigeli's  view  that 
the  idioplasm  forms  a  connected  network  throughout 
the  organism  is  untenable.  According  to  Weismann, 
the  idioplasm  is  to  be  looked  for  only  in  the  nuclei  of 
the  cells.  It  is  in  the  nucleus  that  new  living  material 
is  constructed,  and  it  is  from  the  nucleus  that  it  mi- 
grates into  the  cytoplasm  where  it  is  used  up  in  the 
course  of  its  functional  activities — such  as  secretion, 
contraction,  and  the  like.  The  formation  of  new 
material  takes  place  in  the  nucleus,  the  functional 
activities  of  the  cell  take  place  in  the  cytoplasm;  or, 
in  other  words,  the  nucleus  is  the  seat  of  the  anabolic 
processes,  while  the  cytoplasm  is  the  seat  of  the  kata- 
bolic  processes.  According  to  this  view,  then,  the 
cytoplasm  is  actively  alive  and  not  merely  a  mass  of 
nutritive  material,  but  its  character  is  due  to  the 
stamp  impressed  upon  it  by  the  idioplasm  within  the 
nucleus.  There  is  considerable  evidence  in  favor  of 
the  view  that  such  a  division  of  labor  between  nucleus 
and  cytoplasm  really  exists,  as  will  be  seen  later. 

Germ  Plasm  as  Distinguished  from  So?nalic  Idio- 
plasm.— Weismann  goes  a  step  further  and  divides 
idioplasm  into  two  kinds — somatic  idioplasm  and 
germinal  idioplasm,  or  germ  plasm.  It  follows  as  a 
matter  of  course  that  the  idioplasm  of  the  germ  cells 
must  be  capable  of  bearing  the  heredity  qualities  of 
the  organism.  It  is  idioplasm  of  this  kind  that 
Weismann  calls  germ  plasm.  He  was  led  to  make 
that  distinction  by  the  idea  that  then  prevailed  that 
germ  cells  are  differentiated  from  somatic  cells.  There- 
fore he  could  not  explain  heredity  as  due  simply  to 
the   continuity   of  germ  cells,  but  supposed  that  in 
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younger  cells  of  the  "germ-track"  (see  article  (It  rm 
cells)  germ  plasm  and  somatic  idioplasm  exists  side 
by  side  and  that  heredity  is  due  to  the  continuity  of 
the  germ  plasm.  He  thinks  that  the  somatic  cells  do 
not  contain  germ  plasm  as  a  rule,  but  each  cell  con- 
tains only  a  certain  kind  of  idioplasm  which  con- 
stituted only  a  small  part  of  the  original  germ  plasm. 
Thus  muscle  cells  contain  only  muscle  idioplasm, 
liver  cells  only  liver  idioplasm,  ganglion  cells  only 
nerve  idioplasm,  etc.  It  is  differentiated  idioplasm 
of  this  sort  that  he  calls  somatic  idioplasm. 

Many  critics  of  Weismann  refuse  to  accept  these 
.list  inctions.  They  say  that  there  is  no  evidence  that 
there  is  any  real  difference  between  germ  plasm  and 
somatic  idioplasm.  We  shall  be  better  able  to  judge 
of  the  merits  of  this  controversy  later  on.  In  the 
meantime  we  may  employ  germ  plasm  as  a  con- 
venient term  to  designate  the  idioplasm  of  germ  cells 
without  implying  anything  in  regard  to  the  somatic 
idioplasm. 

In  view  of  these  opinions  and  others  that  are  to 
follow,  it  will  be  interesting  at  this  point  to  glance  at 
the  evidence  in  favor  of  the  theory  that  the  nucleus 
is  the  center  of  control  for  the  activities  of  the  cell,  and 
especially  of  the  germ  cell. 

The  Location  of  the  Idioplasm  in  the  Nucleus. — The 
theory  that  a  part  of  the  protoplasm  is  differentiated 
as  an  idioplasm  controlling  the  destinies  of  the  cell,  and 
that  this  idioplasm  is  situated  in  the  nucleus — more  es- 
pecially in  the  chromatin  of  the  nucleus — rests  upon 
three  principal  arguments. 

In  the  first  place  a  study  of  the  phenomena  of  hered- 
ity shows  that  the  correlation  between  parent  and  off- 
spring is  practically  equal  for  both  parents  (see  Table 
II.).  Therefore,  if  the  physical  bases  of  heredity  be 
an  idioplasm,  it  must  be  contributed  to  the  fertilized 
ovum  in  equal  proportion  by  the  two  parents.  Now 
observations  show  that  the  chromatin  of  the  fertilized 
egg  is  derived  in  exactly  equal  proportions  from  the 
two  parents,  and,  moreover,  the  chromatin  is  the 
only  part  that  is  equally  of  male  and  female  origin. 
It  was  supposed  at  one  time  that  the  centrosomes  of 
the  first  cleavage  spindle  (see  Segmentation  of  the 
Ovum)  are  derived  from  the  centrosomes  of  both  the 
male  and  female  germ  cells.  But  it  has  been  pretty 
thoroughly  demonstrated  in  a  large  number  of  cases 
that  the  centrosome  of  the  ovum  disappears  at  the 
time  of  the  formation  of  the  female  pronucleus  (see 
Ovum)  and  that  the  centrosomes  of  the  first  cleavage 
spindle  are  either  derived  from  the  spermatozoa  only 
or  else  arise  de  novo,  in  the  cytoplasm.  The  centro- 
some, therefore,  cannot  be  the  bearer  of  the  hereditary 
characteristics.  Therefore,  if  present,  the  idioplasm 
must  be  looked  for  in  the  chromatinic  element  of  the 
nucleus.  The  evidence  upon  which  this  argument 
is  based  has  been  discussed  in  the  article  Chromosome. 
(See  also  Maturation  and  Impregnation.) 

Secondly,  it  is  known  that  the  correlation  between 
homologous  parts  of  parent  and  offspring  is  ap- 
proximately equal  for  all  parts  of  the  body  in  which 
the  heritage  is  blended.  From  this  it  is  evident  that 
physical  basis  of  the  hereditary  characteristics  must 
lie  distributed  equally  from  both  parents  to  all  parts 
of  the  body  of  the  offspring.  Now  we  know  that  all 
cells  of  the  body  are  derived  by  fission  from  one  single 
cell,  the  fertilized  ovum.  Further,  during  the  first 
division  of  the  ovum  the  chromosomes  are  divided 
in  such  a  way  that  the  two  daughter  cells  receive 
chromatin  of  both  male  and  female  origin  in  exactly 
the  same  proportion  as  found  in  the  fertilized  egg; 
and  in  each  subsequent  cell  division  the  chromatin  is 
distributed  equally  between  the  daughter  cells. 
Therefore  we  may  infer  that  under  ordinary  cir- 
cumstances the  chromatin  of  every  cell  in  the  body  is 
equally  of  maternal  and  paternal  origin — provided 
t  hat  it  can  be  shown  that  the  chromosomes  maintain 
their  individuality  during  the  so-called  resting  stage 
between  two  cell  divisions.     It   is  well  known  that 


there  is  no  appearance  of  such  individuality  in  most 
resting   nuclei.      Nevertheless,   as   the   reader  may  see 

li\  reference  to  the  article  Chromosome,  there  is  a  con- 
siderable body  of  evidence  to  show  that  this  is  only  an 
apparent  loss  of  individuality,  and  that  the  chromo- 
somes formed  preparatory  to  division  are  essentially 
the  same  as  1ho.se  preseni  at  Hie  end  of  the  previous 
fission,  only  grown  larger. 

Historically,  then,  the  chromatin  fulfils  all  the  re- 
quirements of  the  supposed  idioplasm.  It  remains 
now  only  to  examine  the  third  argument,  thai  the 
chromatin  and  the  nucleus,  which  contains  it,  have  a 
controlling  effect  more  than  other  parts  upon  the 
activities  of  the  cell,  especially  upon  the  format  ion  of 
structures. 

As  early  as  1877  Brandt  showed  that  fragments  of  a 
protozoan,  if  lacking  a  nucleus,  would  die  quickly, 
while  portions  containing  nuclear  material  would  heal 
their  wounds  and  live.  These  observations  have  been 
confirmed  and  extended  by  Nussbaum,  Gruber, 
Verworn,  Lillie,  and  others.  They  find  that  enucle- 
ated fragments  of  various  protozoa  may  live  under 
favorable  conditions  for  a  number  of  days,  or  even 
weeks,  and  "will  perform  perfectly  normal  move- 
ments, show  the  same  susceptibility  to  stimulus,  and 
have  the  same  power  of  engulfing  food  as  nucleated 
fragments."  "They  lack,  however,  the  power  of 
digestion,  secretion,  and  regeneration."  In  like 
manner,  if  a  nerve  fiber  be  cut  in  two  the  portion 
connected  with  the  cell  containing  a  nucleus  lives  and 
grows,  while  the  distal  portion  dies  and  disintegrates. 
Verworn  has  found,  however,  that  an  isolated  nucleus 
is  equally  incapable  of  regeneration,  and  Lillie  has 
shown  that  in  Stentor  a  fragment  containing  a  nucleus 
cannot  regenerate  its  lost  parts  if  the  cytoplasm  is 
reduced  beyond  a  certain  amount — one-twenty- 
seventh  of  the  original  volume  in  this  case.  From 
this  it  is  evident  that  the  life  of  the  cell  depends  upon 
the  combined  activities  of  the  nucleus  and  the  cyto- 
plasm. Perhaps  regeneration  is  impossible  because 
the  means  of  engulfing  food  have  been  destroj'ed.  It 
does  not  disprove  the  theory  that  the  nucleus  is  the 
nutritive  and  dynamic  center  of  the  normal  cell,  a 
theory  that  is  supported  by  several  other  lines  of 
evidence. 

The  position  of  the  nucleus  indicates  that  it  plays  an 
especially  important  part  in  the  economy  of  the  cell. 
For  example,  Haberlandt  (1877)  showed  that  in 
plants  the  nucleus  lies  nearest  that  part  of  the  cell 
which  is  undergoing  most  rapid  growth,  as  in  the 
formation  of  root  hairs,  thickening  of  cell  walls,  etc.; 
and  Korscheldt  (1889)  has  called  attention  to  the 
fact  that  in  animal  cells  the  nucleus  lies  on  the  side 
nearest  the  source  of  food  supply.  Changes  in  the 
form  of  the  nucleus  indicate  the  same  thing.  In  both 
animals  and  plants  it  has  been  seen  that  in  cells 
actively'  forming  new  material  the  nucleus  becomes 
enlarged,  and  sometimes  branching.  Moreover,  an 
actual  transfer  of  material  from  the  nucleus  to  the 
cytoplasm  has  been  observed.  Hodge  found  that  the 
nuclei  of  ganglion  cells  shrink  during  functional 
activity.  In  cell  division  all  parts  of  the  nucleus 
except  the  chromosomes  and  sometimes  parts  of  the 
chromatin  disappear  in  the  cytoplasm.  They  may  lie 
lost  as  products  of  metabolism,  but  it  is  probable  that 
part  of  them  remain  as  permanent  structures  in  the 
cytoplasm.  Upon  the  formation  of  a  new-  nucleus 
after  division  the  nuclear  membrane,  linin  network, 
and  nucleoli  are  regenerated  from  the  chromatin. 

Finally,  we  have  the  interesting  experiments  of 
Boveri,  which,  while  unfortunately  not  perfectly  con- 
clusive, tend  to  show  the  great  importance  of  the 
nucleus  in  heredity.  He  mixed  fragments  of  eggs  of 
one  species  of  sea  urchin  with  spermatozoa  of  another 
and  obtained  dwarf  larvse,  presumably  by  the  union  of 
spermatozoa  with  enucleated  egg  fragments,  and 
these  larva?  possessed  purely  paternal  characteristics. 

Herbst     (1909)    has    obtained   a   similar   result    in 
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another  way.  By  treating  sea-urchin  eggs  with 
dilute  valerianic  acid  he  first  started  their  develop- 
ment and  then  added  sperm  of  another  species.  The 
sperm-nucleus  was  passed  as  a  whole  into  one  of  the 
first  two  blastomeres  and  fused  with  its  nucleus. 
The  resulting  larva  was  purely  maternal  on  one  side 
and  hybrid  in  character  on  the  other.  There  can  be 
little  doubt  that  this  difference  is  the  result  of 
difference  in  nuclear  constitution. 

In  the  cells  of  higher  plants,  there  are  small  proto- 
plasmic bodies  called  plastids,  and  some  of  these  are  the 
chlorophyll  bodies  and  give  the  color  to  the  plant. 
Plastids  multiply  by  fission.  They  are  present  in  the 
egg  cell  and  are  passed  on  to  the  daughter  cells  in  cell 
division.  But  there  are  no  plastids  in  the  pollen 
tube  so  that  these  structures  if  they  are,  as  they  appear 
to  be,  permanent  cell  organs,  are  of  purely  maternal 
origin.  Nevertheless,  hybrid  plants  inherit  dominant 
colors  as  strongly  from  the  male  as  from  the  female 
parent,  showing  that  the  male  component  of  the 
nucleus  influences  the  character  of  these  apparently 
independent  plastids. 

It  is  well  .known  that  the  character  of  the  grain  of 
Indian  corn  is  modified  by  the  kind  of  pollen  that  falls 
upon  the  stigma.  The  part  affected  seems  to  be  of 
purely  maternal  origin  and  this  phenomenon,  known 
as  xenia,  was  for  a  long  time  an  unsolved  puzzle. 
Webber  has  suggested  that  its  explanation  is  to  be 
found  in  the  discoveries  of  Guignard  and  Nawaschin, 
that  in  the  lily  and  Fritillaria  there  is  a  double  fertiliza- 
tion. While  one  nucleus  from  the  pollen  tube  unites 
with  the  nucleus  of  the  egg  cell,  a  second  one  from  the 
same  source  unites  with  the  nucleus  of  a  cell  that  by  its 
division  is  to  give  rise  to  the  main  part  of  the  seed. 
If  the  same  process  can  be  shown  to  occur  in  maize, 
then  xenia  is  explained  and  the  important  formative 
influence  of  the  nucleus  is  demonstrated,  for  there  is 
no  evidence  that  any  other  structure  passes  from  the 
male  plant  into  the  embryo  sac. 

Preformation  and  Evolution. — The  theory  of  con- 
tinuity postulates  that  the  child  and  its  parent  are  alike 
because  both  of  them  have  been  produced  by  the  same 
germinal  substance.  This  is  a  satisfactory  explana- 
tion of  heredity  so  far  as  it  goes,  but  it  leaves  un- 
answered two  large  questions,  How  is  variability 
introduced?  and  How  is  differentiation  brought  about  ? 
An  attempt  to  answer  these  questions  involves  us  at 
once  in  the  old  controversy  of  Evolution  »s.  Epigenesis 
(see  Evolution). 

The  observations  of  Wolff,  von  Baer,  and  their 
successors  settled  this  controversy  forever  so  far  as  the 
visible  phenomena  of  development  are  concerned,  but 
the  question  acquired  a  new  meaning  with  the  advent 
of  scientific  speculation  on  heredity. 

Darwin's  theory  of  heredity  was  the  first  one  in 
which  the  theory  of  preformation  was  clearly  stated. 
He  regarded  the  egg  as  made  up  of  gemmules  each 
one  of  which  is  capable  of  growing  and  producing  one 
or  more  cells  of  a  certain  definite  part  of  the  body. 
Differentiation  is  merely  the  development  of  the 
different  kinds  of  gemmules.  Congenital  variations 
are  due  to  the  transmission  from  the  parent  of  gem- 
mules having  new  qualities.  Every  part  of  the 
embryo  is  represented  in  the  egg  by  one  or  more 
gemmules.  The  embryo  is,  therefore,  just  as  much 
preformed  in  the  egg  as  it  was  according  to  the  views 
of  Bonnet  a  century  earlier. 

Brooks  differs  from  Darwin  in  his  theory  of  the 
origin  of  the  gemmules  and  of  the  kind  of  variability 
that  they  produce,  but  he  fully  agrees  with  him  as  to 
their  function  in  development.  He  regards  a  theory 
of  preformation  as  the  only  kind  of  theory  of  develop- 
ment that  can  be  defended. 

Before  Brooks  published  his  theory  Wilhelm  His,  in 
1875,  presented  a  theory  which  has  had  considerable 
influence  upon  subsequent  thought.  He  did  not 
attempt  a  complete  theory  of  heredity,  but  aimed  to 
explain   only   development   and   differentiation.     He 
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rejected  flu-  hypothesis  of  gemmules  and  relied  upon 
two  principles:  (1)  the  principle  of  differentiation  of 
areas  (I'rincip  dcr  organbildenden  Keimbezirke)  and 
(2)   the   principle  of   unequal    growth.     He   had    in 

mind  an  egg  like  that  of  any  of  the  higher  vertebrates, 
in  which  the  embryo  is  formed  in  what  is  practically  a 
flat  blastoderm  (see  Area  embryonalis).  According 
to  his  views  the  embryo  is  mapped  out  at  first  upon 
the  surface  of  the  egg,  each  organ  and  part  of  organ 
being  represented  by  a  certain  area  (differential ion  of 
areas).  These  different  areas  of  the  egg  differ  from 
one  another  in  density,  viscosity,  chemical  composition, 
etc.,  and  therefore,  when  growth  begins,  it  occurs  at 
different  times  and  to  different  degrees  in  the  different 
pai  Is.  This  unequal  growth  results  in  the  well-known 
processes  of  folding,  invagination,  and  the  like. 

The  principle  of  unequal  growth  is  now  universally 
accepted  as  one  of 'the  fundamental  principles  of 
modern  embryology.  So  far  as  it  goes  it  is  un- 
doubtedly a  correct  theor}'  of  development,  but  we 
still  want  to  know  what  causes  this  inequality.  It  is 
due,  according  to  His,  to  the  differentiation  of  areas; 
but  he  does  not  explain  how  they  arise. 

Development,  according  to  His,  is  clearly  a  process 
of  evolution.  In  1888  Roux  published  the  results  of 
some  experiments  on  frogs'  eggs  that  would  seem  to 
demonstrate  the  truth  of  the  principle  of  differentia- 
tion of  areas,  or  germinal  localization,  as  Wilson  calls 
it.  By  puncturing  one  blastomere  in  the  two-cell 
stage  he  could  kill  the  blastomere  operated  upon 
without  affecting  the  other.  The  result  of  the  opera- 
tion was  that,  while  the  injured  blastomere  remained 
inactive,  the  uninjured  one  developed  into  a  complete 
half  embryo.  Apparently  the  right  and  left  halves 
are  predetermined  in  the  egg  before  it  divides. 

But  in  the  mean  time  Nageli  had  published  his 
idioplasm  theory,  and  various  observations  upon  the 
functions  of  the  nucleus  in  fertilization  and  develop- 
ment had  made  it  seem  probable  that  the  idioplasm 
should  be  looked  for  in  the  chromatin  of  the  nucleus. 
Roux,  therefore,  did  not  look  for  the  predetermination 
of  the  two  halves  of  the  embryo  in  the  cytoplasm  of 
the  egg,  as  His  would  have  done,  but  sought  for  it  in 
the  nucleus.  In  fact,  he  had  five  years  before  these 
experiments  presented  the  important  idea  that  the 
chromatin  may  divide  in  two  ways.  It  may  undergo  a 
quantitative  division  which  results  in  growth,  by 
division  of  the  cell  into  two  similar  cells,  or  it  may 
suffer  a  qualitative  division,  which  results  in  differentia- 
tion by  the  division  of  the  cell  into  two  dissimilar 
cells.  The  first  cleavage  of  a  frog's  egg  would  be, 
accordingly,  a  qualitative  division  separating  the 
idioplasm  of  the  right  side  from  that  of  the  left. 

De  Vries  in  1889  seemed  to  help  the  theory  of  pre- 
formation by  supplying  a  reasonable  hypothesis  to 
account  for  the  control  of  the  cell  by  the  nucleus. 
Although  he  calls  his  theory  "intracellular  pangenesis," 
it  has  very  little  resemblance  to  Darwdn's  theory. 
According  to  de  Vries,  the  idioplasm  has  the  same 
composition  in  all  the  cells  of  the  body.  It  is  com- 
posed of  minute  particles  called  pangenes,  each  one  of 
which,  like  a  micellar  thread  of  Nageli,  represents  one 
of  the  elementary  qualities  of  the  organism.  The 
pangenes  in  the  nucleus  are  in  an  inactive,  or  latent, 
condition  and  only  a  few  pangenes  of  each  of  the 
many  kinds  are  to  be  found  there.  The  cytoplasm  is 
made  up  likewise  of  pangenes  surrounded  by  a  nutri- 
tive fluid.  But,  unlike  the  nucleus,  the  cytoplasm 
contains  a  great  number  of  pangenese  of  only  a  few 
kinds,  and  they  are  all  in  an  active  condition.  From 
time  to  time  a  pangene  in  the  nucleus  will  divide. 
One-half  remains  in  the  nucleus,  the  other  "half 
migrates  into  the  C3'toplasm,  where  it  may  undergo 
repeated  divisions.  In  this  way  the  nucleus  controls 
the  cell,  while  at  the  same  time  its  idioplasm  remains 
unchanged.  Differentiation  is  brought  about  by 
different  kinds  of  pangenes  becoming  active  in  different 
cells. 
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De  Vries  argues  that  various  hereditary  qualities 
must  be  represented  by  separate  material  factors, 
because  these  qualities  may  vary  independently  of  one 
another.  It  may  be  supposed  that  the  nucleus 
controls  the  cell  by  liberating  some  form  of  energy 
which  acts  as  a  stimulus.  But  this  implies  something 
in  the  cytoplasm  having  definite  vital  properties  to 
receive  the  stimulus.  Or  it  may  be  thought  that  the 
nucleus  secretes  a  ferment,  but  this  again  implies 
something  in  the  cytoplasm  for  the  ferment  to  act 
upon.  This  something  in  the  cytoplasm  requires 
to  be  explained,  and  de  Vries  concludes  that  the  only 
tenable  hypothesis  is  that  the  control  of  the  cell  by 
the  nucleus  is  exercised,  not  through  any  power  of 
stimulation  nor  by  means  of  a  ferment,  but  through 
the  migration  of  particles  of  the  nucleus  into  the 
cytoplasm,  of  which  they  then  form  a  part. 

We  come  now  to  a  theory  of  heredity  where  the 
theory  of  evolution,  or  performation,  is  carried  to  its 
ultimate  conclusion.  This  is  the  theory  of  Weismann, 
which  has  for  its  basis  the  hypothesis  of  the  continuity 
of  the  germ  plasm  with  the  total  denial  of  any  in- 
heritance of  acquired  characters.  Superimposed  upon 
this  is  the  idioplasm  theory  of  Nageli,  the  theory  of 
qualitative  cell-divisions  of  Roux,  and  the  theory  of 
intracellular  migration  of  pangenes  of  de  Vries. 

As  has  been  stated  before,  heredity  pure  and  simple 
is  explained  by  Weismann  as  due  solely  to  the  con- 
tinuity of  the  germ  plasm,  some  of  which  is  held  in 
reserve  in  each  individual  and  is  passed  on  to  the  next 
generation  without  receiving  any  formed  material 
from  the  somatic  idioplasm.  We  use  the  term  formed 
material,  for,  of  course,  the  germ  plasm  receives 
nutriment  just  as  do  all  other  living  parts  of  the  body, 
and  it  utilizes  this  in  growth.  Weismann  rejects 
entirely  both  the  dynamical  and  the  pangenesis 
theories  of  heredity. 

According  to  this  view  strictly  new  congenital 
characters  can  arise  only  by  the  modifying  influence 
of  external  conditions  acting  directly  upon  the  germ 
plasm.  External  conditions  which  may  affect  the 
germ  plasm  in  this  way  are  food,  temperature,  and 
perhaps  chemical  composition  of  the  surrounding 
medium.  Any  change  in  these  factors  of  the  en- 
vironment may  affect  the  germ  plasm  within  an 
individual  and  result  in  the  appearance  of  a  new 
character  in  its  offspring.  The  appearance  of  really- 
new  characters,  however,  is  rare.  Most  variation  is 
brought  about  by  new  combinations  of  old  characters, 
just  as  any  number  of  new  words  may  be  constructed 
from  the  twenty-six  letters  of  the  alphabet,  and  in- 
numerable combinations  of  this  kind  are  produced 
according  to  Weismann  by  sexual  reproduction. 

The  process  of  fertilization  results  in  the  bringing 
together  of  two  masses  of  germ  plasm  having  slightly 
different  histories,  and,  therefore,  slightly  different 
qualities.  This  mingling  of  two  germ  plasms  is  called 
by  Weismann  the  process  of  amphimixis.  In  this 
process  the  two  germ  plasms  do  not  fuse,  for  if  they 
did  the  child  would  always  have  the  average  character 
of  its  parents.  As  a  matter  of  fact  this  is  a  rare  oc- 
currence; the  individual  child  is  more  apt  to  resemble 
one  parent  or  a  grandparent.  We  must  suppose, 
therefore,  that  the  germ  plasms  derived  from  each 
parent  remain  as  distinct  units  in  the  child,  and 
Weismann  calls  each  one  of  these  units  an  id.  If  there 
existed  an  animal  in  which  sexual  reproduction  had 
never  taken  place  its  germ  plasm  would  consist  of  a 
single  id.  That  such  units  do  exist  in  all  organisms 
now  living  is  show,  according  to  Weismann,  by  the 
presence  of  a  special  device  for  preventing  the  doubling 
of  the  ids  that  would  otherwise  occur  with  each  sexual 
act.  This  is  the  reducing  division  that  always  pre- 
cedes fertilization  (see  Maturation). 

Weismann  does  not  think  that  the  chromosomes  are 
the  ids,  which  of  course  lie  within  the  nucleus,  but  he 
thinks  that  the  small  granules  of  which  they  are  some- 
times seen   to   be    composed    may  be  the    ids,   and 


therefore  he  would  substitute  the  word  idant  for 
chromosome.  Each  idant  of  the  germ  cell  he  regards 
as  composed  of  a  large  number  of  ancestral  germ 
plasms,  or  ids,  any  one  of  which  is  capable  of  directing 
the  entire  development  of  the  organism. 

Now  each  id  cannot  be  a  homogeneous  unit,  for  we 
find  that  .'i  child  may  resemble  one  parent  in  some 
particular,  the  other  parent,  in  a  not  her  particular,  and 
perhaps  a  grandparent  in  a  third,  and  connected  with 
this  there  is  frequently  a  lack  of  correlation  SO  that 
not  only  different  parts  of  the  adult,  but  different 
stages  in  its  ontogeny  may  be  independently  variable 
As  Galton  puts  it,  inheritance  is  particulate.  Each  id 
must  therefore  contain  at  least  as  many  smaller  units 
as  there  are  independently  variable  parts  in  the 
organism.  Weismann  calls  these  units  determuiantx 
The  id,  then,  has  a  certain  structure.  It  is  com- 
posed of  determinants  that  are  arranged  in  such  a 
definite  way  in  relation  to  one  another  that  they  give 
rise  to  an  organism  of  their  species.  Each  deter- 
minant may  control  a  single  cell  or  a  large  number  of 
cells  if  they  all  vary  together. 

But  a  cell  may  vary  in  part  and  not  as  a  whole. 
Moreover,  the  determinant  must  be  supposed  to  re- 
side in  the  nucleus  and  its  control  over  the  cell  must 
be  accounted  for.  The  determinant  must,  therefore, 
be  composed  of  still  smaller  units  which  are  able  to 
pass  out  from  the  nucleus  and  become  a  part  of  the 
cytoplasm,  as  the  pangenes  of  de  Vries  are  supposed 
to  do.  Weismann  points  out  that  we  must  not 
regard  protoplasm  as  a  chemical  substance  composed 
simply  of  atoms  and  molecules,  for  no  chemical 
molecule  has  the  power  of  assimilation  and  growth. 
We  have  to  suppose  the  living  material  to  be  a 
structural  combination  of  dissimilar  molecules. 
These  molecules  must  be  arranged  in  groups,  thus 
forming  units  of  protoplasm  which  have  the  power 
of  assimilation,  growth,  and  multiplication  by  di- 
vision, but  which  if  further  divided  would  be  sepa- 
rated into  their  constituent,  molecules  and  would 
then  cease  to  be  living  matter.  These  units  Weis- 
mann calls  biophors.  He  insists  that  their  exist- 
ence is  not  a  mere  assumption,  but  that  they  must 
exist.  All  living  material  is  composed  of  them,  and 
he  asserts  that  the  nucleus  exerts  its  control  over  the 
cell  body  by  means  of  the  biophors,  which  pass  through 
the  nuclear  membrane  and  become  a  part  of  the  cyto- 
plasm, like  the  pangenes  of  de  Vries.  Each  determi- 
nant, therefore,  must,  be  composed  of  a  large  number 
of  biophors,  and  when  the  part  that  it  controls,  its 
determinate,  presents  a  differentiation  of  parts,  it  must 
contain  a  different  kind  of  biophor  for  each  part. 

This,  then,  is  Weismann's  conception  of  the  struc- 
ture of  the  germ  plasm.  We  can  understand  now  from 
his  point  of  view  how  ontogeny  would  take  place. 
Suppose  a  species  where  reproduction  had  always 
taken  place  by  means  of  an  unfertilized  egg,  the  sim- 
plest possible  case,  then  the  germ  plasm  would  con- 
sist of  a  single  id  containing  one  determinant  for  each 
independently  variable  quality  of  the  species,  and 
each  determinant  would  contain  at  least  as  many 
biophors  as  there  are  distinct  parts  in  its  determinate. 
Now  before  cleavage  begins  each  determinant  divides 
into  two,  and  one  set  of  determinants  forms  an  id  of 
reserve  germ  plasm,  which  is  to  be  handed  on  to  the 
future  offspring;  while  the  other  forms  the  idioplasm 
for  the  developing  organism.  The  first  stage  in  de- 
velopment is  the  rapid  growth  of  one  determinant  of 
the  active  id.  This  is  followed  by  its  division  into 
its  constituent  biophors,  which  migrate  out  of  the 
nucleus  into  the  cytoplasm  of  the  egg  and  cause  if 
to  divide  into  the  first  two  blastomeres.  With  the 
division  of  the  cell,  the  id  and  its  determinants  like- 
wise divide,  so  that  each  cell  contains  an  id.  but  this 
is  no  longer  an  id  of  germ  plasm  but  an  id  of  somatic 
idioplasm,  for  it  has  been  changed  by  the  loss  of  the 
determinant  that  was  used  up  to  cause  the  first  di- 
vision.    At  least  one  cell,  however  (corresponding  to 
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the  cell  Pi  in  Ascaris,  Fig.  2766  article  Germ  Cell 
will  contain,  besides  its  own  particular  id  of  active 
idioplasm,  also  an  id  of  inactive  reserve  genu  plasm. 
Ontogeny  thus  proceeds  by  the  orderly  division  of 
the  determinants  and  the  separation  of  their  biophors. 
In  the  course  of  ontogeny  two  kinds  of  cell  division 
will  occur.  In  one  the  daughter  cells  will  have  the 
same  hereditary  qualities;  in  the  other  they  will  be 
unlike.  In  the* first,  the  division  of  the  id  is  preceded 
by  the  division  of  each  determinant  into  two;  in  the 
second,  there  is  no  division  of  the  determinants,  but 
they  become  separated  into  two  sets,  one  of  which 
noes  to  form  each  new  id.  Thus  at  the  first  cleavage 
one  nucleus  may  contain  all  the  determinants  for  the 
ectoderm  and  the  other  all  of  those  for  the  endoderm, 
or  one  may  contain  all  determinants  for  the  right 
side  of  the  body  and  the  other  for  the  left.  When 
ontogeny  is  completed  the  idioplasm  of  each  cell 
contains  but  a  single  determinant,  which  continues 
to  control  the  cell  by  sending  fresh  biophors  into  the 
cytoplasm  to  replace  those  that  are  used  up  in  per- 
forming their  functions.  In  addition  to  this,  each 
cell  in  the  germ  track  contains  a  complete  id  of  re- 
serve germ  plasm,  which  remains  inactive  or  simply 
grows  without  influencing  the  cell  which  contains  it. 

Now  probably  in  the  history  of  all  living  organisms 
sexual  reproduction  has  occurred  during  innumerable 
generations.  The  germ  plasm  would  therefore  con- 
sist not  of  a  single  id,  but  of  a  great  many.  Each 
one  of  these  would  behave  in  ontogeny,  however,  just 
as  we  have  supposed  the  single  one  to  act. 

Now  we  can  see  how  sexual  reproduction  aids  varia- 
tion. When  there  was  but  a  single  id  of  germ  plasm, 
congenital  variations  could  arise  only  by  the  slowly 
modifying  influence  of  external  conditions  upon  its 
biophors  and  determinants;  but  with  sexual  reproduc- 
tion we  have  brought  together  a  number  of  ids 
differing  slightly  in  hereditary  qualities  and  each 
trying  to  control  the  development,  the  result  will 
bring  about  variation. 

The  determinants  in  the  various  ids  will  be  related 
in  two  ways.  Those  determinants  are  homologous 
that  control  homologous  parts  of  the  body,  and  homolo- 
gous determinants  may  again  be  either  homody- 
namous  or  heterodynamous  to  one  another,  according 
as  they  have  the  property  of  impressing  the  same 
or  a  different  quality  upon  the  part  that  they  control. 

When  the  homologous  determinants  of  the  two 
parents  are  homodynamous,  the  offspring  will  possess 
the  quality  that  they  control  in  a  greater  degree  than 
either  parent.  When  they  are  heterodynamous  there 
will  be  a  struggle  between  the  determinants  and  the 
quality  in  the  offspring  will  be  dependent  upon  the 
relative  strength  or  numbers  of  the  two  sets.  All  of 
the  determinants  from  one  parent  are  not  likely  to 
have  the  same  relative  strength,  and  hence  it  is  that 
the  child  generally  resembles  one  parent  in  some 
peculiarities  and  the  other  one  in  others. 

If  we  accept  this  theory  of  the  structure  of  the 
germ  plasm,  it  is  easy  to  explain  all  of  the  phenomena 
of  heredity  and  development. 

According  to  this  theory  every  peculiarity  of  the 
organism  in  every  stage  of  its  development  is  repre- 
sented by  a  distinct  and  definitely  located  structural 
element  in  the  germ  plasm.  Development  is  an  evo- 
lution, a  becoming  visible  of  pre-existing  potentialities. 

On  its  face  it  is  a  very  satisfactory  theory,  but  we 
shall  find  that  when  tested  by  experiment  it  fails  in 
many  parts. 

Epigenesis. — As  was  noted  at  the  beginning  of  the 
preceding  section,  if  we  start  with  the  idea  of  con- 
tinuity of  idioplasm  as  the  basis  for  a  theory  of  hered- 
ity, we  soon  find  ourselves  involved  in  the  question 
as  to  whether  development  and  differentiation  are  due 
to  preformation  and  a  process  of  evolution  or  are  due 
to  a  process  of  epigenesis.  Just  as  we  may  take  Weis- 
mann  as  the  champion  of  the  preformation  theory, 
so  may  we  take  Oscar  Hertwig  as  the  champion  of 
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the  more  extreme  side  of  the  theory  of  epigenesis. 
His  position  is  supported  to  a  greater  or  less  degree  l>y 
de  Vries,  Dreisch,  ami  E.  B.  Wilson. 

Hertwig  agrees  with  Weismann  in  regarding 
heredity  as  being  due  to  a  continuity  of  germinal 
idioplasm  which  resides  in  the  nucleus  and  controls 
the  activities  of  t lie  cell  by  migrating  out  of  the  nu- 
cleus into  the  cell  body  and  there  becoming  part  of  the 
active  cytoplasm.  Like  Weismann  he  supposes  the 
idioplasm  to  be  made  up  of  minute  structural  ele- 
ments which  have  the  power  of  assimilation,  growth, 
ami  reproduction  by  fission;  but  he  differs  from 
WCismann  in  regard  to  their  other  qualities.  lb- 
calls  these  bodies  idioblasts  and  they  correspond  in 
general  to  Weismann's  biophors,  tode  Yrics'spangenes, 
and  to  Nageli's  micellar  threads. 

According  to  Weismann,  the  germ  plasm  is  made  up 
of  determinants  that  represent  every  pari  of  the 
body  that  may  vary  independently,  whether  tin's  be 
made  up  of  one  cell  or  of  a  group  of  cells.  Accord- 
ing to  Hertwig,  on  the  other  hand,  the  gerrn  plasm 
is  made  up  of  idioblasts  that  represent  only  cell 
characters.  All  of  the  different  cellular  structures 
that  may  occur  anywhere  in  the  organism  may  be 
represented  by  separate  idioblasts  in  the  germ  plasm, 
but  characteristics  that  depend  upon  combinations  of 
cells  cannot  be  represented  there.  The  egg  and  the 
spermatozoon  are  cells  formed  by  fission  from  pre- 
existing cells,  and  the  fertilized  egg  is  likewise  a  cell 
capable  by  division  of  giving  rise  to  a  colony  of  cells. 
An  egg  may  contain  elements  representing  nerve  fiber, 
muscle  fibrillar,  and  the  like,  because  these  structures 
may  occur  within  a  cell;  but  it  cannot  contain  ele- 
ments representing  a  hair  or  a  biceps  muscle;  for  hair 
and  muscle  are  formed  only  by  the  union  of  many  cells, 
and  it  is  impossible  to  suppose  that  characters  which 
can  be  formed  only  by  the  union  of  many  cells  may  be 
represented  in  the  structure  of  a  single  cell.  Never- 
theless, Hertwig  agrees  that  the  characteristics  of  the 
adult  depend  fundamentally  upon  the  structure  of  the 
idioplasm  in  the  fertilized  egg  from  which  it  springs. 
He  compares  the  organism  to  a  state.  If  we  suppose  a 
community  or  a  state  to  be  composed  of  the  offspring 
of  a  single  pair,  the  schools,  the  markets,  the  courts  of 
justice,  and  all  departments  of  the  government  will  be 
the  result  of  the  character  of  that  first  man  and 
woman,  and  yet  it  would  be  absurd  to  suppose  that 
these  institutions  were  present  in  them  in  a  latent 
condition.  Just  as  all  the  characteristics  of  such  a 
state  will  be  the  necessary  result  of  the  human 
nature  of  the  man  and  woman  from  which  it  has 
descended,  so  all  characteristics  of  the  organism  are 
ultimately  due  to  the  cell  nature  of  the  fertilized  egg 
from  which  it  has  developed.  We  find  Hertwig,  there- 
fore, opposing  two  of  Weismann's  fundamental  con- 
ceptions, viz.,  preformation  and  the  qualitative  division 
of  the  idioplasm,  and  it  would  be  well  to  make  a 
digression  here  to  test  these  ideas  by  the  results  of 
experiment. 

Let  us  take  up  first  the  facts  of  normal  develop- 
ment. According  to  Roux's  theory  of  qualitative 
divisions,  which  is  one  of  the  fundamental  concep- 
tions of  Weismann's  theory,  the  egg  is  at  first  iso- 
tropic,  that  is,  there  is  no  predelineation  of  the  em- 
bryo or  of  its  planes  of  symmetry  in  the  cytoplasm. 
But  when  cleavage  begins,  the  qualitative  divisions  of 
the  idioplasm  have  the  result  that  the  embryo  be- 
comes a  mosaic  made  up  of  cells  having  different 
qualities  and  capable  of  giving  rise  only  to  certain 
definite  parts  of  the  definitive  organism.  This  is 
called  the  mosaic  theory  of  development. 

As  already  pointed  out,  Roux  found  evidence  for 
his  theory  in  his  experiments  on  frogs'  eggs.  Since 
then  other  evidence  has  been  produced.  Crampton 
experimenting  on  the  eggs  of  a  marine  gasteropod 
(Ilyanassa)  found  that  isolated  blastomeres  from 
embryos  in  the  two-cell  or  four-cell  stage  (Fig.  3138), 
"exhibit  a  typical  partial  development;  that  is,  each 
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one  develops  as  if  the  missing  portions  of  the  embryo 
were  present.  No  regeneration  of  the  missing  parts 
takes  place."  This  bears  put  whal  we  are  led  to 
expert  from  a  study  of  the  normal  cleavage  of  the 
gasteropods  and  annelids,  two  large  groups  in  which 
the  method  of  cleavage  is  almost  identical.  The 
division  of  the  egg  in  these  groups  follows  a  complex 
but  very  definite  plan.  Wilson  found  that  in  Nereis 
every  cell  division  follows  a  prescribed  order  up  to 
the  fifty-eight-cell  stage.  At  that  stage  the  chief 
organs  of  the  body  are  represented  by  separate  cells. 
Similar  results  have  been  obtained  by  later  investi- 
gators working  upon  the  development  of  other  annelids 
and  on  molluscs.  Conklin  has  traced  the  cell  lineage 
in  Crepidula  to  the  one  hundred  and  nine-cell  stage 
(Fig.  3139).  The  cells  appear  in  such  definite  and 
similar  succession  in  the  various  species  that  each  cell 
has  been  given  a  distinctive  designation,  and  the 
history  of  each  cell  division  has  been  traced  to  the 
time  when  the  principal  organs  are  outlined.  In 
such  a  form  the  embryo  is  really  "a  visible  mosaic 
work,  not  one  ideally  conceived  by  a  mental  pro- 
jection  of  the  adult   characteristics  back   upon   the 


Fig.  3138. — Early  Stages  in  the  Development  of  the  Marine 
Gasteropod,  Ilyanassa.  i.,  Normal  two-cell  stage;  ii.,  normal  eight- 
cell  stage;  Hi.,  half  eight-cell  stage  developed  from  the  smaller 
isolated  blastomere,  AB;  iv.,  half  eight-cell  stage  developed  from 
the  larger  isolated  blastodmere,  CD.  X  112.     (After  Crampton.) 

cleavage  stages."  There  can  be  no  doubt  about  the 
truth  of  these  observations,  and  if  they  constituted  all 
of  the  evidence,  Roux's  theory  of  qualitative  divisions 
and  of  the  mosaic  character  of  the  embryo  would  be 
fully  verified. 

Unfortunately  for  the  theory,  however,  there  is  a 
great  mass  of  evidence  to  show  that  these  observa- 
tions must  be  interpreted  differently. 

Beginning  with  the  phenomena  of  normal  develop- 
ment, observations  of  Miss  Clapp  on  toad  fish,  and  of 
Morgan  on  other  Teleostsand  on  frogs,  show  that  there 
is  no  constant  relation  between  the  first  cleavage  plane 
and  any  plane  of  the  adult  body.  Observations  of 
H.  V.  Wilson  on  the  sea  bass,  of  Jordan  on  Amphibia, 
and  of  E.  B.  Wilson  on  Amphioxus  show  that  there 
may  be  considerable  variation  in  the  process  of  cleav- 
age and  yet  normal  embryos  will  result.  E.  B.  Wilson 
found  three  types  of  cleavage  in  Amphioxus,  a  radial 
form,  a  spiral  form,  and  a  bilateral  form,  with  all 
grades  between,  and  all  of  these  are  equally  capable 
of  producing  normal  larva?. 

These  cases  are  enough  to  prove  that  the  mosaic 
theory  is  not  universally  applicable,  and  there  is 
experimental  evidence  that  is  still  more  convincing. 

Driesch  was  the  first  to  experiment  with  segmenting 
eggs  under  pressure.  Ordinarily  in  the  sixteen-cell 
stage  of  an  echinoderm  egg  the  cells  are  separated 


by  alternate  vertical  and  horizontal  planes'.      Driesch 

found  that  if  the  fertilized  egg  was  compressed  be- 
tween glass  plates  cleavage  would  take  place,  but  all 

the  planes  would  be  vertical,  so  that  at  the  end  of  the 

sixteen  cell  stage  the  embryo  would  consist  of  a  one- 
layered  plate  of  cells.  Relations  of  the  nuclei  in  such 
,'in  embryo  would  be  very  different  from  the  normal, 
yet  if  the  pressure  were  now  released  the  embryo 
would  develop  into  a  perfect,  larva. 

Hertwig  obtained  the  same  results  from  experiments 

on  frogs'  eggs.      These  are  of  more  interest   because  of 

the  early  differentiation  of  the  egg  into  micromeres 
and  macromeres.     Hertwig  obtained  ;i  different  mode 

of   cleavage,    according    ;is    he    compressed    Hie    eggs 
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Fig.  3139. — Two  Stages  Illustrating  the  Mosaic-like  Cleavage  of 
a  Mollusc,  Crepidula.  /.,  Eight-cell  stage;  II.,  stage  with  one 
hundred  and  nine  cells.     Highly  magnified.      (After  Conklin.) 

between  horizontal  or  vertical  plates,  and  both  of  these 
forms  were  found  to  differ  very  greatly  from  the 
normal,  cells  becoming  macromeres  which  should 
normally  be  micromeres  and  vice  versa.  Yet  upon 
pressure  being  removed  all  developed  into  normal 
embryos. 

The  most  interesting  experiments  in  this  line  are  a 
few  performed  by  E.  B.  Wilson  on  fertilized  eggs  of 
Nereis  (Fig.  3140).  They  are  especially  interesting 
because  of  the  great  detiniteness  of  the  cleavage  in 
Nereis  and  because  of  the  results  that  Crampton 
obtained  from  the  isolation  of  the  blastomeres  of 
Ilyanassa.      Under    pressure    beneath    a    cover-glass, 
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the  eggs  would  divide,  each  forming  a  flat  plate  (-(in- 
sisting of  a  single  layer  of  eight  cells.  "If  they  are 
now  released  from  the  pressure,  each  of  the  cells 
divides  in  a  plane  approximately  horizontal,  a  smaller 
granular  micromere  being  formed  above,  leaving 
below  a  larger  clear  macromere  in  which  the  oil  drops 
remain.  The  sixteen-cell  stage,  therefore,  consists  of 
eight  deutoplasm-laden  macromeres  and  eight  proto- 
plasmic micromeres  (instead  of  tour  macromeres  and 
twelve  micromeres,  as  in  the  usual  development). 
These  embryos  developed  into  free-swimming  tro- 
ehophores  containing  eight  instead  of  four  macromeres, 
which  have  the  typical  clear  protoplasm  containing 
oil  drops.  In  this  case  there  can  be  no  doubt  what- 
ever that  four  of  the  entroblastic  nuclei  were  normally 


Fio.  3140. — Eight-cell  Stage  of  Nereis.  A,  Normal;  B,  under 
pressure.  Dotted  lines  show  the  outlines  of  the  micromeres  formed 
after  release  from  pressure.      (After  Wilson.) 

destined  for  the  first  quartet  of  micromeres  (ectoblast) 
from  which  arise  the  apical  ganglia  and  prototroch. 
Under  the  conditions  of  the  experiment,  however, 
they  have  given  rise  to  the  nuclei  of  cells  which  differ 
in  no  wise  from  the  other  endoderm  cells.  The 
immediate  cause  of  differentiation  must  therefore  be 
sought  not  in  the  distribution  of  the  nuclei  or  their 
mode  of  division,  but  in  the  conditions  existing  in  the 
cytoplasm." 

This  conclusion  is  borne  out  by  the  converse  experi- 
ments performed  by  Morgan  upon  the  egg  of  Fundulus 
In  this  minnow,  as  in  other  fishes,  the  blastoderm  in 
the  eight-cell  stage  consists  of  a  single  layer  of  cells 
lying  on  one  side  of  the  yolk.  Morgan  discovered  that 
by  pricking  a  fertilized  egg  so  that  part  of  the  yolk 
e  i  iped,  he  could  apparently  reduce  the  pressure  on 
the  germinal  disc,  which  would  become  rounded  and 
woidd  divide  so  that  the  eight-cell  stage  consisted  of  a 
clump  of  cells  separated  by  two  vertical  and  one 
horizontal  planes.  But  in  spite  of  this  abnormal 
cleavage  a  normal  embryo  was  produced. 
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The  results  of  Hie  isolation  of  L> I .- ■  tomen  are 
complicated.  On  the  one  hand  we  have  experiments 
like  Crampton's,  where  an  isolated  blastomere  of  the 
two-ceil  stage  continues  to  develop  into  a  half  embi 

as  if  the  other  half  wen-  present  ;  while,  on  the  other 
hand,  we  have  the  experiments  of  Zoja,  who  found 
that    isolated    I ilast omeres  of  the   medusa,  Clytia  and 

Laodice,  in  the  sixteen-cell  stage  would  develop  into 

free  swimming  larva-  which  could  not  be  dist  ingllished, 
except    for    their   small    size,    from    larvae    developed 

from  «  hole  i \  ppa  rent  ly,  however,  a  one-fourth 

ol  Clytia  was  the  smallest  that  would  develop  into 
a  complete  medusa.)  Between  these  two  extremes 
there  are  species   presenting  intermediate  grades  in 

their  capacity  to  develop  from  isolated  blastomeres. 
So  far  as  we  know  now,  the  form  that  comes  nearest 
to  the  medusas  described  by  Zoja  in  power  to  develop 
from  isolated  blastomeres  is  Amphioxus.  Wilson 
discovered  that  blastomeres  of  the  two-cell  stage 
isolated  by  shaking  would  develop  precisely  like  whole 
eggs,  giving  rise  toperfect  blastulas,  perfect  gastrulas, 


Fig.  3141. — Early  Stages  in  the  Development  of  an  Ascidian.  lf 
Normal  eight-cell  stage,  vicwi-d  from  the  left  side;  2,  same,  sixteen- 
cell  stage;  3,  half  eight-cell  stage  developed  from  an  isolated  left 
blastomere  of  the  two-cell  stage;  4,  same  in  the  half  sixteen-cell 
stage.  Note  the  relative  positions  of  corresponding  cells,  B*.1, 
.B5.2,  etc.,  in  normal  and  half  embryos.  X  250  to  280.  (In  part 
after   Castle,   from   Crampton.) 


and  nearly  perfect  larvae  one-half  the  normal  size. 
The  same  result  was  obtained  from  groups  of  two  blas- 
tomeres of  the  four-cell  stage.  Single  lolastomeres  of 
this  stage,  however,  might  give  rise  to  perfect  blastulas 
and  gastrulas,  but  the  larvae  were  less  perfect.  While 
from  the  eight-cell  stage  single  blastomeres  would  pro- 
duce only  imperfect  blastulas,  most  of  them  develop- 
ing as  if  still  part  of  a  whole  embryo.  Morgan  found 
that  if  one  blastomere  of  the  two-cell  stage  of  Fundulus 
were  killed,  the  other  would  develop  into  a  perfect 
embryo  two-thirds  of  the  normal  size. 

An  isolated  blastomere  of  the  sea-urchin,  Echinus, 
according  to  Driesch,  develops  at  first  as  if  it  were  a 
half  of  a  wdiole  embryo  producing  a  half  blastula. 
Then  the  opening  closes  forming  a  complete  blastula 
which  develops  into  a  gastrula  and  pluteus.  Cramp- 
ton  obtained  similar  results  with  eggs  of  an  Ascidian 
(Fig.  3141). 

In  the  ctenophore,  Beroe,  we  have,  as  Driesch  and 
Morgan  have  shown,  a  condition  similar  to  that  found 
in  the  gasteropod.  Isolated  blastomeres  of  the  two- 
or  of  the  four-cell  stage  segment  as  if  forming  a  half  or 
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a  quarter  of  a  whole  embryo,  and  they  give  rise  finally 
to  imperfect  larvae.  Driesch  and  Morgan  made  also 
the  interesting  discovery  that  if  a  fertilized  ctenophore 
egg  have  part  of  the  cytoplasm  removed,  it.  also  gives 
rise  to  an  imperfect  larva  "showing  certain  defects 
which  represent  the  parts  removed."  This  last 
observation  shows  that  the  cytoplasm  may  be  of  im- 
portance in  directing  development.  For  here  a  defect 
in  the  cytoplasm  gives  rise  to  a  definite  deformity  in 
the  larva. 

All  of  these  results,  taken  together,  make  a  very 
strong  case  against  the  theory  of  qualitative  divisions. 
The  isolation  experiments  show  that  in  many  cases  a 
nucleus  which  normally  should  give  rise  to  nuclei  of 
only  one-sixteenth,  one-eighth,  one-fourth,  or  one- 
half  the  embryo  may  when  isolated  produce  all  of  the 
nuclei  of  a  normal  larva.  The  pressure  experiments 
show,  moreover,  that  even  in  cases  in  which  isolated 
blastomeres  will  not  produce  whole  larvae,  these  same 
blastomeres,  if  all  together,  may  be  shuffled  like  a 
pocket  full  of  marbles  and  yet  produce  perfect  larvae. 
Evidently  we  must  seek  some  cause  other  than  quali- 
tative divisions  to  explain  differentiation. 

According  to  Weismann's  theory  of  determinants, 
we  must  not  only  have  qualitative  divisions,  but  the 
cells  of  the  body  must  become  diverse  by  a  process  of 
self-differentiation.  That  is  to  say,  the  cause  of 
differentiation  lies  within  the  cell  itself  and  not  only 
within  the  cell  but  in  the  idioplasm  residing  in  the 
nucleus.  There  is  no  room  left  in  this  process  for  the 
effects  of  external  conditions.  Hertwig,  on  the  other 
hand,  maintains  that  external  conditions  form  a  very 
important  factor  in  differentiation.  That  this  must 
be  true  is  demonstrated  by  the  numerous  modifications 
of  form  that  occur  as  reactions  to  external  stimuli. 
(See  article  Differential  ion.) 

It  should  be  borne  in  mind  in  this  connection  that 
if  the  idioplasm  resides  in  the  nucleus,  as  we  have 
reason  to  believe  that  it  does,  then  the  yolk  and  other 
constituents  of  the  cytoplasm  in  the  same  cell  form 
part  of  the  external  conditions  relative  to  the  idio- 
plasm. Since  the  days  of  Balfour  morphologists 
have  universally  accepted  the  belief  that  the  presence 
■of  yolk  has  a  profoundly  modifying  effect  upon  the 
course  of  cleavage. 

Morgan  and  Driesch  have  presented  experimental 
evidence  that  not  only  is  this  true,  but  that  later 
stages  may  be  affected  by  the  presence  or  absence  of 
portions  of  the  yolk  in  the  egg. 

Hertwig  maintains  in  opposition  to  Weismann 
that  the  fertilized  egg  is  after  all  merely  a  cell,  and 
can  have  no  characteristics  other  than  those  that 
properly  belong  to  cells.  The  impulse  for  the  first 
division  comes  either  from  the  nucleus  or  the  centro- 
some,  but  the  plane  of  the  division  is  determined  by 
the  shape  of  the  egg,  the  distribution  of  the  deuto- 
plasm,  its  relative  amount,  the  plane  of  union  of  the 
pronuclei,  and  so  forth.  As  soon  as  the  organism 
consists  of  more  than  one  cell,  the  interaction  of  one 
cell  upon  another  affects  the  mode  of  cleavage  and  the 
differentiation  of  the  cell.  At  the  same  time  the  cells 
are  being  affected  by  stimuli  from  without  the  organ- 
ism, such  as  light,  heat,  gravity,  and  chemical  com- 
position of  surrounding  media."  Although  the  cyto- 
plasm may  divide  into  parts  differing  in  composition 
and  specific  gravity,  the  division  of  the  idioplasm  in 
the  nucleus  is  always  quantitative  only.  The  two 
daughter  nuclei  are  exactly  alike.  Nevertheless, 
the  nucleus  controls  the  differentiation  of  the  cell, 
and  this  is  affected  by  the  different  idioblasts  which 
become  active  in  different  nuclei.  Which  idioblasts 
shall  become  active  in  any  cell  is  determined  by  the 
different  positions  of  the  nuclei  relative  to  the  whole 
mass  and  the  consequent  difference  in  the  stimuli 
that  they  receive.  Hertwig  quotes  with  approval 
the  remark  made  by  Driesch  that  "the  differentiation 
of  the  cell  is  a  function  of  its  position." 

The  new  characters  that  appear  in  ontogeny  arc  really 


neir  formations  and  not  merely  the  becoming  visible 
of  preexisting  latent  possibilities.  The  form  of  the 
embryo  lb  the  rei  ultanl  of  two  factors,  viz.,  the  char- 
acter of  the  idioplasm,  and  the  nature  of  the  Stimuli 
to  which  H  is  subjected.  ( >f  these  stimuli,  those  which 
arise  within  the  organism  are  the  most  important  in 
ontogeny,  for  they  are  the  ones  that  are  constantly 
changing  as  development  proceeds.  The  character 
of  the  idioplasm  determines  primarily  what  the  reac- 
tion shall  be  to  any  given  stimulus,  and  this  reaction 
in  turn  determines  what  the  stimulus  shall  be  in  the 
next  stage.  Development  is  purely  a  process  of 
epiyenesis,  and  each  stajjo  determines  only  what  the 
ni.,1  stage  shall  be. 

Current  Theories. — While  the  evidence  from  experi- 
mental embryology  seems  on  the  whole  to  be  against 
Weismann's  theory  of  differentiation  and  there  is 
doubtless  much  truth  in  the  position  taken  by  Hert- 
wig, nevertheless  Weismann's  theory  of  heredity  has 
been  much  strengthened  and  confirmed  in  other  re- 
spects by  subsequent  investigations.  This  confirma- 
tion has  come  from  three  sources:  study  of  (a)  the 
maturation  of  germ  cells,  (b)  the  determination  of 
sex,  and  (c)  Mendelian  inheritance. 

Some  of  the  main  points  in  which  Weismann's 
theory  has  been  confirmed  are:  (a)  continuity  of  the 
germ  plasm,  (6)  locus  of  the  germ  plasm  in  the 
chromosomes,  (c)  individuality  of  the  chromosomes 
and  the  reducing  division  in  maturation,  which  he 
predicted,  (d)  equality  of  the  paternal  and  maternal 
contributions  to  the  germ  plasm,  (e)  preformation  in 
so  far  as  each  unit-character  is  represented  in  the 
germ  plasm  by  a  determinant,  now-  generally  called 
a  factor,  or  gene,  which  is  probably  a  material 
particle  occupying  a  definite  position  in  a  definite 
chromosome. 

Weismann's  conception  of  the  structure  of  germ  plasm 
has  been  much  simplified.  Instead  of  many  ids,  it  is  now 
seen  to  be  composed  of  but  two  ids,  one  of  paternal  and 
one  of  maternal  origin,  each  one  including  half  of  the 
ordinary  chromosomes  and  a  proportion  of  the  sex  chro- 
mosomes that  varies  with  the  species.  In  the  process 
of  maturation  the  chromosomes  are  redistributed,  so 
that  each  gamete  contains  one  id  of  mixed  origin  in 
which  may  be  found  any  possible  combination  of  pater- 
nal and  maternal  chromosomes.  That  the  chromo- 
somes in  each  id  bear  different  factors  is  made  highly 
probable  by  the  exact  parallel  between  the  distribution 
of  the  chromosomes  in  maturation  (q.v.)  and  the  distri- 
bution of  independent  unit-characters  in  Mendelian 
inheritance. 

This  probability  is  vastly  increased  by  the  dis- 
covery of  a  constant  relation  between  sex  and  certain 
chromosomes,  the  "X-ehromosomes."  In  a  simple 
case,  like  the  fruit-fly,  Drosophila,  the  somatic  cells 
and  spermatogonia  of  the  male  contain  one  X-chromo- 
some  and  its  smaller  mate  the  Y-chromosome,  while  the 
somatic  cells  and  oogonia  of  the  female  have  a  pair  of 
X-chromosomes.  All  ripe  eggs  are  alike  and  contain 
one  X-chromosome,  but  the  spermatozoa  are  of 
two  kinds,  half  contain  one  X-chromosome,  the  other 
half  receive  the  Y-chromosome  (absent  in  some 
animals).  Fertilization  with  the  first  kind  causes  the 
egg  to  develop  into  a  female,  with  the  second  a  male 
is  the  result  (see  Sex).  Here  we  have  a  definite 
group  of  characters  associated  with  a  definite 
chromosome. 

While  the  segregation  and  mode  of  inheritance  of 
independent  unit  characters  and  the  determination 
of  sex  furnish  evidence  for  the  importance  of  chromo- 
somes in  heredity,  the  phenomena  of  linkage,  if 
Morgan's  hypothesis  be  correct,  throw  the  newest  and 
most  important  light  upon  the  structure  and  be- 
havior of  the  chromosomes.  Bateson  and  Punnett 
obtained  aberrant  ratios  with  certain  strains  of 
sweet  peas.  Instead  of  the  ratio  9:3:3:1  in  these 
cases  they  found  ratios  like  2:1:1  and  177:15:15:49. 
They  tried  at  first  to  explain  these  as  due  to  repulsion 
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and  coupling  of  factors.  Later  Bateson  substituted 
the  hypothesis  of  reduplication,  according  to  which 
the  separation  of  factors  may  take  place  at  different 
times  in  the  development  of  the  germ  cells.  T.  II. 
Morgan  (1913)  has  found  similar  ratios  in  the  fruit- 
flies.  This  species  has  normally  red  eyes.  In 
Morgan's  cultures  a  white-eyed  male  appeared. 
\\  bite  male  Red  female 
XY  X  XX 

F,  XY<?  XX?  all  red 

Sperm        XV  9 


KgKs 
X 


Fj  2  red  ?  :  1  red  & :  1  whited* 
Mated  to  a  red-eyed  female,  he  produced  all  red- 
eyed  offspring.  When  these  were  inbred  half  the 
males  in  F3  were  like  the  grandfather,  but  all  the 
daughters  were  like  the  grandmother.  We  have  here 
a  sex-linked  character,  and  Morgan's  explanation  of  its 
inheritance  is  simply  that  the  locus  of  its  factor  is  in 
a  sex-chromosome.  Let  X  represent  a  chromosome 
bearing  the  factor  for  red  and  X  one  from  which  it  is 
absent  (white)  then  the  mode  of  inheritance  may  be 
represented  by  the  above  diagram : 


XX 

red 

XV  a" 
red 

XX  v 
red 

XYcr 
white 

12 


/3 


!9 


21 


Fig.  3142. — Chromosomes  in  Primary  Spermotoeytes  of  Batra- 
coseps,  Showing  "Crossing  Over."  Highly  magnified  and  drawn 
with    camera    lucida.     (After    Janssens.) 

It  might  be  supposed  from  this  that  there  is  some 
relation  between  white  eyes  and  maleness,  but  if 
one  of  the  red-eyed  females  that  is  heterozygous 
be  mated  with  a  white-eyed  male  she  will  produce 
red-  and  while  cyi-il  females  as  well  as  males  showing 
both  colors.  The  color  is  associated  with  the  sex- 
chromosome  but  not  with  a  particular  sex.  If  one  of 
these  white-eyed  females  be  mated  with  a  red-eyed 
male  the  relations  are  reversed  again  and  in  Fi  all  the 
females  are  red-eyed  and  all  the  males  white,  as  shown 
by  the  following  diagram  : 
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Red  male 
XY    X 
Spei  i'i     X 


w  l, it--  female 
XX 
V 


x  X  ;                  x  v  f 
red                       white 

XX  9                     fcYcT 

red                        white 

Eggs 
X 


Fi  2  red  9  :  2  white  cf 

When  two  sex-linked  characters  are  present,  if 
they  are  linked  together  in  the  same  chromosome, 
the  combination  will  appear  in  the  same  ratios  as  the 
single    character;  if    they  are  inde-  t 

pendent ,  t  he  ratio  will  be  -1:1:1:1:1. 
The  ratios  actually  obtained,  how- 
ever, are  usuallv  intermediate  l>>' 
tween  2:1:1  and  4:1:1:1:1,  if  a 
sufficient  number  of  matings  have 
been  made.  A  gray,  red-eyed  fe- 
male Drosophila  was  mated  to  a 
yellow,  white-eyed  male.  In  F2  all 
the  females  were  gray  with  red  eyes, 
nearly  half  the  males  were  the  same, 
and  about  the  same  number  were 
yellow  with  white  eyes;  but  there 
were  few  that  were  either  gray  «  ith 
white  eyes,  or  yellow7  with  red  eyes, 
the  actual  numbers  being  as  follows: 


s.  mmi    XXII 


GR9        GRcf 

6080         2870 


GWd" 
36 


YRtf     YW<f 
34  2373 


Schema  XXIII 


Morgan  explains  this  departure 
from  expected  ratios  by  the  hypoth- 
esis that  each  factor  has  its  locus 
not  only  in  a  definite  chromosome 
but  also  at  a  special  place  in  the 
chromosome.  Now  it  is  known  that 
during  maturation  pairs  of  homol- 
ogous chromosomes  become  twisted 
together,  and  Jannsens  (1909)  has 
observed  in  amphibia  that  cross 
unions  between  the  strands  are  some- 
times present  (Fig.  3142).  Inconse- 
quence a  strand  is  made  up  of  part  of 
one  chromosome  and  part  of  another, 
so  that  some  chromosomes  that  sepa- 
rate in  the  reducing  division  may 
represent  different  combinations  of 
those  that  united  in  synapsis.  The 
departures  from  simple  ratios  may 
thus  be  due  to  a  crossing  over  so  that 
a  pair  of  homologous  factors  change 
places.  If  factors  have  a  linear  ar- 
rangement in  the  chromosome  (Fig. 
3143),  the  farther  apart  they  are, 
the  more  likely  that  a  break  will 
occur  between  them.  So  Morgan 
takes  the  frequency  of  separation  as 
the  measure  of  the  distance  apart  of 
linked  factors. 

In  the  male  there  is  but  one  X-chromosome,  and 
crossing  over  is  impossible.  "Breeding  experiments 
show  that  no  crossing  over  takes  place  for  sex- 
linked  factors  in  the  male  of  Drosophila." 

When  three  sex-linked  factors  are  present  double 
crossing  over  may  occur,  but  this  is  less  probable  than 
simple  crossing  and  experimentally  has  been  found  to 
be  less  frequent.  Morgan  has  detected  as  many  as 
twenty-five  sex-linked  characters  in  Drosophila,  and 
his  explanation  of  their  behavior  is  in  harmony  with 
the  facts  of  heredity  and  of  the  history  of  the  germ 
cells,  and  seems  to  be  well  founded. 

It  should  be  noted  that  sex-linked  characters  are 


Schema  XXIV 

Fig.  3143— Dia- 
grams of  "  Cross- 
ing-over", xxi  and 
xxii,  post-synaptie 
stage,  xxiii,  first 
maturation,  divi- 
sion ;  xxiv,  second 
maturation  divi- 
sions. (After  Jan- 
ssens.) 
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different  from  secondary  sexual  characters,  which  are 
strictly  sex-limited.  The  mechanism  for  the  inheri- 
tance of  this  class  of  characters  is  not  understood  and 
it  may  be  true  as  Morgan  suggests,  that  it  differs  in 
different  groups  of  animals. 

Important  confirmation  of  the  chromosome  theory 
of  heredity  is  furnished  by  a  preliminary  communica- 
tion by  Bridges  (1914).  If  a  white-eyed  female 
Drosophila  be  mated  to  a  red-eyed  male  usually  the 
offspring  are  red-eyed  females  and  white-eyed  males 
in  equal  numbers  (see  diagram  above).  But  in  the 
case  discovered  by  Bridges  about  five  per  cent,  of  the 
females  had  white  eyes  and  about  the  same  number 
of  males  had  red  eyes.  The  explanation  is  the 
presence  in  this  female  of  a  supernumerary  Y- 
chromosome.  This  would  disturb  the  maturation 
divisions  so  that  instead  of  one  X-chromosome  going 
into  the  polar  body  and  one  remaining  in  the  egg,  both 
X-chromosomes  may  pass  into  the  polar  body,  leaving 
only  the  Y-chromosome  in  the  egg,  or  the  reverse;  or 
else  the  Y-chromosome  may  accompany  one  X  either 
in  the  egg  or  polar  body.  If  each  X-chromosome  were 
recognizable  we  should  have  in  this  case  six  possible 
kinds  of  eggs,  while  the  male  produces  only  two  kinds 
of  spermatozoa.  The  results  of  the  mating  are  shown 
in  the  diagram  that  follows: 
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The  white-eyed  females  are  developed  from  XX 
eggs  fertilized  by  Y-sperm  and  the  red-eyed  males 
come  from  the  union  of  Y-eggs  and  X-sperm.  These 
females  are  exact  duplicates  of  the  mother  and  these 
males  are  exactly  like  the  father  in  all  sex-linked 
characters,  proving  that  the  sex-linked  factors  are 
carried  by  the  X-chromosomes.  That  it  is  the 
presence  of  a  supernumerary  Y-chromosome  that 
prevents  the  normal  disjunction  of  the  X-chromosomes 
in  this  case  is  proved  by  the  fact  that  cytological  in- 
vestigations have  shown  that  about  half  the  daughters 
contain  a  supernumerary  Y-chromosome  while  the 
other  half  contain  only  the  two  normal  X-chromosomes. 
This  is  conformed  by  breeding  experiments,  which  also 
indicate  the  presence  of  the  supernumerary  Y-chromo- 
some in  half  of  the  sons  with  white  eyes.  While  the 
numerical  proportion  and  some  of  the  other  results  of 
this  mating  have  not  been  explained,  everything 
so  far  goes  to  show  that  the  hereditary  characters  of  the 
offspring  may  be  altered  by  a  mechanical  shifting  of 
certain  chromosomes  due  to  the  accidental  presence 
of  a  supernumerary  one  in  the  germ-cells  of  the  mother. 

Conclusions. — We  have  now  completed  a  review  of 
the  principal  fundamental  conceptions  to  be  found  in 
theories  of  heredity.  We  have  seen  that  the  animistic 
theories  belong  to  the  age  of  mysticism,  and  receive 
no  confirmation  from  scientific  investigations.  We 
have  seen  that  there  is  reason  to  believe  that  heredity 
has  its  foundation  in  a  physical  basis,  which  is  the 


protoplasm  of  the  cell;  and  this  may  perhaps  be 
differentiated  into  physiological  units  of  some  kind. 
Further  there  is  much  evidence  from  observation  and 

experiment  to  show  thai  the  physical  basis  for  heredity 
forms  an  idioplasm  residing  in  the  nucleus  of  the  cell 
and  more  especially  in  those  pails  of  the  nucleus  which 
are  composed  of  chromatin.  Whether  the  idio- 
plasm of  the  germ  cell  is  essentially  different  from 
that  of  somat  ic  cells  is  doubtful.  The  view  that  such  a 
differentiation  does  exist  is  strongly  supported  on  mor- 
phological evidence  in  the  single  case  of  Ascaris.  The 
physiological  evidence  is  clearly  against  a  qualitative 
division  of  the  idioplasm.  On  the  other  hand,  it  indi- 
cates some  sort  of  progressive  differentiation  in  the 
idioplasm  of  somatic  cells  during  development,  a 
differentiation  which  begins  earlier  or  later  in  different, 
species.  The  causes  of  this  differentiation  appear  to 
lie  partly  within  the  idioplasm  itself  and  partly  in  the 
conditions  surrounding  it.  Both  experiment  and 
common  sense  favor  the  view  that  the  cell  can  con- 
tain no  elements  presenting  other  than  purely  cellular 
characteristics.  There  are  as  many  species  of  germ 
cells  as  there  are  species  of  organisms.  The  normal  1  >ff- 
spring  is  similar  to  its  normal  parent,  because  the 
germinal  idioplasm  of  the  two  are  of  common  origin, 
and  both  have  developed  under  normal  conditions. 
There  is  no  evidence  that  the  germ  cells  in  an  adult 
organism  may  be  affected  in  any  direct  way  by  any 
changes  that  may  take  place  in  the  cells  of  the  body. 
Therefore  the  inheritance  of  acquired  modifications  of 
somatic  cells  is  theoretically  improbable.  Just  how 
much  of  development  is  a  process  of  epigenesis  and 
how  much  is  due  to  preformation  in  the  germ-cells 
is  still  an  open  question.  The  facts  of  Mendelian 
inheritance  indicate  a  high  degree  of  preformation,  and 
the  applications  of  this  principle  have  given  a  control 
over  heredity  that  was  undreamed  of  a  few  years  ago. 
Robeht  Payne  Bigelow. 
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Hermaphrodism. — See  Teratology. 

Hermophenol,  mercury  phenol-disulphonate  of 
sodium,  is  a  white,  amorphous  powder  soluble  in  five 
to  seven  parts  of  water.  It  is  said  to  contain  forty  per 
cent,  of  mercury,  and  to  be  strongly  bactericidal  with- 
out caustic  effect  on  the  tissues.  It  can  stand  a  heat 
of  120°  C.  without  decomposition.  Berard  used  it  as 
a  disinfectant  for  the  hands,  and  in  three-per-cent. 
solution  for  ophthalmia  neonatorum,  and  Reynes 
injected  4  c.c.  (5  i.)  of  a  half-per-cent.  solution,  every 
two  or  three  days,  for  syphilis.  W.  A.  Bastedo. 


Hernia. — This  term,  possibly  derived  from  the 
Greek  epj/os  (a  spout),  is  employed  to  denote  the  pro- 
trusion of  a  viscus  from  the  cavity  in  which  it  is  nor- 
mally contained.  Although  it  may  be  used  to  denote 
the  escape  of  organs  from  other  cavities,  yet  when  un- 
qualified it  signifies,  as  does  the  vulgar  term  "rupture,'' 
a  protrusion  from  the  abdominal  cavity.  As  usually 
employed  it  implies  a  pouching  of  the  containing  wail 
forming  a  continuous  sac  for  the  displaced  contents. 
An  escape  of  the  viscera  through  a  wound  in  the  wall 
is  better  termed  a  "protrusion."  The  term  "internal 
hernia"  is-  employed  to  denote  either  the  protrusion 
of  the  abdominal  contents  into  the  thoracic  cavity — 
i.e.  diaphragmatic  hernia — or  the  introsusception  of 
the  intestine  into  one  of  the  peritoneal  fossa?.  The 
latter  condition  is,  however,  more  properly  classified 
as  one  of  the  forms  of  intestinal  obstruction. 

A  hernia  may  occur  at  one  of  the  openings  of  the 
abdominal  wall  normally  present  in  fetal  life,  which 
has  not  become  closed  at  the  time  of  birth,  and  is 
then  termed  a  congenital  hernia;  i.e.  a  congenital 
inguinal  hernia  is  one  in  which  the  abdominal  contents 
push  their  way  into  the  unobliterated  processus 
vaginalis.  All  hernia;  developed  subsequently  to 
birth  are  termed  acquired.  They  occur  at  the  points 
where  the  abdominal  wall  is  relatively  weak.  Hence 
arises  the  anatomical  classification  of  hernia;:  inguinal, 
femoral,  umbilical,  lumbar,  diaphragmatic,  obturator, 
etc. 

The  parts  constituting  a  hernia  are,  first,  the 
sac  and,  second,  the  contents.  The  sac  consists  of 
peritoneum  continuous  with  the  parietal  peritoneum 
of  the  abdominal  cavity.  The  coverings  of  the  sac 
vary  with  the  anatomical  variety  of  the  hernia,  and 
are  as  a  rule  fascial  with  the  exception  of  the  skin. 


The  shape  of  the  sac  depends  upon  tin  nature  of  the 
opening  in  the  abdominal  wall  and  the  degree  of 
restraint  afforded  by  the  fascial  coverings.  If  the 
opening  be  circular  with  more  or  less  -harp  mar| 
t  lie  sac  as  a  rule  is  globular,  as  in  umbilical  and  femoral 
hernia;. 

In  inguinal  hernia  th'e  sac  is  elongated,  owing  to  the 
fact  that  the  fascial  coverings  are  tubular.  11 
hernia  is  incomplete  the  sac  is  sausage-shaped.  On 
the  other  hand,  il  is  pyriform  in  shape  when  t  he  hernia 
becomes  scrotal.  Bands  of  the  investing  fascia  may 
constrict  the  sac  in  such  a  manner  as  to  produce 
hour-glass  forms;  or  from  the  same  cause  diverticula 
may  result,  the  restraint  being  unequally  exerted. 
The  parts  of  a  sac  are  termed  the  mouth,  the  neck,  and 
the  fundus  or  body.  The  contents  of  the  sac  usually 
consist  of  small  intestine  or  omentum,  or  both;  more 
rarely  they  consist  of  the  colon,  cecum,  or  appendix, 
sigmoid  flexure,  bladder,  or  uterine  adnexa.  When 
the  contents  consist  of  intestine  alone  the  hernia  is 
called  an  enterocele;  when  of  omentum  alone  an  epiplo- 
cele;  when  of  both,  an  enteroepiplocele.  Fluid  may 
be  found  in  the  sac  either  free  or  encysted  by  adhe- 
hesions — hydrocele  of  the  hernial  sac. 

Etiology. — Causes  predisposing  to  hernia  are: 

1.  Heredity. — Weaknesses  in  the  abdominal  wall 
predisposing  to  hernia  are  undoubtedly  inherited. 
Macready1  estimates  that  twenty-five  per  cent,  of 
patients  with  hernia  give  an  ancestral  history. 

2.  Sex. — About  six  males  suffer  from  hernia  to  one 
female.  This  is  to  be  explained  both  by  the  much 
greater  frequency  of  inguinal  hernia  in  males,  due  to 
the  necessary  enlargement  of  the  inguinal  canal,  and 
by  the  nature  of  their  occupation. 

3.  Age. — Except  in  the  period  of  infancy,  when  the 
influence  of  congenital  weakness  upon  the  develop- 
ment of  hernia  is  most  marked,  the  greater  number  of 
hernia?  occur  in  the  active  period  of  life,  between 
fifteen  and  fifty. 

4.  Elongation  of  the  Mesentery,  although  generally 
given  as  an  etiological  factor  in  the  production  of 
hernia,  is  rather  a  concomitant  result — with  hernia — 
of  causes  such  as  weakness  and  laxity  of  the  abdominal 
wall. 

Exciting  Causes  of  Hernia  are:  1.  Occupations 
necessitating  violent  muscular  efforts.  2.  Strains,  as 
lifting,  coughing,  sneezing,  and  parturition.  3.  Con- 
ditions producing  stretching  of  the  abdominal  wall, 
as  pregnancy,  ascites,  obesity.  4.  Atrophic  changes, 
as  senility.  5.  Traumatism  resulting  in  the  replace- 
ment of  normal  by  cicatricial  tissue,  or  in  the  de- 
struction of  nerves,  thus  causing  paralysis  and  atrophy 
of  muscle. 

Clinical  Varieties  of  Hebxia. 
The  clinical  classification  of  hernia?  is  based  upon 
the  condition  of  the  contents  and  the  relation  of  the 
contents  to  the  sac.  Thus  we  have:  (a)  Reducible; 
(b)  irreducible;  (c)  inflamed;  (d)  obstructed;  and  (e) 
strangulated  hernia?. 

Reducible  Hernia. — A  reducible  hernia  is  one  in 
which  the  entire  contents  can  be  wholly  reduced  to 
the  abdominal  cavity,  without  recourse  to  a  cutting 
operation.  Reduction  is  often  effected  by  posture, 
but  may  be  accomplished  only  by  taxis.  It  is  the 
most  common  class  of  hernia. 

Symptoms. — The  earliest  subjective  symptom  in  an 
acquired  hernia  is  usually  pain  (ninety  per  cent,  of 
cases).  In  a  hernia  caused  by  a  strain  the  pain  may  be 
sharp  and  accompanied  by  a  sense  of  something  giving 
way.  Usually  it  is  dull  and  dragging  and,  after  a 
varying  period  of  time,  is  replaced  by  a  sense  of  fulness 
which  is  marked  on  standing  or  straining  and  disap- 
pears in  the  reclining  position.  Large  hernia?  are  not 
infrequently  accompanied  by  gastric  or  intestinal 
symptoms,  which  are  probably  reflex  in  character. 

The  objective  symptoms  depend  upon  the  size  of 
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the  hernia  and  the  nature  of  its  contents.  A  small 
hernia  exhibits  a  tumor  as  a  rule  only  on  standing  or 
coughing  and  the  latter  disappears  when  the  patient 
lies  down.  A  large  hernia  is  often  not  spontaneously 
reducible;  but  it  increases  in  size  in  the  erect  posit  inn 
or  on  coughing,  and  if  inguinal  it  may  then  be  seen  to 
descend  into  the  scrotum  or  labium. 

In  both  small  and  large  hernia;  a  characteristic 
impulse  is  felt  on  coughing.  In  an  enterocele  there 
may  be  a  gurgling  felt  or  heard  either  at  the  moment 
when  the  bowel  descends  into  the  sac  or  on  reduction 
of  the  hernia,  and  at  the  same  time  the  tumor  is  more 
or  less  tympanitic.  An  epiplocele  is  dull  or  flat  and 
feels  more  irregular  and  does  not  give  so  marked  an 
impulse. 

Diagnosis. — See  Anatomical  Varieties. 

Treatment. — For  taxis,  see  Strangulated  Hernia. 
For  operative  and  mechanical  measures,  see  under 
Anatomical  Varieties;  also  under  Mechanical  Treat- 
ment. 

Irreducible  Hernia. — This  term  is  applied  to  a 
hernia  in  which  the  contents,  although  practically 
normal  in  condition,  cannot  be  wholly  returned  to  the 
abdominal  cavity.  The  chief  causes  of  irrcducibility 
are,  first,  adhesions  of  omentum  to  the  sac  or  between 
the  contents,  or  thickening  of  the  imprisoned  omentum 
(according  to  Macready  the  contents  consist  of  omen- 
tum in  ninety  per  cent,  of  cases);  secondly,  the  forma- 
tion of  part  of  the  sac  by  the  gut  itself  (more  fully  de- 
scribed under  cecal  and  sigmoid  hernia?);  and,  thirdly, 
the  bulk  of  the  hernia  may  be  so  great  that  the  con- 
tents cannot  be  received  into  the  abdominal  cavity. 

Irreducible  hernia  is  more  frequently  observed  in 
middle  life  and  in  the  umbilical  variety.  It  is  un- 
common in  children.  It  may  be  permanent  or 
transitory. 

Symptoms. — The  symptoms  depend  upon  whether 
the  hernia  is  large  or  small  and  upon  the  nature  of 
the  contents.  Small  epiploceles  usually  give  no 
especial  symptoms,  while  larger  ones,  from  dragging 
upon  the  omentum,  are  liable  to  cause  digestive 
disturbances  and  are  prone  to  inflammation.  In 
irreducible  enterocele  the  condition  is  more  serious. 
The  imprisoned  bowel  is  apt  to  become  obstructed, 
which  condition  may  be  evanescent  or  may  persist, 
and  furthermore  strangulation  may  supervene. 
Hence  the  symptoms  vary  from  occasional  attacks 
of  colicky  pain  and  flatulence,  with  more  or  less 
constipation,  to  those  of  complete  obstruction  and 
strangulation. 

Treatment. — Herniae  which  have  only  recently  be- 
come irreducible  are,  as  a  rule,  more  or  less  inflamed 
or  at  least  congested;  so  that,  if  immediate  operation  is 
not  feasible,  rest  in  bed  and  the  application  of  cold 
with  moderate  pressure  are  indicated.  Prolonged 
efforts  at  reduction  under  such  circumstances  are  more 
than  likely  to  aggravate  the  condition,  and  hence 
considerable  judgment  has  to  be  exercised  in  the 
employment  of  taxis.  In  old  cases  or  those  in  which 
the  above  treatment  does  not  suffice,  operation  should 
be  performed.  The  contraindications  to  operation 
do  not  exist  to  the  same  extent  as  in  reducible  hernia, 
since  the  condition  per  se  is  more  dangerous.  In 
cases  in  which  operation  is  distinctly  contraindicated, 
as  in  the  aged  or  diseased,  or  in  which  the  hernia  is 
so  large  that  the  return  of  the  contents  to  the  abdomen 
would  not  be  possible,  the  employment  of  some 
device  for  supporting  the  hernia  and  preventing  its 
increase  is  indicated. 

For  umbilical  hernia  some  form  of  abdominal 
support  is  useful.  In  large  scrotal  hernia?  a  stout 
canvas  bag,  supported  from  the  shoulders,  has  been 
found  advantageous. 

The  employment  of  special  trusses,  as  the  "hinged- 
cup  truss"  for  inguinal  hernia,  can  be  recommended 
only  when  operation  is  out  of  the  question,  although 
Macready  claims  sixty-eight  per  cent,  of  reductions  by 
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its  use.      lint  even  then  a  cure  of  the  hernia  is  .seldom 
attained. 

Inflamed  Hernia. — When  a  local  peritonitis  oc- 
curs in  thi'  hernial  sac  the  hernia  is  said  to  be  in- 
flamed. An  inflamed  hernia  is  nearly  always  caused 
by  obstruction  to  the  circulation  of  imprisoned  omen- 
tum, and  practically  differs  from  a  strangulated  hernia 
in  that  the  omentum  instead  of  the  intestine  is 
affected.  It,  may  be  the  result  of  trauma,  either  from 
a  truss  or  from  prolonged  taxis,  and  it  may  possibly 
occur  from  obstruction  of  the  bowel  or  enteritis.  A 
strangulated  hernia  always  becomes  inflamed  if  the 
condition  persists  for  any  length  of  time.  Irreducible 
herniae  are  most  prone  to  inflammation,  especially 
the  femoral  and  umbilical  varieties.  The  process 
results  in  tin-  product  inn  of  lymph  and  fresh  adhesions. 
The  sac  may  become  distended  with  fluid,  and  obstruc- 
tion and  strangulation  may  supervene. 

Symptom*. — A  sense  of  increased  fulness,  pain,  and 
tenderness  are  present.  There  is  usually  a  slight  rise 
of  temperature.  There  may  be  vomiting  and  consti- 
pation. If  obstruction  or  strangulation  occurs  the 
symptoms  of  this  condition  supervene.  On  palpation 
there  are  tenderness  and  local  heat,  and  flic  mass  may 
be  tense  or  semifluctuating.  Inflamed  omentum 
usually  feels  hard  and  nodular. 

Treatment. — All  inflamed  hernias  should  be  operated 
upon  at  once.  Delay  is  not  permissible  unless  grave 
contraindications  to  operation  are  present.  It  is 
impossible  to  distinguish  between  a  partial  strangu- 
lation of  the  intestine  (Richter's  hernia)  and  simple 
inflammation.  Enemata,  but  not  cathartics,  should  be 
used.     The  pain  should  not  be  relieved  by  anodynes. 

Obstructed  Hernia. — An  obstructed  or  incarcer- 
ated hernia  is  one  in  which  the  passage  of  the  con- 
tents of  the  intestine  is  inhibited,  but  in  which  the 
circulation  of  blood  is  not  interfered  with. 

Obstruction  is  more  common  in  irreducible  than  in 
reducible  hernias.  As  it  is  usually  due  to  constipation, 
it  occurs  more  often  in  hernia;  containing  the  large 
intestine.  Hence  we  find  it  more  often  in  umbilical 
hernia;  and  in  large  inguinal  hernia?  in  which  the 
contents  are  the  sigmoid  flexure  or  cecum.  As  large 
hernia?  are  more  common  and  as  there  is  a  lack  of 
intestinal  tone  in  the  elderly,  obstruction  occurs  most 
frequently  during  the  period  from  middle  life  on. 

The  determining  causes  are  usually  neglected 
constipation,  and  the  ingestion  of  indigestible  food  or 
food  that  leaves  a  large  residue. 

Symptoms. — The  symptoms  vary  considerably,  but 
are  distinguished  from  those  of  strangulation  by  their 
gradual  development.  Constipation  at  first  is  not 
generally  absolute.  The  tongue  is  coated,  the  breath 
is  foul,  and  there  is  complete  anorexia  followed  by 
vomiting,  which  is  not  usually  peristent  and  seldom 
stercoraceous.  There  is  colicky  pain  which  may  be 
severe,  but  there  is  no  collapse.  Distention  is  more 
or  less  marked.  The  hernia,  if  before  reducible, 
becomes  irreducible  and  increases  in  size.  Impulse, 
however,  is  obtainable,  which  serves  to  eliminate 
strangulation.  The  tumor  is  often  doughy  and  may 
be  dull  on  percussion,  although  imprisoned  gas  may 
give  a  tympanitic  note.     The  prognosis  is  usually  good. 

Treatment. — The  emptying  of  the  bowel  is  the  first 
consideration,  and  this  should  be  accomplished  by  high 
enemata  and  by  massage  of  the  hernia.  Cathartics 
should  not  be  given  until  the  tumor  has  decreased  in 
size. 

If  there  be  no  response  to  treatment,  and  if  strangu- 
lation be  suspected,  operative  interference  should  be 
at  once  instituted,  as  delay  may  be  fatal.  Recurrence 
of  obstruction  may  be  to  a  large  degree  averted  by 
proper  attention  to  the  food  and  bowels. 

Strangulated  Hernl\. — A  strangulated  hernia 
is  one  containing  intestine  in  which  both  the  passage 
of  bowel  contents  and  the  circulation  of  blood  are 
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interfered  with.  For  the  time  being  it  is  not  spon- 
taneously reducible. 

This  condition  is  rare  in  infancy  and  is  most  common 
in  middle  life  and  old  age.  It  occurs  more  often  in 
small  than  in  large,  and  in  old  than  in  recent  heraiae; 
although  sometimes  a  hernia  may  become  strangulated 
on  its  first  appearance.  Narrowness  and  shortness 
of  the  neck  of  the  sac  conduce  to  it.  Hence  it  is 
more  common  in  femoral  than  in  other  varieties, 
and  in  irreducible  hernias  when  the  neck  is  partially 
occluded  by  adherent  omentum,  as  in  some  umbilical 
hernia?.  According  to  Berger,  the  risk  of  an  inguinal 
hernia  undergoing  accident  is  2.16  per  cent.,  of  a 
femoral  9.02  per  cent. 

Determining  Causes. — Among  the  more  common 
causes  may  be  mentioned  straining,  such  as  occurs  in 
lifting,  sneezing,  coughing,  etc.,  in  all  of  which  acts 
there  is  an  increase  in  the  intra-abdominal  pressure. 
Consequently  all  conditions  predisposing  to  such 
strain,  as  certain  occupations,  pulmonary  disease, 
constipation,  and  obstruction  to  urination,  are  all 
predisposing  causes.  Trauma  from  ill-applied  trusses, 
inflammation,  and  bands  in  the  sac  all  may  produce  it. 
Volvulus  of  the  contained  loop  may  occur. 

Mechanism. — Several  theories  have  been  advanced 
as  to  the  manner  in  which  the  pressure  is  brought 
about  and  exerted  upon  the  contained  bowel.  Un- 
doubtedly the  exact  mechanism  varies  in  different 
cases,  and  it  is  a  combination  of  factors  rather  than 
any  single  one  that  produces  the  result.  Among 
the  various  theories  advanced,  the  following  are  the 
more  important:  1.  Elasticity  of  the  ring  (Richter). 
2.  Compression  of  the  efferent  by  the  distended 
afferent  end  of  the  loop  (Lossen).  3.  Angulation  of 
the  distal  end  ;it  the  margin  of  the  orifice  (Scarpa). 
4.  Fecal  impaction.  5.  Torsion  or  volvulus  of  the 
loop  (de  Roubai).  Whatever  the  cause  it  must  first 
interfere  with  the  return  circulation,  producing  con- 
gestion which  increases  the  bulk  of  the  contained 
gut  and  thus  augments  the  pressure.  The  condition 
thus  tends  always  to  increase  itself. 

Violent  peristaltic  efforts  of  the  intestine  to  force 
its  contents  onward  increase  the  pressure  at  the  point 
of  constriction.  The  mesentery  becomes  swollen 
with  the  intestine  and  at  the  same  time  is  put  upon 
the  stretch  by  the  excessive  peristalsis.  This  stretch- 
ing of  the  mesentery  may  produce  interference  with 
the  circulation  in  the  mesentery  and  gut  on  the  ab- 
dominal side  of  the  constriction,  which  accounts  for 
the  not  infrequent  circulatory  disturbances  observed 
proximal  to  the  site  of  constriction.  The  latter  may 
also  be  due  to  the  nipping  of  the  mesenteric  vessels 
supplying  gut  which  is  not  in  the  hernial  sac.  Throm- 
bosis of  the  mesenteric  vessel  may  be  caused  and  may 
extend  to  vessels  without  the  area  of  constriction. 
Furthermore,  volvulus  of  intestine  lying  in  the  ab- 
dominal cavity  may  be  caused  by  the  anchoring  of 
a  loop  in  the  hernial  sac.  The  intestine  in  the  sac- 
then  represents  only  a  portion  of  that  involved. 
In  retrograde  hernia  (ride  infra)  the  gangrenous  loop 
lies  wholly  in  the  abdomen. 

Anato?nical  Changes. — The  strangulated  intestine 
passes  through  stages  which  can  be  conveniently 
stated  as  (1)  congestion;  (2)  inflammation;  (3) 
gangrene.  The  rapidity  of  sequence  of  these  stages 
flepends  upon  the  degree  to  which  the  circulation  is 
interfered  with.  As  the  return  circulation  is  the  first 
to  be  interfered  with,  the  first  change  is  an  engorge- 
ment of  the  vessels.  The  walls  of  the  intestine  be- 
come edematous  and  change  in  color,  becoming  dark 
red  or  purple,  and  black  or  grayish-black  as  gangrene 
supervenes. 

The  peritoneum  loses  its  glistening  appearance  and 
becomes  dull  and  granular  as  its  vitality  disappears. 
At  the  site  of  constriction,  usually  the  neck  of  the  sac, 
there  is  a  deep  furrow  which  is  as  a  rule  grayish  in 
color.  The  intestine  becomes  cold,  loses  its  power  of 
contractility,   and   is   distended   with   gas.     As   these 
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changes  progress  there  is  a  transudate  ol  'rum, 
later  of  blood,  into  the  sac;  and  a  migration  of 
pathogenic  germs,  notably  the  B.  coli  communis  and 
varieties  of  streptococci  and  staphylococci,  takes 
place  through  the  walls  of  the  gut.  The  local  periton- 
itis in  the  sac  may  extend  to  the  general  cavity  and 
produce  a  spreading  peritonitis,  or  it  may  lie  shut  off 
by  adhesions.  On  the  other  hand,  if  the  vitality 
of  the  bowel  within  the  abdomen  be  impaired,  from 
the  causes  already  stated  or  from  a  progressive  throm- 
bosis of  the  vessels,  peritonitis  may  be  primarily 
instituted  within  the  abdomen  itself.  If  the  strangu- 
lation be  due  to  inflammation  of  an  irreducible 
hernia,  the  sequence  of  events  is  slightly  changed  in 
that  the  stage  of  inflammation  precedes  that  of  con- 
gestion. When  gangrene  ensues  it  may  occur  locally 
in  small  patches  at  the  seat  of  constriction  or  at  the 
convexity  of  the  loop,  or  the  whole  loop  may  slough. 
With  the  gangrene  there  is  an  escape  of  the  contents 
of  the  bowel.  The  skin  over  the  sac  at  first  is  not 
involved,  but  later  the  tissues  covering  the  sac  be- 
come infiltrated  and  edematous.  Finally,  an  abscess 
may  form  and  burst  and  a  spontaneous  artificial  anus 
result.  This  is  more  likely  to  be  the  outcome  in  cases 
of  partial  enterocele  (Richter's  hernia),  when  only  a 
portion  of  the  circumference  of  the  gut  is  nipped,  and 
explains  the  manner  in  which  spontaneous  cures 
may  sometimes  occur. 

The  extent  of  gangrene  varies  from  a  portion  of  the 
circumference  of  the  bowel  to  several  feet. 

The  period  elapsing  between  the  onset  of  strangula- 
tion and  the  occurrence  of  gangrene  varies  consid- 
erably, from  four  hours  to  several  days,  but  is  rarely 
less  than  twenty-four  hours.  The  presence  of  omen- 
tum in  the  sac  delays  the  onset  of  gangrene. 

Symptoms. — The  symptoms  of  a  strangulated  hernia 
are  conveniently  divided  into  the  general  and  the 
local.  The  general  symptoms  are  those  of  strangula- 
tion ileus  in  contradistinction  to  those  of  an  ob- 
structed hernia,  which  are  rather  those  of  obturation 
ileus.  They  are  pain,  vomiting,  complete  constipa- 
tion, and  collapse.  To  these  may  be  added  those  of 
peritonitis. 

Pain  is  of  two  varieties:  a  severe  colicky  pain  caused 
by  violent  peristalsis  and  felt  in  the  region  of  the  um- 
bilicus, which  may  be  constant  but  more  often  remit- 
tent, and  an  aching  pain  at  the  hernial  site.  After  the 
onset  of  gangrene  the  peristaltic  pain  usually  ceases. 

Vomiting  is  an  important  and  characteristic 
symptom.  Two  distinct  phases  of  vomiting  are 
usually  observed.  The  first  is  reflex  in  character 
and  is  apparently  a  result  of  the  violent  peristalsis 
set  up  by  the  compression  of  the  gut  and  mesentery. 
It  is  concomitant  with  the  initial  colicky  pain,  is 
repeated  frequently  and  the  vomitus  consists  of  the 
stomach  contents  only  or  possibly  those  of  the 
first  portion  of  the  duodenum  in  addition.  It  is 
more  severe  the  higher  the  obstruction  and  may  even 
be  absent  in  strangulation  of  the  colon.  The  second 
phase  of  vomiting  is  due  to  the  obstruction  and  is 
caused  by  the  damming  back  of  the  contents  of  the 
intestine  producing  overdistention  of  the  stomach 
and  intestine.  The  vomitus  now  consists  of  intestinal 
contents  and  is  copious.  Large  amounts  may  be 
ejected  at  a  time  or,  as  usually  observed,  there  are 
frequent  eructations  of  small  quantities. 

The  initial  reflex  vomiting  together  with  the  peris- 
taltic pain  ceases  with  the  advent  of  gangrene  and  there 
is  often  an  appreciable  interval  between  it  and  the 
obstruction  vomiting,  its  length  depending  upon  the 
site  of  strangulation;  the  obstruction  vomiting  being 
later  but  more  copious  in  low  obstructions.  In 
Richter's  hernia,  there  being  no  obstruction,  only  the 
initial  reflex  vomiting  occurs. 

Constipation  is  complete,  no  gas  or  feces  being 
passed.  However,  the  bowel  may  be  emptied  be- 
low the  seat  of  strangulation,  and  if  the  strangula- 
tion is  high  up  in  the  small  intestine  a  considerable 
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quantity  of  feces  may  be  expelled.  Also  in  Richter's 
hernia,  constipation  is  not  the  rule  and  there  may 
even  be  diarrhea.  The  degree  of  abdominal  dis- 
tention is  likewise  dependent  upon  the  site  of  strangu- 
lation. If  this  is  located  high  up  in  the  small  in- 
testine it  is  relatively  slight  and  is  epigastric  in  char- 
acter— acute  distention  of  the  stomach,  while  if  the 
large  intestine  is  implicated  it  is  great.  Excessive 
peristalsis  is  present  until  the  intestine  becomes 
paralyzed  by  overdistention. 

In  patients  with  thin  abdominal  parieties  the  peri- 
staltic contractions  may  be  seen  and  felt;  and  in  all 
cases  are  evident  to  the  ear. 

Collapse  is  usually  profound,  although  it  may  be 
delayed  for  several  hours.  The  pulse  becomes  weak 
and  thready,  the  temperature  is  subnormal,  the  ex- 
tremities are  cold  and  moist,  and  the  facies  abdominal  is 
is  marked.  When  inflammation  sets  in,  the  tempera- 
ture usually  rises,  but  it  seldom  reaches  a  high  level. 
The  duration  of  life  averages  from  five  to  seven  days. 
In  the  aged  the  symptoms  often  are  not  marked,  the 
course  presenting  an  asthenic  type  in  which  some  of 
the  classic  symptoms  may  be  wholly  absent.  The 
symptoms  at  the  site  of  the  hernia  are  pain,  irre- 
ducibility,  loss  of  impulse,  tenderness,  dulness,  and 
the  absence  of  gurgling.  The  hernial  protrusion  may 
be  so  small  as  readily  to  escape  notice,  and  it  must  be 
remembered  that  the  absence  of  a  history  of  hernia 
does  not  exclude,  inasmuch  as  a  hernia  may  become 
strangulated  on  its  first  appearance.  The  attention 
of  the  patient  is  usually  attracted  to  the  hernia  by 
the  presence  of  pain.  The  local  pain  may  be  masked, 
however,  by  the  general  abdominal  pains. 

The  chief  value  of  irreducibility  as  a  sign  of  strangu- 
lation is  in  hernia;  that  have  previously  been  re- 
ducible. It  may  be  absolute  or  relative.  Tense- 
ness, dulness,  loss  of  impulse,  and  the  absence  of  gurg- 
ling are  all  due  to  the  same  causes,  i.e.  fixation  and 
swelling  of  the  contents  of  the  sac  and  the  exudation 
of  fluid  within  it. 

In  certain  forms  of  strangulated  hernia  the  char- 
acteristic symptoms  may  be  masked  or  modified. 

The  following  classification,  slightly  modified  from 
that  of  Eccles,2  will  serve  to  indicate  the  sources  of 
ambiguity. 

I.  Cases  in  which  the  peculiarities  are  dependent 
upon  the  contents  of  the  sac. 

1.  Strangulation  of  a  portion  of  the  bowel. 

(1)  Partial  enterocele  (Richter's  hernia). 

(2)  Strangulation  of  the  vermiform  appendix. 

(3)  Strangulation  of  Meckel's  diverticulum  (Littre's 
hernia). 

2.  Strangulation  within  the  body  of  the  sac. 

(1)  By  bands,  adhesions,  apertures  in  omentum, 
etc. 

(2)  By  kinking  or  volvulus. 

II.  Cases  in  which  the  peculiarities  are  dependent 
upon  the  sac. 

1 .  Strangulation  within  a  loculus  or  pouch'of  the  sac. 

III.  Retrograde  incarceration  or  hernia  "en   W." 
In  cases  of  strangulation  of  a  portion  of  the  bowel 

symptoms  of  obstruction  are  usually  absent  while 
the  local  signs  may  be  characteristic.  In  the  cases 
where  only  a  portion  of  the  contents  of  a  hernia  are 
strangulated  the  remainder  may  be  reducible. 

Retrograde  incarcerated  hernia,  or  hernia  "en 
W"  was  first  described  by  Lanenstein2  in  1894,  and 
has  been  recently  reviewed  and  the  literature  brought 
to  date  by  Friedman.3  It  derives  its  name  of  W-hernia 
or  hernia  "en  W"  from  the  fact  that  the  two  lateral 
loops,  in  which  the  circulation  is  normal  or  only  slightly 
impaired,  lie  in  the  sac  while  the  middle  connecting 
loop  lies  in  the  abdomen  and  is  gangrenous,  its 
mesentery  being  constricted  at  the  neck  of  the 
hernial  sac. 

In  the  following  groups  of  cases  errors  of  diagnosis 
as  to  the  site  of  strangulation,  or  as  to  whether  it  is 
present  or  not.  may  arise  (modified  from  Eccles1). 


I.   Cases  of  multiple  hernia;. 

1.  Two  (or  more)  hernias,  one  irreducible  and  the 
other  strangulated. 

2.  Two  hernia',  one  concealing  the  other. 

3.  An  inguinal  and  a  femoral  hernia  on  the  same 
side,  one  strangulated  and  the  other  not. 

II.  Cases  ill'  irreducible  hernia  in  which  the  ob- 
struction or  strangulation  is  within  the  abdomen  and 
not  at  the  site  of  the  hernia. 

In  cases  of  multiple  hernia'  the  local  symptoms  as 
a  rule  are  sufficient  to  determine  the  site  of  strangu- 
lation. In  infants,  inasmuch  as  they  are  unable  to 
direct  attention  to  the  local  condition  and  as  they 
are  frequently  subject  to  attacks  of  vomiting  and 
colic,  the  diagnosis  may  be  delayed.  In  them  con- 
tinued vomiting  should  lead  to  a  thorough  examina- 
tion of  all  hernial  sites.  The  differential  diagnosis 
lies  chiefly  between  strangulated  and  obstructed 
or  inflamed  hernia.  Other  conditions  which  may 
simulate  strangulated  hernia  are  inguinal  adenilis, 
acute  epididymitis  or  orchitis,  and  severe  colic, 
peritonitis,  or  the  uncontrollable  vomiting  of  preg- 
nancy in  conjunction  with  a  hernia. 

Prognosis. — The  prognosis  in  untreated  cases  is 
uniformly  bad,  with  the  exception  of  the  exceedingly 
few  cases  that  end  in  recovery  with  the  spontaneous 
formation  of  an  aritificial  anus.  The  mortality  fol- 
lowing taxis  and  that  associated  with  herniotomy  mani- 
festly cannot  be  compared,  inasmuch  as  the  conditions 
found  in  many  cases  successfully  operated  upon  would 
absolutely  contraindicate  the  employment  of  taxis, 
and  also  because  cases  in  which  taxis  proves  successful 
would  in  all  probability  be  successfully  treated  by 
operation. 

The  statistics  of  Frickhoffer1  in  regard  to  cases  in 
which  taxis  has  been  apparently  successful  give  in 
308  cases  of  femoral  hernia  a  mortality  of  14.9  per 
cent.,  and  in  518  cases  of  inguinal  hernia  one  of  7.8 
per  cent.  The  statistics  of  herniotomy  show  a 
mortality  that  varies  from  10  per  cent,  to  12  per  cent, 
in  cases  in  which  the  strangulation  has  existed  twenty- 
four  hours  or  less,  to  50  per  cent,  in  cases  in  which  it 
has  existed  over  three  days.  The  risk  of  herniotomy 
when  the  gut  is  still  returnable  is  comparatively  slight. 
In  gangrenous  hernia  the  mortality  depends  largely 
upon  the  method  of  treatment  of  the  intestine  (see 
Treatment). 

In  a  total  of  354  cases  of  gangrenous  hernia,  col- 
lected up  to  1900,5  120  were  fatal,  a  mortality  of 
34  per  cent.  Of  these  354  cases,  96  were  of  the 
inguinal  variety,  with  25  deaths  (mortality,  26  per 
cent.) ;  188  were  of  the  femoral  variety,  with  69  deaths 
(mortality,  37  per  cent.);  22  were  of  the  umbilical 
and  2  of  the  ventral  variety,  with  16  deaths  (mor- 
tality, 67  per  cent.);  and  7  belonged  to  the  obturator 
variety,  with  6  deaths  (mortality,  86  per  cent.). 
By  these  statistics  it  will  be  seen  that  the  mortality 
of  femoral  hernia  is  greater  than  that  of  the  inguinal 
form,  and  the  mortality  of  umbilical  hernia  is  greater 
than  that  of  the  femoral  hernia.  A  compilation  of 
the  cases  operated  upon  since  1900  would  probably 
show  a  decrease  in  the  mortality  to  nearly  half  of 
the  above  figures,  but  this  relative  mortality  would 
probably  remain  the  same. 

Treatment. — The  treatment  of  strangulated  hernia 
is  by  means  either  of  taxis  or  of  herniotomy. 

Taxis  is  the  reduction  of  the  protrusion  by  manipu- 
lation. It  is  best  performed  with  the  aid  of  a  general 
anesthetic,  and  the  operator  should  be  prepared 
to  resort  at  once  to  herniotomy  if  his  efforts  at  re- 
duction fail.  In  inguinal  and  femoral  hernia  the 
parts  are  relaxed  by  flexing  the  thigh  on  the  pelvis 
and  rotating  it  in  an  inward  direction.  Placing  the 
patient  in  a  position  of  slight  inversion,  i.e.  with  the 
head  lower  than  the  pelvis,  is  permissible. 

The  neck  of  the  sac  is  then  grasped  with  the  left 
hand  and  gentle  efforts  are  made  with  the  right  hand 
to    press    the    contents    back.     Pressure    should    be 
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exerted  in  the  direction  of  the  canal;  upward,  out- 
ward, and  backward  in  inguinal  and  backward  and 
upward  in  femoral  hernia.  The  efforts  should  never 
be  prolonged  for  more  than  five  minutes  and  rough- 
ness is  distinctly  contraindicated. 

Success  is  determined  by  the  complete  disappear- 
ance of  the  hernia,  and  by  the  fact  that  the  surgeon 
can  pass  his  finger  through  the  ring. 

It  must  be  borne  in  mind  that  in  the  case  of  a  hernia 
"en  W"  reduction  of  the  coils  in  the  sac  may  not 
help  the  gangrenous  intervening  loop  which  lies  in 
the  abdomen. 

Taxis  should  not  be  attempted  when  an  im- 
mediate operation  is  possible;  is  not  contraindi- 
cated by  the  age  or  condition  of  the  patient; 
but  is  absolutely  contraindicated  in  the  following 
conditions: 

1.  When  it  has  already  failed. 

2.  When  the  superficial  tissues  are  inflamed. 

3.  When  there  is  reason  to  suppose  thai  the 
intestine  may  be  gangrenous. 

4.  When  strangulation  has  existed  for  twenty-four 
hours. 

5.  When  the  hernia  has  been  previously  irreducible. 

6.  When  there  is  great  prostration. 
The  dangers  of  taxis  are: 

1.  Injury  or  rupture  of  the  intestine. 

2.  The  return  of  gangrenous  intestine  to  the  ab- 
dominal cavitv. 

3.  The  transference  of  septic  fluid  from  the  sac 
into  the  general  peritoneal  cavity. 

4.  "Reduction  en  masse." 

Reduction  en  masse  is  rare,  occurring,  according 
to  Comer  and  Howitt"  is  0.3  per  cent,  of  reduction 
of  strangulated  hernia.  It  is 
more  frequent  in  inguinal 
hernia,  and  is  practically  the 
conversion  of  t he  hernia  into  a 
form  of  interstitial  hernia;  the 
sac  and  its  contents  being 
forced  into  a  position  between 
the  transversalis  fascia  and 
the  remainder  of  the  abdomi- 
nal wall,  while  the  constric- 
tion still  remains  at  the  neck 
(Fig.  3144).  The  sac  may  be 
ruptured  and  its  contents 
escape  into  its  new  position; 
or  only  part  of  the  sac  may  be 
reduced. 

Herniotomy  and  kelotomy  are 
the  terms  applied  to  the  oper- 
ation for  the  relief  of  strangu- 
This  operation  possesses  the  advantage 
over  taxis  of  avoiding  its  dangers,  of  permitting  inspec- 
tion of  the  intestine,  and  of  affording  an  opportunity 
for  the  radical  cure  of  the  hernia. 

The  steps  in  the  operation  are:  (1)  The  exposure 
of  the  sac.  (2)  Opening  of  the  sac  and  relief  of  the 
constriction.  (3)  Treatment  of  the  contents.  1 4 1 
Closure  of  the  wound. 

The  sac  is  exposed  by  an  incision  similar  to  that 
which  would  be  employed  in  an  operation  for  radical 
cure.  The  incision  should  be  made  in  such  a  manner 
as  to  expose  well  the  neck  of  the  sac,  and  it  may  have 
to  be  prolonged  in  order  to  afford  room  for  resection 
of  the  bowel.  The  sac  is  recognized  by  its  dark  color 
and  its  gliding  over  the  contents.  It  is  opened  by 
pinching  it  up  with  forceps  so  as  to  form  a  fold  which 
can  be  incised  without  injury  to  the  contents.  When 
an  opening  has  been  made,  the  fluid  which  escapes 
will  be  clear  and  odorless,  although  it  may  be 
bloody,  if  the  gut  is  sound;  or  it  will  be  cloudy,  i«r 
purulent,  if  the  vitality  of  the  gut  has  become  impaired. 
The  interior  of  the  sac  and  the  contents  are  then 
thoroughly  washed  with  saline  solution  to  lessen  the 
chances  of  eont  animation  and  the  constriction  is  sought 
for  and  divided. 


Fig.  3144  -  U.-duction 
en  Masse  without  Relief 
of  the  Constriction. 

lated  hernia 


Inasmuch  as  (lie  constriction  is  usually  caused  by 
bands  of  fascia  which  lie  outside  the  sac,  division  is 
best  done  from  without,  and  not  from  within,  as 
was  formerly  taught  by  the  old  school.  It  may  be 
necessary,  however,  in  some  femoral  hernia-  to  divide 
it  from  within,  which  is  done  by  cutting  upward  with 
the  herniotome  or  blunt-pointed  bistoury  or  by  use  of 
a  director.  The  constriction  having  been  freely 
divided  the  gut  must  be  gently  drawn  out  to  expose 
the  efferent  and  afferent  portions,  especially  the  latter, 
in  order  to  observe  their  condition,  since  changes  in 
in  their  nutrition  may  have  occurred  for  a  considerable 
distance  within  the  abdomen.  If  the  condition  of  the 
gut  is  satisfactory  it  is  returned  to  the  abdomen  and 
the  wound  is  closed  as  in  the  operation  for  radical 
cure  of  a  hernia  of  the  same  variety. 

The  gut  is  returned  if  its  peritoneal  coat  is  smooth 
and  glistening,  if  its  color  is  not  black  or  gray,  even 
though  it  may  be  dark  red  or  purple,  and  especially 
if  it  has  retained  the  power  of  contractility  in  all  its 
parts.  It  must  not  be  returned  if  the  peritoneum 
has  a  granular  aspect,  if  the  fluid  in  the  sac  is  cloudy 
and  foul,  or  if  the  gut  is  cold  and  flabby  and  has  lost 
its  contractility.  If  there  is  doubt,  the  constriction 
having  been  freely  relieved,  the  bowel  may  be  sur- 
rounded with  compresses  wet  in  warm  decinormal  salt 
solution,  for  several  minutes,  and  its  condition  again 
noted.  In  strangulated  femoral  hernia  it  has  been 
the  practice  of  the  writer,  after  having  opened  the 
sac,  if  the  condition  of  the  intestine  was  found  bad 
or  dubious,  to  make  another  incision  through  the 
rectus  and  having  reduced  the  bowel  into  the  abdomen 
to  observe  it  then  while  repairing  the  femoral  canal, 
and  then  resect  if  necessary  by  means  of  the  additional 
incision.  In  this  way  the  femoral  opening  in  not 
weakened  by  enlarging  it  and  resection  can  be  more 
easily  carried  out  through  the  larger  and  more  ad- 
vantageously placed  incision  through  the  rectus 
muscle.  In  cases  of  exceptional  doubt  it  may  be  thus 
left  for  twenty-four  hours.  Very  small  areas  of 
gangrene  may  be  inverted,  but  usually  resection  is 
more  practicable  particularly  in  the  small  intestine. 

If  the  gut  is  not  in  a  returnable  condition,  there  are 
two  methods  of  treatment  applicable:  1.  Resection 
and  immediate  reunion.  2.  Formation  of  an  artificial 
anus.  In  the  performance  of  the  latter  the  gut  is 
either  fixed  by  a  few  sutures  to  the  margins  of  the 
wound  and  opened  to  relieve  the  obstruction,  or  it  is 
resected  and  the  ends  are  sutured  to  the  wound. 

In  the  choice  between  resection  and  immediate 
reunion,  and  the  formation  of  an  artificial  anus,  the 
operator  must  take  into  consideration  the  condition 
of  the  patient,  the  site  of  the  strangulation,  and  his 
own  skill  as  an  intestinal  surgeon.  According  to 
Hofmeister,3  the  decision  to  form  an  artificial  anus  is 
tantamount  to  the  expression  that  the  case  is  other- 
wise hopeless. 

As  the  following  statistics  in  regard  to  gangrenous 
hernia  show,  the  treatment  by  primary  resection  and 
immediate  reunion  is  the  most  successful. 
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Of  these  series  Gibson's  are  the  most  comprehensive 
and  argue  strongly  in  favor  of  resection  and  reunion. 
His  statistics  in  regard  to  the  formation  of  an  artificial 
anus  with  and  without  resection  of  the  gangrenous 
intestine  show  a  very  slight  advantage  in  favor  of 
resection.  In  twenty  cases  collected  by  him  in  which 
the  gangrenous  portion  was  invaginated,  three 
patients  died — a  mortality  of  fourteen  per  cent. 

The  large  mortality  following  the  formation  of  an 
artificial  anus  is  due  not  only  to  the  immediate  con- 
dition, but  also  to  asthenia  if  the  anus  is  situated 
high  up  in  the  tract,  and  to  the  subsequent  measures 
taken  to  cure  the  artificial  anus.  In  strangulations 
of  the  small  intestine  resection  and  reunion  should 


kinking;  the  emptying  of  the  intestine  so  far  as  pos- 
sible; wide  resection,  the  amount  removed  depending 

largely  On  the  condition  of  the  mucous  membrane; 
drainage  of  the  wound  when  peritonitis  is  present, 
or  if  the  condition  of  the  returned  bowel  is  still 
suspicious. 

For  the  technique  of  intestinal  resection  the  reader 
is  referred  to  the  article  on  Intestinal  Surgery.  A 
fatal  outcome  in  herniotomy  is  due  to  one  or  more  of 
the  following  causes ;  1.  Shock.  2.  Return  of  damaged 
intestine  (insufficient  resection).  :i.  Extension  of  an 
existing  peritonitis,  or  one  due  to  leakage  (faulty 
suture).  4.  Kinking  or  twisting  of  the  returned 
loop.     5.  Exhaustion   (artificial  anus) 
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Fig.  3145. — Structures  of  the  Abdominal  Wall  in  the  Inguinal  Region- 


always  be  done  even  if  an  opening  (lateral  enteros- 
tomy) has  to  be  made  in  the  oral  limb  to  empty  the 
gut.  This  later  can  be  done  by  inserting  a  catheter. 
On  the  other  hand  in  strangulation  of  the  large  intes- 
tine it  is  often  better  policy  to  draw  the  strangulated 
area  out  of  the  abdominal  wound  making  an  artificial 
anus  to  be  closed  later. 

The  danger  of  resection  and  immediate  union  of 
the  divided  ends  is,  with  skillful  operators,  not  so 
much  from  prolongation  of  the  operation  as  from 
postoperative  ileus.  As  practised  by  the  author  an 
end  to  side  anastomosis  may  be,  made  bringing  the 
free  end  into  the  wound.  If  possible  the  end  of  the 
oral  limb  should  be  anastomosed  to  the  side  of  the 
aboral  limb,  thus  avoiding  in  the  case  of  the  small 
intestine  the  dangers  of  asthenia  (starvation).  (Vide 
infra.) 

The  chief  considerations  to  be  observed  in  regard  to 
the  treatment  of  gangrenous  hernia  are:  the  use  of 
local  anesthesia  if  feasible;  the  employment  of  a  large 
wound  (hernio-laparotomy),  enabling  the  operator 
to  return  the  intestine  easily  and  visibly,  thus  avoiding 


The  after-treatment  does  not  differ  from  that  em- 
ployed after  other  operations  upon  the  intestinal 
tract. 

Anatomical  Varieties  of  Hernia. 

Inguinal  Hernia. — This  term  includes  all  hernia; 
into  or  through  the  inguinal  canal. 

Anatomy. — For  the  detailed  anatomy  of  this  region 
the  reader  is  referred  to  the  article  Abdomen,  Surgical 
Anatomy  of  the.  There  are,  however,  certain  consid- 
erations which  are  not  generally  made  clear,  and 
which  have  considerable  bearing  especially  upon  the 
methods  of  radical  cure.  In  the  second  month  of 
fetal  life  a  process,  the  processus  vaginalis  peritonei,  is 
found  evaginated  from  the  peritoneum  of  the  body 
cavity  and  accompanying  the  gubernaculum  to  that 
part  of  the  skin  of  the  inguinal  region  which  becomes 
the  scrotum  in  the  male  and  the  labium  majus  in  the 
female. 

Later  in  the  male  the  testicle  descends  alongside 
of  this  process  to  the  scrotum,  and  the  distal  portion 
of  the  process  forms  the  tunica  vaginalis  testis.     The 
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proximal  portion  ordinarily  becomes  obliterated,  but 
if  it  remains  open  the  tunica  vaginalis  continues  in 
communication  with  the  peritoneum,  and  a  portion 
of  the  abdominal  contents  maj   descend  through  it. 

Such  a  protrusion  is  known  as  a  congenital  or  funicular 
hernia,  even  if  it  docs  qo1  descend  until  adull  life. 
If  the  process  remains  open  in  the  female  it  is  known 
as  the  canal  of  Nuck. 

Incomplete  or  partial  obliteration  of  the  process 
gives  rise  to  cystic  swellings,  known  as  hydroceles 
of  the  cord  or  of  the  round  ligaments,  as  may  be. 

The  abdominal  wall  in  this  region,  omitting  the 
superficial  structures,  consists  of  the  following  muscu- 
lar  and    aponeurotic    layers    from    without    in:  the 


:;  l  16),  which  is  developed  in  curving  fibers  on  its  mesa) 
and  caudal  aspect,  forming  the  inguinal  ligaments  of 
Henle.  It  lies  thus  about  half-way  between  the 
anterior  superior  spine  of  the  ilium  and  the  spine  of 
the  pubis,  and  a  finger's  breadth  above  Poupart's 

ligament.      The  deep  epigastric  art.  r\    passes  upward 

al  the  mesal  border  of  the  ring  between  the  transver- 
salis  fascia  and  the  peritoneum.  The  external  ring 
lies  just  above  and  laterad  to  the  spine  of  the  pubis. 
The  inguinal  canal  is  about  3.5  centimeters  long  and 
is  slightly  longer  in  the  female  than  in  the  male.  At 
its  commencement  its  ventral  wall  is  formed  by  the 
thick  fleshy  fibers  of  the  internal  oblique  and  the 
transversalis  muscles,  and  its  dorsal  wall  by  the  trans- 
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aponeurosis  of  the  external  oblique,  the  internal 
oblique,  and  transversalis  muscles,  and  the  transver- 
salis fascia.  At  the  mesal  part  of  this  region  the  rectus 
abdominis  is  inserted  into  the  pubis  on  a  plane  dorsad 
to  the  structures  enumerated,  with  the  exception  of 
the  transversalis  fascia,  which  sends  a  prolongation 
over  the  dorsal  surface  of  the  muscle. 

The  general  arrangement  of  these  structures  is 
shown  in  the  accompanying  figures  (Figs.  3145  and 
3146).  The  inguinal  canal,  which  contains  the  guber- 
naculum  and  processus  vaginalis  peritonei  in  the 
fetus  and  the  spermatic  cord  or  round  ligament  in 
the  adult,  and  through  which  the  testicle  passes  in 
its  descent,  is  found  between  these  structures.  Its 
commencement,  the  internal  abdominal  ring,  is  an 
aperture  in  the  transversalis  fascia  normally  just 
large  enough  to  permit  the  passage  of  the  cord. 
Its  termination,  the  external  abdominal  ring  is  a 
slit-like  aperture  in  the  aponeurosis  of  the  external 
oblique  muscle.  The  internal  ring  is  situated  about  4 
centimeters  laterad  to  the  spine  of  the  pubis  and  about 
1  to  1.5  centimeters  above  Poupart's  ligament,  being 
suspended  as  it  were  in  the  transversalis  fascia  (Fig. 
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versalis  fascia.  At  about  its  middle  its  dorsal  wall  is 
still  the  transversalis  fascia,  but  the  internal  oblique 
and  transversalis  muscles  are  above  it  and  its  ventral 
wall  is  formed  by  the  aponeurosis  of  the  external 
oblique.  At  its  termination  it  escapes  through  the 
external  oblique,  and  its  dorsal  wall  is  here  formed 
by  transversalis  fascia,  which  for  the  last  centimeter 
is  strengthened  by  the  conjoined  tendon  and  the 
triangular  ligament.  In  the  final  two-thirds  of  its 
course  its  floor  is  formed  by  the  shelf  of  Poupart's 
as  it  broadens  into  Gimbernat's  ligament.  The 
greater  part  of  the  dorsal  wall  is  thus  seen  to  be  formed 
by  the  transversalis  fascia,  and  the  importance  of 
this  as  a  safeguard  cannot  be  overestimated.  It 
is  in  fact  a  special  development  of  the  transversalis 
fascia,  and  by  some  it  has  been  described  as  a  part  of 
the  conjoined  tendon,  although  it  is  entirely  distinct 
from  this  structure.  Its  mesal  portion  consists  of 
strong  vertical  fibers,  its  lateral  of  the  fibers  before 
mentioned  as  curving  about  the  internal  ring.  Be- 
tween these  stronger  portions  is  a  weaker  one,  lying 
as  a  rule  on  the  mesal  side  of  the  deep  epigastric 
artery,  and  at  this  part  direct  inguinal  hernia?  occur 
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(Vili.  3146).  The  transversalis  muscle  is  very  poorly 
developed  in  this  region,  and  consists  chiefly  of  an 
aponeurosis,  the  fibers  of  which  pass  horizontally 
across  to  their  insertion  in  the  ventral  rectus  sheath, 
and  as  a  rule  arc  wanting  for  some  distance  above 
Poupart's  ligament  (Fig.  3145).  The  internal  ob- 
lique muscle,  on  the  other  hand,  consists  of  a  thick, 
fleshy  mass  of  fibers  which,  unless  displaced  by  a 
hernia  or  ill  developed,  completely  protect  the  in- 
ternal ring  and  pass  to  their  insertion  with  a  general 
direction  parallel  to  Poupart's  ligament,  only  rising 
sufficiently  to  allow  the  cord  to  pass  below  them. 
The  internal  oblique  in  fact  is  'the  most  important 
muscular  structure  safeguarding  the  potential  weak- 
ness of  the  inguinal  region,  and  the  tendency  toward 
hernia  in  an  individual  depends  chiefly  upon  the 
development  of  this  muscle  and  its  relation  to  the 
other  structures,  especially  Poupart's  ligament.  Its 
lower  fibers  arise  from  the  lateral  half  of  Poupart's 
ligament  and  pass  horizontally  to  their  insertion  in 
front  of  the  rectus  abdominis.  If  Poupart's  ligament 
takes  a  horizontal  direction,  as  in  the  female,  the 
internal  oblique  coincides  with  it  and  there  is  con- 
sequently a  strong  inguinal  region,  but  if,  as  in  some 
males  with  a  deep  and  narrow  pelvis,  Poupart's 
ligament  takes  a  more  vertical  course,  there  is  then 
an  unprotected  triangular  space  bounded  cephalad 
by  the  internal  oblique,  mesad  by  the  margin  of  the 
rectus,  and  caudad  by  Poupart's  ligament,  which  may 
be  called  the  undefended  space  and  through  which 
hernia  is  apt  to  occur,  especially  the  direct  variety 
when  the  structures  become  relaxed  from  age.  The 
conjoined  tendon  consists  of  a  few  fasciculi  derived 
from  the  opposed  surfaces  of  the  internal  oblique  and 
transversalis  muscles,  and  passes  on  the  deep  surface 
of  the  former  muscle  to  be  inserted  by  tendinous 
fibers  to  the  crest  and  iliopectineal  line.  This 
structure  is  wholly  concealed  by  the  internal  oblique, 
and  its  insertion  seldom  extends  for  more  than  a 
centimeter  laterad  to  the  spine  of  the  pubis.7  Al- 
though given  considerable  prominence  in  most  text- 
books, it  is  a  negligible  factor  in  procedures  for  the 
radical  cure  of  hernia. 

An  oblique  inguinal  hernia  is  enclosed  in  the  same 
layers  of  fascia  as  the  spermatic  cord.  These  layers 
from  within  out  are:  the  infundibuliform  fascia  de- 
rived from  the  transversalis  fascia;  the  cremasteric 
fascia  and  muscle  derived  from  the  internal  oblique; 
and  the  intercolumnar  fascia  derived  from  the  ex- 
ternal oblique.  These  layers  must  be  divided  in 
separating  the  sac  from  the  cord.  The  fascial  cover- 
ings of  a  direct  hernia  are  the  same,  with  the  excep- 
tion that  the  transversalis  fascia  itself  is  substituted 
for  its  infundibuliform  process. 

The  relations  of  the  spermatic  cord  to  the  sac  are 
important.  The  structures  of  the  cord  are  usually 
somewhat  spread  out  on  the  surface  of  the  hernia 
unless  the  latter  is  small  or  a  direct  one.  The  vessels 
lie  on  the  lateral  and  the  vas  deferens  on  the  latero- 
dorsal  aspect  of  the  sac.  In  a  direct  hernia  the  entire 
cord  is  on  the  lateral  aspect  of  the  sac.  In  congenital 
hernia  the  cord  is  more  closely  adherent  to  the  sac 
than  in  acquired  hernia.  The  importance  of  the 
peritoneal  fossa;  on  the  internal  abdominal  wall  as 
etiological  factors  in  the  production  of  hernia  seems  to 
the  writer  to  be  exaggerated.  The  presence  of  mus- 
cular or  fascial  weaknesses  or  dimples  is  of  far  greater 
importance,  inasmuch  as  the  peritoneum  is  a  highly 
elastic  and  distensible  membrane,  and  when  un- 
supported by  other  structures  offers  little  resistance 
to  pressure  from  within.  For  the  same  reason  the 
treatment  of  the  neck  of  the  sac  is  of  minor  im- 
portance in  the  operation  for  radical  cure. 

Varieties  of  Inguinal  Hernia. — Inguinal  hernia1 
are  divided  into  direct,  which  is  always  acquired,  and 
indirect  or  oblique,  which  may  be  congenital  or  ac- 
quired (see  Anatomy).  In  a  direct  hernia  the  pro- 
trusion is  mesal,  while  in  an  indirect  hernia  it  is  lateral 


to  the  deep  epigastric  vessels.  If  the  protrusion  passes 
through  the  external  abdominal  ring  into  the  scrotum 
or  labium  majus  it  is  termed  a  complete  or  scrotal 
hernia;  if  not,  an  incomplete  hernia  or  bubonocele. 

Direct  Inguinal  Hernia. — -Direct  inguinal  hernia? 
constitute  seven  per  cent,  of  all  inguinal  hernia. 
They  are  more  common  in  men  than  in  women  and 
are  seldom  seen  in  children.  They  are  always  acquired. 
They  are  seldom  complete  and  may  usually  be  rec- 
ognized by  their  globular  shape  and  by  the  fact  that 
they  appear  to  bulge  directly  through  the  abdominal 
wall  as  the  border  of  the  rectus  muscle  through  the 
undefended  space  (riilr  mi/ira). 

Indirect  Inguinal  Hernia  constitutes  the  greater 
part  (ninety-three  per  cent.)  of  inguinal  hernia'. 
The  hernia  may  descend  into  the  unobliterated  proc- 
essus vaginalis  either  in  the  male  or  in  the  female, 
being  then  called  congenital  hernia  (Fig.  3147,  A); 
or  its  sac   may   be  formed  by   the   protruded   peri- 


A.  B.  C. 

Fia.  3147. — Formation  of  Sac  in  Congenital  and  Infantile  Hernia. 
A,  Congenital  hernia;  B  and  C,  infantile  hernia;  F,  funicular 
process;  S,  sac;  T,  testicle. 

toneum  of  the  abdomen — acquired  hernia.  The 
proportion  of  congenital  to  acquired  hernia;  is  difficult 
to  state,  as  the  diagnosis  is  made  only  by  operation. 
A  study  by  Bull  and  Coley8  of  500  cases  of  inguinal 
hernia  operated  upon  in  children  under  fourteen 
years  of  age  showed  that  less  than  fifty  per  cent,  were 
congenital.  In  the  opinion  of  the  writer  the  majority 
of  acquired  indirect  inguinal  hernia?  are  due  to  persist- 
ence of  the  lumen  of  the  upper  portion  of  the  processus 
vaginalis  peritonei;  for  when  a  hernia  is  present  on 
one  side  only  this  condition  will  be  found  almost 
invariably  on  the  other  side. 

A  form  of  hernia  known  as  infantile  hernia,  although 
always  acquired,  is  sometimes  confounded  with  con- 
genital hernia.  The  hernial  sac  in  these  cases  is 
formed  from  the  parietal  peritoneum  and  is  pushed 
down  alongside  of  an  open  or  partially  obliterated 
funicular  process;  the  different  varieties  of  this  form 
depend  upon  the  extent  and  the  site  of  the  oblitera- 
tion (Fig.  3147,  B  and  C).  Since  the  unobliterated 
funicular  process  is  often  spread  out  over  the  hernial 
sac,  the  latter  appears  as  a  sac  within  a  sac;  hence 
the  term  encysted  hernia. 

Perineal  Hernia. — The  protrusion  instead  of  de- 
scending into  the  scrotum  may  descend  into  the 
perineum. 

Interstitial  Hernia  is  a  form  of  inguinal  hernia  in 
which  the  protrusion  insinuates  itself  between  the 
layers  of  the  abdominal  wall.  According  to  Langdon9 
the  frequency  of  interstitial  hernia  is  1  in  1,100.  It 
is  relatively  more  common  in  females  than  in  males, 
forming  0.1.3  per  cent,  of  all  inguinal  hernia;  in  males 
and  0.61  per  cent,  in  females. 

Three  varieties  are  recognized.  In  order  of  fre- 
quency they  are:  (1)  Between  the  internal  oblique  and 
the  aponeurosis  of  the  external  oblique;  (2)  between 
the  aponeurosis  of  the  external  oblique  and  the  skin; 
and  (3)  between  the  peritoneum  and  the  transversalis 
fascia  (preperitoneal  hernia).  The  first  two  varieties 
present  an  external  swelling,  while  no  visible  or  pal- 
pable tumor  is  found  in  the  last  variety.  In  the 
majority  of  the  cases  of  the  last  variety  there  is  also  a 
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scrotal  or  labial  hernia.  Such  an  accompanimenl  is 
seldom  observed  in  the  first  two  varieties.  In  fact 
the  sac  of  a  preperitoneal  hernia  is  usually  a  diver- 
ticulum of  the  sac  of  a  complete  hernia:  and  herein 
lies  its  danger,  since  a  false  idea  of  security  may  follow 
reduction  of  the  complete  portion. 

The  causes  contributing  to  the  production  of 
interstitial  hernia  are  efforts  at  reduction,  giving  rise 
generally  to  the  preperitoneal  form;  and  errors  in 
development,  namely,  non-descent  of  the  testicle  or 
incomplete  closure  of  the  canal  of  Nuck.  Macready 
states  that  in  sixty-seven  per  cent,  of  the  cases  in 
males  the  testicle  was  wholly  retained  or  only  par- 
tially descended.  According  to  Langdon,11  in  forty- 
two  cases  of  interstitial  herniae  in  males  in  only  two 
were  the  testicles  in  normal  position  in  the  scrotum. 

The  second  and  third  varieties  may  acquire  very 
large  dimensions.  Inasmuch  as  it  is  difficult  to 
in  an  interstitial  hernia  by  a  truss,  operation  is 
indicated. 

Diagnosis  of  Inguinal  Hernia. — The  subjective 
symptoms  are  pain,  which  is  present  in  ninety-six 
per  cent,  of  all  cases  in  the  early  stages,  and  later  a 
sense  of  fulness  and  discomfort.  The  chief  objective 
sign  is  a  tumor,  which  as  a  rule  disappears  when  the 
patient  lies  down  but  returns  upon  his  standing, 
coughing,  or  crying.  Impulse  is  present  in  reducible 
forms,  and  in  complete  hernia  the  contents  may  be 
felt  to  descend  by  the  finger  introduced  into  the 
canal. 

Incomplete  hernia  or  bubonocele  must  be  differen- 
tiated from  femoral  hernia,  hydrocele  of  the  cord  or 
canal  of  Nuck,  inflammatory  conditions  and  new 
growths  of  the  inguinal  glands  and  cord,  psoas  ab- 
,  and  undescended  testicle.  It  is  distinguished 
from  femoral  hernia  by  its  relation  to  Poupart's 
ligament  ami  the  spine  of  the  pubis;  from  hydrocele 
by  the  irreducibility,  circumscription,  and  fluctua- 
tion of  the  latter;  and  from  psoas  abscess  by  the  pres- 
ence in  the  latter  condition  of  a  deep-seated  swelling 
above  Poupart's  ligament,  between  which  and  the 
visible  protrusion  fluctuation  can  be  obtained. 

The  conditions  most  commonly  confounded  with 
complete  inguinal  hernia  are  hydrocele,  hematocele, 
varicocele,  ami  tumors  or  inflammatory  conditions 
of  the  testicle  or  epididymis.  Very  rarely  femoral 
hernia?  descend  into  the  scrotum  or  labium.  The 
statements  of  the  patient  as  to  the  position  and 
growth  of  the  swelling  at  its  incidence,  taken  with 
the  characteristic  signs  of  the  several  conditions,  will 
serve,  as  a  rule,  to  make  the  diagnosis  evident. 

Tre'itmi>d  of  Inguinal  Hernia.  (For  treatment  by 
truss  see  "Mechanical  Treatment  of  Hernia.") 

Radical  Cure  of  Inguinal  Hernia. — The  operative 
methods  devised  for  the  cure  of  inguinal  hernia  are 
so  numerous,  and  so  many  have  become  obsolete, 
that  the  reader  must  be  referred  to  special  treatises 
for  the  details  of  those  operations  which  have  a  his- 
torical interest  only. 

The  success  with  which  radical  cure  is  performed 
at  the  present  time  is  due  primarily  to  the  almost 
uniform  aseptic  healing  obtained,  and,  secondly,  to 
the  improvements  of  technique  and  method.  The 
aim  of  present  methods  is  to  secure  the  least  possi- 
ble scar  formation,  and  the  production  of  a  muscular 
contractile  barrier  against  future  relapse. 

Methods  depending  upon  the  use  of  foreign 
materials  to  form  an  obturator  have  been  advanced 
in  the  last  few  years  but  have  not  become  popular, 
largely  on  account  of  the  inherent  difficulties  in  getting 
such  substances  to  remain  within  tissues  of  the  body 
without  giving  rise  to  trouble. 

The  methods  which  have  been  most  commonly  in. 
use  and  which  have  given  the  best  results  are  the 
following:  Bassini's  (1888), Halsted's  (1890), Kocher's 
(1892),  Macewen's  (1886),  and  restoration  of  the 
inguinal  canal  as  practised  by  Bull,  Ferguson,  and 
others.     A    number    of    slight    modifications    of   the 
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above    methods    which    might    be    called    the  <  I 

methods  have  been  advocated,  more  of  which,  how- 
ever, are  recombinations  of  method-,  such  as  for 
instance  methods  of  imbricating  the  aponeurosi  of  the 
external  oblique  muscle,  which  was  first  done  by 
Lucas  I  hampionniere,  ami  of  treating  'be  sac  by  in- 
folding or  using  it  as  a  suture. 

For  very  large  herniae,  gianf  henna     Rie  enbruche) 

some  ingenious  flap  operations  have  been  advocated 
such  as  the  employment  of  the  sartorius  (Jacoboriei'0) 

Bassini's  Method. — Tins  operation  or  some  slight 
modification  of  it  undoubtedly  has  been  done  more 
frequently  than  any  other  in  recent  years.  The  steps 
of  the  operation  are  as  follows:  The  incision  is  made 
parallel  with  Poupart's  ligament  and  two  centimeters 
above  it,  from  a  point  laterad  to  the  internal  ring  to 
a  point  corresponding  to  the  center  of  the  external 
ring.  The  length  of  the  incision  is  seven  to  nine 
centimeters  in  adult-  and  shorter  in  children. 

The  incision  is  carried  directly  to  the  aponeurosis 
of  the  external  oblique,  and  if  properly  planned  should 
strike  it  in  the  line  of  divergence  of  the  pillars  of  the 
external  ring.  The  superficial  structures  should  not 
be  stripped  from  the  aponeurosis  since  its  vitality  is 
thereby  impaired.  The  aponeurosis  is  then  slit  in 
the  direction  of  its  fibers  for  a  distance  of  five  to 
six  centimeters  from  the  external  ring,  care  being 
taken  not  to  wound  the  underlying  structures.  The 
upper  lip  of  the  aponeurosis  is  then  stripped  from  the 
surface  of  the  internal  oblique  and  the  sheath  of  the 
rectus  for  a  distance  upward  of  about  three  centi- 
meters. This  separation  is  important,  as  it  facilitates 
the  bringing  down  of  the  fibers  of  the  internal  oblique 
in  the  final  steps  of  the  operation.  The  tissues 
covering  the  cord  and  sac  are  similarly  stripped  from 
the  lower  lip  of  the  aponeurosis  until  the  deep  surface 
of  Poupart's  ligament  is  well  exposed  as  far  as  its 
insertion  to  the  pubic  spine.  This  clearing  of  the 
deep  surface  of  the  external  oblique  is  best  done  by 
blunt  dissection,  the  instrument  being  swept  toward 
the  middle  line  in  the  direction  of  the  aponeurotic 
fibers. 

The  sac  and  cord  enclosed  in  their  coverings  now 
lie  freely  exposed,  and  the  second  step  of  the  opera- 
tion, the  isolation  of  the  sac,  is  commenced.  A 
longitudinal  incision  is  made  through  the  cremasteric 
and  transversalis  fascia,  exposing  the  sac  at  its  upper- 
most part  (Fig.  3148).  The  assistant  now  catches 
the  sac  with  two  toothed  forceps,  one  at  each  extrem- 
ity of  the  incision,  and  lifts  it  upward,  while  the 
operator  seizing  the  margin  of  the  fascia  nearest  to 
him,  i.e.  on  the  outer  aspect  of  the  sac,  draws  it 
away  from  the  sac.  The  vessels  of  the  cord  now 
appear  and  must  be  freed  from  the  sac  by  a  few  light 
touches  of  the  knife.  Just  beneath  the  vessels  on 
the  outer  side  of  the  sac  the  vas  deferens  is  recognized 
and  is  to  be  freed  in  a  similar  manner.  The  operator 
in  grasping  these  structures  should  use  smooth  forceps 
and  make  very  light  pressure.  As  the  dissection  is 
carried  around  the  sac  the  assistant  shifts  his  hold, 
so  that  at  all  times  the  sac  is  kept  tense.  If  any  vessel 
is  divided  in  this  dissection  it  should  be  immediately 
caught  and  tied  so  that  the  field  may  not  be  obscured. 

The  cord  now  being  isolated  from  the  neck  of  the 
sac,  the  finger  is  inserted  between  it  and  the  sac 
from  without  inward,  and  curved  about  the  latter; 
in  this  way  the  remaining  attachments  of  the  fascia 
on  the  inner  aspect  of  the  sac  are  easily  stripped  off 
over  the  point  of  the  finger  and  the  neck  is  completely 
circumscribed.  The  direction  of  the  encircling  finger 
may  now  be  reversed,  and  the  stripping  of  the  sac  can 
be  readily  accomplished  by  pushing  the  cord  away 
from  it  with  gauze,  this  being  aided  by  a  few  touches 
of  the   knife. 

If  this  procedure  is  carried  out  with  extreme  gentle- 
ness subsequent  swelling  of  the  cord  rarely  occurs. 

The  fundus  of  the  sac  having  been  freed,  it  is  lifted 
up,  and  the  internal  oblique  having  been  retracted 
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to  expose  the  internal  ring,  the  freeing  of  the  sac  is 
carried  upward  beyond  its  neck  to  the  point  where  il 
flares  out  into  the  parietal  peritoneum.  <  )n  the  inner 
aspect  of  the  neck  considerable  subperitoneal  fat  will 
be  found,  and  in  large  indirect  as  well  as  in  direct 
herni;e  this  may  contain  the  bladder.  In  congenital 
hernia  the  sac  is  cut  in  two,  the  lower  portion  being 
of  sufficient  size  to  cover  the  testicle,  over  which  it  is 
sutured. 

The  third  step  of  the  operation  comprises  opening 
of  the  sac,  reduction  of  its  contents,  and  ligation  of 
the  neck.  Adherent  masses  of 
omentum  are  treated  in  the 
usual  manner  by  chain  ligation. 
Ligation  of  the  sac  is  done  by 
drawing  it  down  as  far  as  possi- 
ble, its  mouth  being  kept  open, 
and  then  transfixing  its  neck  as 
high  as  possible  with  a  needle 
carrying  heavy  catgut.  The 
ligature  is  tied  around  each  half 
of  the  neck  separately  and  then 
around  the  entire  neck,  and  the 
sac  is  cut  off.  If  the  neck  is  too 
large  for  ligation  it  must  be 
sutured  (Fig.  3149). 

The  fourth  step  is  the  most 
important,  and  herein  lies  the 
peculiarity  of  the  Bassini  opera- 
tion, namely,  the  transplanta- 
tion of  the  cord  and  the  suture 
of  the  internal  oblique*  to 
Poupart's  ligament.  The  cord 
is  first  freed  from  its  bed  and 
retracted  to  the  outer  part  of 
the  incision  against  the  point  of 
origin  of  the  internal  oblique 
from  Poupart's  ligament. 

The  first  stitch  is  taken  on 
the  inner  side  of  the  cord,  the 
needle  passing  through  the 
whole  thickness  of  the  internal 
oblique  1.5  to  2  centimeters  from 
its  margin,  and  then  picking  up 
the  deep  shelving  portion  of 
Poupart's  ligament.  This  suture 
should  just  touch  the  cord  when 
it  is  held  at  right  angles  to  the 
wound.  Three  or  four  similar 
sutures  are  then  taken  until  the 
spine  of  the  pubis  is  reached. 
The  last  suture  takes  in  the 
conjoined  tendon,  and  it  is  often 
better  to  include  also  in  it  the 
margin  of  the  rectus,  especially 
when  the  insertion  of  the  internal 
oblique  does  not  extend  down  to 
the  pubic  spine  (Fig.  3150). 

The  writer,  following  the  example  of  W.  B.  Coley, 
always  puts  a  suture  on  the  outer  side  of  the  cord,  but 
he  differs  from  Coley  in  that  he  inserts  and  ties  it  up 
before  the  other  sutures  are  introduced,  while  Coley 
puts  it  in  last.  This  suture  subserves  two  purposes: 
it  gives  the  muscular  fibers  a  lower  plane  at  their  origin 
and  it  places  the  point  of  emergence  of  the  cord  at  a 
greater  distance  from  the  internal  abdominal  ring, 
thus  giving  the  latter  additional  protection.  The 
sutures  should  be  tied  without  tension  to  avoid 
strangulation  of  the  muscle  fibers. 

The  best  suture  material  is  one  that  will  be  ab- 
sorbed in  about  thirty  days.  Kangaroo  tendon  fulfils 
this  condition  best,  then  chromicized  catgut.  Non- 
absorbable suture  material  should  not  be  used,  for 
the  sutures  are  only  supposed  to  hold  until  repair 
has  taken  place.     It  is  well  known  that  any  suture 

*The  internal  oblique  muscle  is  alone  mentioned,  since  it  is 
practically  the  only  structure  sutured  to  the  ligament.  See  the 
section  on  Anatomy. 


will  cut.   through   tissue,   even   bone  if  there  is  a  con- 
stant   strain    upon    il.     Furthermore    non-absorbent 
sutures  ad  as  foreign  bodies  and  promote  cicatricial 
tissue  formation  if  not  infection  and  suppuration. 
The  nexl  step  is  the  suturing  of  the  external  ob- 

lique  which  is  done  SO  as  to  include  the  cord  between 

ii  ami  the  interna]  oblique.     A  continuous  suture  is 
sufficient,  or  the  aponeurosis  may  be  imbricated. 

The  cutaneous  incision  is  then  clo.-ed  with  or  without 

drainage,  according  to  the  operator's  technique. 
In  the  female  the  steps  of  the  Bassini  operation  are 


Fia.  314S. — Operation  for  the  Radical  Cure  of  Inguinal  Hernia,  Bassini's  Method. 
External  oblique  divided  and  retracted.  Sac  in  place.  Line  indicates  incision  pre- 
liminary to  separation  of  cord  from  sac. 


carried  out  as  in  the  male,  with  the  exception  that  in 
the  description  of  the  procedures  the  round  ligament 
is  to  be  understood  whenever  the  cord  is  mentioned. 

The  writer,  however,  believes  it  to  be  a  mistake  to 
transplant  the  round  ligament  (vide  infra). 

Suture  of  the  muscles  without  transplantation  of  the 
cord,  i.e.  restoration  of  the  inguinal  canal,  was  prac- 
tised consistently  on  most  hernias  in  children  by 
W.  T.  Bull  in  the"  early  '90's  (Bull  and  Coley11)  and  is 
the  essential  principle  of  the  Ferguson  operation. 
In  the  opinion  of  the  writer  it  should  be  the  choice 
of  methods  when  the  transversalis  fascia  forming  the 
dorsal  wall  of  the  inguinal  canal  is  well  developed; 
that  is  in  small  and  oblique  hernia1,  and  when  the 
internal  oblique  muscle  is  well  developed  and  can  be 
easily  approximated  to  Poupart's  ligaments  (vide 
infra,  Discussion  of  Choice  of  Methods). 

Transplantation  of  the  Rectus  Muscle. — To  meet  the 
condition  in  which  the  transversalis  fascia  forming  the 
dorsal  wall  of  the  canal  is  deficient  and  the  neck  of  the 
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hernia  is  very  law,  Bloodgood12  devised  a  must 
excellent  method  of  transplanting  the  rectus  muscle 
by  slitting  its  deep  or  dorsal  sheath  and  drawing  it 
down  with  the  internal  oblique  to  Poupart's  ligament 
This  method  is  superior  to  Wolfler's13  in  that  the  latter 
operator  slits  the  ventral  sheath,  thus  destroying 
the  insertion  of  the  internal  oblique  and  transversalis 
at  that  point.  Bloodgood  originally  did  his  operation 
in  conjunction  with  the  Halsted  operation  (Fig. 
3154).     The  writer  has  used  his  method  of  opening 
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Fig.  3149. — Operation  for  the  Radical  Cure  of  Inguinal  Hernia.  Bassini'a  method. 
The  margins  of  the  aponeurosis  of  the  external  oblique  muscle  are  retracted  horizontally, 
the  internal  oblique  upward,  exposing  the  site  of  ligature  of  sac  at  the  internal  ring. 
The  cord  lies  on  the  transversalis  fascia. 


the  sheath,  but  has  stitched  the  rectus  to  Poupart's 
ligament  first  and  brought  the  internal  oblique  down 
in  front  of  it  as  in  the  Bassini  operation.  This 
procedure  is  of  great  value  when  there  is  a  large 
undefended  space  as  is  usually  the  case  in  direct 
hernia.  In  these  cases  (vide  supra,  Anatomy)  the 
lower  border  of  the  internal  oblique  muscle  is  a  con- 
siderable distance  cephalad  to  Poupart's  ligament, 
and  bringing  down  the  rectus  muscle  lowers  the 
insertion  of  the  internal  oblique  thus  permitting  its 
lower  border  to  be  approximated  to  Poupart's  liga- 
ment with  much  less  tension. 

Halsted's  Method.12 — The  cutaneous  incision, 
slightly  more  vertical  than  the  Bassini,  having  been 
made,  the  knife  is  carried  down  from  the  outermost 
part    of  the    external  ring  through  the  aponeurosis  of 


the  external  oblique,  the  internal  oblique  and  trans- 
versalis muscles,  and  the  transversal!-  fascia  to  :i 
poinl  two  centimeters  above  and  slightlj  lateral  to 
the  internal  ring.  The  sac  is  isolated  as  high  as  pos- 
sible and  resected,  and  the  peritoneum  is  sutured. 

The  veins  of  the  cord  are  exci  ed  with  the  exception 
of  one  or  two.  Mattress  sutures  are  then  introduced 
through  the  entire  thickness  of  the  abdominal  wall 
above,  with  theexception  of  the  skin  and  peritoneum, 
and  through  the  transversalis  fascia,  Poupart's  liga- 
ment, and  the  aponeurosis  of 
the  external  oblique  below,  the 
sutures  passing  beneath  the  cord, 
so  that  when  they  are  tightened 
the  cord  lies  directly  beneath  the 
skin.  The  sutures  are  passed  so 
that  the  distal  cut  ends  of  the 
internal  oblique  are  sutured  to 
Poupart's  ligament;  thus,  as  it 
were,  rotating  the  muscle.  Hal- 
sted usually  employs  silver  wire 
(Figs.  3152  and  3153).  It  is  at 
once  seen  that  there  are  marked 
differences  between  this  method 
and  Bassini's.  These  are:  1. 
The  division  of  the  internal 
oblique  muscle.  2.  The  trans- 
plantation of  the  cord  to  a 
position  between  cut  ends  of 
muscle  fibers.  3.  The  bringing 
of  the  cord  in  a  direct  line 
through  the  entire  muscular  wall. 

4.  The    excision    of    the   veins. 

5.  The  suture  en  masse  of  the 
muscle.  These  differences  are 
considered  by  some  to  be  objec- 
tions. 

In  fact,  in  the  relapses  after 
Halsted's  operation  the  descent 
usually  occurs  along  the  cord, 
and  in  order  to  obviate  this  he 
has  lately  transplanted  the  vas 
deferens  alone.  The  failures  of 
the  operation  may  be  attributa- 
ble to  the  first  three  of  the 
points  above  enumerated.  The 
excision  of  the  vein  has,  more- 
over, led  to  atrophy  of  the  testi- 
cle in  some  cases. 

Bloodgood's  Method12  is  the 
same  as  Halsted's,  with  the  ad- 
dition, already  mentioned,  of 
including  the  rectus  drawn  out 
of  its  sheath  in  the  lower  mat- 
tress sutures  (Fig.  3154). 
_  The  distinguishing  features  of 
Koeher's  and  Macewen's  methods 
consist  chiefly  in  their  treatment 
of  the  sac. 

Koeher's  Method. — The  apo- 
neurosis of  the  external  oblique 
is  exposed  but  not  divided.  The 
sac  is  separated  from  the  cord  and  the  separation  is 
carried  up  to  the  internal  ring  where  the  sac  is  ligated. 
A  forceps  is  now  thrust  through  the  external  oblique 
aponeurosis  above  Poupart's  ligament  and  the  sac 
is  caught  and  drawn  out  of  this  opening.  It  is  then 
laid  on  the  surface  of  the  aponeurosis,  which  is 
plaited  over  it  with  a  sort  of  Lembert  suture.  These 
sutures  also  narrow  the  canal  (Figs.  3155  and  3156). 
Macetven's  Method. — In  this  method  the  sac  is 
folded  with  a  sort  of  accordion  plait  by  means  of  a 
suture,  passed  from  its  extremity  back  and  forth 
through  both  its  walls;  the  suture  is  then  continued 
through  the  transversalis  fascia  and  the  muscles  above 
the  internal  ring  in  a  direction  from  within  outward. 
The  sac  thus  forms  a  pad  at  the  ring.  The  internal 
ring  is  then  narrowed  by  suturing  the  transversalis 
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fascia  above  it  to  Poupart's  ligament  with  a  mattress 
suture.     Several  stitches  may  be  inserted. 

The  objection  to  these  last  two  methods  is  that  the 
sac,  when  stripped,  and  especially  when  limited,  is 
practically  effete  material,  and  it  is  unsurgical  to 
retain  it  in  the  body. 

Fowler's  Method. — The  posterior  wall  of  the  canal, 
consisting  of  the  transversalis  fascia  and  peritoneum, 
is  [divided  from  the  internal  ring 
inward  to  the  border  of  the  rectus, 
and  the  cord  is  displaced  to  this 
point.  The  internal  ring  and  the 
transverse  incision  are  then  closed. 
The  incision  divides  the  deep 
epigastric  vessels.  The  canal  may 
be  closed  by  suture  of  the  internal 
oblique  to  Poupart's  ligament. 
This  procedure  is  of  particular 
value  in  cases  associated  with 
undescended  testicle,  in  order  to 
obtain  additional  length  of  cord. 

Lucas-C  hampionniere' s  Method. 
— The  peculiarity  of  this  method 
lies  in  the  manner  of  closing  the 
canal.  The  muscles  and  aponeu- 
rosis of  the  upper  lip  of  the  wound 
are  brought  down  over  the  apo- 
neurosis of  the  lower  lip  and  re- 
tained by  mattress  sutures,  thus 
producing  an  overlap. 

Remarks. — The  chief  accidents 
happening  from  operations  for 
radical  cure  are  injury  of  the  vas 
deferens,  hemorrhage  from  omen- 
tal stumps,  to  be  avoided  by  in- 
cluding only  small  masses,  pneu- 
monia following  the  anesthesia, 
and  sepsis.  The  occurrence  of 
sepsis  largely  increases  the  per- 
centage of  relapses. 

The  mortality  is  slight.  Bull 
and  Coley9  have  found  it  to  be 
0.9  per  cent,  in  10,000  operations 
performed  between  1886  and  1897. 
In  2,000  later  operations  the  mor- 
tality was  less  than  0.2  per  cent. 
No  operations  for  strangulated 
hernia  are  included  in  these  lists. 

As  a  rule  children  under  four 
years  of  age  and  adults  over  fifty 
should  not  be  operated  upon, 
inasmuch  as  many  children  are 
cured  by  the  wearing  of  a  truss, 
and  in  the  aged  the  hernia  can  be 
controlled  by  truss  with  less  in- 
convenience than  in  the  younger 
and  more  active,  while  the  dan- 
gers of  operation  are  greater. 
Patients  with  bronchitis  should 
defer  operation;  but  in  cases  of 
chronic  respiratory  diseases,  and 
when  the  necessity  presses,  it  may  be  done  under 
local  anesthesia  after  Cushing's  method.  As  before 
stated,  large  irreducible  hernia3  are  not  suitable  for 
operation.  The  best  results  are  obtained  in  children 
and  young  adults. 

A  routine  method  should  not  be  employed.  The 
operation  should  be  modified  to  meet  the  conditions 
present  in  any  given  case. 

As  already  stated,  in  children  and  in  cases  where 
the  dorsal  wall  of  the  inguinal  canal  is  strong  the 
internal  oblique  muscle  should  be  attached  to  Pou- 
part's ligament  without  transplantation  of  the  cord. 
In  direct  hernias  or  in  large  oblique  hernias  that  are 
practically  direct,  the  cord  should  be  transplanted 
with  or  without  drawing  the  rectus  muscle  down. 
Imbrication  of  the  aponeurosis  of  the  external  oblique 
is  of  doubtful  value,  because  in  order  to  imbricate  it, 


it  must  be  denuded  on  both  surfaces  and  its  vitality 
is  thereby  impaired.  In  direct  hernia-  the  trans- 
versalis fascia  should  be  .sutured  and  if  possible  over- 
lapped to  overcome  its  laxity.  In  this  variety  it 
is  impossible  sometimes  to  ligate  the  sac  which 
must  therefore  be  sutured  also. 

Statistics  which  are  based  on  a  routine  procedure 
without   selection  still  show  the  best    results  from   the 


Fig.  3150. — Operation  for  the  Radical  Cure  of  Inguinal  Hernia,  Bassini'a  Method. 
Sac  removed,  cord  drawn  aside,  and  lower  libera  of  the  internal  oblique  and  trans- 
versa^ muscles  stitched  to  Poupart's  ligament  from  without  inward.  The  transversalis 
fascia  appears  at  the  deepest  part  of  the  field  of  operation.  The  stitches  should 
grasp  more  of  the  interior   oblique  muscle  than  is  shown  in  the  drawing. 


Bassini  operation  which  goes  to  prove  that  it  is  a 
thoroughly  good  procedure,  and  also  that  operation 
without  transplantation  of  the  cord  should  be  re- 
stricted to  selected  cases.  In  1900  when  this  article 
was  first  written  the  statement  was  made  that  the 
percentage  of  relapses  after  the  Bassini  operation  was 
probably  not  greater  than  five  in  good  hands.  Coley14 
reports  500  cases,  chiefly  in  children,  traced  with  6 
relapses.  Galeazzi15  has  collected  1,334  cases  operated 
upon  by  surgeons  out  of  Italy,  with  only  2.16  per  cent, 
of  relapses.  The  Halsted  method  has  given  6.5 
per  cent,  relapses. 

The  latest  statistics  up  to  1913  give  about  the  same 
results,  but  if  the  cases  were  divided  into  two  classes 
the  first  comprising  those  in  children  and  those 
with  small  oblique  hernise  and  the  second,  those  in 
older  patients  with  larger  hernia;  and  direct  hernia?, 
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the  discrepancy  in  the  results  would  be  found  to  be 
great  and  that  then  would  probably  be  at  least  twenty- 
five  per  cent,  of  relapses  in   the  later  class  of  cases. 


aeci  ■"  after  operation  for  any  variety  of  hernia, 
although  sometimes  for  especial  reasonea  longer  period 
may  be  desirable. 

Trusses  Aft  i  Opi  <  a- 
liim.  In  children  and 
young  adults  in  whom 
there  is  (food  muscular 
development  and  the 
hernia  has  not  been 
i  i  •■:  large,  a  truss  is 
unnecessary.  Eacl 
has  to  be  judged  by 
itself. 


Femoral  Hernia. — A 
femoral  hernia  is  one 
thai  descends  in  or 
alongside  the  femoral 
sheath.  The  most  com- 
mon form  is  that  in 
which  the  gut  or  omen- 
tum descends  through 
the  crural  canal,  which 
lies  ,,t  the  mesal  side  of 
the  femoral  vein.  In 
rare  cases  the  hernia 
may  descend  in  front 
of  the  vessels  or  even 
on  their  lateral  aspect. 

The    name    II 
bach's  hernia  has  been 
given  to  the  one  descend- 


B 


Fig.  3151. — Operation  for  1 1  ■  ■  I  Linal  Hernia.     Baseini's  Method.    A,  Arched  mus- 

cular fibers  and  conjoined  tendon  (6)  sewed  to  Poupart's  ligament  (o) ;  c,  aponeurosis  of  external  oblique 
muscle.  B.  Aponeurosis  of  external  oblique  (a)  Bewed  with  continuous  suture  to  Poupart's  ligament  (b). 
I  I  nun  "Bryant's  Surgery."     D.  Appleton  &  Co.) 


Hi  r nia  Associated  with  Undescended 
T<  sticle. — The  treatment  of  this  condition 
is  still  the  subject  of  considerable  contro- 
versy. The  weight  of  opinion  seems  to 
he  that  children  under  ten  or  twelve  years 
of  age  should  have  mechanical  treatment 
if  a  truss  can  be  constructed  so  as  to 
crowd  the  testicle  down.  In  case  of 
operation  the  testicle  should  be  preserved 
if  possible. 

Anchoring  of  the  testicle  to  the  bottom 
of  the  scrotum  is  useless,  it  should  rather 
be  crowded  down  by  passing  deep  sutures 
through  the  deep  fascia  of  the  canal. 

The  cord  should  not  be  transplanted, 
as  distance  can  be  gained  otherwise. 

Fowler's  method  of  dividing  the  trans- 
versalis  fascia  so  as  to  allow  the  cord  to 
pass  straight  through  the  abdominal  wall 
at  the  external  ring  affords  more  distance. 

Bevan's  method  of  dividing  the  vessels 
of  the  cord  increases  its  length  so  that  in 
nearly  all  cases  the  testicle  can  be  brought 
down  into  the  scrotum.  Care  should  be 
taken  not  to  divide  too  many  vessels  and 
cause  necrosis  of  the  gland. 

Operations  in  children  under  fourteen 
years  give  the  best  results,  as  the  testicle 
is  more  likely  to  become  scrotal  if  re- 
tained outside  the  external  ring  before  the 
changes  incident  to  puberty  have  taken 
place.  In  the  opinion  of  the  writer  the 
best  age  at  which  to  operate  is  in  the 
eighth  or  ninth  year. 

Postoperative  Treatment.— The  patient 
remains  in  bed  in  the  reclining  position 
for  seven  to  fourteen  days  depending  upon 
the  ideas  of  the  operator,  but  since  the 
repair  tissue  is  not  firm  until  about  the 
fourteenth  day  it  would  seem  folly  to  risk 
the  result  of  the  operation  for  the  slight 
inconvenience  of  a  few  additional  clays  in 
bed.      This  may  be  stated  as  the  time 


Fio.  3152. — Operation  for  the  Radical  Cure  of  Inguinal  Hernia.  Halsted's 
Method.  Veins  ligatured  and  resected.  Mesocord  torn  only  at  its  center. 
Silver  sutures  inserted,  one  above  and  four  below  the  cord.  (From  "Bryant's 
Surgery.") 
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ing  in  the  lacuna  muscularis  on  the  outer  side  of  the 
femoral  artery;  Cloquet's  hernia  to  the  one  that  de- 
scends through  the  compartment  for  the  femoral  vein 
on  its  mesal  aspect,  spreading  out  on  the  pectineus 


Fig.  3153. — Operation  for  the  radical  Cure  of   Inguinal  Hernia. 
Halsted's    Method.     Aponeurosis  of  external    oblic 
silver-wire  mattress  sutures,  ends  bent 
down  and  buried.     (From   "Bryant's 
Surgery."     D.  Appleton  &  Co.) 


muscle,  and  Laugier's  hernia  to 
one  descending  through  Gim- 
bernat's  ligament.  Retrovas- 
cular  hernias  have  been  men- 
tioned but  it  is  doubtful  if  they 
can  occur  (Moschcowitz16). 

Anatomy. — T  he  femoral 
sheath  is  formed  by  the  fun- 
nel-shaped process  of  the 
transversalis  fascia,  which  is 
prolonged  from  the  abdominal 
cavity  downward  dorsad  to 
Poupart's  ligament  into  the 
thigh  to  form  the  sheath  of  the 
femoral  vessels.  The  sheath  is 
too  large  for  the  vessels  at  its 
commencement  but  contracts 
at  the  saphenous  opening  to 
enclose  them  snugly.  Thus  a 
space  not  occupied  by  the 
vessels  is  left  on  the  mesal  side 
of  the  vein,  and  is  known  as 
the  crural  canal.  Its  ventral 
boundary  is  Poupart's  liga- 
ment; its  mesal  Gimbernat's 
ligament;  its  dorsal  the  iliopec- 
tineal  line,  Cooper's  ligament, 
and  the  pectineus  muscle;  and 
its  lateral  the  femoral  vein 
from  which  it  is  separated  by  a 
septum  of  fascia.  The  space 
is  filled  with  loose  areolar  tis- 
sue, the  septum  crurale,  and  a 
small  lymph  node  (Fig.  3157). 

The  deep    epigastric  artery 


passes  up  on  the  lateral  aspect  of  the  canal.  In  about 
thirty  per  cent,  ol  casesthe  obturator  artery  is  given 
off  from  the  deep  epigastric  and  then  is  in  relation 
with  the  crural  canal;  although  it  generally  passes 
downward  lc>  the  obturator  canal  on  the  lateral  aspect 
of  the  crural  canal,  ye1  in  three  per  cent,  of  all  cases  it 
passes  down  on  its  mesal  aspect  and  is  then  subject 
to  injury  in  herniotomy. 

A  hernia  descending  through  the  crural  ring  acquires 
as  coverings  the  peritoneum,  the  subperitoneal  fat 
which  is  usually  very  thick,  the  septum  crurale,  the 
transversalis  fascia,  derived  from  the  femoral  sheath, 
the  cribriform  fascia,  and  the  superficial  fascia  and 
skin. 

The  protrusion  appears  in  the  thigh  below  the  fold 
formed  by  Poupart's  ligament  and  below  and  laterad 
•  to  the  pubic  spine.  It  is  usually  small  and  globular 
or  hemispherical  in  shape.  It  may  extend  down  the 
thigh  as  far  as  its  middle  or  even  farther.  Occasionally 
it  turns  upward,  and  passim;  above  Poupart's  liga- 
ment may  be  mistaken  for  an  inguinal  hernia.  Very 
rarely  it  may  become  scrotal  or  labial.  The  contents 
of  the  sac  are  more  commonly  entirely  omental  than 
in  inguinal  hernia.  The  omentum  usually  becomes 
adherent  early,  especially  at  the  ueck  of  the  sac. 
The  intestine  is  more  apt  to  become  strangulated  than 
in  inguinal  hernia,  and  gangrene  supervenes  more 
quickly.  Ferguson"  has  described  a  femoral  hernia 
containing  the  testicle. 

Occurrence  of  Femoral  Hernia. — Femoral  hernia 
occurs  more  commonly  in  women  than  in  men,   the 
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Fig.  3154. — Operation  for  the  Radical  Cure  of  Inguinal  Hernia.  Bloodgood's  modification  of 
Halsted'a  Method.  Cord  removed  so  as  not  to  obscure  demonstration,  a,  a.  Divided  bor- 
ders of  internal  oblique  muscle;  b,  b',  ends  of  resected  cord.  (From  "Bryant's  Surgery," 
D.  Appleton  &  Co.) 


221 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


ratio  being  about  3  to  1  in  persons  under  fifty  years 
of  age.  After  this  age  the  proportion  of  women 
ruptured  decreases  so  rapidly  that  the  relative  fre- 
quency in  the  two  sexes  is  nearly  the  same.  As 
compared  with  inguinal  hernia  the  frequency  is 
1  to  17  according  to  the  statistics  of  the  Hospital 
for  Ruptured  and  Crippled"  according  to  Macready' 
the  ratio  is  8  to  92.  According  to  the  same  author, 
of  100  men  ruptured,  97.5  per  cent,  have  inguinal 
and  2.5  per  cent,  femoral  hernia.  Of  100  women 
ruptured  00.3  have  inguinal  and  39.7  per  cent,  fem- 
oral hernia. 

As  to  the  period  of  incidence,  it  is  uncommon  in 
early  life,  but  occurs  with  greatest  frequency  in 
persons  between  sixteen  and  fifty  years  of  age. 

Causes  predisposing  to  it  are  weakening  of  fascia 
resulting  from  stretching  of  the  abdominal  wall  in 
pregnancy,  and  the  greater  size  of  the  crural  canal 
in  women.  Femoral  hernia  sometimes  follows  opera- 
tion for  inguinal  hernia  because  of  the  pulling  upward 
of  Poupart's  ligament  by  the  muscles  sutured  to  it, 
thus  enlarging  the  femoral  canal. 

Diagnosis. — Psoas  abscess,  inguinal  hernia,  and 
saphenous  varix  may  be  confounded  with  reducible 
femoral  hernia,  inflammation  and  new  growths  of 
the  lymph  nodes  with  the  irreducible  form.  In 
fat  females  the  diagnosis  between  femoral  and  small 
inguinal  hernise  it  not  always  easy. 

Treatment. — Unless  contraindicated  by  general 
considerations,  all  femoral  hernia-  should  be  operated 
upon  for  the  following  reasons:  They  are  more  dan- 
gerous than  inguinal  hernia',  thej  are  practically 
incurable  by  mechanical  means,  the  operation  is 
simple,  and  by  it  permanent  cure  is  nearly  always 
obtained. 

Bassini's  Method.  The  sac  is  exposed  by  an  in- 
cision parallel  with  and  slightly  below  Poupart's 
ligament.  Having  been  cleared  of  fat  and  separated 
from  the  canal,  the  sac  is  drawn  down  as  far  as  possi- 
ble, transfixed,  and  ligated,  after  reduction  of  its  con- 
tents, and  the  stump  is  allowed  to  recede  into  the 
abdominal  cavity.  Poupart's  ligament,  the  pubic 
portion  of  the  fascia  lata,  and  the  canal  having  been 
well  cleared  of  fat,  interrupted  sutures  are  now  in- 
troduced so  as  to  unite  Poupart's  ligament  with  the 
pubic  portion  of  the  fascia  lata  covering  the  pectineus 
muscle,  care  being  taken  to  avoid  the  femoral  vein. 

The  upper  sutures  are  inserted  parallel  with  Pou- 
part's ligament  and  pass  into  the  pectineus  muscle. 
The  lower  sutures  unite  the  falciform  procdss  to  the 
pubic  portion  of  the  fascia  lata.  The  canal  is  thus 
closed  (Fig.  3158). 

Purse-string  Method.  The  procedure  in  this  method 
is  the  same  as  in  the  Bassini  operation,  with  the 
exception  that  the  canal  is  closed  with  a  single 
purse-string  suture  passed  in  the  following  manner: 
A  curved  needle  is  introduced  through  Poupart's 
ligament  and  picks  up  the  superficial  fibers  of  the 
pectineus  and  its  fascia,  the  falciform  process,  and 
finally  emerges  through  Poupart's  ligament  a  short 
distance  from  its  point  of  entrance  (Fig.  3159). 
When  the  canal  is  very  large  Bassini's  method  is 
preferable. 

The  writer19  has  successfully  employed  a  method  by 
which  not  only  the  opening  below  but  the  entire 
canal  is  obliterated.  The  incision  is  made  parallel 
to  Poupart's  ligament  and  the  external  pillar  of  the 
inguinal  ring  is  thoroughly  exposed.  After  the  usual 
treatment  of  the  sac,  a  mattress  suture  is  inserted 
through  the  external  pillar  of  the  inguinal  ring  and 
parallel  to  it  so  as  to  unite  the  pillar  and  its  deep 
tissues  to  Cooper's  ligament.  This  stitch  closes  the 
upper  end  of  the  canal  and  the  lower  end  is  then  closed 
by  uniting  the  falciform  process  to  the  fascia  of  the 
pectineus. 

Gordon's  Method.  This  method  has  been  ad- 
vocated by  Bacon.18  The  incision  commences  two 
centimeters  above  Poupart's  ligament  and  five  centi- 
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meters  from  the  pubic  spine;  it  then  passes  parallel 
with  the  ligament  to  a  point  opposite  the  canal,  where 
it  turns  down  over  the  sac,  thus  exposing  the  aponeu- 
rosis of  the  external  oblique,  and  the  sac.  Th( 
is  isolated,  its  contents  are  reduced,  and  then  the 
sac  is  resected  and  sutured  or  ligated  flush  with  the 
peritoneum.  The  aponeurosis  of  the  external  ob- 
lique is  split  along  its  fibers,  thus  opening  the  inguinal 
canal,  the  contents  of  which  are  then  separate.!  from 
its  lower  surface,  exposing  the  deep  part  of  Poupart's 
ligament. 

The  transversalis  fascia  forming  the  femoral  sheath 
is  then  separated  from  the  ligament,  thus  opening  the 
femoral  canal.  All  the  subperitoneal  fat  and  connec- 
tive tissue  are  removed  from  this  region,  and  the 
internal  oblique  is  united  with  mattress  sutures  to 
the  ligamentum  Cooperi  and  the  pectineus  muscle  in 
such  a  manner  as  to  cause  its  lower  margin  to  be 
everted.  The  canal  is  thus  closed  by  muscular 
tissue.  The  wound  in  the  external  oblique  is  then 
sutured  and  this  is  followed  by  closure  of  the  super- 
ficial wound. 

Barclescu20  has  described  a  method  similar  to 
( iordon's. 

Pilcher-1  draws  the  stump  of  the  sac  up  behind  the 
abdominal  wall  by  passing  the  ends  of  the  ligature 
on  a  needle  through  the  wall  above  the  inguinal  canal 


Fig.  3155. — Operation  for  the  Radical  Cure  of  Inguinal  Hernia. 
Kocher's  Method.  Sac  separated  and  end  seized  by  forceps 
passed  through  the  transverse  incision  (a)  down  the  inguinal 
canal.     (From    "Bryant's   Surgery."     D.  Appleton  &  Co.) 


and  tying  them  on  the  outside.  Cavazzani22  passes 
a  mattress  suture  through  the  pectineus  and  the  ob- 
turator foramen  up  behind  the  horizontal  ramus  of 
the  pubes  so  as  to  catch  Poupart's  ligament  and  pull 
it  down  behind  the  ramus. 

Results  of  Operation  for  Femoral  Hernia. — The  re- 
sults of  operation  have  been  good  and  it  seems  strange 
that  so  many  methods  have  been  evolved.  Bassini 
reports  fifty-four  cases,  forty-one  traced,  with  no 
deaths  and  no  relapses.  Coley  has  operated  in  the 
some  number  of  cases  (by  Bassini's  and  the  purse- 
string  methods),  most  of  which  have  been  traced, 
with  no  deaths  and  but  one  relapse  in  a  Bassini  op- 
eration in  which  suppuration  occurred. 
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Degarmo23  reports  110  operations  by  a  single 
method,  i.e.  suture  of  the  free  edge  of  Poupart'a  liga- 
ment to  the  pubic  bone,  with  two  relapses. 


Fig.  3156. — Operation  for  the  Radical  Cure  of  Inguinal  Her- 
nia. Kocher's  Method.  Sac  drawn  downward  on  aponeurosis 
and  sewed  in  place.  (From  "  Bryant's  Surgerv."  D.  Appieton 
&  Co.) 


Umbilical  Hernia. — Umbilical  hernia;  are  divided 
into  three  classes:  1  Congenital  umbilical  hernia. 
2.  Infantile  umbilical  hernia.  3.  Adult  umbilical 
hernia. 

Congenital  Umbilical  Hernia  or  Hernia  of  the  Cord. — 
This  condition  is  very  rare,  occurring  according  to 
Linfors21  once  in  5,184  cases.  In  embryos  of  ten 
millimeters,  and  that  have  not  reached  beyond  the 
tenth  week  of  development,  a  portion  of  the  intestine 


Fio.  3157. — Transverse  Section  below  Poupart's  Ligament. 
a,  Anterior  superior  spine  of  the  ilium;  6,  iliac  fascia;  c,  anterior 
crural  nerve;  d,  femoral  artery;  c,  femoral  vein; /,  septum  crurale; 
17,  Gimbernat's  ligament;  h.  spine  of  pubis;  i,  pectineal  fascia; 
j,  Hio-pectineal  eminence;  A',  iliac  bursa;  I,  rectus  femoris  muscle; 
mt  sartorius  muscle;  n,  transversalis  fascia.  (From  "Bryant's 
Surgery."     D.  Appieton  &  Co.) 


is  found  in  the  cavity  of  the  umbilical  cord  which  is 
continuous  with  the  body  cavity.  After  that  period 
the  intestine  usually  recedes  into  the  body  cavity- 
proper  and  the  umbilicus  is  funned  by  the  union  of 
the  viscera]  plates.  However,  if  development  of  the 
abdominal  wall  be  arrested,  a  varying  amount  of 
the  viscera  may  be  found  in  the  cord  at  birth. 
The  term  congenital  umbilical  hernia  is  erroneous, 
since  no  umbilicus  has  been  formed. 

The  wall  of  the  hernia  consists  of  membrane  de- 
rived from  the  same  layers  that  form  the  amnion. 
The  contents  may  be  a  varying  amount  of  intestine 
alone,  the  liver  alone,  or  the  liver,  stomach,  spleen, 
and  intestine,  i.e.  complete  eventration.  In  the 
latter  variety  the  wall  nearly  always  ruptures  at  birth 
and  death  rapidly  ensues.  In  cases  in  which  the  con- 
cents can  be  reduced  into  the  abdominal  cavity  and  the 
cavity  closed,  operation  gives  better  results  than 
palliative  measures.  Of  90  cases  collected  by  H.  E. 
SafTord21  64  were  treated  by  laparotomy  and  suture 
with  65.6  per  cent,  recoveries;  1  case  by  simple  liga- 
ture, with  recovery;  3  cases  by  percutaneous  ligature, 
with  1  recovery;  5  cases  by  Olshausen's  method,  with 
100  per  cent,  of  recoveries.  Of  15  cases  treated  ex- 
pectantly, 47  per  cent,  recovered. 

Olshausen's  method  consists  in  separation  of  the 
skin  around  the  sac,  removal  of  Wharton's  jelly,  re- 
duction of  the  hernia  en  masse  without  opening  the 
sac,  and  suture  of  the  skin. 

Infantile  Umbilical  Hernia. — This  form  occurs  in 
infancy  and  childhood  and  is  due  to  weakness  in  the 
umbilical  cicatrix.  Berger"  places  the  limit  between 
it  and  adult  umbilical  hernia  at  fifteen  vears.     It  is 


Fig.  3158. — Operation  for  the  Radical  Cure  of  Femoral  Her- 
nia. Bassini's  Method,  a.  Falciform  process;  6,  pubic  portion 
of  fascia  lata;  c.  Poupart's  ligament.  (From  "Bryant's  Surgery." 
D.  Appieton  &  Co.) 

about  equally  common  in  males  and  females,  the  ratio 
being  1  to  1.6  according  to  the  statistics  of  the 
Hospital  for  the  Ruptured  and  Crippled.  According 
to  Berger25  it  forms  22.42  per  cent,  of  all  hernia=  oc- 
curring in  male  children  and  65.34  per  cent,  of  all 
hernia?  in  female  children  under  fifteen  years  of  age. 
This  variety  is  always  reducible  and  is  quite  amenable 
to  treatment  by  a  simple  pad  or  truss  and  does  not 
require  operation. 

Adult  Umbilical  Hernia. — This  variety  is  much 
more  common  in  females  than  in  males,  constituting, 
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according  to  Berger,  22.16  per  cent,  of  all  hernia;  in 
females  and  2.5  per  cent,  of  all  hernia;  in  males  over 
fifteen  years  of  age. 

Its  greatest  frequency  is  during  the  child-bearing 
period,  and  it  is  the  mosl  common  of  all  hernia'  in 
women  at  the  age  of  forty  years. 

Two  sub-varieties  may  be  recognized,  namely, 
those  occurring  without  diastasis  and  those  accom- 
panied by  diastasis  of  the  recti.     The  first  form  em- 


Fig.  3159. — Operation  for  the  Radical  Cure  of  Femoral  Hernia 
Purse-string  suture,  Cushing's  Method.  (From  "  Bryant's 
Surgery."      D.  Appleton  &  Co.  ) 


braces  the  greater  number  of  cases  occurring  in  males ; 
the  hernia,  in  this  case  is  usually  small.  The  second 
variety  is  more  common  in  women,  and  the  tumor  may 
reach  an  enormous  size. 

The  first  form,  that  occurring  without  diastasis  of 
the  recti,  resembles  infantile  hernia  in  both  symp- 
toms and  treatment  and  rarely  requires  operation. 

Hernia  with  diastasis  is  more  serious  and  the  symp- 
toms are  often  most  distressing.  The  hernia  is  appar- 
ently due  to  the  progressive  stretching  of  the  ab- 
dominal wall  from  internal  pressure  or  from  strains. 
The  umbilicus  being  the  weakest  point  gives  way  and 
the  most  marked  protrusion  occurs  at  this  point,  al- 
though the  protrusion  may  be  diffuse  and  take  in  a 
varying  amount  of  the  linea  alba. 

The  coverings  of  the  sac  consist  of  skin  and  peri- 
toneum, little  or  none  of  the  intervening  fibrous  tissue 
remaining  between  them. 

The  contents  of  the  sac  consist  at  first  usually 
only  of  omentum  which  soon  becomes  adherent 
and  irreducible.  The  transverse  colon  is  found  in 
the  sac  more  commonly  than  any  other  part  of  the 
intestine. 

Symptoms  are  due  to  the  size  of  the  hernia  and  to 
complications,  such  as  adhesions,  obstruction,  etc. 
The  size  of  the  hernia  is  an  inconvenience  and  it  may 
ulcerate  on  account  of  the  poor  nutrition  of  its  cover- 
ings. It  may  cause  gastric  or  intestinal  symptoms 
from  the  inclusion  of  large  amounts  of  viscera  and  from 
the  dragging  of  adhesions.  Being  commonly  asso- 
ciated with  loose  and  pendulous  abdominal  walls,  it 
is  often  accompanied  by  the  symptoms  of  enterop- 
tosis.  Pain  from  adhesions  and  attacks  of  local  peri- 
tonitis are  common.  Strangulation  occurs  about  as 
frequently  in  umbilical  as  in  other  hernia;,  but  the 


mortality    from    strangulated    umbilical    hernia    is 

greater.  In  gangrenous  hernia,  according  to  Gibson,' 
the  mortality  of  umbilical  hernia  is  67  per  cent,  of 
inguinal  hernia  26  per  cent.,  and  of  femoral  hernia 
'.','  per  cent. 

Treatment. — Small  reducible  umbilical  herniae  are 
bi  i  treated  by  truss.  Many  of  the  larger  ones  can 
I"  helped  by  a  well-lifting  abdominal  support  when  a 
pad  cannot  be  worn  on  account  of  the  irreducibility 
of  the  contents. 

.Many  cases  of  hernia  in  adults  are  not  suitable  for 
operation  inasmuch  as  this  is  difficult  and  often 
prolonged  by  adhesion-,  etc.,  and  because  the  patients, 
who  are,  as  a  rule,  obese  women  in  middle  life,  bear 
operations  poorly. 

In  younger  women  of  good  fiber,  although  fat, 
especially  if  the  protrusion  is  not  too  large,  operation 
should  be  performed,  because  the  hernia  tends  to  in- 
crease in  size  and  with  the  increase  in  size  come  the 
distressing  symptoms  and  complications,  and  the 
chance  for  complete  radical  cure  diminishes.  Aside 
from  the  risk  of  operation  (the  mortality  is  about  5  per 
cent,  in  irreducible  cases),  the  success  in  regard  to 
permanent  cures  by  the  older  methods  has  not  been 
great.  According  to  Berger,23  in  30  per  cent,  of  large 
hernia'  and  15  to  20  per  cent,  of  hernia'  of  moderate 
size  relapse  occurs,  while  in  small  hernia;  the  relapses 
are  practically  nil.  In  cases  in  which  suppuration 
occurred,  the  percentage  of  relapses  was  60.  Ruge26 
reports  similar  results  in  79  cases  operated  upon. 

As  would  be  expected  from  such  poor  results,  a 
number  of  methods  of  radical  cure  have  been  devised. 
These  methods  may  be  classified  according  to  the 
method  of  repairing  the  defect  in  the  abdominal 
wall.     In  considering  operative  methods  it  must  be 
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Fig.  3160. — Operation  for  the  Radical  Cure  of  Umbilical  Hernia. 
Dauriac's  Method.  Muscular  segments  transferred  and  united, 
and  sutures  laid  for  closure.  (From  "Bryant's  Surgery." 
D.  Appleton  &  Co.) 

remembered  that  in  cases  of  diastasis  of  the  recti  the 
entire  abdominal  wall  becomes  thinned  and  stretched 
as  well  as  the  linea  alba,  so  that  the  recti  muscles  may 
become  more  than  twice  their  normal  width  and  less 
than  half  their  normal  thickness. 

Lineal  Approximation  of  Fascia  or  Fascia  and  Muscle 
(Condamin,27  Socin,  Sanger,28  Gersuny29).  After  exci- 
sion of  the  sac  and  reduction  of  its  contents,  the 
abdominal  wall  is  sutured  layer  by  layer.     In  small 
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hernia;  the  sheaths  of  the  recti  may  be  split  and  the 
muscles  themselves  approximated  as  well  as  their 
sheaths  (Socin,  Sanger).  This  method  is  unsuitable 
n  hernia  with  diastasis  of  the  recti. 

Interlacing  of  the  Recti  (Bacon,30  Dauriac31).  In 
order  to  fill  up  the  hiatus  present  after  excision  of  the 
sac,  the  inner  portions  of  the  recti 
are  split  off,  and  having  been  cut 
free  at  one  end  are  transplanted 
to  the  opposite  side,  thus  produc- 
ing an  interchange  of  portions  of 
the  recti  following  the  figure  of  a 
cross  (Fig.  3160).  The  chief  ob- 
jection of  this  method  is  the  im- 
pairment of  innervation  and  nu- 
trition in  the  transplanted  muscle. 

Involution  of  Abdominal  Wall 
(Lucas-Championniere32).  The 
margins  of  the  wound  are  turned 
in,  thus  bringing  in  apposition  the 
ventral  surfaces  of  the  aponeuro- 
sis, and  retained  by  means  of  a 
series  of  sutures  resembling  the 
Lembert  suture.  This  method  is 
applicable  only  to  cases  in  which 
the  abdominal  walls  are  very  lax. 

Flap  Operation  (Noble,33  Dia- 
konoff  and  Stark  off,34  Heinrich,35 
Hagen,36  Ferguson37).  A  flap  is 
cut  from  the  ventral  sheath  of  one 
rectus  muscle  and  is  carried  across 
and  united  to  the  sheath  of  the  op- 
posite muscle;  or  a  flap  is  taken 
from  each  sheath,  the  two  being 
joined  so  as  to  close  the  hernial 
opening.  The  margins  of  the 
flaps  may  be  united  or  the  flaps 
may  be  lapped.  The  flaps  are 
cut  so  that  their  attached  borders 
are  at  the  mesal  borders  of  the 
recti,  and  when  turned  in  and 
united  their  ventral  surfaces  be- 
come dorsal.  The  chief  objection 
is  the  lack  of  nutrition  of  these 
flaps. 

Lapping  of  the  Abdominal  Wall 
(Mayo,38  Piccoli,39  Sapiejko,40 
Blake41).  This  method  is  par- 
ticularly adapted  to  cases  with 
diastasis  of  the  recti  and  pendu- 
lous abdominal  walls.  It  is  also 
suitable  to  protrusions  in  the  linea 
alba  elsewhere  than  at  the  umbil- 
icus. It  consists  in  the  excision  of 
a  large  elliptical  area  of  skin  and  Fig. 
fat  in  either  a  vertical  or  a  trans- 
verse direction,  down  to  and  ex- 
posing, on  one  side  at  least,  very  completely  the 
sheaths  of  the  recti.  In  typical  operations  done  by 
the  writer  the  incision  has  included  an  area  from  25 
to  40  centimeters  in  length  and  15  to  20  centimeters 
in  width.  The  sac  is  partially  or  wholly  excised  and 
the  linea  alba  is  divided  for  the  whole  length  of  the 
skin  incision.  The  peritoneum  is  separated  if  possible 
from  the  dorsal  surface  of  one  rectus.  It  is  not  neces- 
sarily opened  except  at  the  hernial  sac.  One  mus- 
culo-aponeurotic  wall  is  then  lapped  over  the  other, 
as  seen  in  Fig.  3161. 

In  the  writer's  cases  the  amount  of  lapping  has 
varied  from  4  to  10  centimeters  according  to  the 
laxity  of  the  abdominal  wall.  In  one  case  the  greater 
part  of  the  sac  with  adherent  intestine  and  omen- 
tum was  lapped  under  the  opposite  rectus.  The 
margin  of  the  underlapping  side  is  sutured  to  the 
deep  surface  of  the  overlapping  side  by  mattress 
sutures  of  chromicized  gut  which  are  tied  on  the 
superficial  surface  of  the  latter.  The  margin  of 
the    overlapping    side    is    tacked    with    interrupted 
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sutures  of  the  same  material  to  the  superficial  sur- 
face of  the  underlapping  side.  The  skin  wound  is 
then  closed  without  drainage.  The  results  by  this 
method  in  the  hands  of  the  writer  and  as  reported 
by  others  have  been  excellent.  Mayo  uses  a  trans- 
verse incision  and  laps  the  upper  margin  down  over 


3161. — Operation 
of  abdominal  w 


for  the  Radical  Cure  of  Umbilical  Hernia.     Method  by  overlapping 
all.     The  right  rectus  muscle  is  lapped  in  front  of  the  left. 

the  lower  margin.  This  method  has  the  advantage 
of  not  diminishing  materially  the  capacity  of  the 
abdomen  and  can  be  used  when  the  abdominal  walls 
are  not  relaxed,  while  the  method  of  lapping  from  side 
to  side  markedly  diminishes  the  capacity  of  the  ab- 
domen and  may  seriously  incommode  respiration, 
leading  to  death  from  pneumonia  due  to  non-aeration. 
The  side  to  side  method  should  therefore  be  reserved 
for  cases  with  great  diastasis  and  lax  abdominal  walls. 

Ventral  Hernia. — Ventral  hernia  is  the  general 
term  applied  to  all  hernia?  of  the  abdominal  wall 
excepting  umbilical  and  groin  herniae.  The  hernia' 
may  occur  at  any  part  of  the  abdominal  wall.  The 
term  therefore  includes:  (1)  Hernia  in  the  linea  alba 
elsewhere  than  at  the  umbilicus;  (2)  diastasis  of  the 
recti;  (3)  hernia  in  the  linear  semilunares;  (4)  hernia 
in  the  linea?  transversa?;  (5)  lumbar  hernia;  (6) 
traumatic  hernia. 

Hernia  in  the  Linea  Alba. — These  herniae,  leaving 
out  umbilical  herniae  and  those  due  to  diastasis  of 
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the  recti,  occur  four  times  us  frequently  in  males  as  in 
females  (Macready).  They  are  rare  in  early  life, 
and  most  frequent  at  middle  age. 

Two  varieties  occur:  1.  Hernia;  above  the  umbili- 
cus— epigastric  hernia.  2.  Hernia;  below  the  um- 
bilicus. 

Epigastric  hernia  are  usually  small  and  may  bo 
multiple  and  are  situated  at  any  point  between  the 
xiphoid  and  umbilicus.  They  are  protrusions 
through  the  gaps  which  are  not  uncommon  between 
the  decussating  fibers  of  the  linea  alba  in  this  region. 
They  may  consist  only  of  preperitoneal  fat  or  there 
may  be  a  well-defined  sac  with  omental  or  intestinal 
contents.  Three  cases  of  strangulation  are  reported 
(Hotchkiss42).  Symptoms  are  out  of  all  propor- 
tion to  their  size  and  contents,  and  consist  of  pain 
with  gastric  and  intestinal  disturbances.  They  may  be 
retained  by  truss,  but  operation  is  better.  The  aper- 
ture may  be  closed  transversely  or  vertically. 

Herni;e  of  the  linea  alba  below  the  umbilicus  are 
often  confused  with  diastasis  of  the  recti.  They 
occur  within  live  centimeters  of  the  umbilicus,  as  a 
rule.  They  may  acquire  considerable  size.  They 
are  best  treated  by  a  truss  such  as  is  used  for  umbilical 
hernia  or  by  operation. 

Diastasis  of  tin-  Recti. — This  occurs  in  childhood  and 
at  middle  life.  In  children  it  occurs  as  a  bulging  of 
the  linea  alba  above  the  umbilicus,  and  disappears 
with  the  growth  of  the  child. 

In  adults  it  occurs  practically  only  in  women  who 
have  borne  children,  at  or  before  middle  life.  It 
is  usually  most  pronounced  below  the  umbilicus 
although  the  whole  linea  alba  suffers.  It  may  be  so 
pronounced  that  there  remains  only  a  thin  pendulous 
bag  enclosing  a  large  part  of  the  intestines  and  some- 
times the  gravid  uterus. 

The  treatment  is  by  means  of  an  abdominal  sup- 
port. If  operation  is  feasible,  that  of  lapping  the 
abdominal  wall  (see  Umbilical  Hernia)  will  be  found 
peculiarly  adapted  to  these  cases. 

Hernia  in  the  Linece  Semilunares. — This  is  a  rare 
form  occurring  usually  at  the  level  of  the  semilunar 
fold  of  Douglas.  About  twenty-three  cases  have  been 
observed.  The  protruding  mass  occasionally  pene- 
trates only  a  part  of  the  abdominal  wall,  resulting  in 
a  "masked  hernia." 

According  to  some  writers  direct  inguinal  hernia> 
are  hernia?  of  the  linea  semilunaris,  but  the  writer 
cannot  concur  in  this,  since  in  these  cases  the  contents 
of  the  hernia  push  forward  the  transversalis  fascia 
and  escape  below  the  insertion  of  the  transversalis 
and  internal  oblique  muscles. 

Hernia  in  the  Linea;  Transversa;. — This  is  very  rare, 
only  seven  eases  having  been  observed  at  the  London 
Truss  Society  in  sixteen  years  (Macready). 

Lumbar  Hernia. — Twenty-six  cases  of  this  variety 
have  been  collected  by  Macready,  one  has  been 
observed  at  the  Hospital  for  the  Ruptured  and 
Crippled,  and  a  congenital  one  has  been  reported  by 
Dowd.43  They  occur  at  or  near  the  tips  of  the  elev- 
enth and  twelfth  ribs,  or  at  Petit's  triangle,  between 
the  origin  of  the  latissimus  dorsi  and  that  of  the  ex- 
ternal oblique  from  the  crest  of  the  ilium.  They 
occur  more  frequently  in  adults  than  in  children  and 
are  usually  reducible.  In  six  of  Macready's  cases 
there  was  strangulation. 

Traumatic  Ventral  Hernia. — This  term  includes 
hernia  occurring  through  scars  of  accidental  or 
laparotomy  wounds.  Not  infrequently  bulgings  of 
the  abdominal  wall  occur  at  a  distance  from  a  wound, 
which  are  due  to  destruction  of  the  innervation  of 
the  muscle.  Those  following  laparotomy  are  more 
frequent  after  lateral  wounds  than  after  wounds  in 
the  median  line.  They  follow  most  frequently 
wounds  that  have  healed  by  granulation,  as  for 
instance  suppurating  appendicitis  wounds.  Long 
wounds  are  more  apt  to  be  weak  than  short  ones. 
The    so-called      "through-and-through     suture"      is 
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responsible  for  many.  More  careful  methods  of 
making  and  closing  abdominal  wounds  have  lessened 

to  a  marked  degree  the  frequency  of  this  distressing 
condition  which  is  a  blot  upon  the  page  of  abdominal 
surgery. 

The  treatment  is  largely  prophylactic  and  consists 
in  fitting  an  abdominal  support  to  all  weak  laparot- 
omy wounds.  Most  hernia?  of  this  variety  are  best 
treated  by  operation.  The  muscular  and  aponeurotic 
layers  should  be  carefully  isolated  and  separately 
sutured.     The  sac   may    he   resected   and   the   pen- 

t um    sutured,    or    in    some  cases  the  peritoneum 

may  not  have  to  be  opened.  Troublesome  adhesions 
are  usually  present  in  those  cases  in  which  there 
has  been  intra-abdominal  drainage  for  suppurative 
conditions. 

In  cases  in  which  the  gap  was  very  large,  obturators 
of  silver  wire  netting  have  been  introduced  (Phelps44). 

Obturator  Hernia. — This  rare  form  of  hernia 
passes  through  the  obturator  canal,  which  opens  at 
the  mesal  and  anterior  part  of  the  obturator  mem- 
brane for  the  passage  of  the  obturator  vessels  and 
nerve.  The  vessels  and  nerve  as  a  rule  lie  on  the 
dorsolateral  aspect  of  the  sac. 

The  protrusion  has  for  its  coverings  the  peritoneum 
of  the  upper  part  of  the  pelvis  or  the  broad  ligament, 
the  subperitoneal  fat,  and  the  deep  pelvic  fascia  cover- 
ing the  obturator  internus  muscle.  It  may  pass 
beneath  the  fibers  of  the  obturator  externus  or  take 
a  more  superficial  course  beneath  the  adductor  brevis 
and  pectineus  muscles.  It  is  accessible  to  palpation 
from  the  inner  aspect  of  the  thigh  behind  the  adductor 
longus.     The  contents  of  the  sac  are  always  intestine. 

This  form  of  hernia  occurs  more  frequently  in 
women  than  in  men,  in  the  proportion  of  ninety-three 
to  seven.  It  occurs  in  advanced  life,  the  average  age 
being  over  sixty  (Macready). 

Symptoms  are  not  as  a  rule  marked  until  strangula- 
tion supervenes.  Many  hernia;  probably  become 
strangulated  as  soon  as  protruded.  Pain  in  the  course 
of  the  obutrator  nerve  has  been  noticed  in  forty-two 
per  cent,  of  the  cases.  After  strangulation  tenderness 
and  pain  on  movement  of  the  thigh  become  marked. 
The  tumor  is  not  so  easily  seen  as  palpated.  The  neck 
can  often  be  felt  by  means  of  vaginal  or  rectal  ex- 
amination. The  size  is  usually  small,  although  cases 
have  been  seen  in  which  the  hernia  was  the  size  of  an 
orange. 

Treatment. — As  mechanical  treatment  is  impossible, 
all  cases  should  be  operated  on  unless  age  or  disease 
contraindicates.  Most  cases  are  not  recognized  until 
strangulation  has  occurred.  The  mortality  in  stran- 
gulated cases  is  high — 84.4  per  cent.  (Macready). 

The  protrusion  can  be  reached  from  without  by  an 
incision  along  the  border  of  the  adductor  longus  and 
between  it  and  the  femoral  vein.  The  pectineus  and 
adductor  brevis  are  thus  separated,  exposing  the  sac. 
Or  better,  especially  in  strangulated  cases,  it  can  be 
approached  by  the  abdominal  route.  This  allows 
of  better  treatment  of  the  intestine,  which  is  im- 
portant since  the  average  duration  of  strangulation 
before  operation  is  long  (seven  days,  according  to 
Macready). 

Ischiatic  Hernia. — The  few  instances  of  this  hernia 
have  been  imperfectly  described.  The  protrusion 
escapes  at  the  great  sacrosciatic  foramen  either  above 
or  below  the  pyriformis  muscle.  Of  seventeen  cases 
collected  by  Macready  the  hernia  appeared  in  seven 
in  infancy  or  at  birth.  The  sexes  seem  to  be  equally 
affected.  The  contents  may  consist  of  intestine, 
omentum,  or  some  of  the  pelvic  organs  as  the  ovary  or 
bladder.  The  hernia  is  usually  small,  but  may  extend 
into  the  thigh  below  the  glutei  or  pass  over  the 
trochanter  toward  the  groin. 

It  may  be  confounded  with  cysts,  abscesses,  new 
growths,  or  hematoma. 
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Treatment. — The  abdominal  routo  or  a  combined 
operation  would  probably  be  the  best  way  of  attacking 
this  variety. 

Hernia  op  the  Pelvic  Outlet. — This  group  com- 
prises several  varieties  in  which  the  abdominal  con- 
tents escape  through  the  floor  of  the  pelvis.  They  are 
much  more  common  in  the  female.  In  the  male  the 
hernia  is  into  the  ischiorectal  fossa  or  the  perineum. 
In  the  female  it  may  be  into  the  ischiorectal  fossa, 
the  vagina,  or  the  labium  majus.  They  are  named 
from  their  superficial  location,  ischiorectal,  perineal, 
vaginal,  and  pudendal  or  labial  herniw.  Very  few  have 
been  dissected,  so  their  deep  relations  are  not  under- 
stood. In  some  cases  the  protrusion  has  occurred  at 
the  rectovesical  pouch  and  in  others  at  the  pouch  of 
Douglas.  These  hernia?  are  usually  small,  but  may 
reach  enormous  proportions  containing  nearly  the 
whole  of  the  abdominal  contents.  As  a  rule  they  are 
easy  of  diagnosis,  but  a  vaginal  hernia  maybe  mistaken 
for  a  fibroid,  polypus,  cystocele,  or  abscess.  They 
seldom  become  strangulated.  Many  cases  can  be 
treated  with  a  pessary  or  special  truss,  although  some 
surgeons  advise  operation  in  all  cases. 

Varieties  Depending  upon  Nature  of  Contents. 
— Vesical  Hernia.  The  bladder  may  be  protruded 
through  a  hernial  opening.  The  condition  is  four 
times  more  common  in  inguinal  than  in  femoral 
hernia,  and  very  rare  in  other  varieties  of  hernia, 
although  it  has  been  observed  in  ventral  and  in  pelvic 
hernia?.     It  is  most  common  in  elderly  males. 

Laxity  of  the  tissues,  the  pull  of  the  hernia  on  the 
peritoneum,  and  distention  of  the  bladder  have  been 
advanced  as  causes. 

Three  anatomical  varieties  are  recognized:  1. 
Extraperitoneal,  in  which  the  bladder  protrudes 
alongside  of  the  sac  of  an  ordinary  hernia  or  indepen- 
dent of  any  sac.  2.  Intraperitoneal,  in  which  the 
bladder  appears  in  the  sac  covered  with  peritoneum. 
3.  Paraperitoneal,  in  which  a  portion  of  bladder  only 
is  covered  with  the  peritoneum  of  the  sac.  The 
latter  form  is  the  most  common. 

Of  192  cases  collected  by  Cheesman45  up  to  1901, 
symptoms  were  noted  in  30.  The  most  constant  symp- 
tom is  the  presence  of  a  hernial  tumor  which  disap- 
pears on  micturition,  or  pressure  upon  which  causes  a 
desire  to  urinate  or  even  expels  urine  from  the 
urethra. 

The  chief  importance  of  the  condition  lies  in  the 
danger  of  wounding  the  bladder  in  an  operation  for 
radical  cure.  Of  the  192  cases  quoted,  in  47  the  blad- 
der was  recognized  during  operation  and  avoided,  and 
in  93  cases  it  was  wounded,  chiefly  unintentionally. 
The  presence  of  the  bladder  may  be  suspected  if 
there  be  an  undue  amount  of  fat  at  the  neck  of  the 
sac,  or  if  muscle  fibers  are  seen.  It  may  be  identified 
by  the  passage  of  a  sound  in  the  bladder  or  by  a  feeling 
as  of  two  surfaces  rubbing  together  produced  by 
grasping  the  mass. 

Treatment. — If  the  bladder  is  wounded  it  should  be 
sutured  with  catgut,  preferably  in  two  rows.  Cathe- 
terization should  be  frequently  performed  or  a 
catheter  may  be  left  in  the  urethra  for  two  or  three 
days.  The  wound  should  be  drained,  and  if  no 
leakage  occurs,  the  final  steps  of  the  radical  cure  can 
be  completed  in  a  few  days.  Fifty-five  of  the  ninety- 
three  cases  collected  by  Cheesman  were  treated  by 
suture,  with  a  mortality  of  20  per  cent.  There  was  a 
total  mortality  of  25  in  the  93  cases,  but  Cheesman 
attributes  the  fatal  result  in  9  cases  only  to  the  bladder 
injury  per  se,  a  mortality  of  about  10  per    cent. 

Hernia  of  the  Large  Intestine. — The  sigmoid  flexure, 
cecum,  or  a  portion  of  the  transverse  colon  may  be 
found  in  the  sac  of  a  hernia. 

Especial  interest  is  centered  in  the  cases  in  which 
the  sigmoid  or  cecum  is  found  in  the  sac  of  an  inguinal 
or  femoral  hernia.  When  the  protruded  part  has  a 
free  mesentery  the  cases  do  not  differ  materially  from 


other enteroceles, but  in  a  certain  number  the  bowel  i ., 
only  partially  covered  with  peritoneum,  so  that  a 
portion  of  gut  is  outside  of  the  sac.  This  condition 
is  known  as  slipped  or  sliding  hernia;  hemic  par 
glissement  of  I  he  French. 

According  to  Coley,18  .sliding  hernia?  occur  as  often 
in  children  as  in  adults,  although  the  general  belie! 
is  that  they  are  more  common  in  middle-aged  or  el- 
derly males.  However,  statistics  on  this  point,  as  yet 
are  insufficient.  The  sliding  form  is  more  common 
in  inguinal  hernia  and  when  the  protrusion  is  on  the 
right  side. 

Unless  the  condition  is  recognized  during  the  opera- 
tion the  intestine  is  very  liable  to  be  injured.  Further- 
more reduction  is  often  difficult.  The  writer  has 
found  in  his  experience  that  the  gut  is  generally 
loosely  attached  to  the  abdominal  wall  and  can  be 
pushed  back  en  masse.  Attempts  to  fashion  a  per- 
itoneal coat  for  the  bowel  should  not  be  made.  The 
redundant  sac  should  be  sutured.  It  will  rarely  or 
never  be  necessary  to  resect  the  bowel  as  has  been 
done  by  some. 

Relapses  are  more  common  in  these  than  in  other 
forms  of  inguinal  hernia,  for  the  reasons  that  the  neck 
of  the  protrusion  is  generally  very  large,  and  that 
it  cannot  be  tied  off  flush  with  the  abdominal  wall. 
Transplantation  of  the  rectus  should  help  in  these 
cases.  The  most  recent  and  complete  description 
of  sliding  hernia  is  by  Moschcowitz.46 

Hernia  of  the  Appendix  Vermiformis. — The  appendix 
is  not  uncommonly  found  in  right  inguinal  or  femoral 
hernia.  It  may  occur  alone  in  the  sac,  more  commonly 
in  femoral  hernia.  The  cases  of  especial  interest  are 
those  in  which  the  appendix  becomes  inflamed  (appen- 
dicitis in  a  hernial  sac).  These  cases  simulate 
strangulation  and  can  be  differentiated  only  by  the 
absence  of  the  signs  of  obstruction.  The  condition 
is  not  common.  Wood47  has  compiled  notes  of  100 
cases. 

Hernia  of  the  Ovary. — On  account  of  error  in  devel- 
opment the  ovary  may  descend  alongside  the  canal  of 
Nuck  into  the  inguinal  canal  or  even  the  labium. 
This  condition,  ectopia  of  the  ovary,  is  found  more 
commonly  in  young  children,  and  there  is  reason  to 
believe  that  in  many  cases  the  organ  returns  at  or 
before  puberty  to  its  normal  position.  According 
to  Macready,1  hernia  of  the  ovary  occurs  in  1.2  per 
cent,  of  inguinal  hernia1  in  the  female.  When  there 
is  double  ectopia  the  uterus  and  tubes  are  as  a  rule 
defective  in  development,  and  they  may  be  so  in 
single  ectopia.  In  some  cases  the  tube  and  even  the 
uterus  may  be  drawn  into  the  sac.  Associated  with 
this  condition  there  may  or  may  not  be  a  hernia  of 
the  intestine,  either  congenital  into  the  open  canal  of 
Nuck,  or  into  another  sac.  In  most  cases  the  canal 
of  Nuck  is  open. 

In  some  cases  the  ovary  is  reducible  and  the  hernia 
can  then  be  treated  by  truss.  Other  cases  should  be 
treated  by  operation,  the  ovary  being  excised  or,  if  its 
connection  can  be  preserved,  returned  to  the  abdomen. 

Cases  in  which  the  ovary  is  found  with  other  viscera 
in  otherwise  ordinary  hernia?  are  of  no  particular 
interest.  Heineck48  has  made  an  extended  resunm 
of  this  subject. 

Diaphragmatic  Hernia. — A  protrusion  of  the  ab- 
dominal viscera  may  take  place  through  a  wound  or 
through  portions  of  the  diaphragm  that  are  deficient. 
The  places  where  the  muscular  fibers  of  the  diaphragm 
are  normally  deficient  are  "Larrey's  space"  between 
the  costal  and  sternal  attachments,  and  on  either  side 
at  the  lateral  portions  of  the  external  arched  ligaments. 
A  hernia  may  occur  through  the  esophageal  opening. 
Finally  there  may  be  a  congenital  defect  in  the  dia- 
phragm. These  hernia?  are  classed  as  true  w-hen  the 
peritoneal  sac  is  present  and  as  false  when  the  viscera 
lie  free  in  the  pleural  cavity.  The  latter  form  is  more 
common,  since  the  hernia  is  generally  due  to  trauma. 
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The  protrusion  usually  occurs  on  the  left  side  on 
account  of  the  position  of  the  liver.  Varying  amounts 
of  the  abdominal  contents  may  escape  into  the  thorax. 
The  stomach  is  the  most  commonly  protruded, 
although  any  of  the  viscera  with  the  exception  of 
the  genito-urinary  organs  may  be  displaced  into  the 
thorax. 

The  symptoms  may  be  those  of  pneumothorax,  the 
heart  may  be  displaced,  there  may  be  marked  inter- 
ference with  respiration,  and  there  may  be  symptoms 
of  strangulation.  For  an  extended  description  of 
diaphragmatic  hernia  consult  Scudder,48  Salomoni50 
and  Giffin" 

Mechanical  Treatment. — The  mechanical  treat- 
ment of  hernia  consists  in  the  application  of  a  truss 
or  apparatus  to  the  protrusion.  With  few  exceptions 
this  treatment  can  be  applied  only  to  reducible  hernia. 
Special  forms  of  apparatus  have  been  devised  for  some 
forms  of  reducible  hernia  in  which  operation  is  contra- 


FlQ.  3162. — Single  and  Double  Knight  Trusses. 

indicated;  such,  for  instance,  is  the  hinged  cup  truss 
for  irreducible  inguinal  hernia. 

For  inguinal  and  femoral  hernia  three  principal 
varieties  of  truss  are  used,  namely  the  "cross  body" 
or  Knight  truss  (Fig.  3162),  the  frame  or  Hood  truss 
(Fig.  3163),  and  the  "same  side"  or  French  truss. 

The  chief  desiderata  in  a  truss  are  perfect  fit,  so 
that  pressure  is  evenly  made  on  all  parts  of  the  pelvis 
with  which  it  comes  in  contact;  a  good  spring,  the 
best  material  being  steel,  as  it  combines  lightness  and 
durability;  and  a  pad  so  arranged  as  to  make  pressure 
at  the  point  of  exit  of  the  hernia,  i.e.  over  the  internal 
ring  in  inguinal  hernia,  and  not  on  the  pubic  bone. 


Flu.  3163. — Frame  Truss. 

The  pad  is  best  made  of  smooth  non-absorbent 
material  as  celluloid,  hard-rubber,  or  wood.  Some- 
times a  pad  of  wood  covered  with  leather  is  serviceable. 

When  the  pressure  of  a  hard  pad  is  unbearable,  as  it 
sometimes  is  in  large  hernia?,  the  elastic  water  pad 
can  be  used. 

In  adults  trusses  may  be  removed  at  night,  as  a  cure 
is  rarely  attainable,  but  in  children,  in  whom  the  de- 
scent of  the  hernia  would  preclude  all  chance  for  a 
cure,  the  truss  should  be  worn  day  and  night. 

It  is  impossible  in  so  brief  an  article  to  give  the  indi- 
cations for  the  use  of  different  trusses,  and  the  methods 
of  application.  These  points  are  largely  learned  by 
practical  experience. 

For  umbilical  hernia  special  forms  of  truss  have  been 
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devised,  but  for  most  cases  the  best  apparatus  is  a 
well-fitting  abdominal  support  with  a  pad  of  suitable 
size  to  ciinl  rol  I  lie  protrusion  and  of  a  thickness  equal 
tn  that  of  the  subcutaneous  fat. 

For  umbilical  hernia  in  children  a  broad  strap  of 
zinc  oxide  rubber  plaster  with  a  wooden  button  over 
the  hernia  makes  a  very  efficient  apparatus. 

Results  oj  Mechanical  Treatment. — Inguinal  Hernia. 
According  to  Coley  by  far  the  greater  majority  of 
cures  are  obtained  in  the  first  year  of  life.  The  best 
results  are  obtained  with  the  spring  truss  in  infancy,  it 
being  far  superior  to  the  "worsted"  or  "skein"  truss. 

In  children  cures  are  more  often  obtained  in  girls 
than  in  boys,  the  reverse  being  true  in  adults.  About 
two-thirds  of  the  cases  of  inguinal  hernia  can  be  cured 
in  childhood.  Cures  are  seldom  attained  in  patients 
over  five  years  of  age. 

Femoral  Hernia  is  practically  incurable  by  me- 
chanical means. 

Umbilical  Hernia.  In  the  infantile  form  a  cure  is 
nearly  always  obtained.  In  adults  the  most  that  can 
be  hoped  for  is  limitation  of  the  size  of  the  protrusion. 

Joseph  A.  Blake. 
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Heroine,  diacetyl-morphine  [CnHi7.(CH3CO)2.- 
N03],  is  one  of  the  group  of  morphine  compounds  to 
which  belong  codeine,  dionine,  and  peronine.  It 
occurs  as  an  odorless  and  slightly  bitter,  white,  crystal- 
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line  powder,  insoluble  in  water,  and  soluble  in  dilute 
acids.  The  hydrochloride,  the  salt  generally  used,  is 
freely  soluble  in  water  and  alcohol,  insoluble  in  ether, 
and  incompatible  with  alkalies. 

Experiments  show  that  heroine  is  not  absorbed  by 
the  unbroken  skin,  and  has  but  slight  effect  on  mucous 
membranes.  It  tends  to  cause  dryness  of  the  throat 
and  slight  irritation  of  the  gastrointestinal  tract  as 
manifested  by  nausea,  vomiting,  and  diarrhea.  These 
effects  are,  however,  uncommon.  In  therapeutic 
doses  the  circulation  is  unaffected,  though  heart 
failure  may  follow  a  large  dose.  The  main  action  of 
the  drug  is  upon  the  respiratory  organs,  as  it  tends  to 
diminish  bronchial  secretion,  while  it  slows  and  in- 
creases the  depth  and  strength  of  respiration.  Dreser 
demonstrated  that  a  smaller  amount  of  oxygen  was 
used  by  the  system  and  less  carbon  dioxide  eliminated; 
in  other  words,  the  metabolic  processes  were  retarded. 
On  account  of  this  diminished  tissue  activity  there  is 
a  slight  temporary  lowering  of  body  temperature. 
In  very  few  cases  has  any  hypnotic  or  analgesic  effect 
been  noted.  Heroine  is  a  very  powerful  remedy,  the 
maximum  dose  being  one-twentieth  that  of  codeine. 
•  Observers  agree  that  the  dose  of  0.01  gram  (gr.  g)  should 
not  be  exceeded.  Though  not  very  common,  cases 
with  unpleasant  sequela;  are  met  with  by  every  user  of 
the  drug.  Therapeutic  doses  have  been  followed  by 
dryness  and  irritation  of  the  pharynx,  nausea,  vomit- 
ing, constipation,  diarrhea,  languor,  and,  rarely,  ex- 
citement or  delirium.  In  one  case  the  patient  always 
became  greatly  excited  after  a  dose  of  morphine  or 
heroine,  but  never  after  codeine.  Some  writers  advise 
adding  potassium  iodide  to  prevent  dryness  of  the 
throat,  and  cascara  or  calomel  for  the  constipation. 
A  dose  of  0.015  gram  (gr.  \)  given  by  mistake  to  an 
asthmatic  patient  was  followed  by  prostration,  cj'ano- 
sis,  amaurosis,  restlessness,  pulse  of  40,  feeble  heart 
action,  spasm  of  the  legs,  persistent  nausea,  subnor- 
mal temperature,  and  a  semi-comatose  condition. 

Among  the  large  number  of  published  reports  most 
authorities  agree  that  heroine  is  valuable  in  the  treat- 
ment of  bronchitis,  bronchial  asthma,  pulmonary 
tuberculosis,  and  whooping-cough,  while  opinions 
differ  as  to  its  efficacy  in  neuralgia,  angina  pectoris, 
cardiac  dyspnea,  etc.  Bastedo  used  it  in  over  one 
hundred  cases  of  tuberculosis,  and  found  it  of  distinct 
use,  but  inferior  to  codeine  in  allaying  the  cough, 
irritability,  and  pain,  and  in  promoting  sleep.  Her- 
oine had  little,  if  any,  effect  on  the  pain,  dyspnea,  or 
night  sweats.  Loewenthal  employs  it  in  infantile  di- 
arrhea and  colic,  the  maximum  dose  for  a  child  of  one 
month  being  0.0002  gram  (gr.  sfa,),  of  six  months 
0.00027  gram  (gr.  7is),  and  of  five  years  0.0024  gram 
(Sr-  ^V)-  Unfortunately,  heroine  produces  a  "drug 
habit,"  which  is  not  easy  to  cure. 

W.  A.  Bastedo. 
R.  J.  E.  Scott. 


Herophilus. — Born  in  Chalcedon,  Asia  Minor, 
about  344  years  before  the  birth  of  Christ.  Our 
knowledge  of  Herophilus  is  based  entirely  upon  the 
statements  relating  to  him  that  are  to  be  found  in  the 
writings  of  Galen.  He  was  the  head  of  a  somewhat 
celebrated  school  of  medicine,  and  was  the  disciple 
of  Praxagoras  of  Cos.  He  lived  at  Alexandria  in  the 
Museum  that  was  founded  and  kept  up  by  the 
Ptolemies  for  the  glory  and  advancement  of  the 
Sciences.  Both  Celsus  and  Tertullian  accuse  Hero- 
philus of  having  dissected  human  beings  while  they 
were  still  alive,  but  it  really  seems  absurd  to  entertain 
such  an  accusation  seriously.  There  are  reasons  for 
believing  that  Herophilus  and  Erasistratus  were  the 
very  first  to  dissect  human  cadavers,  and  it  is  highly 
probable  that  such  a  performance  appeared  so  novel 
and  so  objectionable  to  many  of  their  contemporaries 
that  they  did  not  hesitate  to  exaggerate  and  distort 
the  facts  in  such  a  manner  as  to  make  these  two 


men  appear  to  have  been  guilty  of  horrible  profana- 
tion. Furthermore,  there  is  scarcely  any  doubt  that 
Herophilus,  by  means  of  such  dissections,  acquired 
much  knowledge  regarding  the  nervous  system,  and 
that  many  of  the  terms  now  employed  for  designating 
the  different  parts  of  this  system  were  first  given  to 
them  by  him.  He  called  attention  to  the  existence 
of  the  dural  sinuses  and  noted  their  confluence,  which 
he  compared  to  a  wine-press,  the  "Torcular  Hero- 
phili";  he  also  described  the  fourth  ventricle,  and 
gave  descriptions  of  and  names  to  tin'  prostate  gland, 
the  hyoid  bone,  and  the  duodenum.  A.   II.  B. 


Herpes. — The  term  herpes  (from  tpireip,  to  creep), 
formerly  employed  to  designate  a  huge  number  of 
diseases  of  the  skin  of  varying  etiology,  is  restricted  al 
the  present  time  to  a  class  of  affections  whose  distin- 
guishing clinical  feature  is  a  grouped  vesicular  erup- 
tion seated  upon  an  inflamed  and  slightly  swollen 
base.  If  the  term  is  used  in  this  restricted  sense  there 
are  practically  but  two  varieties  of  the  disease,  viz., 
simple  herpes,  of  which  there  are  a  number  of  regional 
forms  which  differ  but  little  from  one  another  in  their 
clinical  characters;  and  herpes  zoster,  which  clinic- 
ally and  etiologicallv  is  quite  distinct  from  the  first- 
named  variety.  The  herpes  iris  of  some  authors 
properly  belongs  to  erythema  multiforme;  herpes 
gestationis  is  one  of  the  forms  of  the  dermatitis  herpet- 
iformis of  Duhring;  while  the  herpes  circinatus  and 
herpes  tonsurans  of  some  continental  authors  are 
parasitic  affections,  much  more  frequently  character- 
ized by  erythematous  and  squamous  eruptions  than 
by  vesicular  lesions. 

The  appearance  of  the  herpetic  eruption  is  preceded 
for  a  variable  period,  usually  short,  by  a  sensation  of 
burning,  pricking,  or  slight  itching;  after  a  few  hours 
an  erythematous,  slightly  swollen  patch  appears  upon 
which  small  papules  arise  which  are  speedily  trans- 
formed into  a  group  of  vesicles  with  clear  serous  con- 
tents, each  group  containing  from  three  or  four  to  a 
dozen  or  more  lesions.  The  vesicles,  at  first  discrete, 
later  become  more  or  less  confluent  through  increase  in 
size,  often  forming  small  blebs.  After  from  twenty- 
four  to  forty-eight  hours  the  contents  of  the  vesicles 
become  cloudy,  then  purulent,  and  yellow  or  brown 
crusts  form,  which  after  a  week  or  ten  days  fall  off, 
leaving  a  slightly  reddened  patch  which  lasts  but  a  few 
days  and  disappears  without  leaving  any  trace  of  its 
existence. 

Herpes  Simplex. — In  the  great  majority  of  cases  the 
eruption  of  simple  herpes  is  situated  upon  the  face, 
usually  the  lower  half;  hence  it  is  also  spoken  of  as 
facial  herpes.  The  parts  of  the  face  most  frequently 
attacked  are,  in  the  order  of  frequency,  the  lips,  the 
lower  oftener  than  the  upper  lip,  the  cheeks,  and  the 
alse  of  the  nose.  It  sometimes  occurs  upon  the 
external  ear  and  still  less  frequently  upon  other  parts 
of  the  cutaneous  surface.  It  usually  begins  quite 
abruptly  with  a  sensation  of  heat  or  itching;  the  skin 
over  a  limited  area  becomes  red  and  slightly  swollen, 
and  upon  this  area  a  group  of  small  papules  appear 
which  in  a  short  time  become  clear  vesicles.  The  ves- 
icles, discrete  in  the  beginning,  enlarge  slightly  for  a 
short  time  after  their  appearance  and  frequently  coal- 
esce, forming  blebs  that  vary  in  size  from  that  of  a 
pea  to  that  of  a  dime;  but  when  the  lesions  are  very 
small  and  few  in  number,  they  usually  remain  dis- 
crete. At  the  end  of  a  day  or  two  the  contents  of  the 
vesicles  become  purulent;  they  then  dry  up,  forming 
yellow  or  brown  crusts,  which  fall  off  in  a  few  days 
more,  leaving  slightly  red,  or  occasionally  transiently 
pigmented  stains,  the  entire  attack  lasting  from  four 
or  five  days  to  two  weeks. 

The  eruption  is  not  always  limited  to  the  skin,  but 
may  appear  upon  the  adjoining  mucous  membranes, 
even  the  larynx  in  rare  instances  being  invaded. 
When  the  eruption  occurs  upon  mucous  surfaces  it 
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presents  marked  differences  from  that  upon  the  skin. 
<  >wing  to  the  moisture  with  which  the  affected  parts 
are  constantly  bathed,  the  vesicle  appear  as  white 
opaque  elevations  which  are  soon  transformed  into 
shallow  erosions  through  spontaneous  rupture.  Her- 
pes of  the  mucous  membranes  is,  in  the  great  majority 
of  cases,  associated  with  similar  lesions  upon  the 
skin,  although  pharyngeal  herpes  may  occur  alone; 
the  mucous  membranes  attacked  being  usually  those 
of  the  lips,  the  cheeks,  and  the  pharynx. 

In  a  considerable  proportion  of  cases  the  appearance 
of  the  eruption  is  preceded  or  accompanied  by  sensa- 
tions of  chilliness  and  some  elevation  of  temperature; 
hence  the  popular  terms  "cold  sore,"  "fever  blister," 
applied  to  these  eruptions. 

In  many  individuals  there  is  a  marked  tendency  to 
recurrences,  and  this  continues  for  years,  the  eruption 
appearing  often  in  the  same  locality  with  the  slightest 
derangement  of  the  general  health,  or  following  slight 
irritations  of  the  skin. 

Although,  as  a  rule,  there  are  usually  but  two  or 
three  groups  of  vesicles,  and  often  but  one,  each  con- 
taining a  moderate  number  of  lesions,  it  happens  in 
rare  instances  that  the  eruption  is  much  more  exten- 
sive, covering,  it  may  be,  almost  the  entire  cutaneous 
surface.  Such  extensive  cases  have  been  reported 
chiefly  by  French  observers,  Rendu  having  only 
recently  described  a  case  of  generalized  herpes  pro- 
duced by  the  ingestion  of  uncooked  shell-fish.  It 
seems  to  me,  however,  that  such  eruptions  are  very 
closely  allied  to,  if  not  actually  examples  of,  bullous 
erythema  multiforme,  rather  than  true  herpes. 

Facial  herpes  frequently  occurs  in  febrile  diseases  of 
various  kinds,  such  as  pneumonia,  in  which  it  is  quite 
common,  in  typhoid  fever,  in  the  malarial  fevers,  and 
in  cerebrospinal  meningitis,-  a  favorable  prognostic 
significance  being  attributed  to  it.  In  the  malarial 
fevers  it  may  occur  with  each  febrile  paroxysm,  or  in 
exceptional  cases  it  may  replace  it,  as  has  been  noted 
by  several  writers. 

Under  the  name  herpetic  fever,  various  authors 
have  from  time  to  time  described  an  endemic  affection 
in  which,  after  marked  constitutional  disturbances, 
such  as  chills  and  elevation  of  temperature,  an  her- 
petic eruption  appears  upon  the  face  or  other  parts  of 
the  cutaneous  surface.  A  remarkable  endemic  of  this 
kind  has  been  reported  by  Savage  in  which,  in  an 
institution  for  boys,  thirty-nine  cases  of  herpes 
occurred.  In  this  outbreak  the  eruption  was  preceded 
by  chills,  nausea,  and  elevation  of  temperature  vary- 
ing from  102°  to  104.5°  F.,  and  was  accompanied  by 
sore  throat  and  swollen  glands,  the  attack  lasting  four 
days. 

Herpes  Genitalis. — The  genital  organs  of  both  sexes 
are  frequently  the  seat  of  herpes,  the  eruption  occur- 
ring, in  men,  upon  the  margin  of  the  prepuce  or  upon 
its  inner  mucous  surface  (herpes  prseputialis,  herpes 
progenitalis),  upon  the  glans,  and,  much  less  fre- 
quently, upon  the  skin  of  the  shaft  of  the  penis;  in 
women  the  parts  affected  are  the  vulva,  the  mucous 
surfaces  of  the  labia  majora,  the  labia  minora,  the 
clitoris  and  the  prepuce,  and  the  mucous  membrane 
about  the  meatus  urinarius.  The  appearance  of  the 
eruption  is  preceded  by  more  or  less  burning  or 
stinging,  which  is  shortly  followed  by  redness,  edema, 
and  the  formation  of  groups  of  vesicles  which  are  usu- 
ally quite  small.  When  the  skin  surfaces  are  attacked 
the  vesicles  after  a  day  or  two  dry  up  into  brownish 
crusts  which  fall  at  the  end  of  a  week,  leaving  a  slightly 
reddened,  or,  it  may  be,  pigmented  patch.  When  the 
eruption  occurs  upon  the  mucous  surfaces,  as  the  inner 
side  of  the  prepuce,  the  glans,  or  the  labia  minora,  the 
vesicles  rupture  almost  immediately,  forming  shallow 
erosions,  the  bottoms  of  which  are  often  covered  with 
a  whitish  or  gray  membrane.  Occasionally  the  erup- 
tion appears  in  successive  crops  separated  by  intervals 
of  some  hours  or  a  day  or  two,  thus  prolonging  the 
attack    greatly.     Fournier    has    observed    a    case    in 


which  the  disease  was  thus  prolonged  for  five  w  ■ 
but  this  is  altogether  exceptional.  When  the  affected 
parts  are  irritated  by  violence  or  by  the  application  of 
caustics,  as  not  infrequently  happens,  the  inflamma- 
tion ma)  be  considerable  and  may  be  attended  by 
marked  induration  of  the  base  of  the  vesicles;  this 
induration  being  especially  a] it  to  occur  upon  the  glans 
in  the  region  of  the  sulcus.  In  such  cases  the  gland 
in  the  groin  may  be  noticeably  swollen.  In  rare  cases 
the  eruption  occurs  upon  the  urethral  mucous  mem- 
brane, giving  rise  to  ardor  urina?  and,  in  the  male,  to  a 
serous  discharge.  Although,  as  a  rule,  subjective 
symptoms  are  limited  to  slight  burning  or  itching,  it 
occasionally  happens  that  the  pain  is  severe,  even 
neuralgic  in  character. 

In  women  the  eruption  is  sometimes  quite  extensive, 
covering  the  cutaneous  surface  of  the  vulva,  and  the 
labia  majora  and  minora  with  numerous  groups  of 
vesicles  and  erosions,  and  at  times  extending  down 
upon  the  inner  surface  of  the  thighs.  The  pain  and 
burning  in  such  cases  are  severe,  and  with  the  marked 
swelling  which  is  commonly  present  walking  is  difficult 
and  at  times  impossible.  Superficial  ulceration  may 
occur  with  the  formation  of  vegetations,  producing  an  • 
appearance  much  like  that  of  a  syphilitic  mucous 
patch;  indeed,  according  to  Fournier,  it  is  sometimes 
impossible  to  make  a  positive  differential  diagnosis 
until  after  the  lapse  of  a  considerable  period  of  time. 

Of  all  the  forms  of  herpes  the  genital  is  most  apt  to 
recur,  the  interval  between  the  attacks  varying  from  a 
few  weeks  to  several  months.  In  a  considerable  pro- 
portion of  cases  each  coitus  in  the  male  and  each  men- 
strual period  in  the  female  is  followed  by  an  attack,  the 
recurrences  continuing  for  years.  On  the  other  hand 
there  may  be  but  a  single  attack. 

Simple  herpes  is  in  many  cases,  no  doubt,  a  local 
manifestation  of  a  general  toxemia.  Its  frequent 
association  with  such  general  diseases  as  pneumonia, 
typhoid  and  the  malarial  fevers,  epidemic  cerebro- 
spinal meningitis,  and  other  maladies  of  an  infectious 
nature,  lends  strong  support  to  such  a  view  of  its 
etiology.  Although  probably  not  a  common  cause, 
certain  articles  of  food  may  produce  an  attack  in 
predisposed  individuals ;  in  a  gentleman  under  my  own 
observation  an  attack  of  labial  herpes  invariably 
followed  the  eating  of  cheese.  In  a  considerable  pro- 
portion of  cases,  however,  it  must  be  regarded  as  due 
to  local  conditions  associated  with  a  special  predis- 
position. In  genital  herpes  excessive  irritations  and 
congestions,  physiological  or  pathological,  such  as 
coitus  and  the  menstrual  period,  play  important  roles 
in  the  production  of  the  affection.  Uncleanliness  and 
previous  venereal  disease  are  potent  etiological  factors. 
As  Unna  and  Fournier  have  pointed  out,  prostitutes 
are  especially  liable  to  suffer  from  herpes  of  the 
genitalia. 

The  herpetic  eruption  is  the  result  of  a  peripheral 
neuritis  of  an  acute  transitory  character,  the  conse- 
quence of  a  direct  or  reflex  irritation  of  the  terminal 
nerve  branches  distributed  to  the  skin.  Unna,  who 
had  the  opportunity  to  examine  lesions  from  three 
cases  of  genital  herpes,  found  a  fibrinous  inflammation 
of  the  epidermis,  the  primary  changes  affecting  the 
more  superficial  prickle  cells.  The  entire  epidermis 
was  lifted  from  the  papillary  layer  of  the  corium, 
forming  a  blister  whose  walls  and  contents  had  under- 
gone coagulation  necrosis.  Beneath  the  vesicle  the 
entire  cutis  was  edematous  and  the  blood  and  lymph 
vessels  were  markedly  dilated.  A  striking  histo- 
pathological  difference  between  the  vesicle  of  simple 
herpes  and  that  of  herpes  zoster  is  the  absence  of  the 
so-called  "ballooning  of  the  epithelial  cells  in  the 
former. 

The  diagnosis  of  simple  herpes  is  usually  made  with- 
out the  slightest  difficulty.  The  purely  vesicular 
character  of  the  lesions,  the  grouped  arrangement  of 
the  eruption,  its  localization  upon  the  face,  in  most 
cases  about  the  mouth,  or  upon  the  genitalia,  and  the 
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acute  course  of  the  disease  are  features  so  character- 
istic that  there  is  little  chance  for  error.  When, 
however,  the  eruption  is  seated  upon  the  mucous  mem- 
branes, particularly  those  of  the  genitalia,  the  erosions 
which  follow  the  vesicles  may  be  mistaken  for  venereal 
ulcers  or  the  initial  lesion  of  syphilis.  The  herpetic 
lesion  is  superficial  and  does  not  tend  to  extend  like  the 
chancroid;  it  exudes  an  abundance  of  serum  instead  of 
pus,  which,  as  Leloir  has  pointed  out,  may  be  much 
increased  by  squeezing  the  lesion  between  the  thumb 
and  finger;  its  borders  are  apt  to  present  a  festooned 
or  polycyclic  outline;  and  lastly,  there  are  often 
groups  of  well-defined  vesicles  in  the  neighborhood. 
It  is  to  be  distinguished  from  the  initial  lesion  of  syph- 
ilis by  its  brief  duration  and  the  absence  of  the  pecu- 
liar induration  characteristic  of  the  chancre.  It 
should  not  be  forgotten,  however,  that  the  herpetic 
lesion,  under  the  influence  of  irritants,  may  present  an 
indurated  base  much  like  that  seen  in  the  chancre, 
and  that  in  such  cases  there  may  be  swelling  of  the 
inguinal  glands.  Fournier  has  called  attention  to  the 
fact  that  the  chancre  may  be  preceded  by  herpes;  and 
it  is  always  wise,  in  view  of  the  very  serious  results 
which  may  follow  an  error  in  diagnosis,  to  be  very- 
guarded  in  expressing  an  opinion  in  doubtful  cases 
until  sufficient  time  has  elapsed  to  make  the  diagnosis 
certain. 

In  the  treatment  of  simple  herpes  all  irritant  appli- 
cations should  be  avoided.  Frequent  applications  of 
ninety-five-per-cent.  alcohol  in  the  early  stages  of  the 
eruption  will  sometimes  partially  abort  it.  If  there  is 
marked  burning,  a  saturated  aqueous  solution  of 
boric  acid  will  be  found  very  useful  in  relieving  this 
symptom;  or  a  solution  of  resorcin,  from  eight  to  ten 
grains  to  the  ounce  of  water,  may  be  even  more  effect- 
ive. A  lotion  containing  twenty  grains  each  of  sul- 
phate of  zinc  and  sulphide  of  potassium,  as  recom- 
mended by  Duhring,  is  also  a  useful  remedy. 

In  genital  herpes  the  parts  should  be  kept  scrupu- 
lously clean,  and  nothing  better  for  this  purpose  can 
be  used  than  a  saturated  solution  of  boric  acid,  which 
should  be  freely  and  frequently  mopped  upon  the 
affected  parts.  When  the  mucous  surfaces  are  the 
seat  of  the  eruption,  they  should  be  kept  apart  by 
pieces  of  gauze  wet  with  the  boric  acid  solution;  or, 
after  careful  cleansing,  they  may  be  covered  with  a 
dusting  powder  of  talc  and  oxide  of  zinc,  to  which,  if 
there  is  annoying  pain,  from  ten  to  twenty  per  cent,  of 
acetanilid  may  be  added,  or  the  acetanilid  may  be 
used  alone.  The  resorcin  lotion  above  referred  to  will 
often  be  found  a  very  soothing  and  cleansing  applica- 
tion. Lotio  nigra  may  be  employed  in  many  cases 
with  good  results.  If  suppuration  occurs,  weak  solu- 
tions of  bichloride  of  mercury  should  be  applied 
several  times  a  day,  but  this  remedy  must  be  used 
cautiously  as  it  sometimes  proves  irritating.  As  a 
preventive  measure,  circumcision  has  been  recom- 
mended in  recurrent  herpes  genitalis;  it  is,  however, 
an  uncertain  remedy.  Arsenic  given  internally  for  a 
considerable  period  exercises  a  decided  influence  in 
preventing  recurrences  in  many  cases,  and  should 
always  be  tried  when  other  remedies  have  failed. 

Milton  B.  Hahtzell. 


Herpes  Zoster. — Herpes  zoster,  also  known  as 
zona,  zoster,  shingles — this  last  probably  being  a  cor- 
ruption of  the  Latin  cingulum — names  all  having  refer- 
ence to  the  girdle-like  arrangement  which  the  eruption 
often  exhibits,  usually  begins  with  pain,  commonly  of 
a  neuralgic  character,  varying  in  degree  from  mere  dis- 
comfort and  soreness  to  the  severest  neuralgia,  and 
situated  in  the  regions  presently  to  be  the  seat  of  the 
herpetic  eruption.  Exceptionally  in  the  beginning  of 
the  attack  there  is  some  elevation  of  temperature  with 
slight  malaise.  After  a  prodromal  period,  varying 
from  a  few  hours  to  several  days,  groups  of  papules 
seated   upon   a  reddened   and   slightly   swollen   base 


appear  in  the  painful  areas,  and  in  the  course  of  a  few 
hours  they  become  vesicles  with  transparent  contents. 
With  the  appearance  of  the  eruption  the  pain  may  di- 
minish, but  there  are  frequent  exceptions  to  t li is  ride. 
The  vesicles,  for  the  most  part  discrete,  tense,  and 
showing  no  tendency  to  spontaneous  rupture,  vary  in 
size  from  a  hemp  seed  to  a  large  pea,  and  are  arranged 
in  variously  sized  groups  from  one  or  two  to  a  dozen 
or  more  in  number,  separated  by  areas  of  normal  skin, 
and  situated  over  the  distribution  of  some  nerve 
usually  at  points  where  branches  are  given  off  to  tin- 
skin.  The  several  groups  of  vesicles  do  not  appear 
simultaneously,  but  new  ones  continue  to  form  for 
some  days,  the  last-formed  groups  often  containing 
many  papules  which  do  not  develop  into  vesicles,  and 
imperfectly  developed  vesicles.  After  a  clay  or  two 
the  vesicular  contents  become  turbid,  then  purulent, 
and  later  brown  or  black  crusts  form  which  fall  off 
at  the  end  of  from  ten  days  to  two  weeks,  leaving 
transiently  hyperemic  patches,  or  slight  pigmentation, 
and  frequently  permanent  scars.  The  duration  of  1  he 
entire  attack  is  from  ten  days  to  three  weeks;  but 
w'hen  the  inflammation  is  unusually  severe,  or  when 
complications,  such  as  suppuration  and  gangrene, 
occur,  it  may  last  much  longer. 

The  amount  of  pain  present  varies  within  wide 
limits.  In  children  and  young  adults  it  is  often 
entirely  absent,  or  so  slight  as  to  cause  little  or  no 
complaint;  but  in  elderly  subjects  it  is  commonly 
severe,  often  demanding  large  doses  of  powerful  nar- 
cotics for  its  relief,  and  sometimes  continuing  for 
weeks  or  even  months  and  years. 

In  an  overwhelming  majority  of  the  cases  the  erup- 
tion is  limited  to  one  side  of  the  body,  although  it  is 
not  at  all  uncommon  to  see  a  group  of  vesicles  extend 
some  distance  beyond  the  middle  line.  While  it  may 
occur  over  the  course  of  any  peripheral  nerve,  it  is 
much  more  frequently  situated  upon  the  trunk  than 
upon  the  extremities.  In  one  hundred  cases  in  which 
the  location  of  the  eruption  was  specially  noted  by 
Crocker,  it  was  observed  to  occur  upon  the  trunk 
fifty-four  times. 

Variations  from  the  ordinary  type  of  zoster  occur 
in  a  small  proportion  of  cases.  The  vesicles  may  be 
filled  with  blood  instead  of  serum,  giving  the  eruption 
a  blue  or  black  appearance.  In  this  variety,  known  as 
zoster  hoemorrhagicus,  the  pain  is  as  a  rule  extremely 
severe,  and  ulceration  more  or  less  deep  is  prone  to 
occur. 

In  cases  of  unusual  severity  suppuration  may  take 
place,  and  in  rare  instances  gangrene  of  the  skin 
occurs,  either  after  the  appearance  of  the  vesicles  or 
before  these  have  had  time  to  develop.  As  the  result 
of  the  severe  and  at  times  deep-seated  inflammation, 
extensive  and  indelible  scarring  follows,  which  later 
may  become  the  seat  of  keloid. 

As  zoster  gangroenosus  hystericus  Kaposi  has  described 
an  atypical  form  of  zoster  that  occurs  in  hysterical 
women.  This  variety  of  the  malady  is  characterized 
by  repeated  attacks  separated  by  intervals  of  a  few- 
weeks  or  some  months,  the  eruption  being  unilateral 
or  bilateral.  Gangrene  of  the  skin  at  the  base  of  the 
vesicles  occurs,  and  keloid-like  cicatrices  follow.  This 
disease  is  certainly  closely  related  to,  if  not  identical 
with,  the  multiple  hysterical  gangrene  of  the  skin  of 
other  authors;  and  while  it  is  mentioned  here,  I  think 
it  is  doubtful  if  it  properly  belongs  to  herpes  zoster. 

While  almost  invariably  limited  to  one  side  of  the 
body,  the  eruption  may  be  bilateral.  According  to 
Hvde,  bilateral  zoster  is  most  apt  to  be  seen  in  those 
suffering  from  syphilis  or  in  those  taking  arsenic. 

Colombini  has  reported  a  case  in  which  the  eruption 
was  universal,  groups  of  vesicles  occurring  over  the 
branches  of  all  the  cutaneous  nerves.  The  disease  in 
this  instance  was  most  likely  of  malarial  origin,  as  the 
patient  had  had  repeated  attacks  of  malarial  fever, 
and  the  eruption  appeared  shortly  after  one  of  them. 

Second  attacks  of  zoster  are  rare,  although  not  so 
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infrequent  as  formerly  supposed.  In  recurrent  zoster 
the  same  region  may  be  affected  several  times,  or  new 
regions  may  be  invaded  with  each  new  attnik. 
Recurrences'  are  most  likely  to  be  observed  in  those 
cases  in  which  the  disease  is  of  traumatic  origin;  as 
in  one  under  my  observation  some  years  ago  in  which 
the  sciatic  nerve  was  injured  by  a  fracture  of  the  femur. 
In  this  ease  there  were  many  attacks  preceded  and 
accompanied  by  severe  pain,  most  of  them  in  the  re- 
gion of  the  distribution  of  the  sciatic  nerve  and  its 
branches.  While  the  pain  usually  diminishes  with 
the  appearance  of  the  eruption  and  ceases  entirely 
with  its  complete  involution,  it  may  persist  for  a  con- 
siderable period,  especially  in  elderly  subjects,  after 
all  other  evidences  of  the  disease  have  disappeared 
Other  sequelae  are  local  paralyses,  and  various  dis- 
turbances of  sensation,  either  alone  or  associated  with 
trophic  changes. 

The  principal  local  varieties  of  herpes  zoster,  named 
according  to  the  region  in  which  the  eruption  is  situ- 
ated, are  Z.  capillitii,  Z.  frontalis,  Z.  facialis,  Z.  oph- 
thalmicus, Z.  colli,  Z.  brachialis,  Z.  pectoralis,  Z. 
abdominalis,  Z.  femoralis.  In  these  several  local 
varieties  the  disease  presents  practically  the  same  clin- 
ical features,  particularly  so  far  as  the  eruption  is 
concerned,  but  it  may  vary  considerably  as  to  extent 
and  the  severity  of  the  inflammation  and  pain  which 
accompany  it. 

In  Z.  frontalis  the  eruption  follows  the  distribution 
of  the  supraorbital  branch  of  the  fifth  pair,  extending 
over  the  lid,  one-half  the  forehead,  and  up  into  the 
scalp.  This  form  is  sometimes  followed  by  marked 
scarring  resembling  the  pits  produced  by  variola. 

In  Z.  ophthalmicus,  in  which  the  branches  of  the 
fifth  pair  distributed  to  the  eye  are  affected,  the  pain  is 
often  of  the  severest  character,  and  the  various  struc- 
tures of  the  eye  may  be  inflamed,  the  inflammation 
being  in  rare  cases  so  severe  as  to  cause  destruction  of 
this  organ.  Fatal  meningitis  has  been  known  to 
result  in  this  variety  of  zoster. 

In  Z.  facialis  the  second  branch  of  the  fifth  pair  is 
concerned,  the  eruption  occurring  on  the  cheek,  the 
side  of  the  nose,  and  one-half  of  the  upper  lip.     In 


Fig.  3164. — Vesicle  c.t  Zoster.  Upon  the  bottom  of  the  vesicle 
are  numerous  cells  which  have  undergone  alteration  like  that 
shown  in  Fig.  31G5.     (Author's  own  case.) 

exceptional  cases  it.  also  occurs  upon  the  mucous  mem- 
branes of  the  check  and  pharynx.  Loss  of  the  teeth 
and  necrosis  of  the  jaw  have  been  noted  as  rare 
complications. 

232 


The  supraspinous  portion  of  the.  scapula  and  the 

upper  arm   arc   the   regions  affected   in   Z.   bracln 
The  forearm  and  the  fingers  are  not  often  involved. 
This  is  usually  a  mild  form  of  the  malady. 

Z.  pectoralis  is  the  variety  oftenest  seen,  and  the 
one  from  which  the  disease  gets  its  various  names 


Fig.  3105. — Epithelial  Degeneration;  Large  Protozoon-like  Cell. 
(From  author's  own  case  of  herpes  zoster.) 

signifying  a  girdle.  Groups  of  vesicles  extend  from 
the  spine  forward  to  the  sternum.  In  many  cases  the 
eruption  consists  of  but  two  or  three  groups,  one  close 
to  the  spine,  a  second  in  the  axillary  line,  and  a  third, 
often  composed  of  imperfectly  developed  lesions,  near 
the  anterior  middle  line.  In  severe  cases  the  groups  of 
vesicles  may  coalesce,  forming  a  continuous  half-girdle. 
In  this  variety  of  zoster  the  pain  which  sometimes 
precedes  the  appearance  of  the  eruption  may  be  mis- 
taken for  a  pleurisy. 

In  Z.  femoralis  the  eruption  is  situated  upon  the 
anterior  surface  of  the  thighs,  the  external  genitalia, 
and  upon  the  buttocks.  The  legs  and  feet  are  only 
rarely  attacked. 

Etiology. — Zoster  occurs  much  more  frequently  in 
the  young  than  in  the  old,  but  old  age  is  by  no  means 
exempt.  In  three-fourths  of  the  cases  observed  by 
Crocker  the  patients  were  under  twenty  years  of  age. 
Although  infrequent  in  infancy  cases  have  been 
reported  in  infants  from  four  days  to  several  months 
old.  The  sexes  appear  to  be  equally  liable.  Cold, 
damp,  and  other  climatic  influences  seem  to  play  some 
part  in  its  production  since  it  occurs  most  frequently 
in  winter  and  spring. 

It  sometimes  occurs  in  connection  with  such  dis- 
eases as  influenza,  malaria,  and  tuberculosis.  Win- 
field  has  reported  a  number  of  cases  in  which  the 
presence  of  the  Plasmodium  malaria?  was  demon- 
strated; and  it  has  been  observed  often  enough  in 
the  subjects  of  tuberculosis  to  suggest  the  possibility 
of  a  causal  relationship  between  the  two  maladies. 

As  was  first  pointed  out  by  Hutchinson,  and  after- 
ward confirmed  by  other  observers,  arsenic  when  given 
in  large  quantities  for  a  prolonged  period  may  produce 
zoster  by  setting  up  a  neuritis.  Other  toxic  sub- 
stances, such  as  carbonic  oxide  gas,  have  also  produced 
the  disease.  In  a  considerable  number  of  instances 
the  eruption  has  been  observed  to  follow  injuries  to 
nerves.  Occasionally  it  seems  to  be  of  reflex  origin,  as 
is  shown  by  a  case  reported  by  Jewel  in  which  a  crural 
zoster  resulted  from  disease  of  the  uterus;  and  in  other 
cases  it  has  seemed  to  be  due  to  irritation  in  the  ah- 
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mentary  canal  caused  by  the  presence  of  tapeworm. 
Within  the  past  few  years  Bittorf,  Rosenberg,  and 
others  have  reported  cases  associated  with  renal 
colic  the  result  of  hydronephrosis  or  nephrolithiasis. 
Lastly,  it  is  very  probable  that  in  a  considerable  pro- 
portion of  cases  it  is  the  result  of  a  specific  infection, 
although  the  infectious  agent  is  as  yet  unknown.  Its 
occurrence  in  epidemics,  its  undoubted  occasional 
contagiousness,  its  self-limited  course,  and  the  rarity 
of  second  attacks  are  features  of  the  malady  which 
are  strongly  in  favor  of  such  a  view.  From  the 
foregoing  brief  summary  it  is  evident  that  there  is  no 
one  cause  of  herpes  zoster,  but  that  it  may  be  produced 
by  any  agent  capable  of  setting  up  a  neuritis. 

Pathology  and  Pathological  Anatomy. — Proof  of  the 
neuritic  character  of  the  disease  was  first  furnished 
by  Baerensprung,  who  found  that  there  was  inflamma- 
tion of  the  ganglia  and  the  nerves  distributed  to  the 
area  occupied  by  the  eruption.  The  ganglia  do  not 
always  share  in  the  inflammatory  process,  as  Baeren- 
sprung supposed,  but  the  inflammation  is  sometimes 
limited  to  the  peripheral  parts  of  the  nerve.  The 
pathological  alteration  of  the  nerve  is  not  always  of  an 
inflammatory  character,  but  may  be  the  result  of  hem- 
orrhage, the  pressure  of  new  growths,  or  traumatism. 

The  zoster  vesicle  lies  deeply  within  the  epidermis, 
the  bottom  being  formed  by  the  papillary  layer  of  the 
corium  upon  which  lie  masses  of  altered  epithelium. 
The  most  striking  feature  is  the  peculiar  alteration 
which  many  of  the  epithelial  cells  have  undergone,  by 
which  they  have  been  transformed  into  bodies  resem- 
bling more  or  less  closely  protozoa.  These  bodies  were 
regarded  by  Pfeiffer,  who  was  one  of  the  first  to 
describe  them,  as  parasites,  and  were  believed  by  him 
to  be  the  cause  of  the  disease;  but  the  later  investiga- 
tions of  Unna,  Torok,  myself,  and  others  have  clearly- 
demonstrated  their  epithelial  character.  These 
altered  cells  are  often  enormous  in  size,  round,  oval, 
or  balloon-shaped,  with  a  double-contoured  wall  or 
capsule  within  which  are  from  two  to  a  dozen  or 
more  large  round  and  oval  nuclei  which  often  present 
a  peculiar  beaded  limiting  membrane.  The  cavity  of 
the  vesicle  contains  a  few  free  epithelial  cells,  a  small 
number  of  leucocytes,  and  fibrin.  The  papillae  and 
that  part  of  the  corium  immediately  beneath  the  pap- 
illary layer  are  abundantly  infiltrated  with  leucocytes, 
and  there  is  dilatation  of  the  blood-vessels. 

Diagnosis. — The  clinical  features  of  zoster  are,  in 
the  great  majority  of  cases,  so  well  defined  that  the 
diagnosis  is  usually  easily  made.  The  two  diseases 
with  which  it  is  most  likely  to  be  confounded  are  ves- 
icular eczema  and  simple  herpes. 

It  may  be  distinguished  from  eczema  by  the  group- 
ing of  the  vesicles  over  the  course  of  known  nerves,  by 
the  accompanying  neuralgia,  by  the  absence  of  itching 
and  discharge,  and  by  the  vesicles,  unlike  those  of 
eczema,  showing  no  tendency  to  spontaneous  rupture. 

It  differs  from  simple  herpes  by  its  unilateral  dis- 
tribution, by  the  pain  "which  precedes  and  accom- 
panies the  eruption,  and  by  the  infrequency  of  second 
attacks.  Simple  herpes  is  most  apt  to  occur  about  the 
mouth  and  upon  the  genitalia,  regions  seldom  invaded 
by  zoster. 

Prognosis. — The  prognosis  is  in  most  cases  favorable, 
the  disease  usually  terminating  in  from  ten  days  to 
three  weeks.  In  severe  attacks,  however,  or  when 
ulceration,  deep-seated  inflammation,  or  gangrene 
occurs,  the  duration  may  be  greatly  prolonged  beyond 
the  usual  period.  In  elderly  subjects,  less  frequently 
in  the  young,  persistent  neuralgia  of  a  severe  type  or 
paresthesia  may  follow,  lasting  for  months  or  years. 
In  exceptionally  severe  cases  of  ophthalmic  zoster 
disfiguring,  scarring,  loss  of  an  eye,  and  even  death 
may  result. 
_  Treatment. — In  mild  cases  of  herpes  zoster  only  the 
simplest  treatment  is  required.  The  vesicles  should 
be  protected  from  the  friction  of  the  clothing  by  cover- 
ing them  with  two  or  three  thicknesses  of  gauze  or  a 


thin  layer  of  absorbent  cotton,  having  first  freely 
applied  a  simple  dusting  powder,  such  as  equal  parts 
oi  starch  and  oxide  of  zinc,  to  which,  if  there  is  burning 
or  pain,  camphor  or  morphine  may  be  added.  Inter- 
nal remedies  administered  with  the  view  of  aborting 
or  controlling  the  eruption  arc  of  more  than  doubtful 
efficacy.  Phosphide  of  zinc,  in  doses  of  from  one- 
sixth  to  one-third  of  a  grain  given  every  three  hours, 
is  recommended  by  Thompson  and  Uulkloy  for  the 
relief  of  the  pain  and  the  control  of  the  eruption,  but 
other  observers  have  not  found  it  reliable.  In  cases 
in  which  the  pain  is  severe,  antipyrin,  phenacetin,  or' 
acetanilid  may  be  given  in  doses  of  from  five  to  eight, 
grains  every  three  or  four  hours;  when  these  fail  to 
afford  relief  morphine,  given  hypodermatically,  may 
be  employed.  Locally  frequent  application  of  ninety- 
five-per-cent.  alcohol  is  often  very  useful;  or,  instead 
of  simple  alcohol,  alcoholic  solutions  of  resorcin 
fifteen  grains  to  the  ounce,  or  a  solution  of  carbolic 
acid  five  to  ten  grains  to  the  ounce,  or  of  menthol  ten 
grains  to  the  ounce,  may  be  used.  Such  lotions  should 
be  mopped  on  gently  every  three  or  four  hours  with  a 
soft  cloth,  care  being  taken  not  to  rupture  the  vesicles. 
Duhring  specially  recommends  a  lotion  containing 
from  twenty  to  sixty  grains  each  of  sulphate  of  zinc 
and  sulphide  of  potassium  to  the  ounce  of  water;  he 
finds  it  very  useful  in  relieving  pain  and  drying  up  the 
eruption.  Collodion,  either  alone  or  with  one  or  two 
grains  of  morphine  to  the  ounce  added,  may  be  painted 
over  the  eruption  for  the  purpose  of  favoring  its 
absorption  and  alleviating  tin  pain.  For  the  relief 
of  persistent  neuralgia,  galvanism  is  perhaps  the  most 
useful  remedy,  mild  currents  being  more  useful  than 
strong  ones.  Crocker  finds  repeated  blistering  over 
the  root  of  the  affected  nerve  very  efficacious  in  some 
cases.  An  abundance  of  easily  digested,  nutritious 
food,  and  cod-liver  oil  are  also  indicated. 

Milton  B.  H\rtzell. 


Herpetomonas. — Leptomonas.  A  genus  of  flagel- 
late protozoans.  These  animals  are  parasitic  in 
insects  and  other  invertebrates,  and  are  of  interest 
because  they  resemble  developmental  stages  in  cer- 
tain more  specialized  flagellates.     See  Protozoa. 

A.  S.  P. 


Herpetomonida;. — A  family  of  flagellate  proto- 
zoans, which  is  of  particular  interest  because  its 
forms  show  a  transition  from  a  simple  structure  to 
that  characteristic  of  trypanosomes.  Important 
genera  are:  Herpetomonas,  with  a  single  flagellum 
and  no  undulating  membrane;  Crithidia,  with  a  poorly 
developed  undulatory  membrane;  Leishmania,  and 
Babesia.     All  are  parisitic.     See  Protozoa.    A.  S.  P. 


de  Hery,  Thierry. — A  barber-surgeon  who,  during 
the  sixteenth  century,  was  considered  a  great  author- 
ity on  all  questions  relating  to  syphilis.  He  was 
born  at  Paris  and  studied  medicine  in  that  city  under 
Jacques  Houllier  and  Antoine  Saillard,  both  of  them 
members  of  the  Faculty  of  Medicine.  At  that  period 
(about  1530)  all  barber-surgeons  were  obliged,  in 
order  to  qualify  as  masters  of  surgery,  to  devote  four 
years  of  time  to  preparatory  surgical  training  under 
the  guidance  of  the  Faculty.  Barber-surgeons,  there- 
fore, at  least  those  of  Paris,  were  not  during  the  six- 
teenth century  all  ignoramuses  and  charlatans,  as 
we  are  apt  to  assume,  and  Thierry  de  Hery  appears 
to  have  been  one  of  these  exceptions.  In  1537  he 
accompanied  the  French  army  on  their  campaign 
into  Italy.  He  visited  Rome,  and  while  there  he 
seems  to  have  been  connected,  in  one  capacity  or 
another,  with  the  Hospital  of  St.  James,  which  at 
that  period  contained  a  large  number  of  patients 
affected  with  syphilis.     The  date  of  de  Hery's  return 
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to  Paris  is  not  known,  but  it  must  have  been  a  long 
time  before  1552,  the  year  in  which  he  published  his 
famous  treatise  on  venereal  disease.  The  story  is 
told  that  when,  on  a  certain  occasion,  he  visited  St . 
Denis,  near  Paris,  he  knelt  in  front  of  the  statue  of 
Charles  VIII.  (1470-1498).  A  monk  who  happened 
to  be  near  by  ventured  to  remind  him  that  lie  must 
have  made  a  mistake,  as  the  statue  did  not  represent 
one  of  the  saints.  "No  father,"  he  replied,  "I 
know  perfectly  well  what  I  am  doing;  Charles  VIII. 
is  a  good  enough  saint  for  me,  as  he  put  thirty 
thousand  francs  into  my  pocket  when  he  introduced 
the  pox  into  France." 

Thierry  de  Hery  laid  it  down  as  a  rule  that,  for 
the  cure  of  a  syphilitic  affection,  one  of  the  three 
following    methods    would     have    to    be    employed : 

(1)  The  internal  administration  of  the  decoction 
of  guaiac;  (2)  the  application  of  a  mercurial  oint- 
ment or  of  mercurial  plasters;  and  (3)  mercurial 
fumigations.  He  insisted,  however,  that  the  em- 
ployment of  inunctions  is  the  most  efficacious  of  all 
these  methods.  He  died  in  1599  at  an  advanced 
age. 

The  title  of  the  treatise  referred  to  above  reads  as 
follows:  "La  Methode  curatoire  de  la  maladie 
v«5nerienne,  vulgairement  appelee  gross-vairolle,  et 
de  la  diversit.6  de  ses  symptomes,"  composee  par 
Thierry  de  Hery,  lieutenant-general  du  premier 
barbier-chirurgien  du  roi,  a  Paris,  1552.  Both 
Ambroise  Pare  and  Pierre  Franco  are  said  to  have 
transferred  large  portions  of  the  text  of  this  book  to 
their  own  works.  A.   H.   B. 


Heterokaryota. — Ciliophora.  Infusoria.  Pro- 
tozoa which  possess  cilia  during  part  or  all  of  their  life 
cycle.  A  macro-  (trophic)  and  micromieleus  (repro- 
ductive) are  always  present.  There  are  two  sub- 
divisions: Ciliata,  possessing  cilia  throughout  life,  and 
Acinetaria,  having  cilia  in  early  stages  which  are  re- 
placed by  suctorial  tentacles  in  the  adult.  See 
Protozoa.  A.  S.  P. 


Heterophyes. — A  genus  of  flukes.  The  cuticle 
has  scale-like  spines;  the  size  is  always  small.  In 
Egypt  H .  heterophyes  is  an  intestinal  parasite  in  man 
there  and  in  Japan  it  is  also  found  in  dogs  and  cats. 
See  Trematoda.  A.  S.  P. 


Heteroplasia. — The  production  of  a  tissue  or 
organ  in  a  place  where  it  should  not  be  is  the  defini- 
tion usua  ly  given  for  this  term.  It  has  been  applied 
to  various  tumor-like  formations  of  the  nature  of 
hamartomas  or  choristomas  (heteroplastic  osteomas, 
chondromas,  etc.).  Schridde  applies  it  to  a  class  of 
conditions  in  which  there  is  heterotopia  of  tissue, 
such  as  the  occurrence  of  islands  of  stomach  mucosa 
in  esophagus  or  intestine,  intestinal  glands  in  stomach, 
pancreatic  tissue  in  stomach  or  intestine,  prickle- 
cells  in  trachea,  prostate,  uterus,  or  urethra,  cervix 
mucosa  on  external  os  or  inner  surface  of  hymen, 
etc.  Orth  has  applied  the  terms  alloplasia  and 
dysplasia  to  the  class  of  conditions  grouped  by 
Schridde  under  the  term  heteroplasia.  In  such 
heteroplasias  the  heterotopic  tissue  is  always  one 
found  normally  in  the  organ  directly  bordering  upon 
the  one  in  which  the  tissue-heteroplasia  occurs.  It 
is  very  probable  that  they  all  represent  disturbances 
in  the  course  of  ontogenetic  differentiation ;  and  they 
should  therefore  be  regarded  as  congenital  anomalies, 
and  not  classed  with  the  true  metaplasias.  Schridde 
regards  it  as  improbable  that  they  could  arise  from 
indifferent  cells  that  remain  latent  to  develop  later 
after  the  differentiation  of  the  tissues  of  the  body 
is  completed.  Such  a  heterochronous  heteroplasia 
remains  to  be  demonstrated.  A.  S.   Warthin. 
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Heteroptera. — A  suborder  of  bugs   in   which   the 
front  pair  of  wings  are  half  horny  and   half  mem- 
branaceous, when  present.     The  bed-bugs,  <",;„,,,,/,, 
the  assassin-bugs,  Beduviidoi,  and  the  Lygacidce,  all 
attack     man.      See     Insects,     parasitic,     and     / 1, 
poisonous.  A.  S    I' 


Heterotricha. — An  order  of  eiliate  protozoans  in 
which  some  of  the  cilia  are  fused  to  form  membranelles 
in  connection  with  the  oral  opening.     See  Protozoa . 

A.   S.  P. 


Hetol  is  an  aqueous  solution  of  sodium  einnamate, 
which  has  been  used  in  cases  of  tuberculosis  and 
cancer.  Intravenous  and  intramuscular  injections 
of  the  preparation  have  been  made,  and  the  physio- 
logical effect  has  been  an  absolute  and  relative  poly- 
nuclear  leucocytosis.     It  is  of  doubtful  utility. 

R.  J.  E.  Scott. 


van  Heurne,  Jan. — Johannes  Heurnius  was  born 
at  Utrecht,  Holland,  January  25,  1543.  In  his  early 
youth  he  was  extremely  backward  in  acquiring  the 
foundations  of  an  education.  At  the  age  of  eleven, 
for  example,  he  had  barely  learned  to  read,  and  by 
the  time  he  reached  fifteen  he  had  not  yet  mastered 
the  rules  of  grammar.  At  about  this  time,  however, 
the  love  of  work  began  to  develop  in  him,  and  he  soon 
made  up  for  the  time  which  he  had  lost.  At  the  age 
of  eighteen  he  was  sent  to  the  University  of  Louvain, 
to  study  medicine,  and  from  there  he  went  to  Paris, 
where  he  followed  most  attentively  the  instruction  of 
Duret.  At  twenty-four  he  visited  Italy,  and  in  1571 
he  received  the  degree  of  Doctor  of  Medicine  from 
the  University  of  Pavia.  He  spent  the  last  twenty 
years  of  his  life  at  Leyden,  Holland,  where  he  occupied 
the  Chair  of  Medicine  in  the  university.  He  died 
on  August  11,  1601,  at  the  age  of  fifty-eight.  During 
the  years  immediately  preceding  his  death  he  suffered 
a  great  deal  from  stone  in  the  bladder;  and  at  the  post- 
mortem examination  eight  calculi,  weighing  in  the 
aggregate  fourteen  ounces,  were  found  in  that  organ. 

Heurnius  was  chosen  Rector  of  the  university  on 
six  different  occasions,  and  to  him  is  credited  the  honor 
of  having  been  the  first  teacher  in  Leyden  to  make 
anatomical  demonstrations  on  the  human  cadaver; 
he  also  was  the  first  to  institute  bedside  instruction 
on  the  continent,  this  method  being  followed  in  Ley- 
den as  early  as  1591. 

A  complete  collection  of  the  writings  of  Heurnius 
was  published  by  his  son,  Otto  van  Heurne,  under  the 
title:  "Opera  omnia,  tam  ad  theoriam  quam  ad 
praxin  medicam  spectantia,  in  duos  tomos  distributa 
ac  edita,"  Lyons,  1608.  A.  H.  B. 


Hewson,  William. — Born  at  Hexham,  Northum- 
berland, England,  May  14,  1739.  He  derived  his 
early  medical  education  partly  from  his  father,  who 
was  a  surgeon,  and  partly  from  an  instructor  in  New- 
castle. Then  he  visited  London,  Edinburgh  and 
Paris.  Upon  his  return  to  London  the  tw7o  Hunters 
assigned  to  him  the  duty  of  supervising  the  dissecting 
work  in  their  amphitheaters  and  of  conducting  the 
recitations  based  upon  their  lectures.  In  due  course 
of  time  he  gave  independent  courses  of  instruction  in 
anatomy,  and  these  proved  to  be  very  popular.  In 
1772  he  was  elected  a  member  of  the  Royal  Society. 
Not  long  afterward,  while  dissecting  a  cadaver  which 
was  far  advanced  in  decomposition,  he  injured  his 
finger  with  the  saw  used  for  opening  the  cranium,  and 
the  wound  thus  produced  gave  rise  to  blood  poisoning, 
from  the  effects  of  which  he  died  May  1,  1774. 

Hewson,  who  was  a  distinguished  anatomist  and 
a  scientific  investigator  of  great  promise,  had  already, 
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before  his  premature  death,  published  several  of  his 
writings.  Of  these  we  can  give  here  the  titles  of 
only  two:  "Experimental  Inquiries  into  the  Proper- 
ties of  the  Blood,"  etc.,  London,  1771-1771;  "On  the 
Operation  of  Paraeentesis  Thoracis  proposed  for  Air 
in  the  Chest;  with  Remarks  on  Emphysema  and 
Wounds  of  the  Lungs,"  in  Medical  Observations  and 
Inquiries,  17(57,  torn.  III.  A.   II.   B. 


Hexameth  ylenamine. — Hexamethylene-tetra- 
mine,  aminoform,  urotropin,  cystamine,  cystogen, 
fonnin,  formamine,  uramine,  uritone,  ammonio- 
formaldehyde,  etc.  (CH2)6N,i,  is  made  by  combining 
six  molecules  of  formaldehyde  with  four  of  ammonia. 
It  forms  rhomboidal  crystals  of  neutral  or  faintly 
alkaline  reaction,  and  is  soluble  in  1.2  parts  of  water, 
slightly  in  alcohol,  and  scarcely  at  all  in  ether.  In 
the  urine  it  may  be  detected  by  the  formation  of  an 
orange  precipitate  with  a  few  drops  of  a  saturated 
solution  of  bromine. 

Introduced  in  1895  by  Bordet,  this  remedy  has  come 
into  universal  use  as  a  urinary  antiseptic.  It  is  very 
rapidly  absorbed,  Casper  finding  it  in  the  urine  in  ten 
minutes;  usually  the  urine  continued  to  give  off  formal- 
dehyde for  several  days.  In  a  few  cases  no  formalde- 
hyde was  demonstrable  though  the  drug  itself  was  con- 
stantly excreted,  and  Citron  calls  attention  to  the  fact 
that  formaldehyde  is  sometimes  not  liberated  in 
strongly  alkaline  urine. 

The  drug  has  been  recommended  as  a  diuretic,  a 
uric-acid  solvent,  and  a  urinary  antiseptic  and  acidi- 
fier.  Thompson  considers  its  diuretic  powers  to  be 
very  slight,  though  other  observers  report  considerable 
increase  in  the  flow  of  urine  following  large  doses.  As 
a  uric-acid  solvent  Casper  found  that  neither  a 
solution  of  the  drug  nor  the  urine  of  a  patient  taking 
it  had  any  effect  in  vitro.  He  discovered  accident- 
ally, however,  that  it  caused  complete  cessation  of  all 
visible  phosphate  excretion  in  a  case  of  phosphaturia. 

It  is  in  bacterial  conditions  of  the, urine,  however, 
that  hexamethylenamine  finds  its  chief  indication.  In 
typhoid  fever  there  is  much  evidence  that  the  bacilli  are 
prevented  from  developing  in  the  urine;  at  Johns  Hop- 
kins Hospital  the  typhoid  bacilli  did  not  completely 
disappear  from  the  urine,  but  were  much  dimin- 
ished in  numbers.  Osier  recommended  the  drug  very 
highly  in  typhoid  cystitis.  In  suppurative  pyelitis 
and  cystitis  it  has  the  power  of  greatly  lessening 
bacterial  action,  while  at  the  same  time  it  tends  to 
diminish  the  alkalinity  or  increase  the  acidity.  When 
the  urine  is  strongly  alkaline  it  sometimes  fails  to  act. 
Cohn  found  no  improvement  in  tuberculous  cystitis  or 
in  cystitis  following  acute  gonorrhea,  but  Bangs  and 
others  advise  its  routine  employment  in  gonorrhea, 
as  it  tends  to  keep  the  urine  antiseptic  and  to  lessen 
the  tendency  of  thegonococcus  to  invade  the  posterior 
urethra  and  bladder.  A.  R.  Elliot  of  Chicago  gives 
up  to  6  gm.  (5  iss.)  a  day,  though  noting  that  the 
acidity  of  the  urine  may  be  so  increased  thereby  as  to 
cause  irritation.  But  there  are  a  number  of  reports  of 
vesical  irritation,  hematuria,  and  even  melcna  follow- 
ing much  smaller  doses.  W.  Langdon  Brown  reports 
two  cases  of  vesical  hematuria  from  ten  grains  three 
times  a  day  for  eight  days.  Morton  noted  burning  in 
the  urethra  and  frequent  micturition  from  twenty-four 
grains  a  day.  Biss,  in  311  typhoid  cases,  noted  irrita- 
tion and  slight  hematuria  twice.  The  general  opinion 
seems  to  be  that  the  blood  comes  from  the  bladder  and 
not  from  the  kidneys,  though  it  is  advised  not  to 
employ  the  drug  in  cases  of  nephritis.  Eastman  noted 
lowering  of  temperature  and  pulse.  The  ordinary  dose 
of  hexamethylenamine  is  0.2-0.5  gm.  (gr.  iij.-viij.),  and 
Nicolaier  advises  that  1.5  gm.  (gr.  xxiij.)  a  day  should 
not  be  exceeded.  It  is  best  administered  with  plenty  of 
water  in  small  doses  frequently  repeated. 

W.  A.  Bastedo. 
R.  J.  E.  Scott. 


Hexamitus. — A  genus  of  flagellate  protozoans. 
Several  species  are  known  to  occur  as  intestinal  para- 
sites in  oysters,  frogs,  and  mice.     Sec  Protozoa. 

A.  S.  P. 


Hexanth-embryo. — A  larval  stage  in  the  develop- 
ment of  certain  tapeworms.  It  has  six  hooks  with 
which  it  bores  into  the  tissues  of  some  animal  where  it, 
becomes  encysted  and  awaits  its  final  host.  See 
Cestoda.  A.  S.  P. 


Hexapoda. — Insecta.  Arthropods  with  six  walk- 
ing legs,  a  characteristic  which  distinguishes  them  from 
the  spiders  which  have  eight.  See  Insects,  parasitic, 
and  poisonous.  A.  S.  P. 


Hexone  Bases. — This  is  the  term  applied  to  the 
basic  bodies  arginine,  histidine  and  lysine  obtained 
from  proteins  as  cleavage  products.  They  were  so 
designated  from  the  fact  that  each  contains  six  carbon 
atoms.  They  are  of  considerable  significance  from 
the  standpoint  of  intermediary  metabolism.  See 
Arginine,  Histidine,  Lysine.  F.   P.  U. 


Hexoses. — From  the  fact  that  they  contain  six 
atoms  of  carbon  certain  of  the  simpler  carbohydrates 
are  called  hexoses.  They  include  the  simple  sugars 
such  as  dextrose,  levulose,  and  galactose.   See  Aliment. 

F.  P.  U. 


Hey,  William. — Born  on  September  3,  1736,  near 
Leeds,  England,  of  a  family,  through  his  mother's  line, 
famous  for  the  number  of  physicians  it  had  produced. 
When  fourteen  years  of  age  he  expressed  an  ardent 
wish  to  enter  the  navy,  but  acceding  to  the  desires  of 
his  parents,  he  became  apprenticed  to  a  Mr.  Dawson, 
a  surgeon  and  apothecary  of  Leeds.  In  1757  he  went 
to  London  and  two  years  later  completed  his  medical 
education.  At  twenty-three  years  of  age  he  began  the 
practice  of  surgery  in  Leeds  and  during  his  first  year 
performed  three  lithotomies.  In  1817  he  assisted  in 
the  organizing  and  building  the  Leeds  Infirmary, 
becoming  one  of  its  surgeons.  In  1773  he  sustained 
a  severe  injury  to  one  of  his  knees,  and  while  he  re- 
covered sufficiently  to  be  able  to  practice,  through  a 
series  of  accidents  later  on,  he  became  unable  to  walk 
more  than  a  few  steps  across  a  room,  and  for  more 
than  forty  years  was  compelled  to  use  crutches  en- 
tirely. Incapacitated  by  his  infirmity  he  resigned  his 
position  as  surgeon  to  the  Leeds  Infirmary  in  1812. 
He  died  March  9,  1819,  at  Leeds. 

Dr.  Hey  was  especially  noted  for  his  surgery  on 
hernias,  although  he  did  not  confine  himself  to  this 
particular  subject.  His  name  is  associated  with  the 
condition  called  fungus  hematodes,  and  he  was  the 
first  to  describe  the  condition  known  as  hernia  infan- 
tilis. Hey'sjigament,  or  the  falciform  process  of  the 
fascia  lata,  was  first  recognized  and  satisfactorily 
described  by  him.  He  devoted  very  little  of  his  time 
to  writing  and  the  best  known  articles  from  his  pen 
are  "Practical  Observations"  in  three  volumes, 
published  respectively  in  1803,  1810,  and  1814;  and 
an  essay  on  "Observations  on  the  Blood,"  published 
in  1779.  E.  L.  J. 

Hiccough. — See  Diaphragm,  Diseases  and  Injuries 
of  the. 

Hickman,  Henry  Hill. — Born  in  England,  January 
27,  1800.  He  became  a  member  of  the  Royal  College 
of  Surgeons  when  he  had  barely  reached  the  age  of 
twenty-one,  and  at  once  commenced  practice  in  the 
little  town    of  Ludlow,    in   Shropshire.     "Impressed 
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by  the  agonizing  sufferings  ,,f  those  on  whom  he  was 
called  to  operate,  he  resolved  to  seek  some  method  of 
alleviating  their  pain  by  rendering  them  unconscious 
before  the  operation.*  With  this  object  he  com- 
menced a  series  of  experiments  on  animals,  first,  by 
producing  semi-asphyxiation  by  the  exclusion  of  at- 
mospheric air;  then  by  causing  them  to  inhale  small 
quantities  of  carbon  dioxide,  and,  later,  nitrous  oxide 
gas.  After  rendering  the  animals  unconscious,  he 
excisedthe  ears,  amputated  their  legs,  made  incisions, 
then  dressed  the  wounds,  noted  the  time  they  took 
to  heal,  and  the  period  of  their  complete  recovery. 
He  carried  on  these  experiments  for  some  time,  and 
at  last  met  with  considerable  success.  This  con- 
vinced him  that,  could  he  but  carry  out  his  experi- 
ments on  the  human  subject,  his  methods  would  be- 
come of  the  greatest  value  to  mankind  in  making  pain- 
less the  performance  of  major  surgical  operations. 

"In  1825  Hickman  removed  to  Shifnal,  and  en- 
deavored to  demonstrate  the  results  of  his  experi- 
ments before  his  professional  brethren,  but  every- 
where he  was  met  with  the  greatest  scepticism,  and 
his  system  was  generally  derided  and  condemned 
as  dangerous  and  useless.  He  had  one  sympathizer, 
however — a  Mr.  T.  A.  Knight,  a  layman.  Unable  to 
get  publicity  through  the  medical  press  of  the  period, 
Hickman  at  length  published  an  account  of  his  in- 
vestigations and  his  methods  of  inhalation  to  produce 
unconsciousness  in  the  form  of  a  letter,  which  he 
addressed  to  Mr.  Knight. 

"  Disheartened  by  his  failure  to  secure  a  hearing 
from  the  profession  in  his  own  country,  Hickman  at 
length  resolved  to  lay  the  matter  before  the  Royal 
Academy  of  Medicine  in  Paris,  and  drew  up  the  fol- 
lowing memorial  to  King  Charles  X.,  praying  for  per- 
mission to  perform  his  experiments  before  the  leading 
medical  men  of  that  city. 

"The  reading  of  the  memorial  before  the  Academy 
caused  a  sensation,  but  Hickman's  discovery  was  re- 
ceived by  the  majority  of  the  members  with  derision 
and  contempt,  the  only  defender  of  it  being  the  famous 
Baron  Larrey,  who  offered  himself  to  be  experimented 
upon,  and,  although  a  committee  was  formed  to  go 
further  into  the  matter,  the  demonstration  was  appar- 
ently allowed  to  drop."  Hickman,  discouraged  and 
well-nigh  broken-hearted,  returned  to  England  to  die 
a  few  months  afterward  at  the  early  age  of  twenty-nine. 
He  was  buried  at  Bromfield,  Shropshire,  in  the  vear 
1829. 

The  article  from  which  the  text  quoted  above  is 
taken  ends  with  the  following  statement:  "Although 
eighty-four  years  have  passed  away  since  Hickman 
placed  his  methods  of  producing  anesthesia  by  inhala- 
tion before  the  Royal  Academy  of  Medicine  of  Paris, 
it  is  not  too  late  to  do  honor  to  the  memory  of  this 
young  English  surgeon,  now  forgotten,  who  practic- 
ally sacrificed  his  career  and  gave  his  life  in  his  attempts 
to  gain  recognition  for  his  discovery  of  a  method  of 
producing  anesthesia  by  inhalation,  and  so  rendering 
patients  unconscious  to  pain  during  severe  surgical 
operations."  A.  H.  B. 

Hicks,  John  Braxton. — Distinguished  both  as  a 
teacher  and  as  an  original  investigator  in  the  domain 
of  midwifery.  Born  in  England  in  1825  he  received 
his  professional  training  chiefly  in  Guy's  Hospital, 
London.  In  1851  he  obtained  his  doctor's  degree  from 
London  University.  He  held  at  one  time  or  another 
the  following  different  positions:  Physician  Accou- 
cheur and  Instructor  in  Midwifery  and  Diseases  of 
Women  and  Children  in  Guy's  Hospital;  Physician  of 
the  Royal  Maternity  Charity;  Physician  of  the  Royal 
Infirmary  for  Women  and  Children;  and  Consulting 
Physician  at  St.  Mary's  Hospital.  In  1866  he  was 
elected  a  Fellow  of  the  Royal  College  of  Physicians. 

"  The  account  here  given  is  taken  from  the  British  Medical 
Journal  of  April  13,  1912. 


He  died  on  August  28,  1H'.I7.  He  is  credited  with 
having  introduced  the  method  of  podalic  version  by 
combined  external  and  internal  manipulation. 

The  following  are  the  titles  of  some  of  the  more  im- 
portant of  Hicks'  published  writings:  "On  Combined 
External  and  Internal  Version,"  London,  1864;  "On 
Uterine  Polypi,"  and  "On  Transfusion,"  in  Guy's 
Hospital  Reports  for  1861;  "On  Concealed  Accidental 
Hemorrhage,"  and  "An  Inquiry  into  the  Best  Mode 
of  Delivering  the  Fetal  Head  after  Perforation,"  in 
the  Obstetrical  Transactions,  1861,  1864;  and  "On 
Auxiliary  Forces  concerned  in  the  Circulation  of  the 
Pregnant  Uterus,  etc.,"  in  Proceedings  of  the  Royal 
Society,  1S79.  A.   H.   B. 


Hidrocystoma. — Definition. — A  non-inflamrna- 
torj'  affection,  appearing  almost  exclusively  upon 
the  face,  especially  upon  the  forehead,  nose,  and 
cheeks,  and  characterised  by  the  presence  of  discrete 
pin-head  to  pea-sized  rather  deeply  seated  translucent 
or  boiled  sago-grain  like  vesicles. 

History. — In  1884  at  a  meeting  of  the  American 
Dermatological  Association  in  a  paper  on  miliaria 
and  sudamina  I  described  the  clinical  and  micro- 
scopical characters  of  an  eruptive  met  with  especially 
in  middle-aged  or  older  women,  and  especially  in 
washerwomen  whose  faces  are  exposed  to  a  warm 
moist  atmosphere  and  perspire  freely.  The  lesions 
were  shown  to  be  connected  with  the  sweat  apparatus, 
and  was  classed  as  a  form  of  sudamina.1  As,  however, 
it  differs  clinically  and  histologically  from  sudamina 
proper  and  represents  a  clinical  entity  I  suggested  in  a 
subsequent  paper2  the  name  hidrocystoma  for  the 
affection  and  this  term  has  been  employed  by  all 
subsequent  writers.  In  1886  Dr.  G.  I.  Jackson3 
described  an  example  of  the  affection  under  the  term 
dysidrosis  of  the  face  and  Hallopeau4  a  case  under  the 
title  "sur  un  cas  de  dysidrose  du  nez."  Since  this 
time  many  cases  have  been  seen  and  a  number  of 
articles  written  on  the  subject  by  different  writers. 

Symptoms. — The  disease  is  not  an  infrequent  one  in 
New  York  City,  especially  in  hot  season.  It  occurs 
especially  in  women  in  middle  life  or  older  and  the 
majority  of  the  cases  I  have  seen  the  women  have 
been  doing  general  housework,  housewives  doing 
cooking,  washing,  etc.,  and  whilst  some  of  them  did 
but  little  if  any  washing  of  clothes  the  rule  was  that 
washing  was  credited  with  the  cause  of  the  eruption, 
the  excessive  perspiration  in  a  warm  moist  atmos- 
phere apparently  favoring  the  formation  of  the 
lesions.  The  disease  may  appear  however  in  women 
of  leisure  and  is  not  very  infrequent  in  the  male  sex, 
especially  in  corpulent  individuals  who  perspire 
freely.  All  the  cases  I  have  seen  have  been  worse 
in  summer  than  in  winter  and  in  many  the  eruption 
would  almost  if  not  entirely  disappear  in  cold  weather. 
In  the  case  reported  by  Hallopeau  the  eruption  was 
more  severe  at  the  menstrual  period  and  also  worse 
in  summer  than  in  winter.  The  eruption  may  be 
said  to  be  confined  to  the  face  and  especially  upon 
the  lower  half  of  the  forehead,  the  orbital  region,  the 
nose  and  cheeks.  It  may  also  occur  upon  the  lips. 
I  have  not  seen  it  upon  the  lower  jaw  or  upon  the 
neck.  The  lesions  are  either  discrete  or  situated 
closely  to  each  other,  but  the  latter  arrangement  is 
infrequent  unless  the  lesions  are  numerous.  The 
lesions  are  few  or  numerous  in  individual  cases  and 
appear  as  tense,  clear  shining  vesicles,  obtuse,  round 
or  ovoid  in  form,  and  varying  in  size  from  that  of  a 
pin-head  to  that  of  a  pea.  They  are  at  first  rather 
deeply  seated  as  the  base  reaches  deeply  into  the 
corium,  but  on  account  of  their  size  they  are  also 
more  or  less  elevated  above  the  general  surface.  The 
smaller  ones  -especially  bear  considerable  resemblance 
to  a  boiled  sago  grain.  The  larger  lesions  some- 
times have  a  darkish  blue  tint  which  is  most  marked 
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at  the  periphery.  There  are  no  inflammatory  symp- 
toms present  but  a  faint  hyperemic  areola  is  some- 
times present.  Individual  lesions  may  persist  for 
weeks  or  months,  remaining  clear,  never  becoming 
purulent,  disappearing  by  absorption  or  drying  up, 
when  they  may  have  a  whitish  appearance  somewhat 
like  that  observed  in  milium.  I  have  not  been  able 
to  recognize  with  positiveness  the  presence  of  an 
excretory  sweat  duct  ossified  over  the  central  part  of 
an  individual  vesicle.  There  are,  as  a  rule,  no  sub- 
jective symptoms  but  the  eruption  may  be  accom- 
panied by  a  slight  sensation  of  tension  or  smarting. 
The  contents  are  always  at  first  slightly  acid  and 
never  alkaline  and  when  the  lesions  disappear  the 
part  is  left  in  a  normal  condition  or  there  may  be 
slight  pigmentations. 

Pathology. — In  Fig.  3167  is  shown  a  section  con- 
taining a  large  and  small  lesion.  Microscopical  ex- 
amination of  sections  showed  the  following  condition 
in  active  stages  of  the  disease.     The  corneous  laver 


Fia.  3166. — Hidrocystoma.     (Author's  case.) 

and  the  rete  were  in  an  apparently  normal  condition 
that  is  the  corneous  cells  appeared  to  be  unchanged 
in  character  and  were  in  normal  relations  to  each 
other.  In  the  rete  similar  normal  conditions  were 
present,  the  excretory  sweat  ducts  passing  through 
it  were  normal  and  in  no  part  were  there  any  signs  of 
vesicular  formation  or  of  any  excessive  transudation 
of  serum  into  or  between  the  cells.  The  papillary 
layer  was  normal  in  the  early  stage  of  lesion  formation, 


later  the  circulation  was  more  or  less  interfered  with 
from  pressure,  with  a  possible  slight  perivascular 
cellular  infiltration.  In  the  upper  part  of  the  corium 
similar  conditions  existed.  The  sebaceous  glands  and 
hair  follicles  were  normal.  According  to  Schidachi6 
there  is  an  absence  of  the  excretory  duct  of  the  sweat 
gland  above  the  cyst  formation.  He  produced  in 
cats  a  sweat  gland  cyst  by  destroying  the  continuity 
of  the  sweat  duct,  shutting  otf  the  coil  part  from  the 
general  surface.  It  is  well  known  that  sweat  gland 
cysts  are  frequently  caused  by  constriction  of  the 
excretory  duct  in  pathological  condition  in  the  corium, 
but  such  cysts  do  not  make  a  hidrocystoma. 

The  causation  of  the  condition  leading  to  the  cyst 
formation  is  apparently  excessive  sweating  in  con- 
nection with  a  change  in  the  skin  by  exposure  to  a 
warm  moist  atmosphere.  That  all  the  sweat  glands 
are  not  effected  is  no  proof  against  this  view,  as  in 
ordinary  sudamina  the  vesicles  appear  in  connection 
with  a  limited  number  of  excretory  sweat  ducts. 
In  the  lower  part  of  the  corium  and  in  the  sub- 
cutaneous tissue,  besides  normal  sweat 
glands  and  hair  follicles,  the  following 
conditions  were  found.  The  secreting  por- 
tions of  some  of  the  sweat  glands  have  an 
enlarged  lumen  filled  with  liquid  and  a 
granular  material  resembling  that  in  nor- 
mal glands  but  in  increased  amount.  As 
I  have  observed  this  in  cases  of  simple 
hyperidrosis  it  may  be  regarded  as  merely 
showing  marked  activity.  With  the  ex- 
ception of  those  few  with  enlarged  coil 
tube  and  those  ducts  connected  with  the 
cysts  there  was  nothing  abnormal  observed 
in  the  sweat  gland  structures. 

By  studying  Fig.  3167,  it  is  easy  to  learn 
the  anatomical  relations  of  the  lesions  in 
this  disease  and  see  that  the  vesicles  arise 
from  a  cystic  dilatation  of  the  excretory 
sweat  duct  lying  within  the  corium.  On 
the  right  half  of  the  drawing  is  seen  a  small 
cyst  connected  with  the  sweat  gland  c,  and 
on  the  left  half  of  the  drawing  is  a  much 
larger  cyst  connected  with  the  excretory 
duct  seen  cut  transversely  at  6.  At  c  is 
seen  the  coil  portion  of  the  gland.  Nothing 
abnormal  was  to  be  observed,  unless  it  was 
that  the  contents  of  the  lumen  were  more 
granular  than  usual.  The  short,  excretory 
duct  leading  to  the  cyst  was  perfectly  nor- 
mal, not  showing  any  dilatation.  The  cyst 
a,  was  a  small  one,  and  appeared  to  the 
naked  eye  a  pin-head  sized,  deep-seated 
vesicle.  The  cyst  contents  have  disap- 
peared but  were  no  doubt  a  clear  liquid 
of  acid  reaction  as  such  was  the  character 
of  all  examined  in  reference  to  this  point. 
A  slight  albuminous  substance  clung  to 
the  wall  of  the  cyst.  The  excretory  duct 
is  seen  very  distinctly  entering  the  cyst  at 
the  lowest  right-hand  corner.  The  entire 
wall  of  the  cyst  is  lined  with  epithelium. 

In  the  larger  cyst  no  sweat  gland  is  vis- 
ible in  this    section,   although   its  special 
gland  was  seen  in  other  sections.     At  the 
upper    part,    however,    at    6,  is   seen   the 
place  where  the  excretory  duct  communi- 
cates with    the    cyst.      This    cyst  extends 
further  upward  and  further   downward  in 
the  cutis  than  the  smaller  one,  but  it  may  have  com- 
menced at  about  the  same  level.     The  contents  of 
this  one  have  also  disappeared.     The  walls  are  lined 
throughout  with  epithelium  as  in  the  smaller  lesion. 
A  consideration  of  the  conditions  present  shows  that 
the  cysts  arise  from  dilatation  of  the  excretory  duct 
of  the  sweat  glands  at  some  part  of  its  course  in  the 
corium.     That  it  is  not  a  passive    dilatation   as  in 
an  ordinary  retention  cyst  is  shown  by  the  fact  that 
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whether  the  cyst  be  large  or  small  there  is  such  a  rapid 
proliferation  of  the  epithelium  lining  the  cyst  that 
the  entire  cyst  wall  is  lined  with  this  epithelium, 
perhaps  with  more  than  one  layer. 

As  regards  the  character  of  tiie  contents  of  the 
vesicles,  they  are  always,  in  the  earlier  periods  at 
least,  liquid  and  clear  and  slightly  acid,  characters 
similar  to  those  present  in  sweat  drops  upon  a  clean 
cutaneous  surface.  This  liquid  is  collected  within 
an  excretory  duct  deep  in  the  corium  and  far  removed 
from  the  blood-vessels  of  the  papillae.  The  connec- 
tion of  the  cysts  with  the  sweat  coil  is  proven  by  the 
sections,  hence  we  have  here  a  positive  proof  that  a 
liquid  corresponding  in  character  with  sweat  as  it 
appears  upon  the  free  surface  is  formed  by  the  sweat 
glands  or  excretory  duct  or  by  both.     The  theory, 


cutaneous  tissue  that  causes  the  lesions  to  form  about 
the  place  of  union  of  those  parts,  for  the  cyst  enlarges 
subsequently  in  all  directions.  The  nature  'if  the 
contents  of  the  vesicles  show  that  tin-  coil  purl  of  the 
glands  is  normal  or  acid  sweat  could  not  form  so 
rapidly.  The  abnormal  condition  must  reside  pri- 
marily in  the  excretory  tube  or  in  the  surrounding 
connective  tissue,  causing  obstruction  to  the  outflow 
of  the  sweat. 


fe_ 


Fig.  3157. — Lesion   of   Hidrocystoma,  showing  large  and  small  cysts  (a)  in 
the  lower  part  of  the  corium,  an  excretory  duct  (b),  and  a  sweat-coil  (c). 


therefore,  that  the  sweat  glands  are  fat-producing 
glands  only  and  not  sweat-producing,  cannot  be 
correct  when  we  find  such  a  condition  during  a  state 
of  hyperidrosis.  Years  ago  I  maintained  that  my 
sections  disproved  the  theory  that  sweat  comes  from 
the  papillary  blood-vessels  and  not  from  the  sweat 
glands  and  am  still  satisfied  of  the  correctness  of  my 
position  at  that  time. 

Why  the  lesions  form  is  not  easily  answered.  One 
could  say  that  the  duct  becomes  obstructed  by  de- 
tached epithelium,  the  result  of  the  excessive  hyper- 
idrosis, but  the  obstruction  in  that  case  would  prob- 
ably occur  where  the  lumen  is  narrowest  and  elasticity 
of  surrounding  tissue  least,  that  is,  in  the  epidermis. 
Furthermore,  the  disease  is  rare,  whilst  hyperidrosis, 
at  some  time  or  other,  is  almost  universal.  It  cannot 
be  from  any  anatomical  changes  in  the  epidermis  or 
the  lesions  would  be  more  superficially  seated.  It 
cannot  be  from  the  difference  in  density  between  the 
connective  tissue  of  the  corium  and  that  of  the  sub- 
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Diagnosis. — The  eruption  bears  some  resemblance 
to  sudamina  crystallina,  pompholyx  (dysidrosis;, 
eczema,  and  adenoma  of  the  sweat  glands. 

Sudamina  are  caused  by  retention  of  sweat  within 
the  corneous  layer,  the  cells  forming  the  wall  of  the 
duct  becoming  separated  and  allowing  the  sweat  to  in- 
filtrate the  corneous  layer  and  pushing  aside 
the  cells,  collect  so  as  to  form  a  dewdrop-like 
lesion.  Clinically,  the  lesions  of  sudamina 
crystallina  appear  but  very  rarely  upon  the 
face,  they  are  more  superficially  seated  and 
have  a  thinner  covering.  The  nature  of  the 
contents  is  similar  in  both  cases  and  both 
are  caused  by  retention  of  sweat  within  an 
excretory  duct  area,  and  hence,  in  my  first 
paper,  I  preferred  to  describe  it  as  a  form  of 
sudamina,  giving  this  term  a  wider  mean- 
ing than  it  previously  had,  making  it  synony- 
mous with  any  lesions  caused  by  retained 
sweat,  and  then  using  qualifying  words  as 
_.- ' j..  ■ '&;i  crystallina,  miliaria,  etc.,  for  different  clini- 
'Sfev?^ v  ■ '?' ■''  cal  forms.  As,  however,  sudamina  are  not 
lesions  caused  by  sweat  retained  within  an 
xcretory  duct,  and  as,  furthermore,  in  the 
lisease  I  have  described,  there  is  a  rapid 
proliferation  of  epithelial  cells  in  sufficient 
numbers  always  to  line  the  cyst  wall,  as 
finally  the  disease  has  definite  clinical  char- 
acter and  represents  a  clinical  entity,  it  ap- 
pears to  me  to  be  advisable  not  to  use  the 
term  sudamina  of  the  forehead,  as  I  have 
already  done,  but  to  coin  a  new  one  for  the 
affection,  namely  hidrocystoma. 

From  eczema  the  eruption  is  diagnosed  by 
the  acid  reaction  of  the  contents,  and  by 
the  absence  of  inflammation  and  subsequent 
crusting.  The  nature  of  the  contents  and 
the  clinical  history  make  the  diagnosis  from 
adenoma  of  the  sw-eat  glands  easy,  but  in  a 
photographic  representation  there  is  much 
resemblance. 

Drs.   Jackson,  Jamieson,  Rosenthal,  and 
Hallopeau    have  all   described  the   disease 
under    the    name   of   dysidrosis.     It,  how- 
ever, corresponds  in   no  respect  with  dysi- 
drosis as  described  by  Tilbury  Fox,  Hutch- 
inson, myself  and  others,  except  that  in  both 
the  vesicles  may  have  the  boiled-sago-grain 
appearance.     The    disease  dysidrosis  or  pompholyx 
may  be  defined  as  an  acute  inflammatory  affection, 
characterized  by  the  symmetrical  development  upon 
the  palms  of  the  hands,  and  generally  also  upon  the 
soles  of  the  feet,  of  deep-seated,  clear  vesicles,  usually 
grouped,  which  afterward  become  opaque,  and  in  a 
few  days  disappear  by  rupture  or  absorption,  leaving 
a  non-eczematous  skin  behind.     As  the  disease  I  have 
described  in  this  article  bears  no  relation  from  either 
a   clinical   or   an  anatomical   standpoint   with    dysi- 
drosis, the  term  should  not  be  used  for  the  affection, 
even  if  it  were  clear  that  the  condition  did  represent 
one  of  difficult  sweating,  for  it  is  clearly  not  the  same 
disease  already  described  under  that  name. 


Treatment. — The  disease  does  not  cause  any  per- 
manent injury  to  the  part  such  as  atrophy  or  pigmen- 
tation and  beyond  the  fact  that  it  does  mar  the  coun- 
tenance in  some  cases  for  the  time  being  it  need  cause 
no  worry.     The  use  of  a  soap  to  thin  the  corneous  layer 
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and  the  puncturing  of  the  cysts,  together  with  the 
use  of  local  astringents  if  there  are  any  that  tend  to 
inhibit  sweat  secretion  covers  the  indications.  Avoid- 
ance of  the  predisposing  or  direct  causes,  as  the  case 
may  be,  such  as  washing  in  a  moist  warm  atmosphere, 
exercise  causing  excessive  sweating,  etc.,  should  be 
recommended.  A.  R.  Robinson. 
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Highland  Springs. — Androscoggin  County, 
Maine. 

Post=office. — Lewiston.     Cottages. 

Highland  Spring  is  located  at  Thome  Hill,  compris- 
ing over  sixty  acres  of  elevated  and  wooded  land, 
about  three  miles  from  Lewiston  station.  The  spot 
offers  exceptional  advantages  to  persons  wishing  to 
camp  during  the  summer  and  is  accessible  by  electric 
car  line.  The  waters  of  this  spring  have  enjoyed  a 
considerable  reputation  for  a  long  time  past.  They 
are  bottled  and  sold  extensively  for  table  purposes. 
The  following  analysis  was  made  by  Richard  C.  Stan- 
ley, Ph.  D.,  State  assayer  of  Maine: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Iron  carbonate 1.10 

Iron  oxide 0.31 

Potassium  and  sodium  carbonate 0.83 

Magnesium  carbonate 1 .  23 

Potassium  and  sodium  sulphate 0.31 

Sodium  chloride 1 .  00 

Total 4.78 

This  is  an  excellent,  palatable  water  and  possesses 
the  properties  of  a  mild  ferruginous  tonic. 

Emma  E.  Walker. 


High  more,  Nathaniel. — Born  in  Hampshire, 
England,  in  1613.  He  practised  his  profession  in 
Dorsetshire.      He  died  in  1684. 

Although  Highmore  was  not  an  anatomist  of  great 
merit,  the  fact  that  his  name  is  connected  with  certain 
parts  of  the  human  body  — parts  to  which  he  devoted 
considerable  attention — has  given  him  not  a  little 
celebrity.  The  terms  here  referred  to  are  "High- 
more's  antrum"  and  "Highmore's  body."  The  fol- 
lowing is  the  title  of  the  most  important  one  of  his 
published  writings:  "Corporis  humani  disquisitio 
anatomica,  in  qua  sanguinis  circulationem  in  quavis 
corporis  particula,  plurimis  typis  novis,  ac  aenigmatum 
medicorum  succincta  dilucidatione  ornatum  prosecu- 
tus  est,"  The  Hague,  1651.  A.  H.  B. 


Hill  Diarrhea. — A  gastrointestinal  catarrh  char- 
acterized by  the  passage  of  several  pale  frothy  liquid 
stools  every  morning.  It  occurs  mostly  in  European 
residents  of  the  lowlands  in  India  when  thev  visit 
the  hills. 

The  disease  was  at  one  time  believed  to  be  a  form 
of  sprue.  It  was  first  differentiated  by  Crombie  in 
1892,  who  stated  that  it  was  likely  to  appear  in  persons 
acclimated  to  the  lowlands  when'they  visited  altitudes 
of  6000  feet  or  more.  The  disease  sometimes  appears 
at  lower  altitudes  than  this.     It  is  likely  to  be  more 


prevalent    and     to    assume     the    appearance   of   an 
epidemic  during  the  rainy  season,   subsiding  as   the 
rains  cease. 
It  has  been  attributed  to  the  change  in  atmospheric 

pressure;  In  change  in  temperature  (chilling)  causing 
a  suspension  of  Hie  normal  hepatic,  pancreatic  and 
intestinal  functions;  to  humidity;  to  (he  presence 
nl"  mica,  particles  in  I  he  water  used  for  drinking  and 
cooking;  to  intestinal  infection  with  yeasts,  moulds, 
bacteria,  or  animal  parasites.  Nothing  has  been 
definitely  established  as  to  its  cause. 

In  fatal  cases  the  mucosa  of  the  stomach  and  in- 
testines is  found  to  be  covered  with  a  thick  layer  of 
mucus,  but  there  is  no  ulceration.  The  mucosa  and 
submucosa  may  show  proliferative  change  in  chronic 
cases. 

Symptoms. — The  at  tack  is  apt  to  come  on  soon  after 
the  patient's  arrival  in  the  hill  country,  beginning  wit  h 
a  sudden  call  to  stool  in  the  early  morning.  This  is 
followed  during  the  forenoon  by  several  loose  stools, 
thin,  yeasty,  and  very  light  in  color,  looking  like 
''stirred  whitewash."  The  movements  are  usually 
inoffensive,  painless,  and  followed  by  a  sense  of  relief. 
As  the  disease  progresses  they  become  more  numer- 
ous, sometimes  offensive,  and  in  some  cases  painful; 
there  is  a  marked  flatulent  dyspepsia,  and  the  patient 
exhibits  increasing  weakness  with  nervous  irritability. 
The  history  of  the  case  and  the  absence  of  mouth  signs 
distinguish  the  disease  from  sprue.  If  the  patient 
leaves  the  hills  and  returns  to  the  plain  the  symptoms 
usually  subside.  Persons  who  have  suffered  from  this 
complaint  should  especially  avoid  the  hill  country 
during  the  rainy  season. 

Treatment. — The  disease  usually  responds  prompt  1  v 
to  treatment  on  a  milk  diet  with  liquor  hydrarg. 
perchlor.  oss  to  oi  fifteen  minutes  after  feeding, 
followed  by  a  dose  of  pepsin,  ingluvin,  or  lactopep- 
tine  from  one  to  two  hours  afterward. 

J.  F.  Leys. 

Hilton,  John. — A  British  surgeon  wno  flourished 
during  the  nineteenth  century  and  who  was  justly 
celebrated  for  his  accurate  knowledge  of  human  anat- 
omy. He  was  born  at  Castle  Hedingham,  in  Essex, 
in  1804.  He  received  his  medical  training  at  Guy's 
Hospital,  London,  and  afterward  served  this  institu- 
tion in  the  following  capacities :  Demonstrator  of  Anat- 
omy (1828),  Assistant  Surgeon  (1845),  and  Surgeon 
(1849).  He  was  also  Surgeon  Extraordinary  to  Queen 
Victoria.  Hilton  is  credited  with  being  the  first  to 
reduce  an  obturator  hernia  by  abdominal  section,  and 
one  of  the  first  to  practise  lumbar  colostomy.  He  died 
on  September  14,  1878. 

His  published  lectures  on  "Rest  and  Pain"  consti- 
tute one  of  the  gems  of  medical  literature. 

A.  H.  B. 


Himantarium. — A  genus  of  myriapods.  H.  ger- 
vaisi  has  been  reported  from  the  alimentary  tract  of 
man.     See  Insects,  parasitic.  A.  S.  P. 


Hip-joint. — Articulatio  coxae,  BNA.;  articulation 
coxofemorale,  Fr.;  Huftgelenk,  Ger.  A  diarthrodial 
enarthrosis,  or  freely  movable  ball-and-socket  joint, 
between  the  acetabulum,  a  cup-shaped  cavity  of  the 
coxal  bone,  and  the  globular  head  of  the  femur.  Hav- 
ing to  support,  in  an  erect  position,  the  weight  of  the 
trunk,  it  is  one  of  the  most  stable  and  solid  joints  in 
the  body;  but  is  also  capable  of  a  great  variety  of 
movements . 

Articular  Surfaces. — These  are  very  nearlv 
geometrically  accurate,  a  hollow  hemisphere  in  the 
hip  bone  receiving  the  approximately  hemispherical 
head  of  the  femur. 
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Acetabulum. — The  cavity  of  reception,  slightly  more 
than  twenty-five  millimeters  in  diameter  comprises 
from  170°  to  180°  of  a  concave  sphere,  and  is  slightly  ir- 
regular on  its  edge,  showing  traces  of  its  formation  from 
the  three  primitive  elements  of  tne  hip  bone.  At  each 
point  where  these  have  coossified  a  notch  may  usually 
be  seen.  That  between  the  ischium  and  the  pubis  is 
the  largest,  and  is  known  as  the  acetabular  notch  (in- 
cisura  acetabuli,  BNA).  The  cavity  as  a  whole  looks 
anteriorly,  laterally,  and  slightly  downward.  It  is 
somewhat  shallower  at  birth,  and  deepens  as  the  child 
learns  to  walk.  The  concave  interior  is  divided  into 
the  lunate  surface,  a  smooth  articular  portion,  cres- 
centic  in  form,  covered  with  hyaline  cartilage;  and  the 
fossa  acetabuli,  a  rough,  non-articular  portion,  irregu- 
larly quadrilateral  in  form,  cushioned  over  when  fresh 
with  a  pad  of  vascular  fat  and  connective  tissue  (Hav- 
ersian gland),  but  slightly  adherent  to  the  subjacent 
bone  and  affording  attachment  to  an  extension  of  the 
round  ligament  of  the  joint. 

In  a  fresh  state  the  cavity  is  deepened  by  the  attach- 
ment to  its  edge  of  a  rim  of  fibrocart  ilage,  the  glenoidal 
labrum.  Like  the  similar  structure  in  the  shoulder- 
joint,  it  is  prismatic  in  section.  It  is  thicker  above  and 
behind  where  the  greatest  stress  comes,  and  grasps 
the  head  of  the  femur,  narrowing  the  orifice  and  deep- 
ening the  cavity  which  then  represents  somewhat  more 
than  two-thirds  of  a  sphere.  It  fills  in  the  minor 
irregularities  of  the  edge,  but  bridges  over  the  acetabu- 
lar notch,  being  there  known  as  the  transverse  liga- 
ment of  the  acetabulum.  It  is  clothed  with  synovial 
membrane  on  its  two  free  surfaces  and  by  its  elasticity 
adapts  itself  to  varying  movements  of  the  two  bones. 

Head  of  the  Femur. — This  smooth,  globular  body 
comprises  from  two-thirds  to  three-fifths  of  a  sphere 
having  a  radius  of  about  twenty-five  millimeters  in 
the  male  and  twenty  in  the  female.  Directed 
upward,  inward,  and  a  little  forward,  it  is  sup- 
ported by  the  neck,  a  narrower  portion  shaped 
like  a  truncated  cone,  flattened  from  before  back- 
ward. The  articular  surface  of  the  head  is  cov- 
ered with  cartilage,  except  at  a  small,  oval  de- 
pression (fovea  capitis)  situated  about  two-thirds  of 
the  way  down  and  nearer  the  posterior  than  the  an- 
terior border,  which  affords  attachment  to  the  round 
ligament  of  the  joint.  At  the  bottom  of  this  depression 
small  openings  for  vessels  may  usually  be  seen.  The 
cartilage  is  thickest  above,  where  the  pressure  is  greater 
and  thins  away  toward  the  periphery.  At  the  neck 
it  is  limited  by  an  irregularly  curved  line,  and  ex- 
tends farther  from  front  to  back  than  from  side  to 
side  corresponding  to  the  greatest  excursion  of  the  ar- 
ticular surface. 

Capsule. — This  has  the  form  of  a  sleeve  larger  above 
than  below,  the  reverse  of  the  condition  seen  in  the 
shoulder-joint,  and  the  contraction  of  the  lower  end, 
due  to  the  diminished  caliber  of  the  neck,  assists  to 
keep  the  head  of  the  femur  in  place  and  lends  stability 
to  the  joint.  It  is  inserted  upon  the  hip  bone  just 
beyond  the  base  of  the  labrum  and  upon  the  trans- 
verse ligament,  thus  permitting  small  vessels  to  pene- 
trate under  that  structure  without  piercing  the 
capsule. 

Upon  the  femur  it  passes  considerably  beyond  the 
articular  surface,  taking  in  a  portion  of  the  neck. 
In  front  it  reaches  to  the  intertrochanteric  line,  while 
behind,  because  of  the  numerous  muscles  coming  to 
be  inserted  into  the  trochanter,  it  does  not  reach  the 
intertrochanteric  crest,  but  covers  only  about  the 
inner  two-thirds  of  the  neck.  It  follows  from  this 
that  all  fractures  of  the  neck  are  intracapsular  in  front, 
that  they  are  intracapsular  in  front  and  behind  when 
situated  at  the  internal  half,  but  when  at  the  external 
half  they  may  be  intracapsular  in  front  and  extra- 
capsular behind.  Tillaux'  notes  that  the  synovial 
membrane  is  reflected  within  the  capsule  somewhat  in 
advance  of  the  fibers  of  the  capsule,  and  shows  that  a 


fracture  might   be  intracapsular  ami  still  not  invi 
the  synovial  membrane.      He  therefore  proposes  thai 
the  fractures  of  the  neck  be  divided  into  intra-  and 
extraarticular. 

The  capsule  is  thick  and  very  strong  in  front  and 
above,  much  thinner  and  weaker  below  and  behind. 
It  is  thinnest  between  the  acetabular  not  eh  and  the 
obturator  foramen  where  the  tendon  of  the  iliopsoas 
muscle  passes  over  it  and  behind  opposite  the  greater 
sciatic  notch.  These  weak  spots  usually  determine 
the  direction  of  dislocations.  They  are  considerably 
strengthened  by  the  tendons  of  muscles,  the  iliopsoas 
in  front  and  the  piriformis  behind. 

The  fibers  of  the  capsule  are  both  longitudinal  and 
circular,  the  latter  being  the  deeper  and  more  apparent 
behind  and  at  the  lower  part.  About  half  way  down 
the  neck  such  fibers  are  collected  into  a  strengthening 
collar  known  as  the  zona  orbicularis,  which  may  be 
strong  enough  to  make  a  slight  impression  upon  the 
bone. 

In  those  situations  where  special  stress  occurs,  longi- 
tudinal bundles  of  considerable  strength  have  been 
formed  upon  the  surface  of  the  capsule  in  four  tolerably 
distinct  bands.  Two  of  these  are  caused  by  the  neces- 
sity of  supporting  the  trunk  in  the  erect  position.  They 
pass  from  the  anterior  inferior  spine  of  the  ilium  down- 
ward, diverging  from  each  other  like  the  branches  of  an 
inverted  Y  (A),  one  going  to  the  base  of  the  trochanter 
major,  the  other  to  just  above  the  trochanter  minor. 
They  have  usually  been  described  collectively  as  the 
iliofemoral  ligament,  ligament  of  Bertin,  or  Y  ligament 
of  Bigelow.  Welcker11  has,  however,  suggested  that,  as 
the  two  bands  are  distinct  and  perform  different  physio- 
logical functions,  they  should  receive  separate  names, 
and  proposes  to  call  them  the  superior  and  anterior 
iliofemoral  ligaments.  They  are  both  .  exceedingly 
strong.  It  is  because  of  this  that,  in  the  barbarous 
punishment  of  "drawing"  a  criminal,  by  means  of 
four  horses  attached  to  his  limbs  and  proceeding  in 
opposite  directions,  the  separation  at  the  hip-joint 
had  usually  to  be  completed  with  a  knife,  the  ligaments 
resisting  after  several  hours  of  trial — as  was  the  case  at 
the  execution  of  Ravaillac,  the  assassin  of  Henry  IV., 
and  of  Damiens,  who  attempted  the  life  of  Louis  XV. 

The  superior  ligament  is  perhaps  the  strongest  liga- 
ment in  the  body,  being  from  one-fourth  to  one-half  an 
inch  thick  (seven  to  fourteen  millimeters,  Welcker),  and 
stronger  than  the  tendo  Achillis.  Its  action  is  to  limit 
the  extension  of  the  femur  upon  the  pelvis.  In  the 
erect  position  the  weight  of  the  body  falls  behind  the 
hip,  and  the  pelvis  is  accordingly  tilted  backward, 
putting  this  band  on  the  stretch,  and  it  then  sustains 
the  whole  weight  of  the  trunk,  head,  and  arms,  a  great 
economy  of  muscular  force  being  thus  effected.  It  also 
limits  outward  rotation  and  adduction. 

The  anterior  ligament  is  also  very  strong,  being 
nearly  one-fourth  of  an  inch  thick  (four  to  five  milli- 
meters), and  the  longest  strengthening  band  of  the 
capsule.  It  assists  the  superior  ligament  in  limiting 
extension,  but  not  in  the  same  plane,  the  plane  of 
limitation  for  the  superior  ligament  being  nearly  paral- 
lel to  the  axis  of  the  femoral  neck,  that  of  the  anterior 
with  the  axis  of  the  shaft. 

The  two  ligaments  are  but  slightly  developed  before 
the  erect  position  is  attained.  Indications  of  them 
are  found  early,  but  they  increase  with  the  growth. 
In  animals  that  can  stand  partially  erect,  such  as 
apes  and  some  marsupials  (kangaroo),  the  ligaments 
are  strong;  in  others  slight.13 

They  have  an  important  influence  in  determining 
the  deformity  which  results  from  dislocations  of  the 
femur,  and  may  be  used  as  a  fulcrum  in  reducing 
them.14  Thus,  it  is  the  superior  ligament  which  holds 
the  neck  fixed,  and  hence  causes  the  inward  turning  of 
the  toes  in  dislocation  backward.  In  thyroid  disloca- 
tion the  anterior  ligament  causes  in  a  similar  way  an 
eversion  of  the  toes. 

Another  strengthening  band  of  the  capsule  is  the 
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pubocapsular  ligament,  which  stretches  from  the 
obturator  crest  of  the  pubic  bone  to  the  capsule  near 
the  lesser  trochanter.  It  is  from  two  to  three  milli- 
meters thick,  and  limits  abduction.  An  ischiocap- 
sular  band  is  of  about  the  same  size,  and  stretches  in 
a  similar  way  from  the  ischial  border  of  the  acetabu- 
lum to  near  the  digital  fossa  of  the  great  trochanter, 
along  the  line  of  the  tendon  of  the  obturator  interims, 
with  which  it  is  somewhat  blended.  It  limits  rota- 
tion inward.  It  is  sometimes  described  as  ending  upon 
the  capsule,  but  Welcker  and  others  find  the  arrange- 
ment described  the  usual  one. 


Fig.  3168. — Front  View  of  the  Hip-joint.  (From  Sappey.) 
1,  Tendon  of  rectus  femoris,  cut;  2,  its  attachment  to  the  antero- 
inferior iliac  spine;  3,  reflected  portion  of  the  tendon;  4,  tubercle 
of  the  trochanter  major;  5,  tendon  of  the  gluteus  minimus;  6, 
the  attachment  of  the  iliofemoral  ligaments  to  the  anteroinferior 
iliac  spine;  7,  fibrous  union  of  the  capsule  with  the  tendon  of  the 
gluteus  minimus;  8,  superior  iliofemoral  ligament;  9,  section  of  a 
very  thin  fibrous  lamella  which  covers  over  and  crosses  the  liga- 
ment obliquely;  10,  10,  thinner  portion  of  the  capsule  between  the 
two  iliofemoral  bands;  11,  anterior  iliofemoral  ligament;  12,  13,  thin 
portion  of  the  capsule  arising  from  the  iliopectineal  eminence, 
and  from  the  horizontal  ramus;  14,  orifice  in  the  capsule  com- 
municating with  the  bursa  beneath  the  tendon  of  the  iliopsoas; 
15,  pubocapsular  ligament;  16,  17,  18,  19,  fibrous  bands  relating 
to  the  obturator  membrane;  20,  the  obturator  groove;  21,  lesser 
trochanter;  22,  anterosuperior  iliac  spine;  23,  posterosuperior  iliac 
spine;  24,  posteroinferior  iliac  spine;  25,  iliopectineal  line;  26, 
iliopectineal  eminence. 

The  action  of  these  four  bands  is  such  that  in  passing 
from  the  flexed  to  the  extended  position  they  wind 
around  the  neck  in  such  a  way  as  to  shorten  the  cap- 
sule, which,  being  closely  united  with  the  zona  or- 
bicularis, is  drawn  up  against  the  edge  of  the  acetabu- 
lar cavity  and  surrounds  the  lower  part  of  the  head 
as  with  a  ring.  It  may  be  said  that  the  contraction  is 
such  that  dislocation  is  impossible  in  the  extended 
position. 

The  brothers  Weber  made  the  discovery  that  the 
head  of  the  femur  is  held  in  position  by  atmospheric 
pressure,  the  amount  of  weight  thus  lifted  being  some- 
what greater  than  that  of  the  limb.  This  greatly 
economizes  the  muscular  force  required  for  walking. 
The  closely  fitting  labium  glenoidalc  assists  this  greatly, 

Vol.  V.— 16 


and  dislocation  is  very  unusual,  if  not  entirely  im- 
possible, without  injury  to  it.  Men  and  animals  that 
ascend  mountains  to  a  height  where  the  air  becomes 
sufficiently  rarefied  to  be  of  less  effect  in  upholding  the 
weight  of  the  limbs  suffer  from  weakness  in  the  joints. 
Hyrtl'1  states  also  that,  mountaineers,  who  have  trained 
their  muscles  by  long  use  in  a  rarefied  atmosphere,  are 
somewhat  inexpert  in  the  use  of  their  legs  when  they 
descend  to  the  valleys. 

Synovial  Membrane. — With  the  exception  of  that 
in  the  knee-joint,  this  is  the  most  extensive  synovial 
surface  in  the  body,  being  estimated  to  occupy  at  least 
twenty  square  inches.  It  clothes  not  only  the  in- 
terior part  of  the  fibrous  capsule,  but  also  the  inclosed 
part  of  the  neck  and  the  head  as  far  as  the  articular 
cartilage,  the  free  surfaces  of  the  labrum,  the  round 
ligament,  and  the  acetabular  fossa. 

From  the  place  where  the  membrane  is  reflected 
from  the  capsule  on  to  the  neck  some  scattered  bundles 
of  fibers,  usually  carrying  vessels,  pass  in  a  recurrent 
manner  upward  along  the  neck  toward  the  articular 
surface.  These  raise  the  synovial  membrane  into 
falciform  folds  called  reiinacula,  which  are  more  com- 
monly seen  in  the  young,  before  the  epiphysis  for  the 
head,  which  lies  entirely  within  the  capsule,  coossifies. 
In  the  adult  they  are  not  always  present  nor  is  their 
situation  constant.  Synovial  fringes  are  often  found 
here  and  also  about  the  round  ligament,  but  never  as 
well  developed  as  in  the  knee-joint. 

Ligamenlum  Teres. — An  apparatus  connected  with 
the  synovial  membrane  of  the  joint  is  the  so-called 
ligamentum  teres,  or  round  ligament  (ligamentum  in- 
traarticulare  coxa?,  Fick) — which  is  not  round,  nor, 
properly  speaking,  a  ligament,  being  a  flattened  band 
quite  similar  to  the  synovial  processes  with  which  it  is 
united  at  both  ends  (see  Fig.  3169).  It  passes  from 
the  fossa  at  the  bottom  of  the  acetabulum,  being 
attached  by  two  bands,  one  on  each  side  of  the  acetabu- 
lar notch,  blending  with  the  transverse  ligament,  to 
the  fovea  upon  the  head  of  the  femur.  Unlike  inter-' 
osseous  ligaments,  it  does  not  extend  in  the  shortest 
direction  from  one  bone  to  the  other,  but  is  in  a 
manner  rolled  around  the  lower  part  of  the  head  (Fig. 
3170).  It  is  composed  of  loose  connective  tissue  and 
contains  vessels. 

Various  surmises  have  been  made  as  to  its  use.  It 
was  formerly  held  to  be  for  the  purpose  of  limiting 
outward  rotation  and  adduction  during  flexion5,  6,  7. 
It1  has  been  shown,  however,  that  if  the  capsule  is 
left  intact,  these  motions  are  more  closely  limited 
than  when  it  is  severed  and  the  strain  comes  alone 
upon  the  ligamentum  teres.  Tillaux4  thinks  that  it 
tends  to  break  shocks  delivered  by  the  femur  upon  the 
top  of  the  acetabular  cavity  in  jumping,  etc.  Sappey3 
supposes  that  its  principal  function  is  the  protection 
and  conveyance  of  vessels  to  nourish  the  head  of  the 
femur;  but  Hyrtl9  finds  that,  upon  careful  injection 
of  the  arteries,  only  the  round  ligament  and  the  fatty 
cushion  at  the  bottom  of  the  acetabulum  become 
reddened,  and  that  at  the  insertion  of  the  round 
ligament  upon  the  femoral  head  the  capillary  arteries 
loop  back  and  unite  with  veins.  An  injection  of  the 
superior  nutrient  artery,  on  the  contrary,  fills  the 
capillaries  of  the  cancellous  tissue  of  the  head.  This 
explains  the  well-known  pathological  fact  that  an 
intracapsular  fracture  of  the  femoral  neck  is  likely 
to  be  followed  by  non-union  of  the  fragments,  not- 
withstanding that  the  ligamentum  teres  may  be  left 
intact.  Langer,10  however,  finds  that,  in  young  sub- 
jects, vessels  of  considerable  size  pass  through  directly 
into  the  proximal  epiphysis  of  the  femur,  and  suggests 
that  its  function  is  connected  with  the  nourishment  of 
that  epiphysis.  When  this  becomes  united,  its 
vascular  system  is  connected  with  that  of  the  nutrient 
artery,  and  the  branches  received  through  the  liga- 
ment gradually  atrophy,  until  in  old  age  they  are 
almost  entirely  wanting. 
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Welcker11  has  made  a  careful  examination  of  this 
ligament  in  the  animal  series,  as  well  as  in  human 
embryos,  and  considers  it  a  process  of  synovial  mem- 
brane originating  as  a  fold  at  the  side  of  the  articular 
surface,  and  gradually  detached  by  the  twisting  of 
the  limbs.  In  some  animals  quite  near  man,  as  the 
orang   (occasionally  also  in  man),  it  is  wanting,  but 


ternally,  the  biceps  group  behind,  and  the  adductoi 
group  internally. 

Over  these  muscles  there  stretches  the  fascia  be- 
longing to  the  different  groups,  and  in  several  situa- 
tions this  notably  strengthens  the  joint  capsule,  espe- 
cially where  the  iliac  fascia  comes  down  from  the  ilio- 
psoas, where  the  pectineal  fascia  passes  outward  upon 
the  capsule  from  the  pectineus,  and,  externally,  where 
a  strong  process  passes  inward  between  the  tensor 
vagina;  femoris  and  the  rectus  femoris. 

The  depth  at  which  the  articulation  lies  makes  it 
difficult  to  obtain  any  positive  knowledge  as  to  the 
condition  of  the  joint  by  direct  manipulation,  but  a 
fairly  accurate  notion  of  its  situation  may 
be  had   by  noting  the   surface    forms   and 
bony  points  of  the  region.     As  to  the  bones, 
note  first  the  anterior  superior  iliac  spine, 
always  marked  even  in  the  fattest  subjects; 
then  the  pubic  tubercle,  which  can  easily  be 
found  by  abducting  the  thigh  and  then  run- 
ning the  finger  along  the  strong  tendon  of 
the  adductor  longus  which  starts  up.     Join- 
inn   tlie.se   two   points  is  the  inguinal  liga- 
ment, which  may  easily  be  felt.     The  mus- 
cular prominence  on  the  outer  side  of  tin- 
leg  is  caused  by  the  tensor  fascia;  lata?,  on 
the  inner  by  the  adductor  muscles,  and  the 
triangular  interval  between,  which  reminds 
one  distantly  of  the  axillary  space,  is  the 
trigonum  femorale,  or  Scarpa's  triangle.     It 
Fia.  3169.— The  Hip-joint  Opened.  (From  Sappey.)    1, 1,  Transverse  section  of    is  through  the  middle  of  this  that  the  great 
the    capsular   ligament,   showing  its  variations  in  thickness;    2,  Bection  at  the     vessels  pass  down  the  thigh,  and  the  be;,  1  in  - 
situation  where  it  is  strengthened  by  the  iliofemoral  bands;  3,  3,  free  edge  of  the     of  the  femora|  arterv,  which  lies  nearest  the 
labrum  glenoidale;  4,  5,  6,  semilunar  interspaces  which  separate  that  ligament     .    .  ,       f  ]t'.        „„»„..,•„„  ;,,<;(■  helnw 

from  the  capsule;  7,  7,  pad  of  fat  at  the  bottom  of  the  acetabulum;  8,  9,  the  J°lnt..  may  »e  Ielt  &/  Posing  just  belOtt 
ligamentum  teres;  10,  the  fovea,  or  depression  on  the  head  of  the  femur;  11,  11,  the  inguinal  ligament.  The  JOintlS  about 
head  of  the  femur;  12,  farthest  extent  of  the  articular  surface  behind;  13.  13,  that  half  an  inch  external  to  this,  and  in  a  very 
posterior  portion  of  the  neck  that  is  invested  with  synovial  membrane;  14.  14,  lean  person  (easier  in  cadaver)  the  head  of 
oblique- line  where  the  synovial  membrane  is  reflected;  15,  that  posterior  portion  the  femur  may  be  felt  rolling  under  the 
of  the  neck  that  remains  without  the  capsule;  16,  great  trochanter;  17  tro-  fingers  by  pressing  deeply  here  while  an 
chanteric  fossa;  IS,  lesser  trochanter;  19,  intertrochanteric  crest.  assistant    extends     and     rotates    the    limb. 

This  is  impossible,  however,  when  the  sub- 
ject is  even  moderately  fat.  A  fulness  and  tenderness 
here  are  noted  in  the  early  stages  of  hip  disease,  when 
there  is  effusion  into  the  joint.  Pus  forming  around 
the  joint  is  always  confined,  and  burrows  extensively 
along  the  lines  of  fascia  above  mentioned.  An  abscess 
pointing  below  the  inguinal  ligament,  and  external  to 
the  vessels,  usually  comes  from  the  joint. 

Two  other  bony  points  should  be  noted.  First, 
the  ischial  tuberosity,  which  is  the  part  upon  which 


it  may  be  said  to  be  generally  present  when  there 
is  much  differentiation  of  the  hind  limbs.  In  the 
tapir  it  is  reduced  to  a  process  attached  only  at  the 
side,  a  condition  occasionally  found  in  a  synovial  fold 
of  the  human  shoulder-joint. 

On  of  the  most  interesting  views  as  to  the  nature 
of  this  puzzling  structure  is  that  of  Sutton,12  who 
thinks  it  a  vestige  of  a  tendon,  probably  a  former 
attachment  of  the  pectineus.  The  ambiens  muscle 
of  ostriches,  homologous  with  the  pectineus,  carries 
its  tendon  into  the  joint  to  the  head  of  the  femur. 
In  the  lizard  Sphenodon,  the  pectineus  has  two  heads, 
one  going  to  the  femur,  the  other  to  the  pubic  bone, 
reminding  one  of  the  biceps  brachialis.  In  the  horse 
the  ligamentum  teres  has  two  parts,  one  of  which  is 
continuous  with  the  pectineus. 

Relations. — The  liability  of  the  articulation  to  dis- 
ease and  injury  is  considerable,  on  account  both  of  its 
size  and  of  the  pressure  upon  the  surfaces.  It  is 
therefore  important  to  determine  its  precise  position 
and  relations — and  this  is  by  no  means  easy,  as  it  lies 
buried  under  thick  masses  of  muscle.  In  front  is 
the  reflected  tendon  of  the  iliopsoas,  a  bursa  (B. 
iliaca)  intervening,  which  sometimes  communicates 
with  the  joint  cavity.  Above,  the  reflected  tendon  of 
the  rectus  femoris  and  the  gluteus  minimus  are  firmly 
united  with  the  capsule  (see  Fig.  3168).  Medially 
lies  the  pectineus  above,  also  united  with  the  capsule, 
and  the  obturator  externus  below.  The  tendon  of 
this  latter  muscle  also  lies  posteriorly,  together  with 
the  obturator  internus,  the  gemelli,  the  piriformis. 
and  the  quadratus  femoris. 

All  these  form  an  immediate  investment  for  the 
joint,  and  are  themselves  partially  covered  by  a 
second  mass  composed  of  the  tensor  vagina1  femoris, 
the   gluteus    maximus   and    medius   behind    and   ex- 
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Fig.  3170. — Section  through  the  Xeft  Hip-joint. 

the  weight  of  the  body  rests  in  sitting.  In  the  erect 
jjosture  it  is  concealed  by  the  gluteal  fold  behind, 
but  may  readily  be  made  out  by  palpation.  Second, 
the  great  trochanter,  which  is  situated  on  the  outer 
part  of  the  upper  thigh,  about  four  inches  below  and 
behind  the  anterior  superior  iliac  spine.  The  top 
of  it  is  on  a  level  with  the  pubic  tubercle,  and  about 
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three-fourths  of  an  inch  below  the  head  of  the  femur. 
When  the  leg  is  abducted  the  trochanter  will  be  found 
at  the  bottom  of  a  depression;  when  adducted  and 
rotated  inward  it  makes  a  prominence.  The  anterior 
superior  iliac  spine,  the  ischial  tuberosity  and  the 
pubic  tubercle  are  all  about  equally  distant  from  the 
bottom  of  the  acetabulum.  A  line  connecting  the 
first  two  is  known  as  Nclaton's  line.  It  grazes  the 
great  trochanter  and  passes  directly  over  the  middle 
of  the  acetabulum  when  the  thigh  is  slightly  flexed. 
By  noting  the  extent  of  displacement  of  the  tro- 
chanter with  reference  to  this  line,  much  can  be  made 
out  as  to  dislocation  or  fracture.  Upon  rotating  the 
femur  the  trochanter  will  be  seen  to  describe  the  arc 
of  a  circle  having  a  radius  equal  to  the  length  of  the 
head  and  neck ;  in  case  of  fracture  the  arc  is  much  less, 
the  bone  rotating  merely  upon  the  axis  of  the  shaft. 
The  patient  being  in  the  recumbent  position,  a  frac- 
ture of  the  neck  may  also  be  detected  by  noting  the 
displacement  of  the  trochanter  toward  a  line  dropped 
vertically  from  the  anterior  superior  iliac  spine 
(Bryant). 

Of  the  articular  surfaces  the  acetabulum  is  the  more 
liable  to  disease,  because  it  is  composed  of  a  greater 
variety  of  elements.  The  three  primitive  bones,  the 
ilium,  ischium,  and  pubis,  which  unite  to  make  the 
hip  bone,  all  participate  in  the  formation  of  the 
cavity.  Up  to  the  age  of  puberty  the  component 
bones  are  separated  by  a  Y-shaped  strip  of  cartilage. 
It  is  probably  on  account  of  the  unusual  activity  re- 
quired by  the  osteogenic  process  here  that  the  joint 
is  so  prone  to  disease  in  childhood,  hip  disease  rarely 
occurring  after  ossification  is  completed. 

The  lower  part,  both  because  of  its  vascularity  and 
on  account  of  its  want  of  protection  by  cartilage,  is 
usually  the  first  attacked  by  inflammatory  processes. 
It  is  also  in  this  situation  that  the  walls  are  thinnest, 
as  it  is  necessary  to  buttress  above  against  the  thrust 
of  the  femur  in  the  erect  position.  The  thinness  here 
explains  the  ease  with  which  inflammatory  processes 
may  be  propagated,  an  arthritis  giving  rise  to  a  pelvic 
cellulitis,  and  a  pelvic  abscess  occasioning  inflammation 
of  the  joint.  Perforation  of  the  acetabulum  is  not 
very  common,  as  the  pressure  is  but  slight. 

Within  the  pelvic  cavity  the  situation  corresponding 
to  the  acetabulum  is  covered  in  part  by  the  obturator 
internus.  When  perforation  occurs  it  must  there- 
fore be  in  one  of  three  positions — either  upon  t  he  muscle, 
behind  it,  or  in  front  of  it.  In  the  first  instance  the 
pus  passes  out  with  the  tendon  of  the  muscle  at  the 
lesser  sciatic  notch,  and  points  upon  the  nates.  When 
the  perforation  occurs  behind,  the  pus  goes  into  the 
ischiorectal  fossa,  and  discharges  through  the  peri- 
neum or  into  the  rectum.  When  it  occurs  in  front, 
the  pus  passes  upward  along  the  sheath  of  the  obtura- 
tor vessels  and  makes  its  appearance  in  the  groin.3 

Arteries. — The  arterial  supply  of  the  joint  is  from 
the  deep  femoral  by  ascending  branches  from  the 
medial  and  lateral  circumflex,  and  from  the  hypo- 
gastric artery  by  the  obturator,  superior  and  inferior 
gluteal.  The  capsular  ligament  is  remarkable  for  the 
number  of  vessels  and  nerves  that  ramify  in  it. 

Nerves. — The  joint  is  supplied  with  nerves  from  the 
lumbar  plexus  through  the  femoral  nerve  by  branches 
given  off  immediately  after  that  trunk  leaves  the  pelvis, 
and  through  the  posterior  branch  of  the  obturator 
nerve.  Also  from  the  sacral  plexus  by  small  branches 
either  direct  from  the  nerve  to  the  quadratus  femoris 
or  from  the  upper  part  of  the  sciatic  nerve. 

Movements. — All  possible  movements  are  allowed, 
but  are  much  more  limited  in  range  than  at  the 
shoulder-joint. 

Flexion  and  Extension. — These  occur  about  an  axis 
that  extends  along  the  central  line  of  the  neck  from  the 
top  of  the  great  trochanter  to  the  acetabular  fossa. 
The  arc  of  excursion  is  about  130°.     Flexion,  the  most 


extensive  move nt,   is  produced   by   the  iliopsoas, 

rectus  femoris,  sartorius,  pectineus,  obturator  externus, 
adductor  longus  and  brevis,  pubic  part  of  adductor 

magnus  and   the  anterior  libers  of  the  gluteus  mediu 
and  minimus.      II   is  checked  by  contact  of  the  thigh 
with  the  a  I  idol  n  en  ami  by  the  lower  libers  of  (he  ischin- 

capsular  ligament.  It  the  knee  be  extended  the  ham- 
string muscles  check  flexion  beyond  90°  in  most  persons, 
as  can  easily  be  demonstrated  by  attempting  to  touch 

the  floor  with  the  lingers  without  bending  the  knees. 

Extension  is  produced  by  the  gluteus  maximus,  bi- 
ceps, semitendinosus,  semimembranosus,  the  ischial 
pari,  of  the  adductor  magnus,  and  by  gravity.  It  is 
checked  by  the  iliofemoral  ligament. 

Adduction  and  Abduction.  These  occur  about  an 
anteroposterior  axis  passing  through  the  center  of  the 
head.  The  excursion  is  about  85°  to  00".  Adduction 
is  produced  by  the  adductors,  pectineus,  gracilis, 
quadratus  femoris,  lower  pari  of  gluteus  maximus, 
and  is  checked  by  contact  with  the  other  limb,  or  by 
the  lateral  part  of  the  iliofemoral  ligament. 

Abduction  is  produced  by  the  gluteus  minimus, 
medius,  upper  part  of  maximus,  tensor  fascia'  lata?, 
sartorius  and  obturator  externus,  and,  when  the  limb 
is  flexed,  by  the  piriformis,  obturator  internus  and 
gemelli,  and  is  checked  by  the  pubocapsular  and  medial 
part  of  the  iliofemoral  ligaments. 

Circumduction. — This  is  produced  by  combining  the 
above  movements. 

Lateral  Rotation. — Produced  by  the  gluteus  maximus, 
posterior  fibers  of  the  gluteus  medius  and  minimus,  the 
adductors,  both  obturators  and  the  gemelli.  piriformis, 
quadratus  femoris,  sartorius,  pectineus,  and,  when  the 
thigh  is  flexed,  by  the  iliopsoas.  It  is  much  stronger 
than  medial  rotation  and  is  checked  by  the  iliofemoral 
ligament  and  slightly  by  the  ligamentum  teres. 

Medial  Rotation. — Produced  by  iliopsoas  when  thigh 
is  not  flexed,  by  anterior  fibers  of  gluteus  medius  and 
minimus  and  by  the  tensor  fascia-  lata=.  It  is  checked 
by  the  ischiocapsular  ligament.  Frank  Baker. 
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Hip=joint,  Congenital  Dislocation  of. 

locations,  Congenital. 


-See  Dis 


Hippobosca. — A  genus  of  flies  that  is  parasitic  on 
cattle,  horses,  dogs,  etc.,  all  over  the  world.  Some 
are  believed  to  transmit  diseases.  See  Insects, 
parasitic.  A.  S.  P. 
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Hippocrates. — Born  in  400  B.C.,  on  the  island  of 
Cos,  near  the  coast  of  Asia  Minor.  He  was  a  mem- 
ber of  the  family  of  the  Asclepiadae,  and  was  believed 
to  be  either  the  nineteenth  or  seventeenth  in  direct 
descent  from  jEsculapius.  He  studied  medicine 
under  Heraclides,  his  father,  and  Herodicus  of  Sel- 
ymbria.  He  traveled  extensively,  and  taught  and 
practised  his  profession  at  Athens,  probably  also  in 
Thrace,  Thessaly,  Delos,  and  his  native  island. 
He  died  at  Larissa  in  Thessaly  at  an  advanced  age. 

The  writings  of  Hippocrates  which  have  come  down 
to  us  are  in  such  a  chaotic  state  that  it  is  a  very 
difficult  matter  to  make  up  one's  mind,  in  read- 
ing any  particular  portion  of  the  text,  as  to  what 
may  justly  be  attributed 
to  Hippocrates  himself  and 
what  should  be  considered 
as  the  work  of  another.  It 
is  an  error — as  the  writer 
of  the  article  on  Hippoc- 
rates  in  the  "Diction- 
naire  Historique  de  la 
Medecine"  states — to  as- 
sume that  the  history  of 
medicine  begins  with  Hip- 
pocrates; his  writings,  it 
is  perfectly  evident,  repre- 
sent the  accumulated  ex- 
perience of  the  physicians 
belonging  to  many  cen- 
turies preceding  that  in 
which  Hippocrates  lived. 
To  quote  the  latter 's  own 
words:  "Medicine  has  dis- 
covered certain  fixed  prin- 
ciples and  the  road  along  which,  for  many  centuries 
past,  sure  progress  has  been  made  in  accumulating 
an  infinite  number  of  precious  truths.  He  who, 
possessing  a  fair  measure  of  talent,  directs  his 
researches  from  these  known  truths  as  a  starting 
point,  is  reasonably  sure  of  adding  to  their  number; 
while  he  who,  casting  them  to  one  side,  pursues 
another  route  and  then  pretends  that  he  has  dis- 
covered certain  fundamental  dogmas,  deceives  both 
himself  and  others."  Some  idea  of  the  value  of  the 
truths  which  had  been  gathered  together  by  physi- 
cians up  to  the  time  when  Hippocrates  lived  may  be 
inferred  from  the  simple  statement  that  the  thera- 
peutic agents  then  employed  are  among  those  which 
even  to-day  rank  among  the  most  powerful  remedies 
that  we  possess — such,  for  example,  as  blood-letting, 
the  employment  of  purgatives,  emetics  and  narcotics, 
and  the  more  important  modifications  of  the  dietetic 
regime. 

The  lack  of  space  will  not  permit  us  to  enter  into 
further  details  relating  to  the  precise  degree  of  knowl- 
edge possessed  by  Hippocrates  in  the  departments  of 
anatomy,  physiology,  pathology  and  therapeutics; 
but  we  cannot  refrain  from  introducing  here  another 
quotation,  this  time  from  Sir  John  B.  Tuke  (in 
Cyclnp.  Brit.,  11th  edition):  "One  of  his  great  merits 
is  that  he  was  the  first  to  dissociate  medicine  from 
priestcraft,  and  to  direct  exclusive  attention  to  the 
natural  history  of  disease.  How  strongly  his  mind 
revolted  against  the  use  of  charms,  amulets,  incan- 
tations, and  such  devices  appears  from  his  writings; 
and  he  has  expressly  recorded,  as  underlying  all  his 
practice,  the  conviction  that,  however  diseases  may 
be  regarded  from  the  religious  point  of  view,  they 
must  all  be  scientifically  treated  as  subject  to  natural 

laws Laennec,  to  whom  we  are  indebted 

for  the  practice  of  auscultation,  freely  admits  that 
the  idea  was  suggested  to  him  by  the  study  of  Hippoc- 
rates, who,  treating  of  the  presence  of  morbid  fluids 
in  the  thorax,  gives  very  particular  directions,  by 
means  of  succussion,  for  arriving  at  an  opinion  regard- 
ing their  nature. 

The  best  edition,  for  English  readers,  is  the  trans- 
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lation  by  Adams,  entitled  the  "Genuine  Works  of 
Hippocrates,"  published  in  England  by  the  Syden- 
ham Society  and  in  America  by  William  Wood  <V 
Company.  A.   H.   B. 


Hippocratic  Oath. — The  ancient  Greek  writings 
commonly  called  "The  Works  of  Hippocrates  of  Cos" 
were  judged  even  by  the  Greek  critics  to  be  really 
by  various  authors.  The  truth  of  this  conclusion  is 
plain  to  modern  scholars.  These  writings  have  proba- 
bly existed  as  in  some  sort  a  collection  since  the 
early  days  of  the  Alexandrine  library  near  the  begin- 
ning of  the  third  century  B.C.;  and  the  composition  of 
the  several  writings  may  safely  be  referred  to  the 
fifth  or  fourth  century.  Which  of  them  are  truly 
works  of  the  famous  physician  whose  name  they  bear 
is  quite  uncertain,  as  no  direct  contemporary  testi- 
mony exists.  Modern  critics  can  only  sift  internal 
evidence,  and  compare  the  views  of  earlier  critics, 
ancient,  perhaps,  but  often  naive  or  biassed.  Many 
writings  in  the  collection,  however,  are  plainly  as 
old  as  Hippocrates,  if  not  older.  He  was  born  in 
460  B.C.,  died  probably  in  377  B.C.,  and  was  a  worthy 
of  the  great  period  often  styled  that  of  Pericles.  There 
is  no  proof,  however,  that  Hippocrates  was  ever  at 
Athens,  though  he  was  known  there;  and  scarcely 
anything  is  known  of  his  life  with  certainty. 

One  of  the  most  famous  writings  of  the  Hippo- 
cratic collection  is  that  entitled  "The  Oath."  It  is 
probably  at  least  as  ancient  as  Hippocrates,  but  that 
he  composed  it  can  neither  be  affirmed  nor  denied. 
Traces  of  its  widespread  influence  occur  in  history; 
and  by  means  of  it  modern  physicians  still  hand  down 
the  traditions  of  their  calling  to  those  about  to  re- 
ceive a  medical  degree.  The  ancient  words  do  not 
accord  with  the  changes  wrought  by  twenty-two  cen- 
turies in  men,  beliefs,  and  manners;  but  no  modern 
words  can  be  nobler,  and  the  ancient  thoughts  are 
vital  to  the  modern  oath.  The  following  translation 
of  the  Greek  original  into  English  is  by  the  present 
writer: 

The  Oath. 

"I  swear  by  Apollo  the  Physician,  and  ^Esculapius, 
and  Hygeia,  and  Panacea,  and  all  the  gods  and  all 
the  goddesses — and  I  make  them  my  judges — that 
this  mine  oath  and  this  my  written  engagement  I 
will  fulfil  so  far  as  power  and  discernment  shall  be 
mine. 

"Him  who  taught  me  this  art  I  will  esteem  even  as 
I  do  my  parents;  he  shall  partake  of  my  livelihood, 
and,  if  in  want,  shall  share  my  goods.  I  will  regard 
his  issue  as  my  brothers,  and  will. teach  them  this 
art  without  fee  or  written  engagement  if  they  shall 
wish  to  learn  it. 

"I  will  give  instruction  by  precept,  by  discourse,  and 
in  all  other  ways,  to  my  own  sons,  to  those  of  him 
who  taught  me,  to  disciples  bound  by  written  engage- 
ment and  sworn  according  to  medical  law,  and  to  no 
other  person. 

"So  far  as  power  and  discernment  shall  be  mine,  I 
will  carry  out  regimen  for  the  benefit  of  the  sick,  and 
will  keep  them  from  harm  and  wrong.  To  none  will 
I  give  a  deadly  drug,  even  if  solicited,  nor  offer  counsel 
to  such  an  end;  likewise  to  no  woman  will  I  give  a 
destructive  suppository;  but  guiltless  and  hallowed 
will  I  keep  my  life  and  mine  art.  I  will  cut  no  one 
whatever  for  the  stone,  but  will  give  way  to  those  who 
work  at  this  practice. 

"Into  whatsoever  houses  I  shall  enter  I  will  go  for 
the  benefit  of  the  sick,  holding  aloof  from  all  voluntary 
wrong  and  corruption,  including  venereal  acts  upon 
the  bodies  of  females  and  males  whether  free  or  slaves. 
Whatsoever  in  my  practice  or  not  in  my  practice  I 
shall  see  or  hear,  amid  the  lives  of  men,  which  ought 
not  to  be  noised  abroad — as  to  this  I  will  keep  silence, 
holding  such  things  unfitting  to  be  spoken. 
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"And  now  if  I  shall  fulfill  this  oath  and  break  it 
not,  may  the  fruits  of  life  and  of  art  be  mine,  may 
I  be  honored  of  all  men  for  all  time;  the  opposite,  if  I 
shall  transgress  and  be  forsworn." 

The  best  Greek  text  (from  which  the  foregoing 
translation  was  made)  is  that  of  E.  Littr6,  "CEuvres 
completes  d'Hippocrate, "  etc.,  tome  4,  Paris,  1844, 
pp.  628  to  632. 

Many  commentaries  have  been  published  upon 
the  oath.  Among  these,  special  mention  is  deserved 
by  Littr6's  Argument,  I.  c,  pp.  610  to  625;  and  by  the 
notes  of  C.  Daremberg,  "CEuvres  choisies  d'Hippo- 
crate," seconde  Edition,  Paris,  1855,  pp.  1  to  11. 

The  following  matters  require  discussion,  more  or 
less  brief: 

Hygeia  and  Panacea  were  daughters  of  J5sculapius. 
The  distinction  between  "precept"  and  "discourse" 
(7rapa-y7eX'7)s  re  koI  aKpo-qaios)    has  not   been   explained 
satisfactorily. 

"Suppository"  is  perhaps  as  nearly  equivalent  as 
possible  to  the  Greek  word  w(aa6s,  which  doubtless 
means,  in  the  oath,  a  sort  of  medicated  pledget  to 
be  withdrawn  after  a  longer  or  shorter  time.  Many 
formula?  for  making  such,  for  various  purposes,  are 
given  in  the  Hippocratic  collection. 

The  words  "destructive  suppository"  (irtoabv 
<P$6pwv)  refer  to  abortion.  A  parallel  and  fully  de- 
veloped phrase,  viz.,  "a  wine  destructive  to  embryos" 
(4>0o'pios  liippvoiv  olj/os)  occurs  in  the  Materia  Medicaof 
the  later  Greek  physician  Dioscorides,  of  the  first  cen- 
tury a.d.  (Lib.  v.,  cap.  77,  ed.  Sprengel,  vol.  i.,p.734). 
Although  abortion  is  abjured  without  qualification  in 
the  oath,  there  were  probably  Greek  practitioners  of 
the  time  of  Hippocrates  who  made  a  distinction  simi- 
lar to  the  modern  one  between  justifiable  and  criminal 
abortion;  for  methods  of  emptying  the  uterus  arc  fre- 
quently and  quite  simply  referred  to  in  the  Hippo- 
cratic collection,  though  often  expressly  aimed  at 
embryos  styled  "dead"  or  "livid"  or  "motionless" 
or  "stricken"  or  "apoplectic." 

But  there  is  also  good  reason  to  believe  that,  in 
Hellas,  the  accepted  line  between  guilt  and  innocence 
in  the  matter  of  abortion  did  not  always  coincide  with 
that  drawn  nowadays.  The  clear  recognition  of  the 
fact  that  the  early  embryo  is  from  the  instant  of  con- 
ception a  human  being,  truly  alive  and  possessing  the 
right  to  live,  even  before  the  "quickening" — this 
doctrine  is  entrenched  in  a  maturer  knowledge  of 
physiology  than  the  ancients  could  command.  In 
the  ideal  State  discussed  in  Plato's  dialogue  of  "The 
Republic,"  certain  embryos  irregularly  begotten  were 
to  be  made  away  with  before  birth  (ed.  Stephanus,  p. 
461c).  Plato  was  a  younger  contemporary  of  Hip- 
pocrates, and  Plato's  pupil,  Aristotle,  was  born  a  few 
years  before  the  death  of  the  great  physician,  and  was 
himself  an  Asclepiad,i.e.  a  physician's  son.  Aristotle, 
in  his  "Politica, "  expressly  recommends  abortion  in 
order  to  limit  the  number  of  children,  but  enjoins  the 
procuring  of  it  "before  the  advent  of  sensation  and 
life."  The  presence  of  these  he  formally  makes  the 
criterion  of  "the  hallowed"  and  the  reverse  in  this 
matter  (Politica,  vii.,  cap.  16,  ed.  Ac.  Boruss.,  p.  1335, 
b  19  to  26). 

In  the  embryological  treatise  "On  the  Nature  of  the 
Child"  in  the  Hippocratic  collection,  the  author,  who 
may  not  have  been  of  Cos,  but  possibly  an  adherent  of 
the  rival  school  of  Cnidos,  describes  a  certain  case  as 
one  of  abortion  at  the  sixth  day  deliberately  procured 
by  himself.  The  circumstances  are  given  in  detail,  and 
plainly  stamp  the  case  as  criminal  according  to  modern 
ideas;  but  the  author  relates  it  without  a  trace  of  guilty 
consciousness,  adhering,  one  may  conjecture,  to  the 
doctrine  of  morals  set  forth  by  Aristotle  (Hippocrates 
de  Nat.  Pueri,  §  13,  ed.  Littre,  vii.,  p.  488).  The  fol- 
lowing striking  passage  both  shows  us  "strict  con- 
structionists" of  the  Hippocratic  oath  nearly  500  years 
after  the  death  of  Hippocrates,  and  sets  forth  explic- 


itly, as  current  eighteen  centuries  ago,  a  view  of  the 
morals  of  abortion  closely  akin  to  that  of  modem  phy- 
sicians.    The  Greek  gynecologist  Soranus  of  Ephesus 

was  a  practitioner  at  Rohm-  under  the  emperors,  not 
far  from  the  time  when  Juvenal  was  scourging  its 
vices  with  his  satires  in  the  earlier  years  of  the  second 
century  a.d.      Referring  to  abortion,  Soranus  writes: 

There  is  a  disagreement;  for  some  reject  destructive 
practices,  calling  to  witness  Hippocrates,  who  says,  _''I 
will  give  nothing  whatever  destructive, "  and  deeming 
it  the  special  province  of  Medicine  to  guard  and  pre- 
serve what  Nature  generates.  Another  party  main- 
tains the  same  view,  but  makes  this  distinction,  viz., 
that  the  fruit  of  conception  is  not  to  be  destroyed  at 
will  because  of  adultery  or  of  care  for  beauty,  but  is  to 
be  destroyed  to  avert-  danger  impending  at  parturi- 
tion, if  the  uterus  be  small  and  cannot  subserve  the 
perfecting  of  the  fruit,  or  have  hard  swellings  and 
cracks  at  its  mouth,  or  if  some  similar  condition  pre- 
vail. This  party  says  the  same  thing  about  prevent- 
ing conception,  and  with  it  I  agree.  (Translated  by 
the  present  writer  from  the  Greek  of  Soranus,  Gynse- 
ciorum  Lib.  i.,  cap.  19,  ed.  Rose,  p.  229). 

The  abjuration  of  lithotomy  in  the  oath  contains  the 
only  mention  thereof  made  in  the  Hippocratic  collec- 
tion. The  ancient  practitioners  of  medicine  freely 
practised  operative  surgery;  and  no  certain  cause  can 
be  assigned  for  their  refusal  to  cut  for  the  stone.  It 
has  been  shrewdly  guessed,  however,  that  the  cause 
lay  simply  in  the  formidable  dangers  of  a  rude  and 
uncertain  procedure. 

As  the  Hippocratic  oath  still  plays  a  part  in  medi- 
cine worthy  of  its  character  and  history,  it  has  been 
thought  proper  to  end  this  article  with  one  of  the 
modern  adaptations.  At  the  annual  commencement 
of  Columbia  University  in  the  City  of  New  York,  the 
following  oath  is  administered  to  the  graduating  class 
of  its  College  of  Physicians  and  Surgeons: 

Candidates  for  the.  Degree  of  Doctor  of  Medicine: 

You  do  solemnly  swear,  each  man  by  whatever  he 
holds  most  sacred: 

That  you  will  be  loyal  to  the  Profession  of  Medicine 
and  just  and  generous  to  its  members; 

That  you  will  lead  your  lives  and  practise  your  art 
in  uprightness  and  honor; 

That  into  whatsoever  house  you  shall  enter,  it  shall 
be  for  the  good  of  the  sick  to  the  utmost  of  your  power, 
you  holding  yourselves  far  aloof  from  wrong,  from 
corruption,  from  the  tempting  of  others  to  vice; 

That  you  will  exercise  your  art  solely  for  the  cure  of 
your  patients,  and  will  give  no  drug,  perform  no  opera- 
tion, for  a  criminal  purpose,  even  if  solicited;  far  less 
suggest  it; 

That  whatsoever  you  shall  see  or  hear  of  the  lives  of 
men  which  is  not  fitting  to  be  spoken,  you  will  keep  in- 
violably secret. 

These  things  do  you  swear?  Let  each  man  bow  the 
head  in  sign  of  acquiescence. 

And  now,  if  you  shall  be  true  to  this,  your  oath,  may 
prosperity  and  good  repute  be  ever  yours;  the  oppo- 
site, if  you  shall  prove  yourselves  forsworn. 

In  this  oath,  the  words  "that  you  will  be  loyal  to  the 
Profession  of  Medicine,  and  just  and  generous  to  its 
members,"  are  from  a  formula  at  one  time  in  use  at 
the  above-named  medical  school;  for  the  rest  of  the 
foregoing  adaptation  the  present  writer  is  responsible. 

John  G.  Curtis. 

Hirsch,  August. — Born  at  Dantzic,  Germany, 
October  4,  1S17.  He  was  a  shopkeeper  for  several 
years  before  he  began  the  study  of  medicine  in  the 
Universities  of  Leipzig  and  Berlin.  He  received  his 
doctor's  degree  from  the  latter  institution  in  1843. 
In  the  hope  that  he  might  find  employment  in  the 
English  East  India  Service  he  began,  in  1846,  to  devote 
a  great  deal  of  his  time  to  the  stud}'  of  what  Pagel 
terms  geographical  pathology.     In  1848  he  published, 
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in  the  Hamburger  medizinische  Zeitsckrift,  the  results 
of  this  study;  the  article  in  question  bearing  the  title: 
"Ueber  die  geographische  verbreitung  von  Malaria- 
fieber  und  Lungenschwindsucht  und  den  raumlichen 
Antagonismus  dieser  Krankheiteh. "  Then  followed 
(in  1851  and  1855)  two  other  articles  of  a  kindred 
nature;  and  finally  he  published  one  on  "  Der  Madura- 
Fuss,  ein  Beitrag  zur  Geschichte  des  pflanzlichen 
Parasitismus, "  1863.  In  this  same  year  he  accepted 
a  call  to  fill  the  Chair  of  Medicine  in  the  University 
of  Berlin.  From  this  period  onward  Hirsch's  con- 
tributions to  medical  literature  became  very  numerous. 
It  will  suffice  here  to  mention  only  his  greatest  work, 
that  entitled:  "Handbuch  der  historisch-geographis- 
chen  Patholbgie,"  2  volumes,  Erlangen,  1859-1864 
(2nd  edition,  1881-1886).  An  English  translation  of 
this  work  was  published  bv  the  New  Svdenham 
Society,  in  1883.  Hirsch  died  January  28,  1894, 
after  a  prolonged  illness.  A.   11.   B. 


Hirudin-  is  the  active  substance  contained  in  leech 
extract.  It  has  a  specific  action  upon  the  coagulation 
of  the  blood  causing  the  blood  to  remain  fluid  for  an 
indefinite  period  whether  added  to  blood  inside  or 
outside  the  body.  It  has  toxic  properties  acting  upon 
the  respiration  besides  causing  a  rise  of  temperature 
and  albuminuria.  I     P.   U. 


Hirudinea. — Among  the  Annelida  or  segmented 
worms  the  leeches  form  a  well-marked  order.  The 
body  of  the  leech  is  elongated,  usually  flattened  dorso- 
ventrally,  and  provided  with  a  prominent  terminal  or 
subanal  sucker,  while  many  forms  possess  also  an 
anterior  or  oral  sucker.  The  bristles  all  but  univers- 
ally present  in  annelids  are  here  wanting  save  in  a 
single  genus,  and  the  metamerism  of  the  body  presents 
a  poorly  marked  external  aspect  although  actually 
highly  developed.     The  rings  which  appear  in  external 

view  are  mere  surface 
markings,  and  are 
variably  related  to  the 
true  somites.  Of  the 
latter  there  are  always 
thirty-four  (thirty  - 
five),  of  which  those 
in  the  central  portion 
of  the  body  possess 
the  typical  number  of 
annuli,  while  the  first 
few  and  last  few  man- 
ifest ordinarily  a  re- 
duction from  that 
number.  Prominent 
papilla  may  usually 
be  observed  on  the 
dorsal  surface  in  the 
form  of  six  or  eight 
longitudinal  rows; 
these  are  metameric 
sense  organs  known  as 
sensilla?,  and  the  eyes  which  vary  in  number  in  differ- 
ent forms  are  anterior  units  in  certain  of  the  rows. 
The  annulus  bearing  the  sensitise  is  now  generally 
regarded  as  the  central  one  of  the  typical  three-  or  five- 
ringed  somites,  and  is  the  only  one  present  in  case  of 
those  somites  manifesting  the  extreme  of  reduction. 
The  leeches  are  hermaphroditic  and  the  two  sexual 
pores  lie  in  the  midventral  line,  the  male  in  front  of 
the  female  orifice. 

Two  subdivisions  are  recognized;  the  proboseis 
leeches  (Rhynchobdella-)  without  jaws  and  with  color- 
less blood,  and  the  Arhynchobdellse  which  have  no 
proboscis  and  possess  red  blood.  Most  human 
parasites  fall  in  the  latter  suborder  and  in  the  family 
of  the  Gnathobdellidae,  or  Round-jawed  Leeches, 
which  is  characterized  by  three  saw-toothed  jaws  in 
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Fig.  3172. — Hirudo  medicinalis,  or 
European  L'Tcli.  a.  Ventral  aspect 
of  anterior  end,  showing  an  open 
mouth  at  the  bottom  of  which  the 
jaws.  A',  are  visible;  b,  one  of  the  jaws 
isolated,  showing  marginal  denticles 
and  muscles.     (After  Claus.) 


a  simple  pharynx  (Fig.  3172);  the  typical  somite  has 
five  annuli.  Among  the  fresh-water  leeches  (Natan- 
1 1  .  which  have  an  eyeless  ring  between  the  third  and 
fourth  pairs  of  eyes,  only  the  nionost  ichodont  forms 
(i.e.  those  with  a  single  row  of  teeth  in  each  jaw)  are 

important,  and  of  these  only   two  genera  need    be 

not  iced  here. 

Hirudo  L. — One  hundred  and  one  to  one  hundred 
and  three  rings  with  twenty-sis  metameres  bel 
the  first  pair  of  eyes  and  the  sucker  of  which  the  first 
six  and  the  last  four  are  abbre- 
\  iated.     Buccal  and  post  buccal 
rings   fused  below;   only  three 
annuli  in  somite  XXIII.     Each 
jaw  has  from  fifty  to  one  hun- 
dred sharp-pointed  teeth.    Male 
genital  pore  between  annuli  30 
and  31,  female  between  35  and 
36.      First    pair  of  nephridial 
pores  ventral  in  ring  13,  last  in 
ring  93;  seventeen  in  all. 

Hirudo  /»<  dici nalis  L. — San- 
n, ,  dicinalis  Savigny 
1822.S.  offir,„,ih:  Savigny  1822, 
//.  officinalis  Derheims  1825. 
One  hundred  three  rings. 
Somites  VIII— XXIII  each  com- 
plete with  five  rings.  Crop 
with  ten  pairs  of  lateral  ceca, 
the  last  of  which  is  longest  and 
reflected  and  posterial.  Upper 
lip  of  anterior  sucker  not  divided 
by  longitudinal  groove  on  in- 
ferior surface.  Length  100  to 
200  millimeters;  breadth  10  to 
30  millimeters.  Jaws  large, 
each  wit  h  80  to  90  teeth.  Color 
variable,  darker  above  than 
below-,  dirty  yellowish-brown 
in  tone  with  tendency  to  gray 
or  green;  at  the  margin  a  bright 
yellow  or  brown  band  with 
black  margins;  on  the  back 
three  more  or  less  prominent 
red  longitudinal  bands  spotted  with  black  (Fig.  3173). 

This  species  is  native  in  Europe,  northern  Africa 
and  southwestern  Asia,  but  at  present  is  extinct  in 
many  regions  and  obtained  by  artificial  culture  or 
through  importation  only.  Among  the  very  numerous 
color  varieties,  as  many  as  sixty-four  being  recorded 
by  Diesing,  two  have  been  recognized  as  sub-species 
or  varieties: 

The  Gray  Leech,  var.  inedicinalis  s.  str.,  back 
greenish-gray  with  three  russet-red  lines  on  each  side, 
of  which  the  middle  one,  and  often  the  inner  also, 
shows  a  black  spot  on  each  metamere.  Ventral 
surface  greenish-yellow  and  spotted  with  black. 

The  Green  Leech,  var.  officinalis,  back  darker  green, 
often  with  black  pigment  more  prominent,  though 
reil  specimens  also  occur.  Ventral  surface  almost 
entirely  unspotted.  A  series  of  intermediate  forms 
makes  a  distinction  even  between  these  two  varieties 
difficult  in  many  cases. 

The  leech  sucks  from  four  times  its  volume  of  blood 
for  the  young  to  three  times  in  an  adult,  or  from  six 
to  fifteen  grams.  If,  however,  the  sucking  leech  be 
cut  in  two  by  the  shears  close  behind  the  pharynx, 
the  blood  streams  out  in  pronounced  pulsations  and, 
as  the  sucking  action  is  not  interfered  with,  a  stronger 
or  rather  longer-continued  blood  extraction  is  caused. 
During  the  ordinary  operation  of  sucking  a  leech 
gives  off  a  large  quantity  of  clear  fluid  which  exudes 
from  the  skin  in  drops.  It  is  not  blood  serum,  as 
often  supposed,  but  the  secretion  of  the  nephridial 
canals.  While  this  exudation  ceases  at  the  end  of  ten 
days,  the  assimilation  of  the  stomach  contents  of  the 
leech  demands  from  twelve  to  eighteen  months.  At 
the  end  of  two  months,  however,  the  animal  manifests 


Fig.  3173. — Hirudo 
medicinalis,  or  European 
Leech.  A,  Dorsal  aspect; 
B,  ventral  aspect.  (After 
Railliet.) 
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willingness  to  bite,  but  its  full  appetite  is  not  yet 
restored.  On  the  other  hand,  the  leech  can  fast  for 
two  years  or  more  and  may  be  kept  indefinitely 
without  food  in  suitable  leech  jars.  A  fast  of  from 
six  to  eight  months  is  necessary  before  reemploy- 
ment; but  the  latter  is  not  advisable.  Before  the 
third  year  of  their  growth  leeches  are  not  used  for 
medicinal  purposes,  and  from  eighteen  to  twenty 
years  has  been  put  as  the  probable  length  of  life. 
For  the  method  of  using  leeches,  see  Blood-letting. 

The  leech  was  known  to  the  ancients  but  not  in 
great  demand  for  phlebotomy  until  the  XIX  Century. 
The  traffic  grew  until  in  1S32  France  employed  over 
fifty-seven  millions  of  imported  leeches.  At  that 
time  not  only  leech  gathering  but  even  leech  farming 
became  a  profitable  industry.  At  one  time  the  enor- 
mous demand  for  leeches  reached,  for  example,  7,000, 
000  per  year  in  London  alone,  but  in  recent  years  their 
use  for  therapeutic  purposes  has  greatly  diminished, 
no  doubt  largely  as  the  result  of  occasional  fatal  cases 
and  in  spite  of  certain  evident  advantages  for  local 
affections.  Fatal  bleeding  has  been  known  where 
the  bite  opened  a  large  vessel  (vena  cruralis  or  jugu- 
laris),  or  in  internal  organs  where  the  leech,  by  careless 
application  at  the  nasal  fossae,  vagina,  or  rectum,  has 
penetrated  or  been  drawn  too  deeply  into  the  organ. 
In  order  to  guard  against  this  leeches  should  be  fast- 
ened in  such  cases  by  a  thread  passed  through  the 
middle  of  the  posterior  sucker. 

The  procedure  of  blood-letting,  common  up  to  a 
century  ago,  has  been  almost  entirely  abandoned. 
Recent  experiments  have  demonstrated  that  this 
ancient  practice  exercises  a  favorable  effect  in  de- 
creasing abnormal  permeability  of  the  vessels  so  that 
the  repeated  withdrawal  of  blood  from  the  circulation 
may  produce  a  response  of  therapeutic  value  to  the 
organism.  Blood-letting  seems  to  rest  on  a  sound 
experimental  basis  in  conditions  which  display  undue 
formation  of  transudates  and  exudates,  as  in  pneu- 
monia and  pleurisy. 

Haycraft  showed  that  leech  heads  have  the  property 
of  retarding  coagulation  of  blood  and  later  experi- 
menters have  prepared  in  various  ways  an  extract 
that  keeps  well  and  insures  constancy  as  well  as  ra- 
pidity of  physiologic  action.  By  the  use  of  such  an 
extract  it  is  apparently  possible  to  reduce  the  number 
and  extent  of  fibrinous  adhesions  in  rabbits  and  guinea 
pigs. 

Leeches  are  normal  hosts  for  parasitic  organisms, 
especially  of  the  flagellate  type  of  Protozoa.  Some  of 
these  have  been  shown  to  belong  exclusively  to  the 
leech,  but  others  are  now  known  to  be  developmental 
stages  in  the  life  cycle  of  species  that  at  other  periods 
infest  other  higher  animals  and  are  transmitted  by 
leech  bite.  The  leech  thus  plays  a  role  in  the  life 
history  of  the  parasite  similar  to  that  long  recognized 
in  some  blood-sucking  insects,  e.g.  ticks,  mosquitos, 
and  flies.  In  some  cases  at  least  the  leech  is  a  true 
necessary  host  and  the  fishes  or  amphibia  which  harbor 
the  parasite  in  its  other  phase  owe  their  infection  to 
leech  bite.  The  leech  may  also  be  the  final  host  and 
the  turtle  serve  as  intermediate  host  for  other  flagel- 
late parasites.  This  phase  is  not  of  sinister  signifi- 
cance to  the  human  species  since  the  parasitic  forms 
are  not  capable  of  developing  in  man  even  if  intro- 
duced by  chance  into  the  human  blood.  Other  recent 
experiments  show  that  the  transfer  of  disease  germs 
from  man  to  man  is  possible  though  clearly  very  un- 
likely and  the  result  only  of  especially  unfavorable 
circumstances.  The  long  rest  of  the  leech  after 
feeding  is  many  times  greater  than  any  period  during 
which  germs  of  any  sort  have  been  found  alive  in  the 
intestine  of  the  leech.  Spirochwta  obermeieri  can  thus 
maintain  itself  in  the  medicinal  leech  only  up  to  100 
days  at  the  most,  as  was  determined  experimentally 
in  Warsaw  during  a  long  epidemic  of  relapsing  fever 
in  1908.  Thus  the  danger  of  infection  through  its  use 
in  phlebotomy  may  be  set  aside  from  consideration. 


Where  native,  I hese,  like  other  large  leeches,  attack 

men  and  animals  invading  swamps  and  pools,  and  in 
recorded  instances  with  fatal  results  to  children  or 
young  animals. 

llirutli}  triirtiim  Johnson  1X10,  often  confused  with 
Hie  medicinal  leech,  is  distinguishable  by  its  smaller 
size,  80  to  100  millimeters  in  Length  by  12  to  is  milli- 
meters in  breadth,  and  especially  by  the  scantier 
number  of  teeth,  about  seventy,  in  each  jaw.  It  is 
native  in   northern   Africa,  and   Spain,  perhaps  also 

Italy  and  Sicily,  and  is  exported  in  large  numbers  to 
France,  England,  and  America.  In  power  to  extract. 
blood  it  is  much  inferior  to  //.  medicinalis. 

Hirudo  nipponica   Whitman    1886,  also  smaller  in 

size  than  //.  niciliririnlis,  is  common  about  Tokyo, 
Japan,  and  in  other  parts  of  the  island.  Its  habits 
and  use  conform  closely  to  those  of  the  continental 
species.  Other  species  of  similar  hal.it  are  reported 
from  different  regions  of  t  he  ( (rienl  :  I  hey  are,  however, 
only  poorly  known. 

The  genus  lAmnatis  may  be  distinguished  from 
Hirudo  by  the  papillae  on  the  jaws  and  by  the  ventral 
furrow  traversing  the  entire  length  of  the  anterior  lip 
of  the  oral  sucker.  One  species,  Limnalis  nilotica 
Saw,  demands  brief  notice.  It  is  native  in  the  cir- 
cummediterranean  region,  and  in  some  places  is  so 
abundant  as  to  become  a  veritable  pest.  Especially 
the  young,  described  by  Moquin-Tandon  as  San- 
guisuga  cegyptiaca,  are  often  swallowed  accidentally 
in  drinking  and  may  remain  for  a  long  time  fixed  in 
pharynx,  choana?,  esophagus,  trachea,  or  even  stom- 
ach. The  species  plays  accordingly  an  important 
role  in  diseases  of  man  and  domestic  animals  in  north- 
ern Africa  during  the  hot  season.  European  soldiers 
in  garrison,  and  even  natives,  in  spite  of  their  pre- 
cautions, suffer  from  the  leech,  which  evokes  by  its 
presence  both  local  and  general  symptoms  of  serious 
character  if  assistance  is  not  speedily  afforded.  With 
the  removal  of  the  worms  rapid  and  complete  healing 
of  the  wounds  and  disappearance  of  secondary  symp- 
toms occur  almost  immediately  and  without  exception. 

Cases  are  recorded  from  Italy,  Greece,  Turkey, 
Asia  Minor,  Palestine,  Egypt,  Algiers,  Tripoli,  Spain 
and  the  Balearic  Islands.  More  recently  they  have 
also  been  reported  from  India.  Such  cases  are  most 
common  in  children  and  youths,  though  by  no  means 
wanting  among  adults.  Masterman  has  recently 
reported  a  series  of  over  forty  cases  from  Palestine, 
among  them  being  two  that  were  fatal.  The  slight 
but  greatly  prolonged  hemorrhages  are  accompanied 
by  cough,  dyspnea,  cyanosis  and  even  entire  loss  of 
voice. 

The  natives  spear  the  leeches  with  a  sharp  thorn; 
their  removal  is  not  difficult  with  instruments  appro- 
priate to  the  location  of  the  parasite,  but  Masterman 
advises  preliminary  spraying  with  cocaine  or  the 
application  of  a  stronger  solution  on  a  pledget  of 
cotton.  Precaution  must  be  exercised  to  prevent  the 
leech  from  dropping  into  deeper  and  inaccessible 
locations  after  its  hold  is  released.  In  general  the 
most  distressing  cases  are  those  in  which  the  leech 
occupies  the  deep-lying  situations.  When  feeding 
normally  the  leech  becomes  satiated  in  a  brief  time 
and  drops  off.  For  some  reason  this  is  not  the  case 
when  it  occupies  an  internal  position.  Its  presence 
there  is  accompanied  by  a  slow  bleeding  and  extends 
to  two  weeks,  a  month,  or  even  in  one  case  a  full  year 
without  the  animal  becoming  gorged  or  displaying 
any  tendency  to  desert  its  place  voluntarily. 

This  leech  can  pierce  only  the  mucous  membranes 
of  higher  animals,  and  its  inability  to  penetrate  the 
external  skin,  even  of  children,  has  often  been  demon- 
strated. Other  species  of  this  genus  have  a  more 
powerful  bite,  and  are  used  especially  in  the  East  for 
medicinal  purposes,  even  though  they  take  up  less 
than  half  as  much  blood  as  Hirudo  medicinalis.  In 
this  country  Macrobdella  decora,  one  of  the  large 
native  leeches,  is  employed  in  some  places  for  blood- 
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letting;    it    may    be    recognized    by    the    following 
description : 

Macrobdella  Verrill  1872.  Cephalic  lobe  smaller 
than  in  Hirudo.  Annuli  103;  a1  least  four  in  somite 
XXIII.  Neither  buccal  nor  postbuccal  annuli  united 
on  the  ventral  side.  Both  genital  orifices  in  somite 
XL,  and  behind  them  a  group  of  prominent  copula- 
tory  glands. 

Macrobdella  decora  Verrill. — Hirudo  decora  Say  1824, 
H.  decora  Leidy  1S68.  Jaws  with  about  sixty-five 
teeth,  copulatory  glands  opening  by  four  pores  in  a 
quadrate  figure  on  the  last  annulus  of  XIII.  and  the 
first  two  of  XIV.  The  first  annulus  of  XXVI.  is 
divided  marginally  and  sometimes  also  dorsally  into 
two  annuli. 

This  species  is  widely  diffused  in  fresh  waters  of  the 
United  States,  having  been  reported  from  Maine  to 
Minnesota  and  from  Pennsylvania  to  Kansas.  It  is 
frequently  used  instead  of  imported  leeches  by  physi- 
cians and"  is  said  to  be  equally  efficacious,  although  its 
capacity  is  somewhat  smaller,  only  about  five  grams. 
It  is  so  powerful,  however,  that  serious  results  have 
followed  its  attacks  upon  the  legs  of  children  wading 
in  its  haunts. 

Among  the  land  leeches  which  form  a  special  section, 
Reptantia,  of  this  family,  and  are  distinguished  by  the 
absence  of  an  eyeless  ring  between  the  third  and 
fourth  pair  of  eyes,  a  few  forms  deserve  brief  mention. 

Ha?madipsa  Tennent.  Body  almost  round,  sucker 
separated  only  by  a  slight  constriction.  Near  the 
sucker  auriculae  with  the  pores  of  the  last  pairs  of 
nephridia.     Typical  metamere  with  five  annuli. 

Hamadipsa  zeylanica  Moq.-Tand. — H.  japonica 
Whitman.  Length  20  millimeters,  or  in  extended 
form  60  millimeters,  diameter  of  body  behind  6  milli- 
meters, in  front  2  millimeters;  sucker  5  to  7  milli- 
meters in  diameter.  Annuli  ninety- seven ;  male  genital 
pore  between  annuli  30and  31,  female  between  35  and 
36.     In  each  jaw  ninety  incurved  teeth. 

The  animal,  when  gorged,  has  the  form  of  a  flask  of 
about  10  millimeters  in  diameter  at  its  largest  part, 
while  the  neck  measures  only  2  or  3  millimeters  in 
thickness.  The  color  is  exceedingly  variable,  and  yet 
five  or  six  varieties  may  be  recognized,  one  of  which, 
var.  japonica  Whitman,  known  in  Japan  as  the 
mountain  leech,  is  common  in  the  entire  Indomalayan 
region,  China,  and  Japan.  It  has  long  been  known 
on  the  Island  of  Ceylon,  where  it  forms  a  veritable 
pest  to  natives  and  Europeans  alike.  The  leeches 
appear  in  immense  swarms,  particularly  in  moist 
regions  and  during  the  rainy  season,  and  at  all  levels 
from  the  coast  up  to  4,000  feet,  although  they  occur 
even  as  high  as  15,000  feet  in  the  Himalayas.  During 
the  dry  season. they  hibernate  in  the  earth;  at  other 
times  they  live  in  moss  among  stones  and  on  shrubs 
and  trees.  The  approach  of  large  animals  brings 
them  out  in  myriads;  they  move  with  surprising 
activity,  and  springing  on  the  unfortunate  passer-by 
they  suck  often  for  hours  before  falling  off.  No 
clothing  is  close  enough  to  protect  man  from  their 
attacks,  and  during  army  maneuvers  they  have  inflicted 
large  losses  on  European  troops,  attacking  the  soldiers 
even  when  asleep .  Accounts  of  travel  in  Ceylon  abound 
in  narratives  of  the  ferocity  of  these  pests,  and  recent 
writers  from  the  Philippines  comment  on  their  activity 
in  that  country  in  equally  forcible  terms.  It  is  prob- 
ably this  species,  and  very  likely  the  variety  japonica, 
which  is  reported  by  Blanchard  as  abundant  in  the 
Philippines,  to  which  the  trouble  is  due,  although  other 
species  of  Ihrmadipsa  manifest,  no  doubt,  similar 
habits  of  life. 

The  bite  is  not  poisonous,  as  often  maintained,  but 
the  large  number  of  wounds  and  careless  treatment 
afford  abundant  opportunity  for  secondary  infection 
of  a  serious  character.  Among  the  natives  of  Ceylon 
one  may  see  many  deformities  induced  by  these 
leeches,  which  are  accordingly  feared  more  than  ser- 
pents  and  carnivores. 
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An  allied  form,  I'lujlobili  llu  mi  ijiri  K.  151.,  is  also 
recorded  from  Luzon. 

The  family  of  the  Rhynchobdellidae,  or  proboscis 
leeches,  is  characterized  by  a  protrusible  pharynx, 
while  the  typical  metamere  consists  of  three  .'111111111 
and  jaws  are  lacking.  Few  of  these  forms  are  able 
to  penetrate  the  human  skin,  but  among  those  of 
sufficient  power  are  especially  American  forms,  which 
appear  as  occasional  parasites  of  man  and  in  some 
regions  are  used  for  therapeutic  purposes.  The  two 
species  of  importance  are  both  members  of  the  follow- 
ing genus,  which  is  restricted  to  the  warmer  regions  of 
the  American  continent: 

Liostoma  Wagler  1831 — 11  wmenteria  de  Fil.  1849. 
Body  broad  and  flattened;  back  covered  with  many 
prominent  papilla;;  the  first  and  third  ring  of  each 
somite  from  VI.  to  XXII.  inclusive  split  on  the 
ventral  surface  so  that  on  the  ventral  surface  the  space 
occupied  by  five  pseudo-annuli  corresponds  to  that 
occupied  by  the  three  adjoining  dorsal  annuli.  Male 
genital  pore  between  annuli  26  and  27,  female  between 
28  and  29.  Two  pairs  of  eyes  so  closely  set  that  they 
appear  as  a  single  pair. 

Liostoma  Ghilianii  R.  Bl. — Hcementrria  ghilianii  de 
Fil.  1849.  Length  of  alcoholic  specimen  190  milli- 
meters, breadth  100  millimeters,  corresponding  to  a 
probable  length  while  living  of  350  to  400  millimeters. 
Annuli  seventy,  together  with  three  preocular;  the 
first  seven  annuli  form  the  oral  sucker. 

This  giant  form  inhabits  the  basin  of  the  Amazon 
and  the  swampy  regions  of  Guiana.  Blanchard  reports 
that  it  attacks  horses  and  cattle,  and  a  few  individuals 
are  sufficient  to  kill  even  a  full-grown  animal. 

Liostoma  coccineum  Wagler  1831 — Hwrnenleria 
officinalis  de    Fil.    1849,    H.    mexicana   de    Fil.    1849, 


A  B. 

Fig.  3174. — Liostoma  coccineum,  or  Mexican  Leech.  Diagram- 
matic view  of  anterior  somites.  A,  from  dorsal  surface  with  eyes 
and  sensillffi,  B,  from  ventral  with  nephridial  and  sexual  pores. 
(Modified  from  Blanchard.) 

Glossiphonia  granulosa  Jimenez  1865.  Length  80 
millimeters,  breadth  22  millimeters.  Annuli  seventy, 
with  two  preocular;  the  first  six  annuli  form  the  oral 
sucker  (Fig.  3174). 

The  range  of  this  species  extends  from  Mexico  to 
Paraguay  through  Central  and  South  America.  In 
Mexico  it  is  universally  used  as  the  medicinal  leech. 
In  some  instances,  however,  its  bite  appears  to  be 
accompanied  by  serious  results.  There  are  noted  al- 
most immediately  a  feeling  of  general  lassitude  and  an 
unpleasant  itching  and  twitching,  succeeded  soon  by 
general  urticaria,  and  in  a  short  time  apoplectic 
symptoms  are  manifested ;  but  cases  occur  in  which  the 
cerebral  congestion  or  the  urticaria  is  wanting.  Most 
authors  incline  now  to  the  belief  that  these  symptoms 
are  due  to  the  salivary  secretion  poured  into  the  bite 
by  the  leech,  and  yet  it  seems  also  clear  that   some 
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predisposition  on  the  part  of  the  individual  is  also  a 
prerequisite.  Brandes  suggests  that  the  symptomg 
of  poisoning  are  manifested  only  in  persons  exhibiting 
hyperesthesia,  and  attributes  the  ran'  cases  of  serious 
illness  following  the  application  of  Hirudo  medicinalis 
in  Europe  to  the  same  sensitive  constitution.  Com- 
pare in  this  connection  the  effects  produced  by  the  bite 
of  Argas,  as  reported  by  Brandes  and  noted  in  the 
article  Arachnida,  Vol.  I.,  p.  437.) 

In  spite  of  these  accidents  this  is  actually  the  only 
species  used  for  medicinal  purposes  in  Mexico,  suffi- 
cient evidence  of  its  generally  satisfactory  character 
In  some  provinces  (Guadalajara)  the  leech  is  regularly 
cut  in  two  after  it  has  taken  hold  in  order  to  measure 
definitely  the  quantity  of  blood  extracted. 

Henry  B.  Ward. 

Principal  Articles  Used. 

Blanchard,  R.:  Revision  des  Hirudin£es  du  Mus£e  do  Turin 
Boll.  Mus.  Zool.  Torino:  vol.  viii.,  No.  145,  1893. — Revision  des 
Hirudinees  du  Musee  de  Dresde.  Abh.  u.  Ber.  k.  zool.  u.  anthrop. 
Mus.  Dresden,  1892-93,  No.  4,  1894. 

Leuckart,  R.:  Die  Parasiten  dea  Menachen,  etc.,  zweite  Aufl., 
Lief.  5,  1894;  Lief.  6  (Nach  dem  Tode  des  Verf.  bearb.  v.  Dr.  G. 
Brandes),  1901. 

Masterman,  E.  W.  G.:  Hirudinea  as  Human  Parasites  in  Pales- 
tine.    Parasitology,  i.,  p.  182,  1908. 

Riebes,  Wilh.:  Die  Wirkung  von  Blutegelextraet  auf  die  Gerinn- 
barkeit  und  die  Zellen  des  Blutes,  Freiburg,  1909. 

Verrill,  A.  E.:  Synopsis  of  the  North  American  Fresh-water 
Leeches.  Report  United  States  Fish  Com.  for  1872-73,  p.  6G6, 
1874. 

Weil,  E.:  The  Leech  in  Medical  Treatment.  Med.  Press  and 
Circular.,  n.  s.,  vol.  lxxxix.,  p.  166,  1910. 

Whitman,  C.  O.:  The  Leeches  of  Japan.  Quar.  Jour.  Mic.  Sci., 
vol.  xxvi.,  p.  317,  1886. 

Also  shorter  papers  by  the  same  authors,  Leidy,  Loeb,  J.  P. 
Moore,  and  others. 


Hirudo. — A  genus  of  leeches.  H.  medicinalis  and 
H.  Iroctina  are  commonly  used  for  medicinal  purposes 
in  Europe.  Several  other  species  are  known  in  Asia, 
Africa,  and  Australia.     See  Hirudinea.         A.  S.  P. 


His,  Wilhelm. — Born  in  Basel,  Switzerland,  on 
July  9,  1831.  He  began  his  medical  education  in  his 
native  city  in  1849.     In  1850  he  went  to  Berlin,  where 


Fiq.  3175. — Wilhelm  His. 

he  attended  lectures  on  embryology  by  Johannes 
Miiller  and  Remak,  which  was  the  foundation  of  the 
wonderful  work  he  afterward  accomplished.  Two 
years  later  he  went  to  Wurzburg,  where  he  remained 
through  three  terms,  working  in  the  laboratories  of 
Virchow.  He  returned  to  Basel  in  1854  to  complete 
his  examinations  and  then  proceeded  to  Paris.  Here 
he  met  Claude  Bernard  and  Brown-Sequard,  and 
worked  for  a  length  of  time  in  the  laboratory  of  the 
College  of  France.     In  1857,  when  twenty-six  years 


of  age,  he  became  a  Privatdocent  under  Professor 
Meissner,  and  later  in  the  same  year,  on  the  promotion 
of  Meissner  to  Freiburg,  His  followed  him  as 
Professor  of  Anatomy  and  Physiology  in  the  Uni- 
versity of  Basel.     He  remained  in  the  University  of 

Basel  until  1N712,  when  he  received  the  appointment 
of  Professor  of  Anatomy  and  Director  of  the  Anatom- 
ical Laboratories  in  the  University  of  Leipzig.  The 
new  buildings  of  the  institutes  of  Leipzig  were  built 
uniler  his  directions  and  have  been  regarded  ever 
since  as  models  in  such  construction.  In  1897  he 
attended  the  summer  meeting  in  Dublin  of  the 
Anatomical  Society  of  Great  Britain  and  Ireland,  and 
delivered  an  address  in  the  theater  of  the  Royal 
Dublin  Society  on  the  development  of  the  brain. 
His  lecture  was  illustrated  by  blackboard  sketches 
which  were  photographed  afterward  and  reproduced 
in  the  Transactions  of  the  Royal  Academy  of  Medi- 
cine in  Ireland.  His  retained  his  professorship  in  the 
University  of  Leipzig  until  his  death  on  May  1,  1904. 

His  is  best  known  in  England  and  America  as  one 
of  the  greatest  of  embryologists.  He  contributed 
much  original  work,  however,  to  nearly  every  depart- 
ment of  anatomy,  and  his  original  monographs  and 
papers  exceed  over  a  hundred  in  number.  Of  his 
published  writings  the  following  are  the  more  widely 
known:  "Beitrage  zur  normalen  und  pathologischen 
Anatomie  der  Cornea, "  1856;  " Ueber  die erste  Anlage 
des  Wirbelthierleibes, "  18(38;  "Theorien  der  geschle- 
chtlichen  Zeugung, "  1870;  "Anatomie  menschlicher 
Embryonen,"  1880  to  1885.  This  work  has  formed 
the  basis  of  all  the  subsequent  text-books  on  embry- 
ology. In  1899  about  the  last  of  his  writings  "Pro- 
toplasmastudien  am  Salmonidenkeim  "  was  published. 

Aside  from  his  active  life  connected  with  his  pro- 
fessorship, His  was  one  of  the  founders  of  the  Archiv 
fiir  Anthropologic  and  later  of  the  Zeitschrift  fiir 
Anatomie,  which  he  edited  until  it  was  merged  with 
the  Archiv  fiir  Anatomie  und  Physiologic  He  was 
also  a  prime  mover  in  the  endeavor  to  introduce  a 
uniform  anatomical  nomenclature,  now  known  as  the 
Basle  Anatomical  Nomenclature  or  BNA. 

E.  L.  J. 


Histidine. — a-amino-jS-imidazol     propionic     acid, 
CH-NH 

C    —     N 

CH2 

CH(NH2) 

COOH 

This  is  a  product  of  the  hydrolytic  cleavage  of  proteins 
whether  by  acids  or  enzymes.  It  does  not  occur  in  the 
protamines  with  the  excepion  of  sturine.  Globin  from 
horse-hemoglobin  seems  to  be  therichest  of  the  proteins 
in  histidine,  being  present  there  to  the  extent  of  over 
ten  per  cent.  Histidine  crystallizes  in  colorless  plates, 
readily  soluble  in  water,  but  less  soluble  in  alcohol, 
and  iti  possesses  an  alkaline  reaction.  It  is  one  of  the 
so-called  hexone  bases.  F.  P.   U. 


Histogaster. — A  genus  of  mites.  H.  spermaticus 
usually  feeds  on  vegetables  but  has  been  introduced 
by  means  of  a  catheter  into  man  where  it  formed  a 
cyst  in  the  testis.     See  Arachnida.  A.  S.  P. 

Histological  Technique. — Tissues  may  be  studied 
in  the  fresh  or  living  condition  as  well  as  after  fixing 
and  staining. 

Living  Tissues. — Protozoans  and  the  smaller  meta- 
zoans  and  plants  lend  themselves  readily  for  micro- 
scopic   study.     Ameba,    Paramecium,    diatoms    are 
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readily  procured  and  a  drop  of  water  containing  them 
is  placed  upon  a  slide  and  a  cover-glass  applied.  In 
this  way  their  methods  of  locomotion,  feeding,  etc., 
can  be  studied  and  the  effects  of  various  reagents 
can  be  ascertained.  In  order  to  prevent  crushing  of 
the  specimens,  a  hair  may  be  placed  under  the  edge 
of  the  cover-glass.  The  larger  protozoans  as  the 
vorticella  and  stentor,  and  metazoans  like  the  hydra 
are  better  studied  upon  a  culture  slide,  or  one  provided 
with  a  space  as  shown  in  Fig.  3176.       The  object  of 
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Fig.  3170. — Moist  Chamber  Slide. 

so  mounting  is  not  to  crush  the  organism  and  to  allow 
it  freedom  of  motion.  Such  a  slide  also  serves  as  a 
moist  chamber. 

The  cells  of  the  various  organs  are  readily  obtained 
in  various  ways.  After  removal,  the  mucous  surface 
of  the  organs,  as  stomach,  intestinal  tract,  respiratory 
system,  etc.,  may  be  gently  scraped  with  a  scalpel  and 
the  material  so  obtained  mixed  with  a  little  deci- 
normal  salt  solution  upon  a  slide,  covered  and  ex- 
amined under  the  microscope.  Another  method  of 
obtaining  cells  is  to  brush  the  surface  gently  under 
salt  solution  with  a  camel's  hair  brush,  thereby  re- 
moving the  cells.  Still  another  method  is  to  shake 
a  thin  slice  of  an  organ  in  a  test-tube  containing  some 
salt  solution.  This  agitation  loosens  the  cells  and 
they  float  in  the  salt  solution  and  can  be  drawn  off  and 
examined. 

In  order  to  examine  certain  tissues,  they  must  be 
teas<  d.  Fi  >r  this  a  couple  of  properly  mounted  neei  lies 
(Fig.    3177)   are   used.     The   tissue,   fibrous,   muscle, 
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Fig.  3177. — Needle  Holder  and  Needles. 

tendon,  etc.,  is  placed  upon  a  slide  with  a  little  salt 
solution  or  glycerin,  and  then  gently  torn  apart 
with  the  needles.  When  this  process  has  been  carried 
so  far  that  it  is  impossible  to  divided  it  any  further, 
a  cover-glass  is  applied  and  the  individual  fibers  may 
then  be  studied.  Some  knowledge  of  the  general 
structure  of  the  tissue  is  required  in  order  to  tease 
properly,  as  for  instance,  muscle  tissues  should  be 
teased  parallel  to  the  long  axis  of  the  fibers,  other- 
wise these  will  be  torn  across.  The  operation  is 
facilitated  if  a  suitable  background  is  utilized. 

Thin  tissues  and  membranes  like  the  peritoneum, 
omentum,  or  mesentery  may  be  spread  out  carefully 
upon  a  glass  slide,  covered  with  salt  solution  and  a 
cover-glass  when  they  are  ready  for  study. 

Ciliary  action  may  beobserved  in  a  number  of  prepa- 
rations. A  thin  piece  of  mucous  membrane  of  the 
palate  of  a  frog  mounted  in  normal  salt  solution  will 
exhibit  this  phenomenon  or  the  gill  plates  of  a  mussel 
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or  oyster  may  be  dissected  out  and  mounted  in  the 
same  manner.      The  ciliated  cells  of  the  latter  animals 

( 9S  much  longer  cilia  than  those  of  the  frog.      The 

.lireriionofthecurrentprorlun.fi  by  the  ciliary  action 
may  be  observed  by  placing  a  small  fragment  of  tissue 
upon  the  cilia  and  these  will  be  seen  to  move  this  frag- 
ment from  one  area  to  another  in  a  direct  line. 

The  circulating  blood  may  be  examined  in  the  tail  of 
the  tadpole,  the  mesentery  or  web  of  the  frog,  or  in  I  lie 
no    enter)   of  I  he  guinea-pig. 

If  the  tadpole  is  used,  it  is  best  placed  in  a  holder 
devised  by  Schulzer  (Fig.  3178).  The  head  is  placed 
under  the  edge  a  and  the  tail  is  spread  oul   upon  the 
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Fig.  3178. — Schulzer's  Larva  Holder. 

beveled  edge  b.  If  necessary  a  few  drops  of  ether  are 
added  to  the  water  in  order  to  keep  the  animal  quiet. 
If  the  specimen  is  to  lie  studied  for  an  extended  period, 
the  water  should  be  replaced  from  time  to  time  as  it 
evaporates. 

Frog's  Web. — If  the  web  of  the  foot  is  to  be  utilized, 
then  a  microscope  with  a  large  stage  and  a  thin  cork 
plate  with  a  fifteen-millimeter  hole  is  required.  The 
frog  is  loosely  wrapped  in  a  towel  and  tied  to  the 
stage,  so  that  the  web  will  be  over  the  opening  in  the 
stage  beneath  the  objective.  The  cork  plate  is  so 
placed  that  its  aperture  is  over  the  stage  opening 
and  the  web  is  then  stretched  and  the  toes  tied  to  pins 
stuck  into  the  cork.  The  flow  of  blood  is  very  readily 
followed  under  the  two-third-inch  objective. 

In  order  to  prevent  movements  of  the  frog,  it  is 
advisable  to  paralyze  it  with  curare  especially  in 
studying  the  flow  of  blood  in  the  mesentery.  From 
time  to  time  it  may  be  necessary  to  administer  a  small 
amount  of  ammonia  gas  to  stimulate  the  circulation. 
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Fig.  3179. — Apparatus  for  Studying  the  Circulation  in  the  Frog 
and  Guinea-pig. 

Mesentery. — If  the  mesentery  of  the  frog  or  guinea- 
pig  is  to  be  utilized,  the  animal  must  first  be  paralyzed 
with  curare.  In  the  male  frog  one-fortieth  to  one- 
sixtieth  of  a  grain  is  administered  by  making  a  nick 
in  the  skin  of  the  dorsal  surface  of  the  body,  and  forc- 
ing the  tablet  in  and  allowing  the  lymph  to  dissolve 
and  distribute  it.  The  paralysis  is  complete.  In  the 
guinea-pig  it  is  best  administered  by  injecting  a  one- 
twentieth  of  one  per  cent,  solution  hypodermically. 
Upon  paralysis  the  abdominal  cavity  of  the  frog  is 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Histological  Technique 


carefully  opened  by  an  incision  about  twenty  milli- 
meters long,  a  coil  of  the  intestine  withdrawn  and 
placed  over  the  opening  in  the  cork  so  as  to  bring 
the  mesentery  under  the  objective.  The  specimen 
may  now  be  examined.  If  the  guinea-pig  is  used,  the 
abdominal  hair  is  thoroughly  moistened,  so  as  not  to 
get  into  the  incision.  An  area  over  the  middle  of  the 
abdomen  is  clipped  and  an  incision  made  in  the  mid- 
line to  the  left  of  the  umbilical  region.  A  coil  of  the 
small  intestine  is  then  drawn  through  the  opening  and 
fastened  to  each  plate  as  above.  When  the  mesentery 
is  used,  it  must  be  kept  constantly  moist  by  dropping 
warm  normal  salt  solution  upon  it. 

An  apparatus  shown  in  Fig.  3179  is  well  adapted 
for  this  work.  This  consists  of  a  microscope  mounted 
upon  a  large  inclined  table  with  an  adjustable  top. 
The  movable  top  is  supplied  with  a  rim  around  three 
sides  and  outlet  tubes  (.4,  A)  to  carry  off  the  irrigating 
fluid.  Beneath  the  microscope  is  a  chamber  (c)  with 
a  central  hole  filled  in  with  glass  disc  to  permit  the 
transmission  of  light  from  the  mirror  to  the  micro- 
scope. This  chamber  is  fitted  with  two  inlet  and  two 
outlet  tubes  and  may  be  utilized  as  a  cold  or  warm 
chamber  by  permitting  water  of  the  desired  tem- 
perature to  flow  through.  To  the  upright  rod  an 
irrigation  bottle  as  shown  in  Fig.  3180  may  be  clamped 
and  connected  with  one  or  both  tubes  D,D'.  If  D  is 
used,  the  bottle  is  connected  to  the  left  end;  to  the 
right  end  of  D  is  attached  a  rubber  tube  with  a  glass 
nozzle  that  reaches  to  the  specimen  to  be  irrigated  and 
the  irrigation  fluid  is  carried  off  into  containers  placed 


Fig.  3180. — Irrigation  Bottle  to  be  attached  to  Rod  of  Fig.  3170. 

under  the  tubes  A, A.  A  cork  plate  about  six  inches  by 
three  inches  by  one-half  inch  is  required.  This  should 
have  a  half-inch  hole  in  the  center  to  fit  over  the  glass 
of  the  chamber  0;  in  addition  two  slits  should  be  cut 
in  so  that  the  plate  can  be  adjusted  around  the  bodies 
of  the  two  clips  of  chamber  C.  These  clips  hold  the 
plate  in  position.  If  the  web  of  the  frog  is  to  be  studied 
the  curarized  frog  is  so  placed  to  the  right  that  the  web 
can  be  stretched  over  the  hole  on  the  cork  plate  and 
the  digits  are  separated  and  tied  to  pins  stuck  in  the 
plate.  The  same  procedure  applies  if  the  mesentery 
is  utilized. 

In  order  to  study  the  effect  of  various  reagents 
special  apparatus  is  required.  For  heat  or  cold  that 
shown  in  Fig.  3181  is  excellent.  This  consists  of  a 
hollow  metal  slide  provided  with  a  central  opening  c 
for  the  transmission  of  light;  B  and  B'  represent  inlet 
and  outlet,  while  at  the  upper  edge  is  seen  the  ther- 
mometer. This  is  adapted  to  the  use  of  either  hot 
or  ice-water.  In  order  to  watch  the  effect  of  liquid 
reagents  upon  organisms  under  a  cover-glass,  a  little 
of  the  reagent  is  placed  at  the  side  of  the  cover-glass 
and  a  piece  of  blotting  paper  held  at  the  opposite  side; 


as  the  blotting  paper  absorbs  the  water,  the  reagent 
is  drawn  under  (he  cover-glass  to  the  organisms. 

For  gases  the  combined  wanning  and  gas  chamber 
of  Strieker,  Fig.  31X2,  is  suitable.  It  consists  of  a 
rectangular  piece  of  ebonite,  /•;,  /•_,',  fixed  to  a  brass 
plate  that  rests  on  the  stage  of  the:  microscope.     On 

the   upper  surface;  of  the  ebonite  is  a  brass   plate,  P, 

with  an  opening  in  the  center,  C,  leading  into  a  brass 
tube,  closed  below  by  a  piece  of  glass.  For  heating, 
the  copper  wire  is  placed  on  the  tube  a,  the  tempera- 
ture of  the  plate  being  indicated  by  the  thermometer  (. 


Fig.  3181.— Warm  Stage 

The  gas  is  conducted  into  the  chamber  by  the  tube  a', 
while  a  serves  as  an  exit. 

For  long-continued  observations  at  an  elevated  tem- 
perature Zeiss'  warm  chamber  (Fig.  3183)  for  enclos- 
ing the  microscope  should  be  employed. 

Jentzsch  (1910)  of  Wetzlar  has  devised  a  number  of 
electrically  heated  stages  for  the  purpose  of  studying 
the  changes  in  objects  at  various  temperatures. 
These  can  be  clamped  upon  the  stage  of  a  microscope 
and  the  temperature  range  varies  from  moderate  to 
560°  C.  (used  in  mineralogy  and  petrology).  For  use 
with  high  temperatures  he  devised  a  special  apparatus 
for  the  protection  of  the  objective  of  the  microscope 


:x 


Fig.  31S2. — Strieker's  Warm  Stage  and  Gas  Chamber. 

Application  of  Electricity. — For  the  application  of 
the  electric  current  to  specimens,  the  slide  shown  in 
Fig.  3186  will  answer  as  well  as  a  more  complicated 
piece  of  apparatus.     This  can  be  made  as  follows: 

Take  a  glass  slide  27X127  millimeters,  and  cover 
the  surface  with  gold  size;  press  the  moist  surface 
firmly  down  on  gold  leaf  or  tinfoil;  allow  it  to  dry,  and 
then  scrape  away  the  metal  so  as  to  leave  the  two 
triangles  e,  e',  with  an  interval,  a,  between  their  apices, 
of  about  five  millimeters  for  the  object.  The  speci- 
men is  placed  at  a,  and  covered  with  a  cover-glass. 
For  transmitting  the  current  the  ends  of  the  slide  are 
clamped  by  the  clips  c,  c',  to  which  the  wires  leading 
from  the  battery  are  attached. 

In  Fig.  3187  is  represented  a  combined  moist  cham- 
ber and  electric  slide.  The  slide,  s,  is  covered  with 
tinfoil,  /,  on  its  upper  and  lower  surfaces,  the  foil  on 
the  upper  surface  being  carried  to  the  upper  edge  of 
the  glass  cell,  c,  which  is  cemented  to  the  slide.  The 
slide  is  placed  on  the  copper  supports,  A",  A",  that  are 
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attached  to  the  stage,  P 
must  be  insulated  by 
small  strips  of  foil  are 
leaving  a  space  of  five 
The  bottom  of  the  cell 
water;  the  specimen  is 
contact  with  the  tinfoil, 
placed  on  the  cell,  c,  so 


,  if  it  be  a  glass  one;  if  not,  they 
strips  of  hard  rubber.  Two 
ci -mm -ill •  -■  1  to  the  cover-glass, 
millimeters  between  the  ends. 
is  filled  with  a  few  drops  of 
placed  on  the  cover-glass,  in 
and  the  cover  is  inverted  and 
that  the  foil  comes  in  contact 


Fig.  3183. — Zeiss'  Warm  Chamber. 

with  that  covering  the  cell.  The  electric  current  is 
conducted  to  the  specimen  through  the  metal  sup- 
ports by  wires  placed  in  the  holes  in  their  ends. 

Compression. — By  making  pressure  on  the  cover- 
glass,  especially  after  maceration  of  the  specimen,  one 
is  often  able  to  separate  the  elements.  This  pressure 
can  be  made  with  the  handle  of  a  teasing  needle,  but  it 
is  apt  to  be  unequal,  and  there  is  danger  of  breaking 
the  cover  and  thus  destroying  the  specimen.  It  is 
better  to  use  an  instrument,  called  a  compressorium, 
constructed  especially  for  this  purpose.  In  Fig.  31S8 
is  shown  one  form  invented  by  H.  Jung,  of  Darmstadt. 

The  plate  A  is  attached  to  the  stage  of  the  micro- 
scope by  the  catch  n  and  the  two  screws  s,  s.  On  this 
plate  is  a  double  lever, one  arm  of  which  has  a  movable 
ring,  R,  and  adjusting  screw,  St,  and  the  knob  K.  The 
two  levers  are  so  connected  with  the  bent  piece  C  that 
when  K  is  pressed  down  the  ring  R  is  also  pressed 


to  ward  the  stage  plate.  Conversely,  an  upward  move- 
ment of  the  knob,  produced  by  the  spring  /'',  raises  the 
ring.  For  use  as  a  compressor  the  screw  Si  is  loosened, 
and  St  screwed  down  until  the  desired  degree  of  pres- 
sure Is  obtained.  This  apparatus  can  also  be  employed 
for  another  useful  purpose,  viz.,  beating.  The  proc- 
ess of  beating  is  often  resorted  to  for  the  purpose  of 
isolating  cells,  tissue,  etc.  In  using  the  instrument  for 
this  purpose  the  screw  St  is  so  adjusted  that  the  ring 


Fig.  3184.— Electrically  Heated  Stages.     (E.  Leitz.) 

R  lies  close  to  a  large  and  thick  cover-glass  covering 
the  specimen,  and  Si  is  turned  so  that  the  lever  can 
move  but  slightly.  By  quick  and  continuous  move- 
ment of  the  lever,  and  the  changing  pressure  on  the 
cover-glass  thus  produced,  tissues  (after  maceration) 
can  be  easily  dissociated.  When  the  cells  are  isolated 
they  can  be  made,  by  a  slower  movement  of  the  lever, 
to  move  about  in  all  directions, 
so  that  they  can  be  observed 
from  all  sides. 

Fresh  tissues  must  be  ex- 
amined in  a  medium  that  will 
produce  no  visible  alteration 
called  in  indifferent  solution. 
There  are  a  number  of  these. 

Indifferent  Solutions. — Deci- 
normal  Salt  Solution. — Dissolve 
7.5  grams  of  pure  sodium  chloride  in  1,000  c.c.  of 
distilled  water.  This  solution  represents  practically 
the  density  of  the  blood  and  the  sodium  chloride  con- 
tent. A  few  drops  of  Lugol's  solution  added  to  the 
stock  solution  prevents  the  growth  of  moulds. 

Aqueous  Humor  of  the  Eyeball. — -This  is  obtained  by 
puncturing  the  cornea  of  a  recently  killed  animal  and 


Fig.  31S5. — Objective 
Protector. 


Fig.  31S6. — Gold-leaf  Electrodes. 

collecting    the    escaping    fluid    which    is    practically 
lymph. 

Blood  Serum. — This  is  obtained  by  collecting  the 
blood  of  a  recently  killed  animal  in  a  cylindrical  con- 
tainer and  allowing  it  to  coagulate.  As  soon  as  clotted, 
separate  the  upper  edge  of  the  clot  from  the  container 
and  allow  to  stand  twenty-four  hours.  As  the  fibrin 
contracts,  the  clot  sinks  and  the  serum  floats  and  this 
clear  liquid  may  be  siphoned  off  without  disturbing 
the  clot.  It  may  be  used  in  the  same  way  as  normal 
salt  solution,  or  aqueous  humor.     This  serum  may  be 
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iodized  by  adding  10  c.c.  of  a  tincture  of  iodine  to 
1,000  c.c.  of  serum. 

Pericardial  fluid,  or  serous  fluid  from  any  of  the 
large  serous  cavities  of  the  body  may  be  utilized  if 
fresh. 

Artificial  serum  may  be  made  by  adding  one  part  of 
egg  albumen  to  nine  parts  of  normal  salt  solution. 
After  solution  of  the  egg  albumen  is  effected  the  whole 
is  filtered. 
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Fig.  3187. — Electric  Slide  and  Moist  Chamber. 

Kronecker's  Fluid. — This  consists  of  sodium  chloride 
6  grams,  sodium  hydrate  0.06  gram,  distilled  water 
1,000  c.c. 

Solution  of  Ripart  and  Petit. — This  is  composed  of 
copper  chloride  0.3  gram,  copper  acetate  0.3  gram, 
camphor  water  75  c.c,  distilled  water  75  c.c,  crystal- 
lized acetic  acid  1  gram.  This  solution  will  be  yellow 
after  mixing,  but  in  the  course  of  a  few  hours,  it  will 
be  clear  and  should  then  be  filtered. 


Fig.  31SS. — Jung's  Cumpressorium. 

Fresh  tissue  may  be  sectioned  for  study  by  the  use 
of  a  double  knife,  or  by  frozen  sections  made  with  a 
freezing  microtome.  If  the  double  knife  is  used,  that 
of  Valentine  (Fig.  3189)  is  recommended.  This  con- 
sists of  two  parallel  blades  attached  to  each  other  at 
their  lower  ends  by  a  hinge;  at  a  is  a  screw  sliding  in  a 
slot.  By  means  of  this  the  blades  may  be  approxi- 
mated or  separated.  With  the  blades  set  for  a  desired 
thickness,  the  knife  is  forced  through  an  organ  thus 


retaining  a  thin  section  thereof  between  tint  blades. 
All  it  I  In-  knife  is  withdrawn,  the  blades  are  separated 
by  sliding  back  the  screw  a.  The  section  is  then 
lloatcd  oil'  in  normal  salt  solution  and  is  then  ready  for 
examination. 

Maceration. —  Another  means  of  separating  tissues 
is  by  the  means  of  various  reagents  that  effect  a 
dissociation.  These  reagents  soften  or  dissolve  cer- 
tain tissues  while  others  are  unaffected  and  often  the 
unaltered  elements  can  be  isolated  by  shaking,  com- 
pression or  other  mechanical  methods.  The  most 
important  solution  will  be  given. 

Dilute  Alcohol  Thirty  Per  Cent,  (Ranvier). — This  con- 
sists of  one  part  of  ordinary  ninety-five  per  cent,  alco- 
hol and  two  parts  of  distilled  water.     Small  pieces  of 


Fig.  31S9. — Valentine's  Knife- 

tissue  are  placed  in  this  solution  for  twenty-four  hours 
and  if  not  softened  sufficiently  the  solution  is  renewed 
and  allowed  to  act  another  twenty-four  hours.  It  is 
best  used  for  isolating  epithelial  tissues  and  the  results 
may  be  bettered  by  fixing  the  pieces  of  tissue  in  one- 
half  per  cent,  osmic  acid  solution  for  a  few  hours 
before  macerating. 

Chromic  acid  one-tenth  per  cent,  to  one-fiflh  per 
cent,  is  useful  for  isolating  epithelial  cells.  This 
requires  one  to  three  or  four  days  to  act. 

Hydrochloric  Acid  Twenty  to  thirty  Per  Cent.  Aque- 
ous Solution. — Place  small  pieces  of  tissue  therein 
in  from  twenty-four  to  forth-eight  hours  and  wash 
thoroughly.  This  is  especially  adapted  for  isolating 
uriniferous  tubules  as  it  dissolves  the  interstitial  tissue. 
The  tubule  may  then  be  mounted  in  glycerin  jelly. 
If  used  in  the  strength  of  1  to  250  parts"  of  water,  "it 
will  separate  the  voluntary  striated  muscle  fibers  at 
its  discs. 

Potassium  hydrate  as  a  twenty  to  forty  per  cent, 
solution  acts  in  fifteen  minutes  to  an  hour  for  cells  of 
the  nails,  hairs  and  epidermis.  If  involuntary  or 
heart  muscle  is  used,  small  cubes  of  the  tissue  are 
placed  in  a  large  quantity  of  the  reagent  and  shaken. 
When  the  dissociation  has  been  accomplished  the 
tissue  is  transferred  to  a  saturated  aqueous  solution  of 
potassium  acetate  to  neutralize  the  hydrate.  Later 
they  are  washed  with  water  and  may  then  be  stained 
for  twenty-four  hours  in  alum  carmin,  washed  with 
water  and  mounted  in  glycerin. 

Sodium  chloride  used  in  a  ten  per  cent,  aqueous  solu- 
tion is  useful  in  isolating  white  fibrous  tissue.  It 
requires  two  to  three  days  to  act.  Carnoy  recom- 
mends a  trace  of  osmic  acid.  Sodium  chloride  solu- 
tion is  also  useful  in  the  study  of  red  blood  cells,  but  in 
different  percentages.  The  following  are  recom- 
mended: For  human  blood,  0.9  per  cent;  frog's  blood, 
0.64.  per  cent.;  selachians,  1.5  per  cent,  to  2.5  per 
cent.,  according  to  the  species. 

Nitric  acid  in  a  10  per  cent,  to  20  per  cent.' aqueous  or 
physiological  salt  solution  may  be  used  to  isolate  m  usclc 
fibers.  Small  pieces  are  allowed  to  remain  in  it  for 
twenty-four  to  forty-eight  hours,  washed  in  water  and 
mounted  in  glycerin.  To  study  the  arrangement  of 
heart  muscle  fibers,  J.  B.  MacCallum  recommends  the 
following:  nitric  acid  1  part,  glycerin  2  parts,  distilled 
water  2  parts.  Small  pieces  of  tissue  remain  in  this 
solution  from  eight  hours  to  several  days  and  are  then 
transferred  to  a  five  per  cent,  aqueous  solution  of 
glycerin. 

For  isolating  nerve  fibers  for  measurement,  Schwalbe 
uses  a  twenty  per  cent,  solution.  Maceration  is 
carried  on  at  a  temperature  of  40°  C.  for  twenty-four 
hours  and  the  tissues  then  washed  with  water.  Al- 
though the  fibers  do  not  shrink  they  become  brittle. 

Landois  Solution. — This  consists  of  the  following: 
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Sat.  sol.  of  neutral  ammonium  chromate  5  parts,  sat. 
sol.  of  potassium  phosphate 5 parts,  sat.  sol.  of  sodium 
sulphate  5  parts,  distilled  water  100  parts.  This 
solution  requires  from  three  to  five  days  for  small 
pieces  of  tissue,  which  are  then  transferred  for  twenty- 
four  hours  to  a  solution  of  ammonia  carmin  diluted 
with  one  volume  of  the  macerating  Liquid.  This  is 
recommended  for  all  tissues,  but  especially  for  nerve 
tissues. 

Concentrate, I  sulphuric  acid  is  used  to  isolate  the 
keratinized  cells  of  the  epidermis,  nails  and  hair. 

Sulphuric  Acid  (Ranvier). — Place  tissues  for  tweny- 
four  hours  in  thirty  grams  of  water  containing  four  to 
five  drops  of  concentrated  sulphuric  acid  and  then 
shake.  This  solution  is  recommended  for  nasal  mu- 
cosa, crystalline  lens,  retina,  etc. 

Odenius  recommends  a  solution  of  three  to  four 
grains  of  "English  sulphuric  acid"  to  an  ounce  of 
water  for  the  study  of  nerve  endings  in  tactile  hairs. 
The  hair  follicles  are  macerated  from  three  to  fourteen 
days. 

Nitric  Acid  and  Potassium  Chlorate  (Schullze). — 
Powder  the  potassium  chlorate  and  add  enough  nitric 
acid  to  make  a  paste.  Imbed  the  tissue  in  this  for 
several  hours,  transfer  to  a  test-tube  of  water  and 
shake.  The  fibers  are  then  completely  isolated.  This 
is  useful  in  the  study  of  the  branched  muscle  fibers  of 
the  frog's  tongue. 

Lysol  (Rt  inke)  is  used  either  in  a  ten  per  cent,  solu- 
tion in  distilled  water  or  in  water  with  alcohol  and 
glycerin.  It  acts  in  a  few  minutes  and  is  recom- 
mended to  spermatozoa  of  the  rats,  cortical  cells  of 
hairs  and  the  epithelial  cells  of  salamandra. 

Digestion  Method. — Digestion  in  organ  juices  serves 
to  dissolve  out  certain  elements  sooner  than  others, 
thus  serving  to  isolate  various  tissues.  The  chief 
solutions  are  gastric  juice  (or  pepsin)  and  pancreatic 
juice  {trypsin  or  pancreatin).  Tissues  for  digestion 
should  be  fresh  or  fixed  in  alcohol  only. 

Pepsin  digests  collogen  substance  and  mucin  readily 
and  elastin  slowly ;  nuclein  is  not  at  all  or  slowly  affected 
and  keratin,  neurokeratin,  chitin,  fats,  and  carbohy- 
drates not  at  all. 

Pancreatin  (trypsin)  digests  elastin,  mucin,  and  nu- 
clein readily;  collagen  substance,  reticulin,  chitin, 
keratin,  fats,  and  carbohydrates  are  not  affected. 

The  tissues  to  be  digested  are  placed  in  the  solution 
and  container  placed  in  an  incubator  at  37°  C.  for 
several  hours.  The  process  may  be  carried  on  in  a 
warming  chamber  if  sections  of  tissue  are  utilized. 

Kuskow's  solution  consists  of  1  part  of  pepsin  dis- 
solved in  200  parts  of  a  three  per  cent,  solution  of 
oxalic  acid.  This  must  be  freshly  prepared  and  pieces 
of  hardened  Iigamentum  nucha>  are  allowed  to  remain 
in  it  from  ten  to  forty  minutes. 

Bruecke's  Fluid. — Glycerinated  extract  of  pig's 
stomach  1  volume,  0.2  solution  of  HC1  3  volumes, 
thymol  a  few  crystals. 

Bickfalvi's  Solution. — One  gram  of  dried  mucosa  of 
pig's  stomach,  20  c.c.  of  a  0.5  per  cent,  solution  of 
hydrochloric  acid;  place  in  an  incubator  for  three  to 
four  hours  and  filter.  Macerate  for  one-half  to  one 
hour. 

Pancreatin. — Add  one-fifth  to  two-fifths  per  cent, 
solution  of  Mall's  or  Merch's  pancreatin  to  0.3  per 
cent,  solution  of  sodium  carbonate.  This  is  used  to 
demonstrate  adenoid  tissue  in  paraffin  sections.  The 
paraffin  is  removed  by  xylol,  washed  thoroughly  with 
alcohol  and  placed  in  ether  in  a  Soxhlet  apparatus  for 
several  hours  to  remove  the  fat.  The  sections  are 
then  brought  through  graded  alcohols  to  water  and 
placed  in  the  digestive  fluid  for  several  hours  to  sev- 
eral days  until  all  the  cellular  elements  are  removed. 
The  sections  may  then  be  stained  after  careful  washing 
with  water  with  an  aqueous  solution  of  fuchsin  or  an 
aqueous  solution  of  toluidin  blue,  then  dehydrated, 
cleared  and  mounted. 

The  preparation   of  the   framework   of  organs  by 
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means   of  trypsin   digestion   are   too    complex   to   be 
considered  here. 

Mall  utilizes  the  pancreatic  digestion  for  the  differ- 
entiating reticulum.  Frozen  sections  forty  to  eighty 
microns  thick  are  placed  for  twenty-four  hours  in  the 
following  solution:  Pancreatin  .5  grams,  bicarboi 
of  sodium  10  grams;  water  100  c.c.  Wash  carefully 
witli  water.  Transfer  section  to  a  half  test-tube  of 
water  and  shake  thoroughly.  Spread  the  tissue  care- 
fully upon  a  slide  to  dry.  Next  allow  a  few  drops  of 
the  following  stain  to  dry  upon  the  preparation: 
Picric  acid  10  grams,  absolute  alcohol  33  c.c,  water 
300  c.c.  Stain  for  one-half  hour  in  the  following: 
Acid  fuchsin  10  grams;  absolute  alcohol  33  c.c,  water 
liii  c.c.  Wash  a  moment  with  a  picric  acid  solution, 
dehydrate,  clear  with  xylol  and  mount  in  balsam. 

Bleaching. — At  times  it  is  desirable  to  bleach  t  i 
or  remove  pigments   and  for  this   certain   bleaching 
solutions  are  used. 

Mayer's  Chlorine  Method. — To  a  few  crystals  of 
potassium  chlorate  in  a  test-tube,  add  two  or  three 
drops  of  strong  hydrochloric  acid.  As  soon  as  chlor- 
ine gas  is  evolved  add  a  few  cubic  centimeters  of 
fifty  per  cent,  or  seventy  per  cent,  alcohol.  The 
tissue,  previously  soaked  in  alcohol,  is  now  dropped 
into  the  above  solution  and  allowed  to  remain  fifteen 
minutes  to  two  hours.  Sections  or  slides  may  be 
treated  in  the  same  way.  Oxygen  may  evolve  by 
using  nitric  acid  in  place  of  hydrochloric  acid,  but  the 
action  is  the  same.  This  method  is  adaptable  for  the 
removal  of  pigment  from  skin  or  eyes  of  Arthropods 
or  for  bleaching  tissues  previously  blackened  in  osmic 
acid. 

Peroxide  oj  Hydrogen  (Pouchel's). — The  tissue  is 
placed  in  a  watch  glass  of  glycerin  and  five  to  six  drops 
of  hydrogen  peroxide  are  added.  The  process  must 
be  carefully  watched  as  prolonged  action  of  the  rea- 
gent causes  maceration.  This  reagent  removes  pig- 
ment and  bleaches  osmic  and  chromic  materials. 

Sulphurous  Acid  (fHlson). — A  few  drops  of  a  solu- 
tion of  sulphurous  anhydride  (SO2)  in  alcohol  very 
quickly  bleaches  tissues  discolored  by  bichromate 
solutions. 

Pre pabation of  Sections  for  Microscopic  Study. — 
In  order  to  study  sections  under  the  microscope  the 
tissues  may  be  frozen  and  sectioned  or  imbedded  in 
paraffin  or  celloidin  and  then  sectioned. 


Fig.  3190. — Ether-freezing    Microtome. 

Freezing  Method. — For  this  method  a  special  freezing 
microtome  is  required.  The  congelation  is  produced 
by  ether,  rhigolene  or  compressed  carbon  dioxide. 
The  ether  freezing  microtome  is  shown  in  Fig.  3190. 

The  specimen  to  be  frozen  is  placed  on  the  metal 
plate  e,  and  is  frozen  by  a  spray  of  ether  delivered  on 
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the  under  side  of  the  plate  by  the  spray  tubes  passing 
through  its  side.  The  ether  is  placed  in  the  bottle  I 
The  air  is  compressed  by  the  double  bulbs  and  con- 
veyed to  the  spray  tubes  through  the  tube  g;  the  ether 
through  the  tube/.  The  knife  a  is  broad  and  has  a 
chisel  edge;  it  slides  on  the  glassways  h'h.  The 
block  of  tissue  is  raised  and  lowered  by  the  microm- 
eter screw  b. 

For  cutting  sections  frozen  with  COt,  the  microtome  and 
cylinder  in  Figs.  3191  and  3192  are  the  latest  types. 

The  piece  of  tissue  is 
placed  upon  the  hard 
rubber  freezing  chamber 
that  has  been  moistened 
with  a  little  water.  The 
cylinder  that  has  been 
fastened  to  a  table  is 
provided  with  an  outlet 
tube  and  a  valve;  when 
the  tissue  is  placed  in 
position,  the  valve  is 
gradually  opened,  per- 
mitting the  CO2  to  enter 
the  freezing  chamber, 
and  the  freezing  process 
is  begun.  Freezing  should 
be  carried  on  cautiously. 
The  specimen  may  be 
frozen  in  the  microtome 
and  as  soon  as  solid  may 
be  immediately  cut.  The 
automatic  feed  micro- 
tome may  be  set  to  cut 
any  desired  thickness. 
The  specimen  advances 
automatically.  The  knife  is  so  mounted  that  by 
moving  the  lever  handle  the  knife  describes  a  flat- 
tened circle  corresponding  to  the  double  movement 
in  freehand  sectioning.  By  this  manner  of  holding 
the  knife  by  arms  which  are  not  parallel,  the  entire 
cutting  edge  of  the  knife  is  utilized,  insuring  uniform 
wear  and  permitting  the  cutting  of  very  large  sections. 
This  peculiar  swinging  cut  is  especially  adapted  to 
frozen-section  cutting. 


Fig.  .3101- — Automatic  Freezing 
Microtome.     (Spencer.) 


Fig.  3192. — Carbon-dioxide  Cylinder  and  Freezing  Chamber. 

A  portable  freezing  microtome  consisting  of  a  freez- 
ing microtome  and  tank  mounted  upon  a  roller-stand 
is  now  made  by  Sartorius.  This  can  be  taken  into  the 
operating  room,  sections  made  and  diagnosis  given 
while  the  operation  proceeds. 

In  freezing  tissues,  care  should  be  taken  that  con- 
gelation goes  on  slowly  and  sections  should  be  cut  at 
about  four  microns,  if  possible.  For  rapid  diagnosis 
the  tissues  are  neither  fixed  nor  infiltrated,  but 
Arthur  Bolles  Lee  does  not  recommend  this  plain 
method  as  he  finds  that  the  formation  of  ice  crystals 
frequently  causes  the  tearing  of  the  delicate  elements. 
If  no  infiltration  mass  is  utilized,  the  procedure  is  as 
follows: 


Wright's  Method.  -1.  Place  the  fresh  specimen  in 
ten  per  cent,  solution  of  formalin  for  about  two  hours. 

If  time  docs  not  allow  of  this,  boil  the  specimen  in  the 

same  strength  of  formalin  for  two  to  three  minutes. 
The  histological  details  are  no1  so  good  after  boiling. 

2.  Rinse  in  water. 

3.  Cut  sections  with  a  freezing  microtome.  The 
sections  should  be  thin. 

4.  Float  the  sect  inn  on  a  slide,  smooth  out,  and 
remove  the  surplus  watei 

5.  Place  a  sheet  of  smooth  cigarette  paper  on  the 
section,   and   press   this  and   the  section  down    with    a 

pad  of  soft,  si th  filter  paper,  the  face  of  which  has 

been  moistened  with  a  few  drops  of  ninety-five  per 

cent,  alcohol.  Remove. tin1  filter  paper  and  carefully 
strip  off  the  cigarette  paper,  Leaving  the  section  adher- 
ing to  the  slide. 

6.  Pdood  the  section,  adhering  to  the  slide,  with 
absolute  alcohol;  after  about  thirty  seconds  drain  off 
the  alcohol. 

7.  Flow  over  the  section  and  t  lie  adjacent  surface  of 
the  slide  a  thin  solution  of  celloidin;  drain  oil  imme- 
diately. 

8.  Flood  the  slide  with  ninety-five  per  cent,  alcohol, 
and  immediately  place  the  slide  for  ten  seconds  in 
water.  This  hardens  the  celloidin  film  and  prevents 
the  section  from  curling. 

9.  Stain  with  hematoxylin  or  any  combination  of 
stains. 

10.  Dehydrate  in  ninety-seven  per  cent  alcohol. 

11.  Clear  in  oil  of  origanum,  and  mount  in  balsam. 
A   More  Rapid  Method  is  as  Follows:      Freeze  the 

tissues,  with  or  without  preliminary  hardening  in 
formalin,  and  cut  sections.  Transfer  the  sections  to 
water  and  draw  upon  a  clean  slide.  Drain  off  the 
water  and  dry  over  a  small  alcohol  lamp. 

Cover  with  hematoxylin  for  two  minutes,  drain  and 
cover  with  a  fifty  per  cent,  solution  of  lithium  carbon- 
ate for  one  minute  (to  deepen  the  stain).  Stain  with 
Van  Gieson's  stain  for  one  minute,  wash  with  water, 
then  dehydrate  with  ninety-five  per  cent,  and  then 
absolute  alcohol,  clear  with  xylol  and  mount  in  balsam. 
The  section  may  be  examined  wdiile  it  is  clearing.  With 
this  method  a  diagnosis  can  be  given  within  a  very 
short  time. 

Mallory  (1913)  of  Boston  makes  frozen  sections, 
transfers  them  to  a  slide,  places  on  methylene  blue 
stain,  covers  with  a  glass  and  wdiile  the  section  is 
staining,  makes  his  diagnosis.  The  whole  operation 
requires  only  a  few  minutes,  but  is  successful  only  in 
the  hands  of  an  expert. 

Cut  frozen  sections  are  difficult  to  handle. 

Oil  recommends  that  they  be  placed  in  a  one  per 
cent,  solution  of  gelatin,  places  them  upon  a  slide  and 
hardens  for  about  an  hour  in  formalin  vapor;  they  are 
then  transferred  for  a  few  minutes  to  a  ten  per  cent, 
formalin  and  washed  in  water.  The  sections  may  then 
be  stained  in  any  manner  desired  and  then  dehydrated, 
cleared   and  mounted. 

Anitschkow  puts  the  frozen  sections  into  fifty  per 
cent,  alcohol,  transfers  them  to  a  slide  prepared  with 
Mayer's  albumen,  presses  them  down  with  paper, 
covers  with  ninety-eight  per  cent,  alcohol  and  grad- 
ually changes  to  lower  grades  of  alcohol  and  then  to 
water.  They  are  then  ready  to  be  stained,  dehydrated, 
cleared  and  mounted. 

It  is  advisable,  however,  to  use  some  infiltrating 
mass  and  gum  mucilage  and  syrup  are  the  best. 

Coh'*  method  is  as  follows:  Dissolve  four  ounces  of 
gum  acacia  in  six  ounces  of  distilled  water.  Dissolve 
one  pound  of  loaf  sugar  in  one  pint  of  water  and  boil. 
Mix  five  parts  of  gum  mucilage  and  three  parts  of 
syrup  for  ordinary  tissues.  For  nerve  tissues,  retina 
and  easily  separable  tissues,  use  four  parts  of  syrup  to 
five  of  gum.  Add  five  grains  of  carbolic  acid  crystals 
to  each  ounce  of  the  medium. 

Soak  the  pieces  of  tissue  for  several  hours  in  the  mix- 
ture.    Wipe  the  mixture  from  the  surface  of  the  tissue 
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with  :i  cloth;  cement  the  tissue  to  the  freezing  plate 
with  a  little  gum  mucilage,  just  after  starting  the  spray, 
at  the  same  time  surrounding  the  tissue  block  with 
gum  mucilage.  This  combination  prevents  the  curling 
of  the  sections  as  well  as  the  splintering  that  occurs, 
ordinarily,   when  they   are  frozen  too  hard. 

The  sections  are  then  transferred  to  slides,  stained, 
dehydrated,  cleared  and  mounted. 

Infiltration  Methods. — In  the  preparation  of  the 
tissues  by  the  paraffin  or  celloidin  methods,  the  follow- 
ing steps  are  required :  (1)  Fixation,  (2)  dehydration, 
(3)  clearing,  (4)  infiltration,  (5)  blocking. 

1.  Fixation  is  the  process  by  which  the  tissue  ele- 
ments are  coagulated  through  the  use  of  solutions  or 
gases,  thereby  keeping  them  as  nearly  in  the  norma] 
state  as  possible.  It  implies  a  rapid  killing  of  the 
elements  so  that  they  cannot  alter  their  form,  also  a 
hardening  that  prevents  the  succeeding  agents  from 
producing  an  alteration.  In  order  to  be  a  desirable 
reagent,  a  fixative  must  act  rapidly  and  in  such  a  way 
as  not  to  interfere  with  the  action  of  the  succeeding 
agents  used  and  it  must  not  interfere  with  the  actions 
of  the  stains.  Chromium  salts,  osmic  acid  and  pla- 
tinic  chloride  interfere  with  stains,  and  must  be  thor- 
oughly removed;  alcohol,  formalin,  acetic  acid,  corro- 
sive sublimate,  picric  and  nitric  acids  are  either  neutral 
or  favorable  to  stains. 

The  majority  of  the  fixatives  enter  into  a  chemical 
combination  with  the  protoplasm  of  the  tissue  ele- 
ments and  when  solutions  of  chromium  salts  and  salts 
of  heavy  metals  are  used  these  chemical  compounds 
are  mostly  insoluble,  a  desirable  property.  Although 
rapidity  of  action  is  a  desirable  quality  of  fixing  agents, 
yet  it  is  not  an  absolutely  essential  one,  for  some  of  the 
best  fixing  agents  for  nerve  tissues  act  very  slowly. 
The  interrelation  between  fixing  and  staining  is 
shown  by  the  fact  that  certain  stains  give  very  poor 
or  no  results  with  certain  agents,  while  with  others 
they  leave  nothing  to  be  desired.  Some  fixing  agents 
besides  acting  as  such,  act  as  mordants,  that  is,  they 
combine  with  certain  coloring  matters  in  such  a  way 
as  to  afford  important  stains  that  cannot  be  produced 
in  any  other  way.  Swelling  or  shrinking  of  the  cells 
and  intercellular  substance  must  not  occur. 

Besides  killing  and  hardening,  fixatives  change,  the 
refractive  indices  of  the  various  tissue  elements  raising 
them  in  variable  degrees,  causing  an  optical  differ- 
entiation. This  is  a  desirable  property  for  by  this 
measure  various  parts  are  contrasted  in  a  way  that 
does  not  exist  in  the  living  tissues.  On  the  other  hand, 
such  fixatives  interfere  with  the  ordinary  stains  as 
carmine  and  like  colors  unless  the  fixative  has  first  been 
removed. 

After  treating  with  a  fixing  agent,  it  is  necessary  to 
wash  the  tissue  in  running  water  or  alcohol  to  remove 
the  excess  or  the  subsequent  steps  would  be  inter- 
fered with.  Such  a  step  is  necessary  after  the  use  of 
chromic  acid  or  its  salts  or  osmic  acid  while  picric  acid 
requires  alcohol;  formalin  and  corrosive  sublimate 
require  no  such  after-treatment.  Both  fixation  and 
washing  are  facilitated  bv  gentle  heat,  not  over 
40°  C. 

To  insure  successful  fixation,  the  tissues  must  be 
fresh  and  show  no  postmortem  changes.  Most  tissues 
are  good  until  twenty-four  hours  after  death  if  the 
body  has  been  kept  cool,  but  special  stains  of  nerve 
tissues  are  not  successful  usually  unless  the  tissues  are 
removed  very  soon  after  death.  In  addition,  large 
quantities  of  the  fixative  should  be  employed  and  if 
this  agent  should  become  cloudy  before  the  required 
time,  it  should  immediately  be  changed.  The  washing 
should  also  be  carried  on  with  large  quantities  of  the 
proper  liquid. 

Whole  organs  may  be  fixed  by  washing  out  the  ves- 
sels with  normal  salt  solution  and  irrigating  them, 
through  the  vessels,  with  the  fixative  for  several  hours. 
They  are  then  placed  in  a  large  quantity  of  fixative 
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for  several  days  or  longer.  Large  animals  as  chim- 
panzees and  goats  have  been  fixed  in  this  way  by 
Kolmer. 

Narcotization. — Animals  that  would  contract  sud- 
denly by  placing  in  a  fixing  agent  are  best  narcotized 
first.  This  may  be  done  by  introducing  small  quan- 
tities of  an  anesthetic  into  the  water  and  waiting  until 
the  desired  effect  has  been  produced.  They  may  then 
be  fixed. 

Nicotine  (Andres)  may  be  employed  for  marine  forms 
by  mixing  one  gram  with  a  liter  of  sea  water  and  adding 
this  to  the  sea  water  containing  the  animals  by  means 
of  a  thread.  This  transfers  the  liter  of  narcotizing 
fluid  in  about  twenty-four  hours. 

Chloroform  is  recommended  by  Preyer  for  starfishes. 

Cocaine  or  eucaine  (one  per  cent.)  and  chloroform 
(saturated  solution  in  sea  water  or  fresh  waterj  is 
recommended  by  Waddington. 

Bianco  recommends  a  solution  containing  glycerin 
20  part,  seventy  per  cent,  alcohol  40  parts,  sea  water 
40  parts.  This  is  poured  carefully  upon  the  surface  of 
the  sea  water  and  allowed  to  diffuse  slowly  through 
it;  it  requires  several  hours  to  act. 

Sulima  (1909)  recommends  a  mixture  of  99  parts 
sea  water  and  1  part  of  a  ten  per  cent,  solution  of  chlore- 
tone  in  absolute  alcohol  for  invertebrates  (Seyllium 
and  Anguilla). 

To  get  complete  fixation,  most  reagents  must  have 
an  acid  reaction.  This  is  gotten  by  adding  acetic  acid 
(one  to  five  per  cent.)  and  this  not  only  gives  the 
desired  reaction,  but  assists  the  penetration  of  the 
fixative  and  also  assists  markedly  in  the  optical  differ- 
entiation of  the  various  elements  of  the  tissues.  From 
this  it  will  be  seen  that  the  best  fixing  agents  contain 
two  or  more  active  agents. 

In  order  to  insure  proper  fixation,  the  pieces  of  tissue 
should  not  be  large,  i.e.  one-quarter  to  one-half  inch 
cubes.  If  larger  sections  are  desired,  the  organ  may  be 
cut  into  slices  about  one-eighth  of  an  inch  thick  and 
nicked  across  the  face  at  intervals  of  about  one-half 
of  an  inch.  Some  fixatives  act  very  rapidly  and  others 
slowly.  Some  cause  slight  swelling  and  others  have 
a  tendency  to  cause  a  slight  shrinkage.  In  order  to 
avoid  such  results  these  agents  are  combined  in  vari- 
ous ways,  thus  insuring  satisfactory  results.  The 
time  required  for  the  various  fixatives  and  special 
after-treatment,  if  any,  will  be  mentioned  in  connec- 
tion with  each. 

Bichloride  of  mercury  is  probably  one  of  the  most 
commonly  used  salts  for  fixation.  It  acts  rapidly  and 
has  the  advantage  of  interfering  with  very  few  stains 
and  in  fact  is  essential  for  the  success  of  certain 
stains. 

Heidenhain's  Solution. — Add  112  grams  of  bichloride 
of  mercury  to  a  hot  0.5  per  cent,  solution  of  sodium 
chloride.  Upon  cooling  the  excess  of  bichloride  will 
crystallize  and  maintain  a  saturation.  The  sodium 
chloride  assists  the  penetration  of  the  bichloride. 
Half-inch  cubes  require  three  to  four  hours  for  fixation. 

Arthur  Bolles  Lee  (1913)  recommends  that  the 
bichloride  be  dissolved  to  saturation  in  a  one  to  five 
per  cent,  glacial  acetic  acid  solution,  while  Van  Bene- 
den  recommends  a  twenty-five  per  cent,  acetic  acid 
solution. 

Ohlmacher's  solution  consists  of  absolute  alcohol  80 
parts,  chloroform  15  parts,  glacial  acetic  acid  5  parts 
and  bichloride  to  saturation.  This  is  said  to  fix 
ordinary  pieces  of  tissue  in  fifteen  to  thirty  minutes. 

Stoelzner  recommends  a  saturated  solution  of  bi- 
chloride in  a  four  and  one-half  per  cent,  sugar  solu- 
tion as  isotonic  for  warm-blooded  animals. 

Held  prefers  fixing  nerve  tissue  in  a  one  per  cent, 
solution  of  sublimate  in  forty  per  cent,  acetone.  After 
fixation,  the  excess  bichloride  is  washed  out  by  carry- 
ing the  tissue  through  increasingly  concentrated 
grades  of  aceton. 

Gilson's  mixture  consists  of  nitric  acid  (1.456  sp. 
gr.)   15  c.c,  glacial  acetic  acid  4  c.c,  bichloride  20 
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grams,  00  per  cent,  alcohol  100  c.c,  distilled  water 
800  c.c.  This  solution  acts  rapidly  and  the  tissue 
should  be  washed  in  alcohol. 

Petrunkewitsch  recommends  the  following:  Water 
300  c.c;  absolute  alcohol  200  c.c;  glacial  acetic 
acid  90  c.c;  nitric  acid  10  c.c;  corrosive  sublimate 
to  saturation. 

After  fixation  in  a  fluid  containing  bichloride  of 
mercury,  it  has  been  recommended  that  the  tissue  be 
thoroughly  washed  in  water  or  better  70  per  cent, 
alcohol  containing  tincture  of  iodine  to  remove  the 
excess  fixative.  The  bichloride  renders  the  tissues 
brittle  and  will  not  stain  well  and  the  effect  is  sure  to 
be  the  same  if  these  tissues  remain  too  long  in  alcohol. 
Hcidenhain  prefers  to  use  sodium  thiosulphate  to 
remove  the  bichloride.  Mann  and  others  prefer  to 
remove  the  bichloride  after  the  tissue  has  been  sec- 
tioned (see  Slide  Technique).  Lee  considers  it  a  good 
fixative  for  general  work,  but  says  it  is  not  to  be 
trusted  for  cytological  work. 

Carnoy  and  Lebrun. — Absolute  alcohol  1  volume, 
glacial  acetic  acid  1  volume,  chloroform  1  volume, 
bichloride  to  saturation.  This  mixture  should  be 
prepared  just  before  use  as  it  does  not  keep  long.  This 
is  especially  useful  in  fixation  of  ascaris  ova. 

Isolated  ova  are  fixed  in  fifteen  to  thirty  seconds 
and  those  in  the  uterus  in  about  ten  minutes.  Lee 
recommends  it  as  one  of  the  most  rapidly  acting  fixa- 
tives. All  traces  of  acetic  acid  must  be  washed  out 
with  alcohol. 

Potassium  Bichromate. — This  salt  as  a  three  and  one- 
half  per  cent,  aqueous  solution  is  a  good  fixative  and 
hardener.  Its  strength  is  gradually  increased  one-half 
to  one  per  cent,  by  frequent  renewals  up  to  six  per 
cent,  in  the  course  of  six  weeks.  Tissue  may  be  left 
longer  without  injury.  It  acts  slowly  so  is  often 
combined  as  shown  in  the  following  solutions.  The 
bichromate  should  be  thoroughly  washed  out  with 
water  after  fixation  and  during  dehydration  the  tissues 
should  be  kept  in  the  dark.  The  bichromate  may 
be  bleached  out  before  staining  if  desired. 

Mueller's  Fluid. — Potassium  bichromate  60  grams, 
sodium  sulphate  30  grams,  distilled  water  1,000  c.c. 
Lee  states  that  the  solution  by  itself  is  not  as  satis- 
factory as  formerly  believed. 

Tellyniczky's  Fluid. — To  a  three  and  one-half  per 
cent,  solution  of  potassium  bichromate  add  five 
per  cent,  of  glacial  acetic  acid.  The  acetic  acid  aids 
the  penetration  and  hastens  the  action  bf  the  bichro- 
mate, so  that  tissues  are  fixed  in  twelve  to  twenty-four 
hours.  They  should  be  thoroughly  washed  in  water 
before  dehydration.  The  nuclei  are  very  well 
preserved  by  this  solution. 

Zenker's  Fluid. — This  consists  of  Mueller's  fluid 
(see  above)  1,000  c.c,  corrosive  sublimate  112  grams; 
mix  and  add  to  the  solution  just  before  use,  five  per 
cent,  of  glacial  acetic  acid.  This  requires  twelve  to 
twenty-four  hours  to  act  and  should  be  freshly  pre- 
pared before  use.  Spuler  recommends  that  the  fixa- 
tion be  completed  in  Mueller's  fluid. 

Helly  leaves  out  the  acetic  acid  and  substitutes  five 
per  cent,  of  formalin,  just  before  use. 

Maximow's  solution  (1909)  is  probably  the  best 
modification  of  Zenker's.  In  place  of  the  acetic  acid, 
he  uses  ten  per  cent,  of  formalin  and  at  times  a  ten 
per  cent,  of  a  two  per  cent,  solution  of  osmic  acid. 
Fixation  should  be  carried  on  in  the  dark,  if  osmic  acid 
is  used. 

Bensley  takes  equal  parts  of  a  saturated  alcoholic 
(ninety-six  per  cent.)  solution  of  bichloride  and  two 
per  cent,  aqueous  solution  of  potassium  bichromate. 

Erlicki' s Solution. — Potassium  bichromate  2.5  grams; 
copper  sulphate  1  gram,  distilled  water  100  c.c.  This 
agent  requires  about  ten  days  at  ordinary  room  tem- 
perature (whole  spinal  cord)  or  four  days  in  an  incu- 
bator. Precipitates  may  form  in  the  tissues  and  these 
can  be  removed  by  washing  with  hot  water  or  with 
water  slightly  acidulated  with  hydrochloric  acid,  or  by 
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treating  the  tissues  before  dehydration  with  a  0.5 
per  cent,  solution  of  chromic  acid. 

Dekhuyzen's  Fluid. — Bichromate  of  potassium  (2.5 
per  cent,  solution  in  sea  water)  250  c.c;  nitric  acid 
(6.3  per  cent.)  25  c.c,  osmic  acid  solution  (2  per  cent.) 
54  c.c  This  solution  is  especially  adapted  for  marine 
animals. 

Ammonium  Bichromate. — This  salt  acts  more  rapidy 
and  hardens  more  slowly  than  potassium  bichromate. 
It  is  usually  used  as  a  five  per  cent,  solution. 

Osmic  Acid. — This  is  really  the  tetraoxide  of  osmium 
and  is  not  a  true  acid.  It  is  a  very  volatile  substance 
and  readily  reduces  if  dust  enters  the  .solution.  Light 
alone  will  not  effect  the  reduction.  It  is  usually  kept 
in  stock  as  a  two  per  cent,  solution  and  Lee  recom- 
mends that  the  two  per  cent,  solutions  be  made  up  in 
one  per  cent,  chromic  acid  solution,  as  it  does  not  then 
readily  reduce.  Cori  recommends  that  a  sufficient 
quantity  of  permanganate  of  potassium  be  added  to  an 
aqueous  solution  of  osmic  acid  so  as  to  impart  a  slight 
rosy  tint;  the  solution  will  not  reduce.  This  solution 
will  gradually  become  colorless  and  should  then  be- 
come tinted  again.  Osmic  acid  fixes  the  cytoplasm 
very  well,  but  the  nuclei  but  poorly. 

Fixation  by  vapor  is  to  be  employed  only  when  the 
pieces  of  tissue  are  thin  or  small.  The  specimen  is 
fastened  to  a  cork  and  the  cork  then  fitted  into  a  wide- 
mouthed  bottle  that  contains  a  one  per  cent,  solution 
of  osmic  acid  or  some  of  the  solid.  Cells  may  be 
placed  on  a  slide  and  inverted  over  the  vapor  and  when 
they  become  brown  (thirty  to  sixty  seconds)  they  are 
fixed.  They  may  then  be  slightly  washed  with  water 
and  stained  with  methyl  green  if  the  specimens  are  to 
be  preserved  in  water,  otherwise  they  are  to  be  stained 
with  hematoxylin,  picrocarmineor  alum  carmine  there- 
by giving  permanent  preparations.  Larger  specimens 
like  retina,  will  require  several  hours  for  fixation.  As 
osmic  acid  does  not  fix  nuclei  very  well,  Gilson  recom- 
mends vapor  of  a  freshly  prepared  solution  of  osmic 
and  acetic  or  formic  acids.  The  vapor  penetrates 
more  rapidly  and  more  deeply  than  the  solution.  In 
solution  osmic  acid  is  seldom  used  alone  as  a  fixing 
agent  and  then  with  strength  varying  from  0.05  to 
0.5  per  cent.  Pieces  of  tissue  should  be  as  small  as 
possible  and  fixed  in  the  dark.  When  brown  through- 
out the  tissues  are  fixed.  The  action  is  aided  by  the 
addition  of  glacial  acetic  acid  to  the  amount  of  five  per 
cent.  Tissues  must  be  well  washed  after  fixation  and 
if  overstained,  may  be  bleached  as  above.  Osmic  acid 
is  a  stain  for  fat. 

Chromic  acid  is  usually  used  as  an  aqueous  solution 
of  one-tenth  per  cent,  and  one  per  cent,  strength  for 
ova  and  weaker,  one-fiftieth  to  one-eighth  per  cent.,  for 
nerve  tissues;  it  is  allowed  to  act  for  one  to  several 
hours.  It  may,  however,  be  used  for  several  days  to 
a  week  in  fixing  mucous  membranes.  Large  quanti- 
ties of  the  fixative  are  required  and  it  should  be  changed 
frequently  if  the  longer  periods  are  employed  and  a 
weak  solution  should  be  employed  first.  For  quarter- 
inch  cubes,  fixation  will  require  several  weeks  and  the 
solution  must  be  changed  frequently.  As  it  is  not  a 
very  penetrating  agent  it  is  not  often  used  alone.  It 
may  be  kept  in  stock  in  a  ten  per  cent,  solution  and 
diluted  when  required. 

After  fixation  in  chromic  acid,  the  tissues  should  be 
thoroughly  washed  for  several  hours,  preferably  in 
running  water.  They  are  then  transferred  to  fifty  per 
cent,  alcohol  for  six  to  twenty-four  hours,  seventy  per 
cent,  six  to  twenty-four  hours  and  then  to  eighty  per 
cent,  until  required.  The  treatment  in  alcohol  should 
be  carried  on  in  the  dark  and  the  alcohol  changed  as 
long  as  it  becomes  yellow.  Precipitates  do  not  readily 
form  if  the  treatment  is  carried  on  with  the  exclusion 
of  light.  Mayer  recommends  that  the  tissues  be 
rinsed  in  water  and  transferred  to  seventy  per  cent, 
alcohol  and  kept  in  the  dark  and  changed  until  the 
alcohol  remains  colorless.  It  may  then  be  further 
dehydrated,    cleared,    infiltrated,  and  blocked.     The 
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chrome  compounds  may  be  removed  from  the  sections 
by  placing  them  in  acid  alcohol  (seventy  per  cent, 
alcohol  with  one  per  cent,  strong  hydrochloric  acid) 
until  bleached.  After  washing  the  sections  may  be 
stained  with  any  of  the  ordinary  siains. 

Chromoformic  Acid  {Rabl). — Add  four  or  five  drops 
of  formic  acid  to  200  c.c.  of  a  one-third  per  cent,  solu- 
tion of  chromic  acid  and  allow  tissues  to  remain  for 
twelve  to  twenty-four  hours.  Wash  with  water  and 
carry  through  in  the  usual  manner.  This  is  recom- 
mended for  the  study  of  karyokinetic  figures. 

The  combinations  of  chromic  and  osmic  acids  are 
more  satisfactory  than  their  plain  solutions. 

Flemming's  Solution. — The  "weak  solution"  con- 
sists of  chromic  acid  0.25  gram;  osmic  acid  1  gram; 
glacial  acetic  1  c.c;  water  100  c.c.  The  acetic  acid 
should  be  added  just  before  use.  Meves  recommends 
that  one  per  cent,  of  sodium  chloride  be  added. 

The  "strong  solution"  consists  of  one  per  cent, 
chromic  acid  solution  15  parts,  two  per  cent,  solution 
of  osmic  acid  4  parts,  glacial  acetic  acid  1  part.  The 
weaker  solution  is  used  for  small  objects.  The  stronger 
solution  has  better  penetrating  powers  and  fixes  in  a 
few  hours  or  one  to  two  days.  If  the  stronger  solu- 
tion be  used,  it  requires  only  four  times  the  bulk  of  the 
object.  Tissues  should  be  washed  for  twenty-four 
hours  in  running  water. 

Fol's  Modification. — One  per  cent,  chromic  acid  25 
parts;  one  per  cent,  osmic  acid  2  parts,  two  per  cent, 
acetic  acid  5  parts,  distilled  Water  08  parts. 

.Vires'  Modification. — One-half  percent,  chromic 
acid  15  parts,  two  per  cent,  osmic  acid  2  to  4  parts, 
acetic  acid  1  part.  This  is  recommended  for  delicate 
objects  and  is  said  to  cause  less  shrinkage  than  the 
foregoing  solutions. 

Johnson's  Mixture. — Two  and  one-half  per  cent, 
potassium  bichromate  76  parts,  two  per  cent,  osmic 
acid  10  parts,  one  per  cent,  platinic  chloride  15  parts, 
glacial  acetic  or  formic  acid  5  parts.  The  last  reagent 
is  to  be  added  just  before  use. 

Hermann's  Solution. — One  per  cent,  platinic  chloride 
15  parts,  two  per  cent,  osmic  acid  2  to  4  parts,  glacial 
acetic  acid  one  part.  This  is  better  for  protoplasmic 
fixation  than  the  chromic  acid  mixture.  Both  Flem- 
ming's and  Hermann's  solutions  act  the  same  in  that 
they  mordant  the  chromatin  so  that  it  responds  better 
to  the  basic  stains,  especially  the  coal-tar  dyes.  The 
platinum  of  Hermann's  solution  makes  it  difficult  to 
use  the  protoplasmic  stains. 

Borrel's  Mixture. — Osmic  acid  2  parts,  chromic  acid 
3  parts,  platinic  chloride  2  parts,  glacial  acetic  acid  20 
parts,  distilled  water  350  parts. 

Zacharias'  Solution. — Glacial  acetic  acid  1  part, 
absolute  alcohol  4  parts,  two  per  cent,  osmic  acid 
solution  a  few  drops.  This  mixture  is  especially 
recommended  for  the  fixation  of  ova  of  Ascaris  re- 
quiring but  a  short  time  for  fixation.  Lee  found  it 
useful  for  other  objects.  The  fixative  should  be 
washed  out  with  alcohol  and  aqueous  solution  avoided 
as  much  as  possible.  Both  nuclei  and  cytoplasm  are 
well  preserved  and  any  stain  may  be  employed. 

Marchi's  Fluid. — Mueller's  fluid  2  parts,  one  per 
cent,  osmic  acid  1  part.  Small  pieces  of  tissue  are  fixed 
from  five  to  eight  days,  washed  thoroughly  in  running 
water  and  hardened  in  alcohol.  This  solution  is  used 
especially  in  the  study  of  degenerated  myelin  sheaths. 

Pianese's  Solution. — One  per  cent,  solution  of  chlor- 
ide of  platinum  and  sodium  15  c.c,  one-fourth  per 
cent,  chromic  acid  5  c.c,  two  per  cent,  osmic  acid  5  c.c. 
formic  acid  1  drop.  Small  pieces  of  tissue,  not  over 
two  millimeters  thick,  are  fixed  in  thirty-six  hours. 
Wash  thoroughly  in  running  water  and  transfer  to 
eighty  per  cent,  alcohol.  Sections  are  to  be  stained 
by  Pianese's  special  method.  This  fixative  is  espe- 
cially recommended  for  karyokinetic  figures  and  so- 
called  cancer  bodies. 

Palladium  Chloride. — Employed  by  Waldeyer  in  one- 
thousandth  per  cent,  aqueous  solution,  with  the  addi- 
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tion  of  a  few  drops  of  hydrochloric  acid  to  aid  in  the 
solution,  for  softening  the  cochlea.  The  specimen  is 
placed  in  this  solution  for  twenty-four  hours,  and  then 
in  absolute  alcohol  for  the  same  length  of  time. 

F.  E.  Schulze  uses  this  salt  in  0.01  to  0.2  per  cent, 
.solutions.  As  the  penetrating  power  is  slight,  small 
pieces  of  tissue  are  to  be  used — a  piece  the  size  of  a 
bean  to  30  c.c.  of  the  solution.  The  hardening  is  com- 
pleted at  the  end  of  thirty-six  to  forty-eight  hours,  but 
the  specimen  may  remain  in  the  fluid  for  months  with- 
out harm.  This  solution  stains  protoplasm  dark 
yellow,  striated  muscle  brownish  yellow,  smooth  mus- 
cle straw  yellow,  medullated  nerves  black.  Hyaline 
membranes  and  elastic  fibers  stain  slight  yellow  and 
remain  transparent.  Interstitial  substance  of  con- 
nective tissue  remains  colorless,  and  will  stain  deeply 
with  carmine  and  other  stains,  while  the  tissue  colored 
by  the  palladium  remains  unstained.  Sections  are  to 
be  well  washed  in  water  and  mounted  in  glycerin. 

Fraenkel  recommends  the  following  as  a  fixative  for 
connective  tissue:  Palladium  chloride,  one  per  cent, 
aqueous  solution,  15  parts,  two  per  cent,  solution  of 
osmic  acid  5  parts,  and  a  few  drops  of  acetic  acid. 

It  should  be  borne  in  mind  that  tissues  fixed  in  osmic 
acid  or  chromic  acid  solutions  must  be  thoroughly 
washed  in  running  water  and  dehydrated  in  the  dark 
until  the  alcohol  is  colorless  and  that  overcoloring  may 
be  remedied  by  bleaching. 

Alcohol. — For  the  study  of  certain  cell  contents,  as 
glycogen,  tissues  must  be  fixed  in  absolute  alcohol  and 
the  use  of  aqueous  reagents  and  stains  avoided  as 
much  as  possible. 

Alcohol  of  ninety-five  per  cent,  strength  may  also  be 
used  as  a  fixative,  but  Mallory  and  Wright  state  that 
the  superficial  parts  of  the  tissue  are  shrunken  and 
are  extremely  hard.  They  recommend  that  the  tissue 
be  placed  for  two  to  four  hours  in  eighty  per  cent, 
alcohol  and  then  transferred  to  ninety-five  per  cent, 
alcohol  for  twelve  to  twenty-four  hours.  The  shrink- 
age is  less.  The  tissues  are  then  transferred  to 
eighty  per  cent,  alcohol  for  preservation  or,  better, 
immediately  carried  through  clearing  and  imbedding. 

Alcohol  of  seventy  per  cent,  strength  has  been  found 
useful  by  the  writer  in  fixation  of  small  fetuses  when 
collecting  at  an  abattoir.  At  times  it  is  necessary  to 
leave  a  container  for  several  days  and  the  reagent 
gives  good  results. 

Formalin,  Formaldehyde,  Formol. — This  reagent  is  a 
saturated  solution  of  formaldehyde  gas  in  water 
(thirty-eight  to  forty  per  cent.).  The  solution  should 
be  kept  in  a  cool  place  in  dark  bottles  and  decompo- 
sition is  likely  to  occur.  Glycerin  is  said  to  prevent 
this.  The  solutions  are  acid  in  reaction,  and  if  unde- 
sirable as  such,  they  may  be  carefully  neutralized. 
Formaldehyde  gas  is  very  irritating  to  the  mucous 
membranes  and,  in  susceptible  individuals,  may  cause 
serious  inflammations.  Its  effect  upon  the  skin  is 
irritating,  rendering  it  harsh  and  rough  for  several 
days,  and  in  the  constant  handling  of  specimens 
preserved  in  it  the  skin  may  crack.  Such  cracks  heal 
with  difficulty.  As  formalin  is  so  extensively  used  in 
the  preservation  and  fixation  of  gross  specimens  it  is 
necessary  to  use  rubber  gloves  in  handling  them  on 
account  of  the  above  effects.  For  gross  specimens, 
the  strength  of  the  solution  should  be  about  one 
to  two  per  cent,  and  it  should  be  renewed  at  the 
end  of  twenty-four  hours  and  thereafter  if  necessary. 

Preservation  of  Gross  Specimens. — For  such  purpose, 
it  is  usually  used  in  the  form  of  Kaiserling's  solution 
No.  1.  This  consists  of  formalin  200  c.c,  potassium 
nitrate  5  grams,  potassium  acetate  30  grams,  water 
1,000  c.c  As  this  solution  bleaches  somewhat  the  gross 
specimens  are  transferred  to  eighty-five  per  cent, 
alcohol  until  the  color  returns,  and  then  quickly  placed 
in  Kaiserling's  solution  No.  2,  and  then  either  pre- 
served therein  or  in  a  special  gelatin  mixture.  Kaiser- 
ling  No.  2  consists  of  potassium  acetate  200  grains, 
glycerin    400   c.c.  and  water  2,000   c.c.     This  should 
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be  filtered  and  changed  several  times  before  the  organs 
are  finally  mounted  in  it. 

Formalin  kills  and  penetrates  rapidly,  but  it  is  not 
successful  in  all  tissues,  hence  it  is  usually  combined 
with  other  solutions.  It  is  a  powerful  reducing  agent 
and  is  considered  incompatible  with  chromic  or  osmic 
acid  reagents.  It  is  never  to  be  used  in  full  strength, 
but  diluted. 

Lee  recommended  it  in  a  four  per  cent,  solution, 
i.e.  1  part  formalin  and  9  of  water.  This  is  really  a 
ten  per  cent,  solution  oj  the  usual  solution  purchased. 
Fixation  is  usually  accomplished  in  twelve  to  twenty- 
four  hours  and  then  seventy  per  cent,  alcohol  for  the 
same  time  and  preserved  in  eighty  per  cent,  alcohol. 

Lavdotvsky  recommends  formalin  6  parts,  ninety-five 
per  cent,  alcohol  20  parts,  glacial  acetic  acid  1  part, 
water  40  parts,  or  formalin  5  parts,  alcohol  15  parts, 
acetic  acid  1  part,  water  40  parts. 

Gulland  uses  formalin  1  part,  alcohol  9  parts,  for 
blood.     This  is  an  excellent  fixative  for  this  purpose. 

Bles  recommends  formalin  1  part,  seventy  per  cent, 
alcohol  90  parts,  glacial  acetic  acid  3  parts. 

P.  Bouin  recommends  saturated  aqueous  solution 
of  picric  acid  75  parts,  formalin  25  parts,  acetic  acid 
5  parts;  this  solution  requires  twelve  to  eighteen  hours 
and  fixation  is  complete  and  satisfactory  and  admits  of 
general  and  special  staining  methods. 

Picro  platinic  formalin  (M .  and  P.  Bouin)  consists  of 
one  per  cent,  platinic  chloride  20  parts,  saturated  so- 
lution of  picric  acid  20  parts,  formalin  10  parts,  formic 
or  acetic  acid  5  parts.  This  solution  is  excellent, 
but  keeps  only  a  few  days. 

Formalin- Mueller  (Orth's  fluid)  consists  of  Mueller's 
fluid  10  parts,  formalin  1  part.  It  should  be  prepared 
fresh.  Fixation  at  room  temperature  requires  twelve 
hours.  If  carried  on  in  an  incubator  three  hours  are 
sufficient.  Tissues  should  be  washed  thoroughly  in 
running  water.  It  is  especially  of  use  in  the  fixation 
of  nerve  tissues. 

Mueller  takes  formalin  1  part,  three  per  cent,  bi- 
chromate of  potassium  4  parts,  for  the  intestine  of 
mammals. 

Held  (1909)  recommends  a  mixture  of  a  three  per 
cent,  solution  of  potassium  bichromate  9  parts,  for- 
malin 10  parts,  acetic  acid  five  per  cent,  for  the  internal 
ear. 

Marchoux  (1910)  takes  one  per  cent,  chromic  acid 
11  parts,  acetic  acid  1  part,  water  4  parts,  formalin 
(just  before  using)  16  parts. 

Picric  acid  when  used  alone  is  employed  as  a  satu- 
rated aqueous  solution.  This  consists  of  about  1  part 
of  picric  acid  in  86  of  water  at  15°  C.  It  penetrates 
rapidly,  requires  from  a  few  seconds  to  twenty-four 
hours  depending  upon  the  size  of  the  objects  to  be  fixed. 
Infusoria  are  fixed  in  a  few  minutes.  Picric  acid 
should  always  be  washed  out  with  alcohol,  preferably 
seventy  per  cent.,  at  about  40°  C.  and  the  stains  used 
should  be  alcoholic.  Extraction  of  picric  acid  is  more 
rapid  if  a  little  lithium  carbonate  be  added  to  the 
alcohol.  Objects  fixed  in  picric  acid  admit  readily  of 
staining  in  bulk  or  in  sections. 

Picric  Alcohol  {Gage). — Picric  acid  1  part,  ninety-five 
per  cent,  alcohol  250  parts,  water  250  parts.  Fix 
for  two  to  three  days  and  wash  out  with  seventy  per 
cent,  alcohol. 

Picroacetic  Acid  (Lee). — Saturated  solution  of 
picric  acid  and  one  per  cent,  of  acetic  acid. 

Zimmer's  Mixture  (1909). — Saturated  solution  of 
picric  acid  15  parts,  absolute  alcohol  9  parts,  acetic 
acid  1  part. 

Picrosulphuric  Acid  (Kleinenberg's  Solution). — To 
200  c.c.  of  a  saturated  aqueous  solution  of  picric  acid 
add  4  c.c.  of  concentrated  sulphuric  acid.  Allow  the 
precipitate  to  settle  and  then  filter.  Dilute  the  fil- 
trate with  600  c.c.  of  water  and  filter  if  necessary  after 
twenty-four  hours.  Tissues  and  young  embryos  are 
fixed  in  one  to  twenty-four  hours.  Transfer  to  sev- 
enty per  cent,  alcohol  until  bleached. 


Picronilric  Acid  (Mayer). — Nitric  acid  (twenty-five 
per  cent.  N206)  5  volumes,  water  100  volumes,  picric 
acid  to  saturation.  This  acts  like  the  preceding,  but 
is  harder  to  wash  out.  Lee  considers  it  better  than 
the  picroaulphuric  solution. 

Rauritz  recommends  picronitric  acid  1  part,  one  per 
cent,  chromic  acid  I  parts.  Wash  out  with  seventy 
per  cent,  alcohol. 

A  second  mixture  of  Rawitz  is  as  follows:  Picronitric 
6  volumes,  two  per  cent,  osmic  acid  1  volume.  Fix 
for  one-half  to  three  hours  and  place  in  seventy 
per  cent,  alcohol. 

Picrosublimate  (Rabl). — Saturated  aqueous  solution 
of  sublimate  1  part,  saturated  picric  acid  1  part,  dis- 
tilled water  2  parts.  Embryos  are  fixed  in  twelve 
hours  and  then  should  be  washed  for  two  hours  and 
transferred  to  weak  alcohol. 

Pacaut  takes  200  parts  of  a  saturated  solution  of 
sublimate  and  picric  acid,  (i  parts  of  a  three  per  cent 
solution  of  platinic  chloride  and  5  parts  of  a  sixteen 
and  one-half  per  cent,  solution  of  chromic  acid. 

Lenhossek  (1907). — Saturated  solution  of  sublimate 
75  c.c,  acetic  acid  5  c.c,  fifty  per  cent,  alcohol  25 
c.c,  picric  acid  to  saturation. 

Chloride  and  Acetate  of  Copper  (Ttiparl  and  Petit's 
Liquid). — Camphor  water  (not  sat.)  75  grams,  distilled 
water  75  grams,  crystallized  acetic  acid  1  gram, 
acetate  of  copper  0.3  gram,  chloride  of  copper  0.3 
gram.  This  is  a  very  delicate  and  moderate  fixative 
according  to  Lee.  Objects  thus  fixed  stain  instantly 
with  methyl  green.  Osmic  acid  increases  its  fixative 
powers.     Excellent  for  cytologic  study. 

Acetone  is  used  by  Scholz  (1905).  Small  objects  are 
fixed  in  warm  acetone  in  one-half  hour  to  one  hour. 
They  are  then  to  be  carried  through  alcohol-ether 
mixture  and  then  into  celloidin. 

Fuss  (1906)  recommends  its  use  cold. 

Linlwarew  (1911)  used  it  for  the  fixation  of  red 
blood  cells  as  it  preserves  the  hemoglobin. 

Bing  and  Ellermann  recommend  the  addition  of  one 
per  cent,  formalin  for  the  fixation  of  medullated  nerve 
fibers. 

Dehydration. — After  the  tissue  has  been  fixed,  it  i- 
then  ready  for  the  next  step  or  that  of  dehydration. 
This  process  has  for  its  object  the  removal  of  all  the 
water,  preparing  the  tissue  for  the  next  step  or  that  of 
clearing.  As  clearing  is  usually  carried  on  by  an 
agent  that  is  not  miscible  with  water,  it  is  necessary 
to  remove  the  latter  completely.  Tissues  fixed  in 
acetone  do  not  require  these  steps  as  acetone  is  miscible 
with  alcohol-ether  or  celloidin.  This  is  accomplished 
by  means  of  ascending  strengths  of  alcohol.  If  an 
aqueous  fixative  has  been  used,  the  tissues  are  placed 
in  fifty  per  cent.,  alcohol  for  six  to  twenty-four  hours 
then  into  a  seventy  per  cent.,  six  to  twenty-four  hours, 
and  then  eighty  per  cent,  for  twenty-four  hours.  If 
it  is  undesirable  to  carry  them  through  clearing  and 
the  following  steps,  they  may  be  preserved  for  an 
almost  indefinite  time  in  eighty-  per  cent,  alcohol. 

Tissues  fixed  in  chromic  compounds  should  be  dehy- 
drated in  the  dark.  For  those  fixed  in  sublimate  solu- 
tions, the  following  treatment  is  recommended.  After 
washing  with  water  and  dehydrated  to  the  seventy 
per  cent,  strength,  they  should  be  treated  with  seventy 
per  cent,  alcohol  containing  sufficient  tincture  of 
iodine  to  impart  a  port  wine  color.  They  are  allowed 
to  remain  here  until  they  are  the  color  of  the  solution 
and  by  that  time  all  the  bichloride  precipitated  in  the 
tissue  will  have  been  removed.  In  obstinate  cases, 
Mayer  recommends  the  following  solution:  Potassium 
iodide  5  grams,  distilled  water  5  c.c  Dissolve  and 
mix  with  a  solution  of  0.5  iodine  in  90  c.c.  of  ninety 
per  cent,  alcohol.  This  solution  is  to  be  added  to  the 
seventy  per  cent,  alcohol  containing  the  tissues  in 
sufficient  quantities  to  bleach  the  tissues.  Others 
prefer  to  remove  the  bichloride  from  the  tissues  when 
sectioned. 

If  it  is  desired  to  infiltrate  the  tissues,  they  are  trans- 
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ferred  to  ninety-five  per  cent,  alcohol  for  twenty-four 
Hours.  This  should  be  renewed  once  or  twice  if  many 
pieces  of  tissue  are  being  carried  through.  They  may 
then  he  pi  need  in  absolute  alcohol  for  twelve  to  twenty- 
four  hours,  after  which  they  are  ready  for  the  next 
step. 

Clearing. — Clearing  or  dealcoholization  is  necessary 
for  paraffin  infiltration  as  alcohol  and  paraffin  are 
incompatible.  The  choice  of  reagent  differs  according 
to  whether  paraffin  or  celloidin  is  to  be  used  for 
infiltration. 

Paraffin  Method. — For  the  paraffin  method  chloro- 
form or  an  oil  or  oil-like  substance  is  required.  Chloro- 
form is  employed  if  the  infiltration  is  to  be  carried 
out  in  the  cold,  that  is  with  tissues  that  cannot  stand 
heat  for  an  extended  period.  The  retina  or  whole 
eyeball,  for  example,  is  transferred  from  alcohol  to 
pure  chloroform  where  it  is  allowed  to  remain  until 
permeated  with  chloroform.  This  requires  from  one 
or  two  to  eight  hours.  The  object  at  first  floats  and 
when  it  becomes  submerged,  the  process  is  completed. 
It  is  then  ready  for  infiltration.     (See  Cold  Method.) 

For  ordinary  paraffin  infiltration,  oils  are  used  for 
clearing.     The  cedar  oil  method  is  the  best. 

Cedar  Oil  Method. — The  tissues  are  taken  from  the 
absolute  alcohol  and  blotted  with  tissue  paper  to  re- 
move the  bulk  of  the  alcohol  and  then  placed  in  cedar 
oil  No.  1  for  twelve  to  twenty-four  hours.  This  con- 
sists of  cedar  oil  and  absolute  alcohol  equal  parts.  The 
objects  are  then  transferred  to  cedar  oil  No.  2  for 
twelve  to  twenty-four  hours  or  until  transparent. 
Cedar  oil  No.  2  is  merely  pure  cedar  oil.  By  this 
fractional  clearing  the  abstraction  of  the  alcohol  is 
gradual  and  less  disturbance  takes  place  in  the  tissues. 
They  are  then  ready  for  infiltration. 

Some  prefer  to  place  the  tissues  directly  into  pure 
cedar  oil  for  twelve  hours  and  then  into  fresh  pure 
cedar  oil  for  twenty-four  hours  or  until  transparent. 
This  process  may  be  carried  on  in  an  incubator  or 
upon  the  paraffin  bath  and  the  time  reduced  nearly 
one-half. 

Turpentine  Method. — The  tissues  are  transferred  to 
pure  turpentine,  from  the  alcohol  after  blotting,  and 
allowed  to  remain  until  transparent,  usually  twelve 
to  twenty-four  hours.  This  is  an  excellent  reagent 
for  students'  routine  work,  but  if  left  in  the  turpen- 
tine too  long  and  a  paraffin  of  high  melting-point  is 
used,  the  tissues  are  liable  to  become  hard  and  will 
cut  unsatisfactorily. 

Xylol,  toluol,  benzol  are  good  clearing  agents  in  an 
expert's  hands  for  general  purposes,  but  they  clear  too 
rapidly  and  the  same  applies  to  them  as  to  turpentine. 
Their  action  is  rapid  and  they  are  liable  to  cause  shrink- 
age. They  are  useful  in  clearing  delicate  objects  in 
the  following  way.  The  uterus  of  Ascaris  and  like 
objects  are  dehydrated  in  absolute  alcohol  and  when 
free  of  water  are  placed  in  a  tube  of  fresh  absolute 
alcohol  to  which  a  few  drops  of  xylol,  benzol  or  toluol 
has  been  added  and  mixing  after  each  addition;  by 
this  method  2  c.c.  of  benzol  can  be  added  to  an  equal 
quantity  of  alcohol  in  four  to  six  hours  and  no  shrink- 
age will  result.  The  specimens  are  then  to  be  trans- 
ferred to  a  mixture  of  absolute  alcohol  (1  part)  and 
benzol  (3  parts)  for  one  to  three  hours  and  then  to 
pure  benzol  for  one  to  four  hours  for  tissues  one-eighth 
to  one-fourth  inch  in  diameter.  The  blocks  are  then 
placed  in  benzol  saturated  with  paraffin  for  two  to 
four  hours  and  then  more  paraffin  is  added  and  the 
container  transferred  to  a  paraffin  bath  for  one  to  two 
hours  and  is  then  cast. 

Infiltration. — The  object  of  infiltration  or  imbed- 
ding is  to  permeate  the  interstices  and  normal  cavities 
of  the  tissue  with  a  substance  which  when  cold 
(paraffin)  or  fixed  (celloidin)  will  solidify  in  these 
spaces  and  permit  the  section  to  be  made  without  dis- 
torting the  object,  by  supporting  it  on  all  sides.  By 
this  means  only  can  thin  sections  be  cut.  When  the 
imbedding  mass  is  solid  when  cold  and  must  be  melted 


in  order  to  permeate  the  tissue,  as  paraffin,  this  proc- 
ess is  called  fusion  imbedding.  If  the  imbedding 
mass  is  a  liquid  through  the  action  of  solvents  and 
these  solvents  must  be  volatilized  before  the  mass 
becomes  firm  enough  to  cut,  this  process  is  called 
evaporation  imbedding,  as  in  the  celloidin  method. 
The  paraffin  method  is  used  chiefly  as  it  is  more  rapid 
and  thinner  sections  can  be  cut.  Gum  and  gelatin  are 
used  as  imbedding  masses  when  it  is  desirable  to  avoid 
the  use  of  dehydrating  agents  and  when  chemical  tests 
are  to  be  made. 


j^*md£. 


Fiu  3193  —Paraffin  Water  Baths. 

For  the  paraffin  method,  a  proper  water  bath  is 
necessary  in  order  to  maintain  the  paraffin  at  a  defi- 
nite temperature  (Fig.  3193).  More  elaborate  baths 
are  shown  in  Figs.  3194  and  3195.  Paraffin  has  a 
variable  melting-point  depending  upon  the  amount  of 
oil  in  it.  Grades  of  45°  and  52°  C.  melting-point  are 
the  best  and  by  properly  mixing  these,  paraffin  of  any 
intermediate  melting-point  may  be  readily  obtained. 
Paraffin  of  too  low  a  melting-point  contains  too  much 
oil  and  is  too  soft  at  ordinary  room  temperature,  and 
must  be  iced  before  cutting  in  the  microtome.  Par- 
affin of  too  high  a  melting-point  is  unsuited  for  general 


Fig.  3194.— Water  Bath. 

work  as  the  higher  temperatures  render  the  tissues 
hard  and  brittle  so  that  they  will  not  cut  readily.  It 
is  essential  to  maintain  a  bath  as  nearly  at  the  melting- 
point  as  possible. 

After  clearing  the  tissues  are  blotted  with  tissue 
paper  to  remove  as  much  of  the  oil  as  possible,  but 
they  must  not  be  squeezed.  They  are  then  transferred 
to  melted  paraffin  No.  1  in  a  paraffin  bath  for  six  to 
twelve  hours;  this  removes  the  bulk  of  the  oil.  They 
are  then  transferred  to  fresh  paraffin  No.  2  for  six  to 
twenty-four  hours  which  removes  the  remainder  of  the 
oil  and  leaves  clear  paraffin  in  the  tissue.  If  45°  C. 
paraffin  has  been  used,  it  is  desirable  to  place  the  tissue 


260 


REFERENCE    HANDJJOOK    OF    THE    MEDICAL    SCIENCES 


Histological  Technique 


for  a  couple  of  hours  in  52°  C.  paraffin  and  to  block  in 
this.  This  gives  a  firmer  paraffin  and  the  blocks  hold 
up  better  at  the  ordinary  room  temperature  and  may 
be  sectioned  without  preliminary  cooling. 

Cold,  or  Chloroform  Method. — After  the  tissue  Ikis 
been  thoroughly  saturated  with  chloroform,  it  is 
transferred  to  a  closed  vessel  containing  a  warm  satu- 
rated solution  of  paraffin  in  chloroform  and  kept  there 
for  two  to  four  hours.     The  tissues  are   then  trans- 


Fio.  3195. — Incubator  Paraffin  Bath. 

ferred  to  pure  melted  paraffin  until  the  odor  of  chloro- 
form has  disappeared  (two  to  twelve  hours).  It  is 
then  ready  to  be  blocked. 

Mayer  recommends  the  use  of  benzol  for  clearing, 
then  adds  small  pieces  of  paraffin  to  the  benzol  and 
permits  them  to  dissolve  in  the  cold.  After  several 
hours  the  objects  and  benzol  are  transferred  to  an 
open  vessel  in  a  cold  water  bath  and  the  bath  gradu- 
ally warmed  to  about  60°  C.  in  about  two  hours.  As 
fast  as  the  benzol  evaporates,  melted  paraffin  is  added. 
After  the  benzol  is  evaporated  the  paraffin  is  changed 
once  and  the  tissue  blocked.  At  times  it  is  necessary 
to  infiltrate  tissues  in  vacuo.  This  process  necessi- 
tates an  air-pump,  etc.,  but  the  infiltration  is  accom- 
plished in  a  few  minutes  and  prevents  tissues  from 
collapsing. 


I  Hi 


Fig.  3196. — Blocking  with  Leaden  Angles,     a,  angles;   6,  same  in 
place;  c,  paraffin  mould. 

Acetone-para  fin  Infiltration. — Salkind  (1913)  gives 
the  following  rapid  method  which  he  prefers  to  the 
chloroform  paraffin  method.  After  fixation  the  tis- 
sues are  to  be  placed  in  weak  alcohol  or  transferred 
directly  from  water  to  a  solution  of  two  volumes  of 
acetone,  two  volumes  of  ether  and  one  volume  of 
water.  They  remain  here  at  least  as  many  hours 
as  the  tissues  are  millimeters  thick.  Then  place 
the  tissues  in  the  following  solution  saturated  with 
paraffin  of  36°  to  40°  C.  melting-point,  one  volume 
acetone  and  one  volume  ether.  They  remain  here 
twice  as  long  as  in  the  preceding  mixture  and   are 


then  placed  in  melted  paraffin  for  five  to  ten  minutes 
for  ( - .- 1 1 - 1  j  millimeter  in  thickness  and  blocked. 

Blocking. — After  infiltration  is  completed,  the 
tissues  are  removed  from  the  paraffin  bath  and  then 
blocked.  This  is  accomplished  by  the  use  of  leaden 
angles  and  brass  plates,  by  means  of  paper  boxes, 
or  wooden  blocks.  The  leaden  angles  and  brass 
plates  (Fig.  3196)  are  cooled  in  ice  water,  dried  and 
placed  in  position.  A  thin  layer  of  paraffin  is  then 
poured  into  the  enclosed  space,  the  tissue  placed 
therein  and  oriented.  The  mold  is  then  filled  with 
paraffin,  and  as  soon  as  a  scum  is  formed  the  whole  is 
plunged  into  iee  water,  the  angles  cautiously  removed, 
so  that  the  ice  water  can  act  upon  all  sides  except 
the  bottom.  This  prevents  the  enclosure  of  water 
bubbles  by  the  rapidly  contracting  paraffin.  This 
method  insures  a  clear  paraffin.  The  paraffin  molds 
are  then  dried  and  may  be  stuck  upon  wooden  blocks 
by  gently  heating  each  and  bringing  them  together. 

If  blocks  are  used,  oak  is  preferred  and  the  most 
convenient  size  is  one'  and  one-fourth  inches  long  and 
seven-eighth  of  an  inch  square.  A  strip  of  paper  is 
tightly  wrapped  around  one  end  and  sealed  with 
paraffin  so  as  to  form  a  cup  one-half  to  one  inch  deep. 
A  little  paraffin  is  run  into  the  <-u | >,  the  tissue  placed 
therein  and  oriented  and  filled  with  melted  paraffin 
and  allowed  to  harden  at  the  room  temperature. 
After  blocking,  the  specimen  is  then  relieved  of  the 
paper  and  trimmed  as  shown  in  Fig.  3197,  a,b,c. 


Fig.  3197. — Wooden  Blocks,  a.  plain  blocks,  6,  same  with 
paper  cup;  c,  trimmed  paraffin  block;  d,  celloidin  blocks  in  eighty 
per  cent,  alcohol. 

Celloidin  Infiltration. — Celloidin,  pyroxylon,  or  pho- 
toxylon  is  a  solid  at  the  ordinary  temperature  and  comes 
in  soft  shavings  put  up  in  air-tight  bottles.  It  is 
soluble  in  alcohol  and  ether  which  mixture  is  also  the 
clearing  agent.  This  method  of  imbedding  is  of  dis- 
tinct advantage  when  large  pieces  of  tissue  are  used 
and  even  whole  brains  are  readily  infiltrated  and  sec- 
tioned in  this  medium.  It  may  be  used  on  the  most 
delicate  tissue  and  specimens  left  in  over  time  are  unin- 
jured. As  it  is  transparent,  it  need  not  be  removed 
wdien  the  section  is  stained  and  this  is  of  advantage 
when  delicate  or  detached  structures  are  being  pre- 
pared. On  the  other  hand,  this  process  is  a  rather 
slow  one,  requiring  weeks  and  months  for  large 
blocks. 

This  medium  is  used  in  two  solutions,  thin  and  thick. 
The  thick  solution  is  prepared  as  follows:  Take  one 
ounce  of  dried  celloidin,  washing  thoroughly  with 
distilled  water  and  then  drying.  By  this  means  the 
powder  that  is  usually  in  these  packages  is  gotten  rid 
of  and  the  celloidin  will  be  clear.  If  the  celloidin  shav- 
ings are  put  up  moistened  with  water,  they  are  washed 
and  dried  in  the  air  upon  filter  paper  in  the  same  way. 
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The  chips  are  then  placed  in  a  citrate  bottle  and  cov- 
ered with  150  c.c.  of  equal  parts  absolute  alcohol  and 
ether.  It  is  advisable  to  soak  the  celloidin  with  abso- 
lute alcohol  for  a  few  hours  and  then  add  the  ether. 
By  this  means  the  solution  is  made  more  quickly. 
The  thin  solution  is  made  by  using  double  the  absolute 
alcohol  and  ether  or  diluting  the  thick  celloidin  with 
an  equal  volume  of  this  reagent. 

The  tissues  are  transferred  from  the  absolute  alcohol 
of  dehydration  to  a  mixture  of  equal  parts  of  absolute 
alcohol  and  ether  for  twenty-four  to  forty-eight  hours 
and  then  dropped  into  the  thin  celloidin  for  one  to 
seven  days  and  then  thick  celloidin  for  two  to  three 
days  to  several  weeks,  depending  upon  size.  Slices 
of  whole  brains  require  several  months.  When  the 
tissues  have  been  infiltrated  with  the  thick  celloidin, 
they  arc  ready  to  be  blocked.  Paper  cups  are  made 
as  above,  the  tissues  oriented  and  the  cup  filled  witli 
thick  celloidin.  They  are  exposed  to  the  air  until  a 
scum  has  formed  and  then  placed  in  a  receptacle  of 
eighty  per  cent,  alcohol  until  the  celloidin  is  hardened; 
the  paper  is  then  removed,  the  block  trimmed  and  the 
block  preserved  in  eighty  per  cent,  alcohol  until  ready 
to  be  cut  (Fig.  3197,  d).  Instead  of  using  a  thick  solu- 
tion, a  cork-stoppered  tube  or  slender  dish  may  be 
used  for  infiltration  and  the  stopper  is  loosed  a  little  or 
the  slender  dish  lid  raised  slightly  so  as  to  allow  alcohol 
and  ether  to  evaporate  in  the  course  of  three  to  five 
days.  The  celloidin  gradually  thickens  and  the  tissues 
are  in  this  way  blocked.  When  the  celloidin  mold  has 
retracted  from  the  sides  of  the  dish  or  tube,  it  is  then 
placed  in  eighty  per  cent,  alcohol  until  hard,  removed 
and  trimmed  and  preserved  therein  until  ready  to  be 
cut.  To  mount  these  molds  upon  blocks  (clean,  free 
from  paraffin  or  grease),  oak  blocks  are  preferred. 
Dry  the  molds  on  a  towel  and  place  for  a  few  seconds  in 
absolute  alcohol  and  ether  mixture.  Moisten  the  end 
of  the  block  in  the  same  and  dip  in  thick  celloidin. 
Next  dip  the  celloidin  block  in  thick  celloidin  and 
place  it  upon  the  prepared  wooden  block  and  allow  it 
to  stand  in  the  air  until  the  fresh  celloidin  is  firm  upon 
the  surface  and  place  in  eighty  to  eighty-five  per  cent, 
alcohol. 

A  number  of  pieces  of  tissue  may  be  blocked  in  one 
petri  dish,  filling  the  latter  with  thick  celloidin  and 
plunging  in  eighty  to  eighty-five  per  cent,  alcohol 
after  a  skum  has  formed  in  the  air.  They  may  then 
be  cut  out  in  blocks  when  the  celloidin  is  hard  and 
mounted  upon  wooden  blocks  as  above. 

At  times  the  celloidin  does  not  harden  sufficiently 
to  cut  readily  and  then  the  blocks  should  be  placed  in 
eighty  to  eighty-five  per  cent,  alcohol  containing  one 
to  five  per  cent,  glycerin  for  twenty-four  to  forty-eight 
hours. 

Celloidin  may  be  hardened  without  the  use  of  alco- 
hol by  placing  in  chloroform  vapor  or  pure  chloroform. 
If  pure  chloroform  is  used,  blocks  will  be  hardened  in  a 
few  hours,  but  should  not  be  allowed  to  remain  longer 
than  three  days.  Lee  prefers  the  chloroform  vapor 
method. 

Some  technicians  preserve  celloidin  blocks  in  seventy 
per  cent.,  while  Apathy  recommends  that  they  be  kept 
dry  after  dipping  in  melted  paraffin,  or,  after  rinsing  in 
water,  covering  the  blocks  with  glycerin  jelly.  The 
glycerin  jelly  can  readily  be  removed  with  warm  water 
just  before  cutting. 

Gilson  uses  a  mixed  celloidin  and  paraffin  method  and 
clears  in  cedar  oil  before  cutting.  Lee  has  modified 
this  method  as  follows:  Imbed  in  the  usual  way  and 
harden  in  chloroform  vapor.  Then  place  in  a  mix- 
ture of  one  part  chloroform  and  two  parts  cedar  oil;  pure 
cedar  oil  is  added  from  time  to  time  until  nearly  pure 
cedar  oil.  When  clear,  the  object  is  exposed  to  the 
air  and  the  remaining  chloroform  allowed  to  evapo- 
rate. It  may  then  be  mounted,  cut  or  preserved  in- 
definitely in  a  stoppered  bottle.  Such  blocks  are  cut 
dry  and  the  cut  surface  will  not  be  injured  by  the  air 
under  several  hours. 


Stepanow  soaks  and  imbeds  tissues  in  a  solution  of 
celloidin  in  equal  parts  of  ether  and  clove  oil,  hardens 
in  alcohol  or  chloroform  vapor,  or  benzol,  and  cuts  dry 
or  wet 

Joliet'sGum  and  Glycerin  Method. — The  tissue  is 
placed  in  a  watch  glass  in  the  following  mixture:  a 
syrupy  aqueous  solution  of  gum  arabic,  to  which  six 
to  ten  drops  of  glycerin  have  been  added,  depending 
upon  the  weather,  i.e.  less  for  wet  weather  and  winter 
than  in  dry  weather  or  summer.  Imbed  and  allow  to 
dry  for  one  to  four  days  or  to  a  cartilaginous  consist- 
ency. Cut  into  blocks,  turn  over  and  allow  to  dry 
until  wanted. 

Gum  Method.— The  infiltrating  medium  consists  of 
the  following: 

c,  i  Cane  sugar 28.5  i-'i 

&yru" {Water 80       c.c. 

,.  Gwrj  acacia 57      grama. 

Cjum (Water 310      c.c. 

Mix  together  four  parts  of  syrup  and  five  parts  of  gum ; 
to  this  add  nine  parts  of  a  saturated  aqueous  solution 
of  boric  acid.     Filter  through  muslin. 

Free  the  tissue  from  all  traces  of  alcohol  and  place 
in  the  above  mixture  until  permeated,  usually  twenty- 
four  hours  for  one-fourth-inch  cubes.  A  longer 
time  is  better  and  the  process  may  be  assisted  by  plac- 
ing the  container  in  a  warm  place. 

Ti'.sx./,  infiltrated  with  yum  must  l>e  jr<>z<  n  ami  cut  in  a 
freezing  microtome. 

Cull ui(i  Sectio?is. — For  paraffin  and  celloidin  cutting, 
other  microtomes  are  used.  These  vary  from  the 
comparative  simple  and  inexpensive  hand  microtomes 
to  the  complicated,  expensive  and  exact  precision 
microtome  of  Minot. 

Sections  of  Hardened  Tissue. — Sections  of  hardened 
tissue  may  also  be  made  by  free-hand  cutting.  For 
free-hand  cutting,  the  first  requisite  is  a  good  razor  or 
knife.  An  ordinary  hollow-ground  razor,  with  the 
lower  side  ground  flat,  will  answer:  but  if  one  prac- 
tises free-hand  cutting  to  any  extent,  it  is  better  to  be 
provided  with  a  larger  and  heavier  one. 

The  section  cutting  is  performed  as  follows:  A  shal- 
low dish  is  partially  filled  with  alcohol,  with  which  the 
specimen  and  razor  blade  are  to  be  constantly  flooded, 
the  blade  being  dipped  into  the  alcohol.  The  speci- 
men is  held  firmlv  between  the  fingers  and  thumb  of  the 


Fig.  3198. — Simple  Table  Microtome. 

left  hand,  and  the  razor  lightly  with  the  right,  the 
handle  resting  on  the  fingers,  the  thumb  being  used 
for  changing  the  direction  of  the  edge  of  the  razor. 
The  section  is  cut  by  drawing  the  razor  blade  diagon- 
ally through,  the  specimen,  from  heel  to  point,  and  then 
floated  off  into  a  dish  of  alcohol.  After  cutting  every 
third  or  fourth  section  the  razor  should  be  stropped,  so 
as  to  keep  the  edge  in  the  best  possible  condition. 

Microtomes. — A  simple  and  rather  inexpensive 
microtome  is  shown  in  (Fig.  3198).  This  is  a  hand- 
feed  table  microtome  and  will  cut  sections  five  mic- 
rons in  thickness.  It  has  also  the  advantage  of  being 
adjusted  to  frozen  section  work  and  routine  laboratory 
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work  where  the  highest  degrees  of  accuracy  are  not 
required. 

A   more  accurate  microtome  is  shown  in  Fig.  310!). 
This  is  an  automatic  feed  and  is  adapted  for  cclloidin 


Fig.  3100. — Automatic  Microtome. 

or  paraffin  cutting.     The  object  remains  stationary 
while  cutting  as  it  is  held  by  a  rigid  clamp  that  is  ad- 
justed  in   one   plane   and   vertically.     The   knife   is 
carried   upon   a   wedge-shaped   block   that   slides   in 
ground  ways.     The  longer  bed  gives  a  greater  freedom 
of  motion  and  permits  of  cutting  larger 
objects  imbedded  in  celloidin  than  the 
preceding    form.      The   feed-screw   is 
operated  by  the  motion  of  the  knife 
block  transmitted  through  an  arm  ex- 
tendng  from  the  block.     The  micro- 
tome may  also  be  operated  as  hand 
feed.     The  object  clamp  is  reversible 
and  may  be  brought  to  the  right  of  its 
slide   bed.       The   feed   mechanism   is 
controlled  by  an  adjustable  cam,  giv- 
ing a  feed  of  two  to  thirty  microns  in 
increments    or    two    microns.        CO2 
freezer     and    ether    freezing    attach- 
ments can  readily  be  fitted. 

Fig.  3200  is  the  latest  rotary  micro- 
tome designed  by  Prof.  Minot  of 
Harvard.  It  is  a  marked  improve- 
ment over  the  older  types.  The  knife 
is  adjustable  in  three  planes,  to  and 
from  the  object,  side  to  side  and  the 
knife  can  be  tilted  with  reference  to 
the  vertical  plane.  Sections  may  be 
cut  from  one  to  twenty-five  microns. 
The  object  clamp  shown  in  Fig.  3201 
is  more  satisfactory,  in  the  writer's 
opinion,  than  the  object  discs  furnished 
with  the  machine. 

In  cutting  serial  paraffin  sections,  the 
new  form  of  ribbon  carrier  is  often 
used.  This  is  easily  adjusted  to  the 
microtome  and  insures  an  unbroken 
ribbon. 

Another    and   late   form   of  rotary 
microtome    is  shown  in  Fig.  3202.     All  the  working 
parts  are  enclosed    and  protected.     This  instrument 
is  said  to  have  advantage  over  the  others  of  the  same 
type  in  that   the   object   is  not  advanced  until  it  is 


above  the  knife  edge.  The  feeding  mechanism  is  so 
arranged  so  that  when  the  nut  has  reached  its  limit, 
the  feecl  mechanism  is  automatically  thrown  out.  and 
the  feed  thread  protected  from  injury.  The  object 
clamp  is  part  of  a  ball  that  fits 
into  a  socket.  The  ball  part  of 
the  object  clamp  is  held  into  posi- 
tion and  adjusted  to  any  angle  by 
means  of  three  set  screws.  This 
clamp  will  hold  either  discs  or 
blocks  equally  well.  The  up  and 
down  stroke  of  the  block  is  two 
inches,  permitting  the  cutting  of 
unusually  large  specimens.  The 
feed  has  a  total  excursion  of 
thirty-seven    millimeters,    an    ex- 

e linn  y    desirable    property    in 

serial  sections  as  this  permits  the 
(ait  ting  of  a  whole  embryo  of 
nearly  one  and  one-third  inch 
length  in  one  continuous  opera- 
tion, Sections  from  one  to  sixty 
microns  in  thickness  may  be  cut 
with  this  instrument.  An  attach- 
ment lor  cutting  celloidin  blocks  is 
made  for  this  microtome. 

A  new  instrument  for  cutting  is 
the  sledge  microtome.  This  tvpe 
is  shown  in  Fig.  3203.  The  feed- 
ing or  raising  mechanism  is  free  of 
the  sliding  motion  of  the  carrier. 
This  instrument  has  a  ball  and 
socket  clamp  and  sections  may  be 
cut  from  one  to  twenty  microns 
in  thickness.  Above  twenty  mi- 
crons, sections  may  be  cut  by  turning  the  knob  the 
desired  amount  by  hand.  Fig.  320-1  shows  a  dropping 
apparatus  to  flood  the  knife  when  cutting  celloidin 
blocks. 

The   highest   type   of   microtome   is   probably   the 


li^Ife  si 


Fig.  3200. — Minot  Rotary  Microtome.     (Bauseh  and  Lomb.) 


"Precision"  microtome  of  Minot.  The  latest  model 
is  shown  in  Fig.  3205.  It  is  adapted  for  paraffin 
and  celloidin  work  and  is  considered  the  most  precise 
instrument  for  uniformity  of  sections.     It  cuts  sec- 
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tions  from  one  to  twenty -five  microns  thick.  The 
ribbon  carrier  may  be  attached  to  the  back  of  the 
knife. 

For   sectioning  slices  of   whole   brains,  an   entirely 
different  instrument  must  be  used. 

The  "Precision"  microtome  of  Minot  (Fig.  3205) 
is  a  departure  from  the  usual  form  of  sliding  micro- 
tome in  that  the  knife  is  fixed  and  the 
object  clamp  is  on  a  sliding  carrier. 

The  knife  is  clamped  to  the  frame  of 
the  microtome,   and  the  object   clamp 


eighty  per  cent,  alcohol.  In  this  way  the  serial  sec- 
tions may  be  preserved  in  order  and  stained.  The 
method  of  staining  is  that  used  for  staining  myelin 
sheaths  after  Weigert  (see  Stains).  During  staining, 
the  paper  over  each  section  should  be  lifted  until  the 
st;iin  lias  [Kissed  in  and  this  should  be  done  to  every 
section   in   the   dish.     The  differentiation   should    be 


Fig.  3201. — Object  Clamp. 

carrier  runs  on  slides  under  the  knife. 
There  is  an  automatic  feed  attachment 
that  may  be  regulated  so  that  sections 
from  one  to  sixty  microns  in  thickness 
may  be  cut.  This  microtome  may  be 
used  for  celloidin  or  paraffin  prepara- 
tions. 

Whole  brains  are  to  be  fixed  in  ten  per  cent,  formalin 
for  five  to  six  months.  The  brain  should  be  placed  upon 
a  deep  bed  of  cotton  and  the  formalin  changed  every 
few  days  the  first  week  and  once  a  week  for  the  next 
few  weeks.  Mueller's  fluid  may  also  be  used,  but  the 
nerve  tissue  is  made  very  brittle  and  the  myelin 
sheaths  are  stained  satisfactorily  by  the  technique  here 
given.  After  fixing,  the  brain  is  cut  into  slices  one  cen- 
timeter thick  and  these  are  then  washed  and  dehy- 
drated in  ascending  alcohol  as  follows:  50  per  cent. 
two  to  three  days,  70  per  cent,  two  to  three  days, 


95  per  cent,  four  days,  changing  several  times. 
Then  clear  in  equal  parts  of  absolute  alcohol  and 
ether  for  two  to  three  days  and  place  in  thin  celloidin 
for  three  to  four  weeks  and  block.  The  infiltrated 
brain  is  then  mounted  and  sections  cut  at  thirty  to 
fifty  microns  thick.  As  each  section  is  cut,  it  is 
floated  upon  a  filter  paper  and  lifted  out  of  the  bath 
and   placed  face  down   in   a  large  staining   dish   of 
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Fig.  3203. — The  Sledge  Microtome. 

carried  on  one  section  at  a  time,  using  the  filter  paper 
to  transfer  the  sections. 

Microtome  Knives. — The  usual  form  of  microtome 
knives  is  shown  in  Figs.  3206  and  3207.  The  upper 
surface  is  hollow  ground  so  that  when  the  knife  is 
in  the  proper  condition  the  edge  should  bend  in  waves 
when  drawn  flatwise  over  the  thumb  nail.  As  the 
edge  wears  off  the  knife  must  be  hollow  ground  again. 
The  under  surface  of  the  knife  is  flat.  Its  cutting 
edge  is  of  a  double  chisel  form,  and  must  be  perfectly 
straight.  The  knife  should  be  heavy  and  its  length 
adapted  to  the  size  of  the  micro- 
tome used. 

A  knife  for  cutting  paraffin  should 
be  heavier  than  one  used  for  cel- 
loidin. 

In  order  to  obtain  good  sections 
the  cutting  edge  of  the  knife  must 
be  kept  in  the  best  possible  condi- 
tion. This  is  accomplished  by 
stropping  the  knife  frequently  and 
honing  it  occasionally. 

For  honing,  a  yellow  Belgian  bone 
of  large  size  is  to  be  used.  Its  sur- 
face is  thoroughly  covered  with  a 
lather  made  with  a  pure  soap  and 
water.  This  lather  is  better  made 
with  a  pure  soap  and  water.  This 
lather  is  better  than  oil  as  it  keeps 
the  pores  open  and  gives  a  better 
grinding  surface.  In  honing,  one 
of  the  backs  (Fig.  3206)  is  fastened 
to  the  knife.  This  is  for  the  pur- 
pose of  keeping  the  angle  of  the 
edge  of  the  knife  constant.  The 
knife  is  first  sharpened  on  its  con- 
cave side,  then  turned  and  sharpened 
The  pressure  on  the  knife  should 
be  light;  it  should  be  drawn  across  the  hone  from  heel 
to  toe,  the  edge  being  drawn  against  the  surface  of 
the  hone.  The  movements  are  illustrated  in  Fig. 
3208.  No  amount  of  honing  will  be  of  any  use  unless 
the  knife  has  a  proper  concavity.  As  honing  is 
very  precise  wrork  it  is  advisable  to  send  the  knives 
to  a  specialist  for  grinding  and  honing. 
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For  stropping  the  best  form  of  strop  is  that  known 
as  the  bow  strop  (Fig.  3209).  The  movements  of 
the  knife  are  the  reverse  of  those  of  honing,  and  are 
shown  in  the  illustration.  After  use  the  knife  should 
be  carefully  dried  with  a  soft  cloth. 


Fig.  3204 — Dropping  Apparatus. 

Tissues  embedded  in  paraffin  are  cut  dry  and  the 
knife  must  be  at  right  angles  to  the  block.  The  sec- 
tions, if  thin,  are  transferred  to  lukewarm  water  where 
they  are  allowed  to  spread  out  and  are  then  drawn  upon 
a  slide  prepared  with  Mayer's  albumen.  This  is  the 
beginning  of  Slide  Technique. 

Tissues  imbedded  in  eelloidin  are  preserved  in  eighty 
per  cent,  alcohol  until  wanted  and  then  cut  wet.     The 


hair  brush  and  kept  there  until  wanted.  The  writer 
prefers  the  follow  ing  technic:  Moisten  the  block  and 
knife  with  a  hirge  brush  full  of  alcohol  and  after  the 
section  is  cut  and  as  the  Murk  passes  the  knife  on  the 

up  stroke  remove  the  cul  Bection  from  the  knife  with 
an  upward  stroke  of  the  brush  full  of  alcohol;  this  re- 
moves the  section  and  Hoods  the  block  arid  the  knife. 
If  the  sections  are  small,  four  or  five  sections  may  be 
removed  in  rapid  succession  with  one  wetting  of  the 
brush.  If  the  sections  are  large,  only  one  or  two 
should  be  removed  at  a  time,     it  is  best  to  transfer 
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Fio.  3206. 


-Microtome  Knife  willi  Two  Forms,  of  Hacks  used  in 
Honing  and  Stopping. 


Fig.  3205. — Precision   Microtome. 

knife  is  placed  obliquely  so  that  the  block  traverses  most 
of  the  cutting  edge.  The  block  and  knife  must  be  con- 
stantly flooded  with  eighty  per  cent,  alcohol  and  the 
sections  and  blocks  must  never  be  allowed  to  dry. 
This  can  be  done  by  the  use  of  the  apparatus  shown 
in  Fig.  3204  and  the  sections  transferred  to  a  container 
of  eighty  per  cent,  alcohol  by  means  of  a  large  camel's 


the  sections  to  a  conical  graduate  with  the  brush. 
If  many  sections  are  to  be  cut  500  c.C.  graduate  should 
be  used  and  as  the  sections  are  placed  therein,  they 
sink  gradually  to  the  bottom,  open  out  and  uncurl. 

Rapid  Paraffin  Method. — There  is  a  rapid  method 
of  technique  where  more  time  can  be  allowed  them  for 
frozen  sections  and  better  results  are  acquired. 

The  steps  are  as  follows:  1.  Fix  small  pieces  of 
tissue  in  formalin-Mueller  eighteen  to  twenty-four 
hours  (formalin  20  c.c,  Mueller's  fluid  80  c.c).  2. 
Place  in  ninety-five  per  cent,  for  four  hours,  changing 
at  the  end  of  two  hours.  3.  Absolute  alcohol  (CuSO^) 
twelve  to  twenty-four  hours.  4.  Anilin  oil  at  52°  C. 
until  transparent.  5.  Par- 
affin at  46°  C.  for  one  hour. 
6.  Paraffin  at  54°  C.  for 
three  to  four  hours.  7. 
Block.  This  method  re- 
quires only  fifty-six  hours 
or  even  less. 

Stains. — In  order  to 
study  tissues  after  they 
are  cut,  the  sections  are 
mounted  on  glass  slides 
and  then  stained.  The 
various  stains  act  differ- 
ently upon  a  section,  some 
showing  an  affinity  for  the 
chromatin  of  the  nucleus 
and  are  then  called  nuclear, 
or  chromatic  stains;  others 
affect  the  constituents  of 
the  cell  body  and  are  called 
the  protoplasmic,  or  plas- 
matic staitis.  In  addition, 
there  are  a  class  of  stains 
that  have  affinity  for  cer- 
tain tissues  only.  The 
other  tissues  of  the  section 
being  uncolored  or  differ- 
ently stained.  These  are 
the  special  stains. 

The  terms  acid  and  basic 
stains  are  used,  and  these 
terms  refer  to  the  characters,  color  acids  or  color  bases 
and  not  to  those  of  the  color  salts.  .An  acid  stain  is 
a  compound  in  which  the  so-called  color  acid  is  com- 
bined with  a  non-staining  base;  in  acid  fuchsin  (the 
sodium  salt  of  rosanilin  di-  or  tri-sulphuric  acid)  the 
coloring  properties  are  due  to  rosanilin  that  exists 
as  a  base  here  and  not  to  the  hydrochloric  acid  of  the 
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compound  (Lee).  An  acid  stain  may  have  a  neutral 
or  alkali  reaction  and  a  basic  stain  may  have  an  acid 
reaction.  Acid  stains  an-  usually  easily  soluble  in 
water  and  less  so  in  alcohol,  while  the  reverse  is 
generally  true  of  the  basic  dyes.  Stains  given  by 
acid  dyes  are  fast  to  acids  and  are  usually  intensified 
by  them;  basic  stains  are  intensified  by  alkalies  and 
removed  by  acids. 

A",  iilrnl  stains  are  those  that  are  compounds  of  a 
color  base  with  color  acids  and  are  usually  prepared 
in  the  laboratory.  If  aqueous  solution  of  basic  and 
acid  dyes  be  mixed,  the  neutral  dye  is  precipitated  as 
it  is  generally  insoluble  in  pure  water.  It  may  be 
separated  by  filtration  and  tin-  precipitate  may  then 
be  dissolved  in  alcohol  or  may  be  dissolved  in  the 
mixture  by  adding  an  excess  of  either  the  acid  or 
basic  color  used.  The  same  results  may  be  accom- 
plished on  sections  by  staining  first  with  the  acid  dye 
and  then  tiring  the  section,  without  washing,  into  the 
basic  stain.  This  is  especially  true  of  basic  dyes  like 
methyl  green,  methylene  blue,  amethyst  violet,  pyronin 
and  rhodamin  and  the  acid  dyes,  acid  fuchsin,  orange 
G  and  narct  m  as  pointed  out  by  Ehrlich  and  Lazarus. 

The  basic  dyei  are  usually  chromatin,  or  nuclear 
.slums,  the  acid  stains  usually  cytoplasmic  and  inter- 
cellular  while  the  neutral  .stains  usually  show  an 
affinity  for  certain  nil  contents. 

Mordants. — When  substances  absorb  the  stain 
from  the  solutions  in  which  they  are  placed  and 
combine  directly  therewith,  they  are  said  to  be  sub- 
stantively  dyed.  Some  dyes,  however,  will  not  stain 
directly  and  the  sections  or  tissues  must  first  be  sub- 
jected to  a  mordant  (usually  a  metallic  salt  or  hydrate) 


ripening  of  the  solution.  Hematein  is  a  color  acid, 
but  when  combined  with  a  mordant  as  salts  of  alumi- 
num, chromium,  iron,  copper,  and  others,  it  becomes 
a  color  base  of  high  value  and  one  of  the  best  all- 
around  nuclear  stains. 


Fig.  3207. —  Microtome  Knife  with  Detachable  Handle. 

before  the  dye  will  act.  These  are  then  known  as 
adjective  dyes.     (See  Special  Stains.) 

Some  stains  give  better  results  when  the  tissues 
have  been  fixed  with  certain  solutions.  Tissues  that 
have  been  in  contact  with  alcohol,  react  to  stains 
better  than  those  that  have  not,  but  long  preservation 
in  alcohol  does  not  result  in  good  stain  reactions. 

Intra  vitam  staining  is  employed  to  tinge  the  cyto- 
plasm of  cells  and  tissues  in  living  condition  without 
injuring  their  vitality.  These  are  usually  used  in 
dilute  neutral  or  faintly  alkaline  aqueous  solutions 
and  are  mostly  basic.  Such  stains  do  not  affect  the 
living  nucleus  and  if  the  chromatin  be  stained,  it 
indicates  that  that  cell  was  dead  when  affected  by 
the  stain.  The  most  important  of  this  class  of  stains 
are  cyanin,  methylene  blue,  Bismark  brown,  anilin 
black,  Congo  red,  neutral  red  and  Nile  green  and  under 
certain  conditions,  eosin,  dalhia  and  gentian   violet. 

Tissues  may  be  stained  in  bulk  or  in  sections. 
If  bulk  staining  is  employed,  the  pieces  of  tissue  should 
be  small.  This  answers  well  for  embryos  and  small 
fetuses,  but  for  general  cytologic  work,  the  section 
staining  is  to  be  recommended. 

Stains  are  employed  in  aqueous  or  alcoholic  solu- 
tions. The  aqueous  solutions  are  generally  preferred 
as  their  quality  is  better,  but  alcoholic  stains  penetrate 
more  rapidly  and  injure  the  tissues  less.  Better  re- 
sults are  usually  obtained  (as  far  as  the_  stain  is  con- 
cerned) if  sections  are  subjected  to  the  action  of  a 
dilute  stain  for  a  long  time,  instead  of  a  strong  stain 
for  a  short  time. 

Nuclear,  or  Basic  Stains. — In  this  class  are  found 
hematoxylin,  carmin,  and  the  basic  anilin  dyes. 

Hematoxylin  is  the  brownish  crystalline  extract 
of  logwood  and  its  staining  property  is  due  to  the 
formation  of  hematein  during  the  preparation  of  the 
stain.     This   is   brought   about   bv   the   oxidation   or 


Fig    3208. — Showing  the  Movements  of  the  Knife  in  theProcessof 
Honing. 

I><  lull'  Id's  Hematoxylin.. — Saturated  aqueous  solu- 
tion of  ammonium  alum,  400  c.c.  (1  of  alum  to  11  of 
water)  add  a  solution  of  four  grams  of  hematoxylin 
crystals  in  25  c.c.  of  absolute  alcohol.  Expose  to 
light  and  air  for  three  to  four  days.  Then  filter  and 
add  100  c.c.  methyl  alcohol  and  100  c.c.  glycerin. 
Leave  uncorked  until  darkly  colored.  This 
ripening  process  requires  at  least  two 
months.  It  should  be  diluted  three  to  four 
times  when  used.  Sections  are  stained  in 
three  to  five  minutes. 

Harris's  Hematoxylin. — Add  one  gram  of 
hematoxylin  dissolved  in  10  c.c.  of  absolute 
alcohol  to  200  c.c.  of  saturated  solution  of 
potassium  alum.  Bring  to  a  boil  and  add  one  gram  of 
red  oxide  of  mercury,  boil  gently  a  couple  of  minutes, 
cool  rapidly,  and  when  cool,  filter.  This  solution 
should  be  diluted  two  to  three  times  for  use.  The 
oxygen  liberated  from  the  mercuric  oxide  causes  im- 
mediate oxidation  or  ripening,  so  that  this  solution  may 
be  used  when  cold.  It  stains  sections  in  three  to  five 
minutes.      Mayer  says  this  gives  too  much  hematein. 


Fig.  3209. — The  Bow  Strop,  aid  the  Mode  of  Stropping. 

Carrazzi's  Hematoxylin  (1912). — Hematoxylin  0.5 
gram,  potassium  iodate  0.01  gram,  alum  25  grams, 
glycerin  100  c.c,  distilled  water  400  c.c.  Crush  the  alum 
in  a  mortar  to  hasten  its  solution.  Mix  all  together  in 
one  liter  flask  at  room  temperature  and  when  all  are 
dissolved  (usually  several  hours)  it  is  ready  for  use. 
This  solution  is  advantageous  as  it  may  be  quickly 


266 


REFERENCE    HANDBOOK    OF    THE    MFDK'\L    SCIENCES 


Histological   I '< •<  ii  ii  i<i '" 


prepared  and  used  and  no  precipitate  forms  after 
several  years  and  it  does  not  lose  its  staining  qualities 
with  age.  It  is  diluted  with  equal  or  double  volume 
of  water  before  use  and  requires  three  to  five  minutes 
to  stain. 

Ehrlich's  Acid  Hematoxylin. — Dissolve  two  grams 
of  hematoxylin  in  100  c.c.  of  absolute  alcohol,  add  100 
c.c.  of  glycerin,  100  c.c  of  water  and  10  c.c.  glacial 
acetic  acid.  To  this  mixture  add  alum  in  excess  and 
expose  to  the  light  and  occasionally  to  the  air  until 
dark  red.  It  is  then  ready  for  use  and  Is  highly 
recommended  for  bulk  staining,  as  it  does  not  over- 
stain. 

Iron  Hematoxylin  (M.  Hcidenhain). — Place  section 
for  one-half  to  two  or  three  hours  in  a  one  and  one- 
half  to  four  per  cent,  solution  of  ferric  alum  (clear 
violet  crystals).  Wash  with  water  and  stain  one-half 
hour  in  a  0.5  aqueous  solution  of  hematoxylin.  Wash 
with  water  and  place  again  in  the  ferric  alum  solution. 
This  differentiates  and  clears  out  the  stain.  The 
slide  should  be  washed  from  time  to  time  and  examined 
under  the  microscope  in  order  to  control  the  different  ia  - 
tion.  When  the  proper  point  is  reached,  sections  are 
washed  for  one-fourth  to  one  hour  under  the  tap, 
dehydrated,  cleared  with  xylol,  and  mounted.  This 
stain  is  especially  useful  in  karyokinesis,  the  chromo- 
somes, centrosomes  and  spindle  fibers  are  black  and 
cytoplasm  usually  unstained  or  grayish. 

Mayer's  Hemalum  (New  Formula). — Dissolve  one 
gram  hematoxylin  in  1,000  c.c.  water,  add  0.2  grain  of 
sodium  iodateand  50  grams  alum.  Dissolve  and  filter. 
As  this  is  not  stable,  it  is  better  to  add  50  grams  of 
chloral  hydrate  and  one  gram  of  citric  or  acetic  acid. 
It  stains  very  rapidly  and  if  used  dilute  a  weak  aqueous 
solution  of  alum  is  to  be  used.  It  is  excellent  for  bulk 
staining,  requiring  twenty-four  hours  for  large  pieces 
of  tissue.  Sections  and  tissues  must  be  thoroughly 
washed  to  remove  the  alum. 

Rawitz  (1909)  recommends  the  following:  Hema- 
tein  1  gram,  nitrate  of  aluminum  10  grams,  water  and 
glycerin  each  250  grams. 

Mayer's  Hemastrontium. — Rub  one  gram  of  hema- 
tein  and  one  gram  of  chloride  of  aluminum  until  fine; 
add  60  c.c  of  seventy  per  cent,  alcohol  and  0.25  grams 
of  citric  acid  and  allow  to  dissolve.  Then  add  50 
grams  of  strontium  chloride. 

Sections  stained  with  hematoxylin  are  usually 
washed  with  tap  water.  If  the  stain  is  not  deep 
enough,  washing  with  a  weak  alum  solution  or  water 
with  a  faint  trace  of  ammonia  will  deepen  the  color. 
Then  the  sections  should  be  thoroughly  washed  with 
tap  water.  Strong  alcoholic  solution  of  hematoxylin 
should  be  followed  by  seventy  per  cent,  alcohol 
washing. 

Metcalf  claims  that  the  fading  of  hematoxylin 
stained  tissues  when  mounted  in  balsam  was  due  to  the 
acid  reaction  of  the  balsam  and  recommended  that 
they  be  held  over  the  mouth  of  a  bottle  containing 
ammonia,  a  few  minutes,  before  applying  the  cover- 
glass.  Even  then  they  fade  at  the  edge.  Carazzi 
maintains  that  the  fading  is  due  to  staining  in  bulk 
with  ordinary  hematoxylin  solutions  and  that  if 
stained  in  sections  this  fading  does  not  occur  even  if 
the  balsam  is  faintly  acid.  He  also  claims  that  sec- 
tions of  tissues  stained  in  bulk  with  his  stain,  will  not 
fade  even  at  the  edges. 

Carmine. — Carmine  is  a  variable  substance,  con- 
taining free  carminic  acid,  and  especially  an  alumina- 
lime-protein  compound  of  carminic  acid.  Its  action 
is  due  to  the  carminic  acid  and  the  alumina. 

Cochineal,  or  extract  of  pure  alcohol  tincture  of 
cochineal  is  a  carminic  acid  compound  of  some  alkali 
other  than  lime. 

Carmine  is  a  double  stain,  that  is,  it  differentiates 
both  nucleus  and  cytoplasm,  so  that  no  other  stain  is 
usually  necessary.  It  is-  especially  useful  in  bulk 
staining  of  whole  pieces  of  tissue  or  whole  embryos. 

Grenadier's  Alum  Carmine. — Boil  100  c.c.  of  a  five 


per  cent,  solution  of  ammonium  alum  and  one  gram  of 
powdered  carmine;  cool  and  filter. 

Mayrr  uses  five  grams  alum,  two  grams  carmine, 
100  c.c.  water  and  boils  one  hour.  This  gives  a 
stronger  stain. 

Iron  Carmine  (Zacharias). — Boil  one  gram  carmine 
in  100  c.c  of  thirty  per  cent,  acetic  acid  for  twenty 
minutes.  Filter,  shun  tissues  for  two  to  three  hours 
therein,  an  drinse  with  dilute  acetic  acid.  Transfer 
with  glass  instruments  into  a  one  per  cent .  of  ammoni- 

nteil  citrate  of  iron.  Sections  are  blackened  in  a  few 
minutes  and  pieces  of  tissue  in  two  to  three  hours. 
Wash  thoroughly  in  distilled  water.  This  is  a  good 
plasma  and  chromatin  stain. 

Iron  Carmine  [Lee). — Mordant  sections  for  several 
hours  in  sulphate  of  iron  made  as  follows:  Sulphate  of 
iron  80  parts,  sulphuric  acid  15,  nitric  acid  18,  water 
40.  Wash  the  sections  and  stain  for  one  hour  in  a 
0.5  per  cent,  solution  of  carminic  acid  in  50  per  cent, 
alcohol.  Wash  with  50  per  cent,  alcohol,  dehydrate, 
clear,  and  mount  in  balsam. 

Ammonia  Carmine.  (Ranvier). —  Dissolve  carmine  in 
water  with  a  slight  excess  of  ammonia.  Place  in  a 
large  dish  and  allow  to  dry  and  even  putrify.  Dissolve 
the  dry  stain  in  pure  water  and  filter. 

Acetic  Arid  Alum  Carmine  { 1 1  rnneguy) . — Boil  an 
excess  of  carmine  in  a  saturated  solution  of  potassium 
alum.  Cool  and  add  ten  per  cent,  of  glacial  acetic 
acid.  Allow  the  solution  to  stand  several  days,  then 
filter.  This  stain  is  concentrated  and  to  be  used  prop- 
erly, mix  enough  with  distilled  water  to  give  a  deep 
rose  tint.  Transfer  the  sections  from  alcohol  to  this 
stain  and  allow  to  remain  twenty-four  to  forty-eight 
hours;  wash  thoroughly  in  distilled  water.  Dehy- 
drate, clear,  and  mount  in  balsam. 

Cochineal  Alum  Carmine  (Partsrli). — Boil  powdered 
cochineal  in  a  five  per  cent,  solution  of  alum,  cool, 
filter,  and  add  a  little  salicylic  acid  to  preserve. 

Rawitz  (1909). — Cochineal  4  grams,  nitrate  of  alumi- 
num (or  ammonio-sulphate  of  cobalt)  4  grams,  water 
100  c.c,  glycerin  100  c.c.  This  is  used  for  staining 
sections  only. 

Alcoholic  Boru.r  Carmine  {(Irenarlier). — Boil  two  to 
three  grams  of  carmine  and  four  grams  of  borax  in  100 
c.c.  for  an  hour  or  more.  Dilute  with  an  equal  vol- 
ume of  seventy  per  cent,  alcohol.  Allow  this  to  stand 
several  days  and  filter  and  add  a  small  piece  of  thymol 
to  preserve.  This  is  especially  used  for  bulk  staining. 
Pieces  of  tissue  or  embryos  are  allowed  to  remain  in 
this  stain  until  well  colored  (for  several  days  if  nec- 
essary) and  then  placed  in  seventy  per  cent,  alcohol 
containing  four  drops  of  hydrochloric  acid.  When  the 
tissue  is  of  a  transparent  appearance  it  is  then  washed 
with  seventy  per  cent,  alcohol  and  then  ninety-five 
per  cent,  alcohol,  dehydrated,  cleared,  infiltrated,  and 
blocked.  Sections  are  usually  stained  in  about 
twenty  minutes.  They  are  then  washed  in  acid  alco- 
hol until  brick  red,  dehydrated,  cleared,  and  mounted 
in  balsam. 

Alcoholic  Cochineal  (Mayer's  New  Formula). — 
Powder  five  grams  of  cochineal  and  rub  up  with  five 
grams  of  chloride  of  calcium  and  0.5  gram  of  chloride 
of  aluminum.  Then  add  eight  drops  of  nitric  acid 
(sp.  gr.  1.20)  and  100  c.c.  of  fifty  per  cent,  alcohol. 
Bring  this  to  a  boil,  cool  and  allow  to  stand  several 
days  (stirring  frequently)  and  then  filter. 

Carmalum  {Mayer). — Dissolve  one  gram  of  carminic 
acid  and  ten  grams  alum  in  200  c.c.  of  distilled  water 
using  heat  if  necessary.  Decant  or  filter  and  add  0.5 
per  cent,  of  salicylate  of  sodium.  This  is  especially 
useful  in  bulk  staining  of  embryos  and  osmicated  tis- 
sues. Wash  out  with  water  unless  a  nuclear  stain  only 
is  desired  and  then  use  alum  solution  carefully  or  a 
weak  acid  and  then  wash  thoroughly  with  water. 

Paracarmine  (Mayrr). — Dissolve  1  gram  of  car- 
minic acid,  0.5  gram  of  chloride  of  aluminum,  4  grams 
of  chloride  calcium  in  100  c.c.  of  seventy  per  cent, 
alcohol.     Allow  this   to  settle  and   then   filter.     Ob- 
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jeets  should  not  have  an  alkaline  reaction.  This  is 
useful  in  bulk  staining.  If  a  nuclear  stain  is  desired 
in  sections,  the  stain  should  be  washed  off  with  a 
2.5  per  cent,  solution  of  glacial  acetic  acid  in  alcohol. 

Iron  Carmalum  (DeGrool)  Dissolve;  one  gram  of 
ferric  alum  in  20  C.C.  of  distilled  water  and  add  one 
gram  of  carminic  arid.  To  this  add  ISO  c.c.  of  dis- 
tilled water  and  warm;  then  add  five  grams  of  potas- 
sium alum  and  dissolve.  When  cool,  filter  and  add 
2  drops  of  hydrochloric  acid. 

Iron  Cochineal  (Hansen). — Cochineal  5  to  10  grams, 
ferric  alum  3  grams,  water  250  c.c,  ten  per  cent, 
sulphuric  arid  25  !■■<■.  Boil  for  fifteen  to  twenty 
minutes.     May  be  used  for  sections  or  bulk  staining. 

Picrocarmine  (Ranvier). — To  a  saturated  solution 
of  picric  acid,  add  carmine  dissolved  in  ammonia  to 
saturation.  Evaporate  to  one-fifth  of  its  volume 
in  a  drying  oven  and  filter  when  cool.  Evaporate 
the  filtrate  to  dryness  and  the  crystalline  product  is 
picrocarmine.  This  should  be  used  as  a  one  per  cent, 
solution  in  water.  Overstained  sections  may  be 
treated  with  acid  alcohol  (0.5  per  cent,  hydrochloric 
acid  in  seventy  per  cent,  alcohol). 

Basic  Aniline  Dyes. — The  most  important  nurlcar 
stains  are  methyl  green,  safranin,  Bismark  brown, 
genetian  violet,  thionin,  and  methylene  blue. 

Methyl  green  is  used  chiefly  as  a  nuclear  stain  in 
fresh  unfixed  tissues.  It  may  be  used  as  a  strong 
aqueous  or  alcoholic  solution;  either  must  contain 
one  per  cent,  of  acetic  acid.  It  affects  only  the 
chromatin  of  the  nucleus,  stains  almost  instantly 
without  overstating.  It  should  be  washed  off  with 
acidulated  water,  mounted  in  some  acidulated  aqueous 
medium  containing  a  little  methyl  green  in  solution. 
Balsam  mounts  are  difficult  to  obtain  as  the  alcohol 
used  in  dehydration  tends  to  wipe  out  the  stain. 
Even  in  aqueous  media  the  stain  does  not  last  long. 

Bisrnark  Brown. — Boil  this  stain  in  water  and 
after  a  few  days  filter.  It  may  be  used  on  fresh  tissues 
or  those  that  have  been  fixed.  It  stains  rapidly  and 
does  not  overstain  and  sections  so  stained  may  be 
mounted  in  balsam.  For  staining  Ascaris  ova,  Hcrla 
uses  Bismark  brown  0.25  parts,  malachite  green 
0.25  parts,  glycerin  10  parts,  water  100  parts.  Wash 
with  weak  glycerin. 

Safranin  0. — Most  safranins  are  not  readily  soluble 
in  water  but  are  in  alcohol.  Lee  prefers  this  safranin 
and  uses  a  mixture  of  equal  parts  of  a  saturated  solu- 
tion in  anilin  water  and  a  saturated  solution  in  abso- 
lute alcohol.  Sections  may  be  stained  for  several 
hours  and  up  to  twenty-four  hours  and  then  should 
be  washed  with  alcohol  for  thirty  seconds  to  two 
minutes  to  differentiate.  They  may  then  be  cleared 
and  mounted  in  balsam.  Clearing  should  be  done 
in  cedar  oil,  bergamot,  xylol,  or  toluol.  This  stain  is 
permanent. 

Gentian  violet  may  be  used  as  an  aqueous  or  alcoholic 
solution  as  safranin  and  keeps  well. 

dram's  method  is  useful  in  staining  nuclei  at  times. 
In  this  method  the  sections  are  treated,  after  stain- 
ing, with  the  following  solution  for  two  to  three 
minutes  or  until  they  are  black:  iodine  1  gram, 
potassium  iodide  2  grams,  water  300  c.c.  After 
treatment  with  this  solution  they  are  washed  with 
alcohol  until  gray  and  then  cleared  with  clove  oil. 
In  resting  nuclei  the  nucleoli  only  are  stained  while 
in  dividing  cells  the  chromatin  is  deeply  stained. 

Thionin  is  soluble  in  water  and  used  as  a  saturated 
solution.  If  sections  are  stained  only  a  few  minutes, 
the  chromatin  alone  is  colored  and  they  may  be  de- 
hydrated, cleared  and  mounted  in  balsam.  If  stained 
longer,  they  must  be  differentiated  in  alcohol  or  until 
the  protoplasm  is  decolorized.  Sections  may  then 
be  cleared  and  mounted  in  balsam.  As  some  claim 
that  the  thionin  fades  gradually  in  balsam  mounts, 
it  is  recommended  that  sections  be  mounted  in 
colophonium  melted  in  a  flame. 

King  (1910)  makes  a  saturated  solution  of  thionin 
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in   one   per    cent      carbolic    arid    and    state.-,    that    the 
color  is  permanent 

Methyleni  bhu  itself  is  a  basic  stain.  The  com- 
mercial dye  contains  at  times  a  reddish  dye  as  an 
impurity  and  this  has  lately  been  found  by  Micha 
Nocht,  Reuter,  and  Giemsa  to  be  methylene  azur. 
This  is  an  oxidation  product  of  methylene  blue,  is  a 
strong  dye  and  has  a  metachromatic  action.  This 
forms  in  "ripened"  and  alkaline  solutions  of  methy- 
lene blue  and  gives  the  stain  called  "polychrome 
methylene  blue." 

Strong  (1913)  recommends  the  following  for  rapidly 
ripening  hematoxylin  or  methylene  blue  (polychrome) : 
Dissolve  one  gram  of  silver  nitrate  in  50  c.c.  of  dis- 
tilled water  and  add  drop  by  drop  dilute  hydrate 
until  precipitation  ceases.  Wash  the  precipitate 
with  distilled  water  to  remove  the  alkali,  testing  with 
litmus.  This  fresh  precipitate  i-  added  to  the  hema- 
toxylin or  methylene-blue  solution,  which  after 
standing  one  to  two  hours  may  be  filtered  and  used. 

Metachromatic  stains  are  those  (usually  basic 
aniline  dyes)  that  give  to  the  different  elements  of  the 
tissues  different  colors,  one  of  these  being  the  same 
as  that  of  the  solution  of  the  dye,  and  the  other, 
the  metachromatic  color,  being  the  same  as  that  of 
the  free  color  base  of  the  dye  (Leej.  Safranin  stains 
nuclei  red,  but  mucin  and  cartilage  matrix  orange; 
mi  Hi <il  nub  I  stains  blue  ordinarily,  but  cartilage 
matrix,  mucin,  amyloid  substance  and  mast  cells 
red.  Among  other  such  stains  are  toluidin  blue, 
gentian  violet,  thionin,  etc.  This  peculiar  stain  re- 
action may  be  due  to  a  chemical  reaction  or  to 
impurities  in  the  dyes. 

Methylene  blue  may  be  used  in  either  alcoholic  or 
aqueous  solutions. 

Alcoholic  methylene  blue  consists  of  a  saturated 
solution  of  the  dye  in  ninety-five  per  cent,  or  absolute 
alcohol  and  constitutes  a  stock  solution.  It  is 
made  up  by  diluting  one  part  with  nine  of  water. 

Loeffier's  Methylene  Blue. — Sat.  alcoholic  solution 
of  methylene  blue  30  c.c,  aqueous  solution  of  potas- 
sium hydrate  (1  to  10,000)  100  c.c.  This  solution 
keeps  well. 

Gabbet's  Solution. — Methylene  blue  2  parts,  sul- 
phuric acid  25  parts,  water  75  parts.  This  is  used 
in  staining  tubercle  bacilli. 

Unna's  Alkaline  (Polychrome  )  Methylene  Blue 
Solution. — Methylene  blue  1  part,  carbonate  of 
potassium  1  part,  water  100  parts.  Mix  and  allow 
to  stand  for  months,  during  which  time  it  "ripens" 
or  oxidizes.  This  ripened  solution  may  be  purchased 
ready  for  use.  It  is  used  diluted  one  to  ten  or  even 
more  and  is  especially  useful  with  eosin  in  staining 
mast  cells  and  plasma  cells. 

Methylene  Blue  and  Eosin  in  Borax  Solution. — The 
following  solutions  are  required  and  are  to  be  mixed 
just  before  use.  (a)  Saturated  solution  of  methylene 
blue  in  saturated  solution  of  borax;  (6)  one-half  per 
cent,  bluish  "eosin"  in  seventy  per  sent,  alcohol;  (c) 
saturated  aqueous  solution  of  borax.  For  use  filter 
and  mix  2  parts  of  (a),  1  of  (b),  and  2  of  (c). 

Treat  sections  with  absolute  alcohol  and  stain  for 
ten  or  twenty  minutes.  Decolorize  in  a  one  per  cent, 
solution  of  acetic  acid,  wash  with  water,  then  dehy- 
drate in  absolute  alcohol,  clear  in  xylol,  and  mount  in 
balsam.  Nuclei  are  blue,  while  red  blood  cells,  cyto- 
plasm, connective  tissue  and  eosinophilous  granules 
are  rose  red. 

Epithelia  and  lymph  spaces  may  be  studied  by  the 
use  of  methylene  blue.  The  membranes  are  placed 
in  a  four  per  cent,  solution  of  methylene  blue  in  physi- 
ologic salt  solution  for  about  ten  minutes  and  then 
transferred  to  a  saturated  solution  of  picrate  of  am- 
monium for  at  least  one-half  hour.  They  are  then 
washed  in  fresh  picrate  solution  and  mounted  in  glyc- 
erin. This  will  give  cell  outlines.  To  show  the 
lymph  spaces,  the  tissues  should  stain  fifteen  to  thirty 
minutes.     Permanent  stains  are  obtained  by  fixing 
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the  stain  according  to  Michailow  (1910)  as  follows: 
After  staining  and  washing  in  pi  crate  of  ammonium, 
fix  in  an  eight  per  cent,  solution  of  molybdate  of  am- 
monium containing  a  trace  of  osmic  acid  or  0.5  per 
cent,  of  formalin.  The  solution  should  just  be  filtered 
and  tissues  allowed  to  remain  for  twenty-four  hours  at 
a  temperature  of  27°  C,  then  wash  with  warm  water, 
dehydrate  thoroughly,  clear  in  xylol  and  mount  in 
xylol  dammar,  not  balsam.  " 

Nissl's  Methylene  Blue  Method. — Fresh  pieces  of 
nerve  tissue  are  fixed  and  hardened  in  ninety-five  per 
cent,  alcohol  and  sectioned  without  imbedding. 
Sections  are  stained  with  the  following:  Methylene 
blue  (B  pat.)  3.7.5  parts,  Venice  soap  1.75  parts,  dis- 
tilled water  1,000  parts.  The  stain  should  be  at 
least  three  months  old.  Warm  the  stain  with  the 
sections  in  it  to  65°  to  70°  until  bubbles  arise.  Trans- 
fer for  five  to  twenty  seconds  to  a  mixture  of  anilin 
oil  (10  parts)  and  ninety-six  per  cent,  alcohol  (90  parts). 
As  soon  as  no  more  color  is  given  off  place  on  a  slide, 
blot,  clear  with  oil  of  cajeput,  blot,  treat  with  a  few 
drops  of  benzol  and  mount.  The  tigroid  bodies  of  the 
nerve  cells  are  stained  a  deep  blue. 

Lennhoff  (1910)  recommends  polychrom  methy- 
lene blue  for  two  minutes,  followed  by  carbol-methyl 
green-pyronin  for  twenty  minutes. 

Methylene  blue  is  one  of  the  most  important  intra 
vitam  stains.  This  will  be  considered  under  Injection 
Methods. 

Other  basic  dyes  are  fuchsin,  dahlia,  toluidin  blue, 
magdala  red  and  anilin  red. 

Plasmatic  or  protoplasmic  stains  are  those  that  stain 
the  cytoplasm  and  intercellular  substance.  These  are 
chiefly  acid  dyes,  although  a  few  basic  act  in  this 
manner. 

Eosin  is  the  most  used  protoplasmic  stain.  It  is  em- 
ployed after  the  nuclear  stain  has  acted  and  has  been 
washed  off.  There  are  a  number  of  eosins,  some  solu- 
ble in  both  water  and  alcohol  and  others  only  in  alco- 
hol and  are  rather  diffuse  stains. 

Eosin  is  usually  used  as  a  half  to  one  per  cent, 
aqueous  or  alcoholic  solution.  It  stains  in  one  to  two 
minutes  and  should  be  washed  off  with  water,  if  an 
aqueous  solution  is  used,  otherwise  alcohol  is  employed. 
Hansen  adds  1  drop  of  two  per  cent,  acetic  acid  to 
9  c.c.  of  one  per  cent,  eosin. 

Eosin  is  a  specific  stain  for  blood  cells  and  certain 
granules  of  the  leucocytes  (Lee) .  It  is  used  extensively 
in  hematology  in  connection  with  methylene  blue. 

Acid  fachsin  is  quite  soluble  in  water.  Lee  rec- 
ommends a  0.5  per  cent,  solution.  Sections  are 
stained  a  few  minutes  only,  washed  a  few  seconds  with 
acidulated  water  and  then  with  alcohol,  cleared  and 
mounted.  Sections  of  tissues  fixed  in  chrom-osmiuin 
fixatives  may  require  twenty-four  hours  to  stain. 

Orange  G  is  readily  soluble  in  water  and  is  to  be  used 
like  acid  fuchsin.  It  is  of  advantage  in  blood  stain- 
ing and  in  mixtures. 

Picric  acid  is  useful  after  carmin  and  hematoxylin, 
but  it  acts  rapidly  and  must  be  carefully  watched.  It 
is  used  as  a  saturated  aqueous  solution  and  stains  in 
fifteen  to  thirty  seconds. 

Picrofuchsin  (Van  Gieson). — Saturated  aqueous  so- 
lution of  picric  acid  100  c.c,  one  per  cent,  aqueous  so- 
lution of  acid  fuchsin  5  c.c.  Sections  are  to  be  stained 
one  and  one-half  to  two  minutes,  washed  with  water, 
dehydrated,  cleared  in  oil  of  origanum  and  mounted  in 
balsam.  This  is  a  selective  stain  for  white  fibrous  con- 
nective tissue,  staining  it  a  bright  red  and  epithelium 
and  muscle  tissue,  a  yellowish  or  brownish  color,  axis 
cylinders,  nerve  cells  and  neuroglial  fibers,  red. 

Volker's  Modification  (1913). — Take  100  c.c.  of  an 
0.1  per  cent,  solution  of  picric  acid  and  1  c.c.  of  0.1 
per  cent,  solution  of  acid  fuchsin.  Stain  paraffin 
sections  for  a  whole  day  in  this  mixture,  wash  quickly 
with  water  acidulated  with  acetic  acid,  alcohol,  xylol, 
and  thick  balsam.  For  a  fine  stain  or  connective 
tissue  do  not  use  hematoxylin. 


Wilhclm  uses  acid  fuchsin  0.2  gram,  picrate  of 
ammonium  0.8  gram,  absolute  alcohol  10  grams,  water 
89  grams. 

Weigert  uses  10  c.c.  of  one  per  cent,  acid  fuchsin  to 
100  c.c.  of  picric  acid  solution  for  staining  sections  of 
tin-  nerve  system. 

Pyronin  is  seldom  used  alone.  Pappenhein  uses  the 
following:  one  per  cent,  solution  of  pyronin  1  part, 
one  per  cent,  solution  of  methyl  green  2  parts.  Stain 
sections  for  five  minutes,  wash  with  water  and  then 
differentiate  in  a  solution  of  hydroquinon  or  resorcin 
in  absolute  alcohol.  Chromatin  is  stained  green  and 
cytoplasm  red,  but  in  tissue  fixed  in  Flemming's  or 
Hermann's  solutions  the  opposite  results. 

Carbol-Pyronin-M ethyl  Green(L'nna). — Methyl  green 
0.15  parts,  pyronin  0.25  parts,  alcohol  2.5  parts,  glyc- 
erin 20  parts,  0.05  per  cent,  carbolic  acid  suffi- 
cient to  make  up  to  100  volumes.  Stain  sections  for 
five  minutes  at  30°  to  40°  C.  Cool  rapidly,  wash 
dehydrate,  clear  in  xylol,  toluol,  or  oil  of  bcrgamot  and 
mount  in  balsam. 

Ehrlich-Biondi-Heidenhain  Stains. — Sat.  aq.  solu- 
tion of  acid  fuchsin  (Rubin  S)  20  c.c,  sat.  aq.  sol.  of 
methyl  green  (00)  50  c.c.  Add  these  while  constantly 
stirring  to  100  c.c.  of  a  sat.  aq.  sol.  of  orange  G.  Di- 
lute with  60  to  100  volumes  of  water;  this  stain  should 
redden  upon  the  action  of  acetic  acid. 

Stain  sections  for  six  to  twenty-four  hours,  dehy- 
drate, clear  in  xylol  and  mount  in  xylolbalsam.  This 
stain  reacts  best  in  tissues  fixed  in  some  bichloride 
solution.  Fifteen  to  twenty  drops  of  0.2  acetic  acid 
added  to  100  c.c.  of  diluted  stain  is  said  to  sharpen  and 
make  it  permanent. 

Bonney's  Triple  Stain  (1908). — Methyl  violet  0.25 
parts,  pyronin  1  part,  water  100  parts.  Tissues 
should  be  fixed  in  bichloride  or  acetic  alcohol  solutions. 
Sections  are  stained  in  two  minutes  with  the  above, 
washed  with  water  and  wiped  dry.  Flood  twice  with 
the  following  stain:  Boil  and  filter  a  two  per  cent.  aq. 
sol.  of  orange  G.  and  add  it  drop  by  drop  to  100  c.c.  of 
acetone  until  a  flocculent  precipitate  is  formed,  which 
re-dissolves  upon  further  addition  of  the  orange  solu- 
tion. Wash  the  section  quickly  with  pure  acetone, 
pass  through  xylol  and  mount  in  balsam.  The  cyto- 
plas?n  is  red,  chromatin  violet,  connective  tissue  yellow, 
and  keratin,  violet. 

Congo  red  is  used  as  a  0.5  per  cent,  aqueous  solution 
and  gives  good  results  after  Delafield's  hematoxylin. 

Ruthenium  Red. — M.  Heidenhain  (1913)  uses  a  di- 
lute aqueous  solution  of  ruthenium  red  to  stain  free 
hand  cross-sections  of  dried  tendons.  The  tendon  cells 
and  septa  are  stained  a  red  and  the  tendon  fibers  are 
not  at  all  affected  or  only  faintly. 

Other  plasma  stains  are  neutral  red,  aniline  blue, 
nigrosin,  light  green,  methyl  blue,  etc. 

Special    Stains. — Under    this    head     are    classed: 

(1)  those  that  stain  either  by  depositing  a  coloring 
substance  in  the  form  of  a  precipitate  in  certain 
tissues  or  spaces,  as  silver  nitrate  and  gold  chloride; 

(2)  those  that  have  a  selective  affinity  for  certain 
tissues,  as  elastica,  reticulum  stains,  etc. 

1.  Metallic  stains  are  silver  nitrate  and  gold  chlo- 
ride and  produce  negative  or  positive  impregna- 
tions. In  the  former,  the  intercellular  substances 
alone  are  colored,  while  in  the  latter,  cells  alone  are 
affected. 

Lee  states  that  stock  solutions  of  nitrates  and 
chlorides  of  osmium,  uranium,  gold,  silver,  and  plati- 
num keep  better  in  clear  bottles  exposed  to  light, 
and  the  good  sunning  actually  improves  them.  These 
metallic  stains  can  be  used  only  on  living  or  very 
fresh  tissues. 

Silver  Staining. — Corneal  Lymph  Spaces. — In  the 
solid  state,  silver  nitrate  may  be  rubbed  over  the 
cornea  of  a  freshly  removed  eyeball.  This  surface 
is  then  removed,  placed  in  distilled  water  and  then 
brustied  with  a  camel's  hair  brush  to  remove  the 
epithelium.     Expose  to  the  light  and  the  silver  nitrate 
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that  has  penetrated  the  intercellular  lymph  spaces 
will  be  reduced  and  turn  black. 

Endothelial  Cells.  —Remove  the  omentum,  central 
tendon  of  the  diaphragm  or  peritoneum  of  a  freshly 
killed  animal,  wash  in  distilled  water  and  stretch  over 
a  slide  or  in  nested  vulcanite  rings.  Place  into  a0.75 
per  cent,  solution  of  silver  nitrate  until  opaque  (ten  to 
fifteen  minutes);  wash  with  distilled  water  and  expose 
to  sunlight  until  reddish-brown;  then  dehydrate,  clear 
and  mount  in  balsam.  The  cell  outlines  are  stained 
black  and  the  nuclei  and  cell  contents  are  quite 
distinct. 

Vascular  Endothelium. — Narcotize  a  guinea-pig, 
or  rat,  and  insert  a  cannula  into  the  thoracic  aorta 
and  inject  50  to  80  c.c.  of  a  1  per  cent,  solution  of 
silver  nitrate  into  the  vessels.  In  15  to  20  minutes 
follow  in  the  same  cannula  with  100  to  150  c.c.  of 
4  per  cent,  formalin  solution.  Open  the  abdominal 
cavity,  remove  some  intestine  with  its  mesentery, 
place  in  4  per  cent,  formalin  and  expose  to  sunlight. 
When  reduction  is  complete  (reddish-brown  color) 
remove  small  pieces  of  the  mesentery,  dehydrate, 
clear  and  mount  in  balsam.  The  endothelium  of  the 
vessels  will  be  seen  clearly  outlined. 

Szuts  (1913)  recommends  the  following  for  staining 
endothelium  and  nodes  of  Ranvier  in  nerve  fibers: 
Mesentery  or  small  pieces  of  nerves  (of  frogs)  are 
impregnated  fifteen  minutes  in  a  one  per  cent, 
solution  of  silver  nitrate,  washed  with  distilled  water 
and  mounted  in  formalin-glycerin  (glycerin  10  c.c. 
formalin  1  c.c.)  covered  with  a  glass  and  exposed  to 
the  sunlight  for  five  to  ten  minutes.  Ring  with 
cement.     Reduction  and  conservation  are  permanent. 

Nerve  Cells  and  Processes. — Cajal-Golgi  Method. — 
Place  thin  pieces  of  freshly  removed  nerve  tissue  for 
three  days  in  the  following  solution:  2  to  2.5  per 
cent,  potassium  bichromate  solution  8  parts,  1  per 
cent,  osmic  acid  solution  2  parts.  Blot  off  the  bi- 
chromate solution  and  rinse  tissues  thoroughly  with 
one-half  to  three-fourth  per  cent,  silver  nitrate  solu- 
tion and  then  place  the  tissues  in  some  fresh  silver 
nitrate  solution,  in  the  dark,  for  three  days.  Change 
the  solution  after  the  first  eight  to  twelve  hours. 

Place  the  tissues  for  one  to  two  days  in  the  follow- 
ing: two  per  cent,  potas.  bichromate  solution  20 
parts,  two  per  cent,  osmic  acid  2  parts.  Rinse 
quickly  in  distilled  water  and  place  in  fresh  silver 
nitrate  solution  for  thirty-six  to  forty-eight  hours, 
dehydrate  in  ninety-five  per  cent,  alcohol  for  twenty 
minutes  renewing  the  alcohol  several  times.  De- 
hydrate in  absolute  alcohol  thirty  minutes,  transfer 
to  absolute  alcohol  ether  (equal  parts)  for  twenty 
minutes,  then  celloidin  for  one-half  hour  and  thick 
celloidin  for  ten  to  twenty  minutes.  Block  the  tissues 
and  harden  in  chloroform  and  when  hard  (about  ten 
minutes)  place  for  about  half  an  hour  in  the  following: 
Carbolic  acid  (melted)  50  c.c,  oil  of  thyme  or  cedar 
50  c.c,  oil  of  bergamot  25  c.c. 

Section,  keeping  the  knife  and  block  moist  with 
the  same  mixture  of  oils,  mount  sections  on  slides, 
blot  off  the  oil,  clear  in  xylol  and  cover  with  thick 
balsam.     Do  not  use  coverglass. 

Neurofibrils.  Bielschou-sky's  Latest  Method. — Pieces 
of  tissue  1  c.c  in  size  are  fixed  in  formalin  and  placed 
in  pyrodin  for  three  to  four  days.  Wash  for  several 
hours  in  frequent  changes  of  distilled  water  and  place 
in  a  three  per  cent,  solution  of  silver  nitrate  at  36°  C. 
for  three  to  five  days.  Place  in  an  oxide  bath  for 
twenty-four  hours.  Prepare  the  bath  as  follows: 
twenty  per  cent,  solution  of  silver  nitrate  5  c.c, 
forty  per  cent,  solution  of  sodium  hydrate  5  drops. 
To  this  add  sufficient  ammonia  to  dissolve  the  precip- 
itate and  then  100  c.c  of  water.  It  is  well  to  add 
a  few  drops  of  ammonia  to  this  solution,  which  keeps 
only  a  few  hours.  Wash  the  tissues  a  couple  of  hours 
in  frequently  changed  distilled  water  and  reduce  in 
twenty  per  cent,  formalin,  dehydrate  and  make,  par- 
affin sections. 
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Schlemmer  recommends  the  following  met  hod  of  pre- 
paring the  oxide  bath  and  finds  that  it  keep-  several 
days.  Add  caustic  soda  in  excess  to  the  silver  nitrate 
solution  and  wash  the  precipitate  by  decantation  until 
free  of  soda.  Then  dissolve  the  precipitate  in 
ammonia. 

Sand's  Method. — Fix  pieces  of  tissue  not  over 
five  millimeters  thick  for  forty-eight  hours  in  the 
following  freshly  prepared  solution:  acetone  90  parts, 
nitric  acid  10  parts.  Change  tins  at  the  end  of  the 
first  half  hour  and  again  within  twenty-four  hours. 
Wash  for  six  hours  in  frequently  changed  acetic 
acid  and  imbed  and  block  in  paraffin.  Wash  sec- 
tions and  after  removal  of  the  paraffin,  place  in  a 
twenty  per  cent,  silver  nitrate  solution  for  three 
days  at  37°  C.  Place  for  ten  minutes  in  the  follow- 
ing: gallic  acid  5  parts,  acetate  of  sodium  10  parts, 
tannin  3  parts,  water  1,000  parts.  This  solution 
should  be  at  least  three  days  old  and  changed  if  it 
becomes  turbid  under  ten  minutes.  The  sections 
may  be  mounted  at  once  or  toned  until  gray  (five 
minutes)  in  the  following:  two  per  cent,  solution  of 
sulphocyanide  of  ammonium  17  parts,  two  per  cent, 
solution  of  gold  chloride  3  parts,  water  80  parts.  Fix 
for  a  few  seconds  in  a  five  per  cent,  solution  of  hypo- 
sulphate  of  sodium. 

The  neurofibrils  in  the  cells,  dendrites  and  axones 
are  grayish-violet. 

Golgi's  Method  for  Intracellular  Network  in  Nerve 
Cells. — Fix  for  six  to  eight  hours  in  a  mixture  con- 
sisting of  equal  parts  of  saturated  solution  of  arsenious 
acid,  ninety-six  per  cent,  alcohol  and  twenty  per  cent, 
formalin.  Place  for  one  to  three  hours  or  days  in  a 
one  per  cent,  silver  nitrate  solution.  Reduce  in  the 
following:  hydroquinon  20  grams,  sodium  sulphate 
5  grams;  twenty  per  cent,  formalin  50  c.c,  water 
1,000  c.c.  Wash  and  carry  through  celloidin.  Sec- 
tions are  to  be  toned  in  a  solution  consisting  of 
sodium  hyposulphate  30  grams,  sulphocyanide  of 
ammonium  30  grams,  water  1,000  c.c.  and  ten  per 
cent,  of  a  one  per  cent,  solution  of  gold  chloride; 
tone  until  gray,  then  wash  thoroughly,  dehydrate, 
clear  and  mount. 

Silver  nitraU  solutions  (Golgi's  Method)  are  also 
used  in  outlining  the  secretory  canaliculi  of  the  liver- 
cells,  acid  cells  of  the  stomach,  etc. 

New  Cajal  Method  (1912). — Fix  pieces  of  nerve 
tissue  2  to  2.5  millimeters  thick  in  the  following: 
Uranium  nitrate  1.0  gram,  formalin  15  grams,  dis- 
tilled water  100  grams.  Adult  tissue  is  fixed  in  nine 
to  eleven  hours.  Very  young  requires  twenty-four 
to  thirty-six  hours;  neuroglia  and  nerve  fibers  about 
twenty  hours.  Wash  a  short  time  in  water,  cut  to 
1  millimeter  thick  and  transfer  to  1.5  per  cent,  solu- 
tion of  sDver  nitrate  for  at  least  twenty-four  hours, 
better  thirty-six  to  forty-eight  hours.  Wash  twice 
with  water  and  transfer  to  a  solution  of  2  grams  of 
hydrochinon,  6  grams  formalin,  distilled  water  100 
grams,  anhydrous  sodium  sulphit  0.15  to  0.25  gTams 
(enough  to  give  the  solution  a  straw  color).  Then 
transfer  for  one  hour  to  fifty  per  cent,  alcohol,  then 
ninety-six  per  cent,  alcohol-ether,  celloidin  and  sec- 
tion. Clear  in  oil  of  origanum  and  mount  in  balsam. 
The  nuclei  may  be  stained  with  hematoxylin  before 
dehydration.  To  stain  the  neuroglia  the  uranium 
nitrate  should  be  left  out  of  the  fixing  solution. 

Gold  chloride  gives  a  positive  impregnation.  It  is 
used  somewhat  for  the  study  of  lymph  spaces,  but 
is  chiefly  used  on  nerve  tissues  for  which  it  seems 
to  have  an  especially  selective  affinity.  When  used 
on  fresh  tissues  it  is  called  pre-im />/<  gnation,  and  when 
used  on  fixed  and  hardened  tissues,  it  is  poslimpreg- 
nation.  In  the  former,  the  nuclei  are  unstained,  the 
protoplasm  well  stained  and  the  axis  cylinder  appears 
reddish  violet.  If  the  latter,  the  nuclei  are  well 
stained,  cytoplasm  pale  and  axis  cylinders  black, 
differentiating  the  neurofibrils  in  the  latter  (Lee). 
It  was  formerly  believed  that  tissues  must  be  fresh 
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for  gold  staining,  but  it  has  been  found  that  results 
are  better  if  the  tissues  are  put  in  a  cool  place  for 
twelve  to  twenty-four  hours  before  being  subjected 
to  the  action  of  the  gold  chloride. 

Pre-impregnation. — Ranvier' s  Formic  Acid  Method. — 
Take  4  parts  of  a  one  per  cent,  solution  of  gold  chloride 
and  1  part  of  formic  acid  and  boil.  When  cool,  place 
small  pieces  of  tissue  therein;  muscle  requires  about 
twenty  minutes  and  epidermis  one  to  two  hours  in  the 
dark.  Reduce  in  daylight  in  acidulated  water,  or  in 
the  dark  in  formic  acid,  1  part  and  water  4  parts,  for 
twenty-four  hours. 

Ranvier's  Lemon  Juice  Method. — Place  fresh  tissues 
in  lemon  juice  transparent  (five  to  ten  minutes  up). 
Wash  rapidly  with  distilled  water  and  place  for  twenty 
minutes  in  one  per  cent,  gold  chloride  in  the  dark. 
Wash  again  and  transfer  to  50  c.c.  distilled  water  con- 
taining two  drops  of  acetic  acid  for  twenty-four  to 
forty-eight  hours,  in  the  light.  Such  preparations  are 
not  permanent.  To  get  permanent  stains,  reduction 
must  be  carried  on  in  the  dark  in  dilute  formic  acid 
(1  acid  to  4  of  water)  for  twenty-four  hours.  Mount 
in  fifty  per  cent,  glycerin  with  one  per  cent,  of 
formalin. 

Kerschner  places  tissues  in  a  solution  consisting  of 
five  per  cent,  formic  acid  10  parts,  and  two  per  cent,  os- 
mic  acid  1  part  until  brown,  then  washes  and  places 
for  two  to  six  hours  in  a  one  per  cent,  gold  chloride 
(in  the  dark),  washes  with  water  and  places  for  twelve 
hours  in  a  twenty-five  per  cent,  solution  of  formic  acid 
in  the  dark  followed  by  twenty-four  hours  in  the  light. 
Mount  in  fifty  per  cent,  glycerin  with  one  per  cent, 
formalin. 

Postimpregnation. — Apathy's  Method. — Fix  tissues 
in  a  sat.  sol.  of  corrosive  sublimate  in  0.5  sodium 
chloride  and  one  per  cent,  osmic  acid.  Infiltration 
may  be  either  with  paraffin  or  celloidin,  but  should  be 
as  rapid  as  possible.  Sections  are  fixed  to  the  slides 
and  the  bichloride  removed  with  iodine  (as  in  Slide 
Technic)  and  washed  with  water,  put  in  formic  acid 
for  one  minute  and  washed  with  water.  Transfer  for 
about  twenty-four  hours  in  gold  chloride  solution  0.1  to 
1  per  cent,  wash  with  water  and  place  (sloping)  in  one 
per  cent,  formic  acid.  The  sections  should  face  down 
so  that  the  precipitate  falls  away.  Reduction  is 
carried  on  in  the  daylight  in  summer  or  a  direct  sun- 
light in  winter,  for  six  to  eight  hours  without  a  break. 
If  the  acid  becomes  brown,  it  should  be  renewed. 
Lee  recommends  a  weak  solution  of  formalin  with  or 
without  formic  acid  for  reduction. 

Stutz  reduces  as  above  for  twenty-four  hours,  washes 
the  sections  and  returns  them  over  night  to  gold  chlo- 
ride and  the  next  day  again  reduces  in  formic  acid. 
Such  sections  are  to  be  mounted  in  glycerin  acidulated 
with  one  per  cent,  formic  acid  and  are  permanent  stains. 
If  sections  blacken  after  mounting  it  shows  that  re- 
duction has  been  incomplete.  Ranvier  recommends 
that  sections  be  placed  for  a  few  days  in  alcohol  as  this 
stops  the  reduction  of  the  gold. 

Other  Special  Stains. — Osmic  acid  is  a  special  stina 
for  fat,  coloring  it  black.  Frozen  sections  or  pieces  of 
teased  tissue  stain  rapidly  in  a  one  per  cent,  solution. 
Pieces  of  tissue  may  be  fixed  anil  hardened  in  a  one 
per  cent,  osmic  acid  or  better  its  bichromate  mixtures 
and  the  fat  is  then  insoluble  in  alcohol,  chloroform  and 
oil  of  cloves.  In  this  way  blocks  may  be  imbedded  in 
paraffin  and  sectioned.  These  sections  should  be 
mounted  in  chloroform  balsam. 

Sudan  III  is  a  rapid,  cheap  and  reliable  stain  for  fat. 
Frozen  sections  are  treated  a  few  minutes  with  ninety- 
five  per  cent,  alcohol  and  then  stained  for  a  few  minutes 
to  twenty-four  hours  in  a  saturated  solution  of  Sudan 
III  in  eighty  per  cent,  alcohol.  Wash  quickly  in 
eighty  per  cent,  alcohol,  then  water  and  mount  in 
glycerin  or  water.  Balsam  cannot  be  used.  The  fat 
is  stained  red. 

Scharlach  R. — Herxheimeruses  this  stain  as  follows: 
absolute  alcohol  70  parts,  ten  per  cent,  caustic  soda 


20  parts,  water  10  parts.  Saturate  with  Scharlach  R. 
Stain  a  few  minutes  and  wash  out  with  seventy  per 
cent,  alcohol.  Lately  this  author  recommends  a  sat- 
urated solution  of  this  dye  in  equal  parts  of  acetone 
and  seventy   per  cent,  alcohol. 

Capsicum  lint  (Okajima,  1912). — Finely  divide  the 
pericarpium  layer  of  the  ripe  capsicum  and  soak  for 
several  days  in  ninety  to  ninety-five  per  cent,  alcohol, 
then  filter  the  orange  n-d  solution.  Evaporate  to 
one-fifth  of  its  bulk  and  filter.  It  is  then  ready  for 
use.  Tissues  may  be  fixed  in  formalin  or  potassium 
bichromate.  Frozen  seel  ions  arc  to  be  made,  stained 
with  the  above  for  five  minutes  or  longer,  washed  with 
eighty  per  cent,  alcohol,  then  water,  and  mounted  in 
glycerin  or  glycerin  jelly.  Sections  may  lie  counter- 
stained  with  hematoxylin.  This  stain  lends  itself  to 
washing  with  alcohol  better  than  Sudan  III.  It  is  an 
elective  stain  for  fat  and  does  not  tinge  the  other  tissues. 
It  stains  equally  well  the  fat  of  sebaceous  and  ceru- 
minous  glands  and  the  myelin  sheaths  of  spinal  cord 
and  brain.  Fat  droplets  in  pathological  conditions 
also  respond  well  to  this  dye.  The  stain  seems  to  be  a 
permanent  one  and  acts  well  even  after  celloidin 
infiltration. 

Cyanin  solutions  stain  fat  an  intense  blue. 

Van  Gieson's  stain  is  a  special  stain  for  white  fibrous 
connective  tissue,  to  which  it  imparts  a  bright  red 
color.  Sections  so  counterstained  should  be  cleared 
in  oil  of  origanum. 

Picro-Nigrosin. — Freeborn's  Method. — Mix  45  c.c. 
sat.  aq.  sol.  of  picric  acid  with  5  c.c.  of  a  one  per  cent, 
aq.  sol.  of  picronigrosin.  Stain  sections  three  to  five 
minutes,  wash  with  water,  dehydrate,  clear  and  mount 
in  balsam.  Nuclei  blackish,  connective  tissue  blue, 
and  other  tissues  are  yellowish. 

Weigert's  Elastica  (Resorcin-Fuchsin)  Stain. — Bring 
to  boiling  point  2  grams  of  fuchsin,  4  grams  of  resorcin 
and  200  c.c.  of  water,  add  25  c.c.  of  a  solution  of  liquor 
ferri  sesquichlorati;  stir  and  boil  for  three  minutes. 
Cool,  filter,  and  dissolve  the  precipitate  upon  the 
filter  in  200  c.c.  of  ninety-five  per  cent,  alcohol.  Stir 
and  boil  until  precipitate  is  dissolved.  Cool  and  bring 
up  to  200  c.c.  with  ninety-five  per  cent,  alcohol  and 
add  4  c.c.  concentrated  hydrochloric  acid.  Carbolic 
acid  in  the  same  proportion  may  be  used  in  place  of  the 
resorcin. 

Stain  sections  twenty  minutes  to  one  hour,  wash 
thoroughly  in  ninety-five  per  cent,  alcohol  and  counter- 
stain  thirty  seconds  in  sat.  picric  acid  solution.  Wash 
with  water,  dehydrate,  clear,  and  mount  in  balsam. 
Elastic  fibers  are  stained  a  bluish  black  and  other 
tissues  yellow. 

Unna's  Orcein  Method  for  Elastic  Fibers. — Orcein  1 
gram,  hydrochloric  acid  7  c.c,  absolute  alcohol  100  c.c. 
Stain  sections  in  a  covered  dish  over  night  or  warm 
sections  over  a  flame  until  the  solution  thickens  (ten 
to  fifteen  minutes).  Wash  with  ninety  per  cent. 
alcohol  and  then  with  water  to  fix  the  color  and  remove 
the  acid;  then  dehydrate,  clear,  and  mount  in  balsam. 
Elastic  fibers  are  deep  brown  and  white  fibrous  con- 
nective tissues,  pale  brown.  The  nuclei  may  be 
stained  with  polychrome  methylene  blue  after  washing 
the  sections  with  water. 

Mallory's  Reticulum  Stain. — Tissues  must  be  fixed 
in  corrosive  sublimate  or  Zenker's  fluid  and  may  be 
imbedded  in  paraffin  or  celloidin.  Stain  sections  for 
one  to  three  minutes  in  a  one-twentieth  to  one-tenth 
per  cent,  aqueous  solution  of  acid  fuchsin.  Wash  with 
water.  Place  sections  for  one  to  five  minutes  in  a 
one  per  cent,  solution  of  phosphomolybdic  acid.  Use 
glass  or  platinum  in  transferring "  celloid  sections. 
Wash  in  two  changes  of  water,  stain  five  to  twenty 
minutes  in  the  following:  Aniline  blue  (water  soluble) 
0.5  gram,  orange  G.  2.0  grams,  oxalic  acid  2  grams, 
water  100  c.c.  Wash  with  water,  dehydrate,  clear  in 
xylol  or  oil  of  origanum  and  mount  in  balsam. 

Fibrillin  of  reticulum,  amyloid  anil  mucin  slain   'V 
red  blood  cells  and  myelin  sheaths,  yellow,  other  ele- 
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ments  red.  To  bring  out  the  connective  tissue  more 
sharply,  omit  the  acid  fuchsin. 

Myelin  Stains.  -  -Wt  igt  rt  's. — Fix  pieces  of  the  nerve 
system  in  potassium  bichromate,  though  this  is  not 
necessary.  The  tissues  are  infiltrated  with  celloidin 
and  cut  twenty  to  thirty  microns  in  thickness. 

Place  for  twenty-four  hours  in  a  solution  consisting 
of  pot.  bichromate  5  grams,  chrom  alum  2  grams,  and 
water  100  c.c.  Wash  in  water  and  transfer  to  the 
following:  Copper  acetate  5  grams,  acetate  acid  (36 
per  cent.)  5  c.c,  chrom  alum  2.5  grams,  water  100  c.c. 
Prepare  this  solution  by  adding  the  alum  to  the  water, 
bringing  to  a  boil,  remove  the  heat  and  add  the  acetic 
aeid^  then  add  the  copper  acetate  stirring  until  all  are 
dissolved.  The  solution  should  be  clear  when  cold  and 
represents  a  mordant.  Wash  the  sections  carefully 
in  water  and  stain  fifteen  minutes  to  one  to  two  hours 
in  the  following:  Hematoxylin  1  gram,  absolute  alco- 
hol 10  c.c,  lithium  carbonate  (sat.  aq.  sol.)  1  c.c, 
water  90  c.c  Wash  until  wash  water  is  clear  and  soak 
in  tap  water  several  hours  to  deepen  the  stain.  Dif- 
ferentiate with  the  following:  Potassium  ferricyanide 
5  grams,  borax  4  grams  (if  granular  one-half  the 
amount),  water  200  c.c  Sections  remain  in  this 
tissue  until  the  gray  nerve  tissue  becomes  yellowish 
and  are  then  washed  thoroughly  in  water  and  allowed 
to  remain  over  night  in  water.  They  may  then  be 
dehydrated,  cleared,  and  mounted.  The  myelin 
sheaths  are  stained  a  bluish-black. 

Wiegert-Pal  Method. — Fix  as  in  above  and  place 
cut  sections  in  one-half  per  cent,  chromic  acid  for 
several  hours  if  chromium  salts  have  not  been  used 
for  fixation.  Place  in  hematoxylin  solution  for 
twenty-four  to  forty-eight  hours.  Wash  in  water 
containing  two  per  cent,  of  lithium  carbonate  to 
make  sections  bluish.  Differentiate  in  a  one-fourth 
per  cent.  aq.  sol.  of  potas.  permanganate  until  the 
gray  nerve  substance  is  yellowish-brown;  then  transfer 
to  the  following  solution  until  the  gray  substance  is 
almost  colorless:  potas.  sulphite  1  part,  oxalic  acid 
1  part,  distilled  water  200  parts.  This  solution  acts 
in  a  few  seconds  and  must  be  carefully  watched. 
Wash  thoroughly  in  water,  dehydrate,  clear  and 
mount. 

Marchi's  Method  for  Degenerated  Neri>es. — Harden 
small  pieces  of  nerve  tissue  for  one  week  in  Mueller's 
fluid,  then  transfer  for  a  few  days  to  a  mixture  of  2 
parts  of  Mueller's  fluid  and  1  part  of  one  per  cent, 
osmic  acid.  Wash  thoroughly  in  water,  dehydrate, 
imbed  in  celloidin  and  cut  sections.  Sections  should 
be  mounted  in  chloroform  balsam  to  retain  the  osmic 
acid.  The  normal  sheaths  are  yellow  and  the  degen- 
erated ones  are  black. 

Venderovic  osmicates  0.5  centimeter-thick  sections 
of  formalin-fixed  nerve  tissue  and  gets  increased 
depth  of  reaction. 

Gilbert's  Myelin  Sheath  Slain  (1912). — Fix  in  cor- 
rosive sublimate,  formalin,  alcohol  or  any  other  good 
fixative  and  imbed  as  usual.  Place  sections  for 
twenty-four  hours  in  a  solution  of  iron  alum.  Stain 
in  molybdenum  hematoxylin  for  twelve  hours  at 
37°  C.  or  for  twenty-four  hours  at  room  temperature. 
May  use  Weigert's,  Delafields  or  Bohmer's  hema- 
toxylin. Differentiate  in  Weigert's  ferricyanide- 
borax  solution,  watching  the  process  carefully,  wash 
thoroughly  in  water,  dehydrate,  clear  and  mount. 

In  tissues  fixed  in  formalin  or  Mueller's  fluid,  the 
sheaths  are  a  deep  blue;  in  those  fixed  in  alcohol  or 
sublimate  gray  or  blackish-blue.  Axis  cylinders  are 
pale  bltw  or  grayish. 

Neuroglia,  Mallory's  Method. — Fix  fresh  nerve  tis- 
sues for  four  days  in  ten  per  cent,  formalin  and  then 
four  to  eight  days  in  saturated  solution  of  picric  acid. 
Mordant  four  to  six  days  at  37°  C.  in  a  five  per  cent, 
solution  of  ammonium  bichromate,  imbed  in  celloidin 
and  section.  Place  sections  for  one-fourth  hour  in 
0.5  per  cent,  solution  of  potassium  permanganate,  wash 
and  transfer  for  one-fourth  hour  into  a  one  per  cent. 
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solution  of  oxalic  acid,  Wash  well  and  stain  from 
two  to  twenty-four  hours  in  phosphotungstic  hema- 
toxylin made  as  follows:  dissolveonegram  of  hematoxy- 
lin in  80  C.C.  of  water,  add  20  c.c.  of  a  ten  per  cent.  sol. 
of  Merck's  phosphotungstic  acid  and  0.2  c<\  of  hydro- 
gen peroxide  (U.  S.  P.).  Wash  the  sections,  dehy- 
drate, clear  with  oil  of  origanum  and  mount  in  bal- 
sam. Axis  cylinder  and  cells  are  pink,  while  the 
neuroglia  is  blue. 

To  make  this  stain  permanent  after  washing  the 
hematoxylin  off  of  the  sections,  place  them  in  a 
thirty  per  cent,  alcoholic  solution  of  ferric  chloride 
for  five  to  twenty  minutes,  wash  with  water  and 
finish  as  above.  The  nuclei  and  neuroglia  are  a  clear 
blue  and  all  other  elements  are  yellowish  or  grayish. 

DaFano  fixes  in  a  mixture  of  pyridin  72  volumes, 
fifty  per  cent,  nitric  acid  28  volumes,  and  stains  accord- 
ing to  Mallory. 

Amyloid  Siain. — Tissues  may  be  stained  fresh  or 
after  fixation,  preferably  in  alcohol.  Sections  are 
stained  in  a  weak  solution  of  iodine  for  three  minutes 
and  washed  in  water.  Treat  in  a  one  to  five  per 
cent,  sulphuric  acid  solution  and  color  will  change 
from  red  to  blue.  Dehydrate,  clear  in  origanum  and 
mount  in  balsam.     The  amyloid  material  will  be  blue. 

Mucin,  Hoyer's  Method. — Fix  tissues  in  sublimate, 
imbed  in  paraffin  and  stain  sections  without  removing 
the  corrosive  sublimate  for  five  to  fifteen  minutes  in 
a  dilute  solution  of  the  thionin  (2  drops  of  sat.  sol. 
in  5  c.c  distilled  water).  Wash  with  alcohol  clear 
in  a  mixture  of  oil  of  cloves  and  thyme,  then  oil  of 
cedar  and  mount  in  balsam.  The  mucin  is  red  and 
other  substances  blue. 

Bruno  fixes  and  stains  the  skin  of  a  frog  in  a  mixture 
of  1.25  per  cent,  formalin  100  c.c.  and  one  per  cent, 
solution  of  thionin  8  c.c     The  mucous  glands  are  red. 

Glycogen. — Zieglwallner  (1911)  recommends  the  fol- 
lowing fixing  agent  for  the  study  of  glycogen  and 
fat  in  the  same  tissues.  Trichloracetic  acid  9  parts, 
two  per  cent,  osmic  acid  twenty-four  parts,  glacial 
acetic  acid  9  parts,  aqua3  distillata?  58  parts. 
Small  pieces  of  tissue  were  allowed  to  remain  ten  to 
twelve  hours  in  the  solution  and  are  then  washed 
with  fifty  per  cent,  alcohol  for  an  hour  or  longer. 
The  tissues  may  then  be  carried  (preferable)  through 
celloidin  infiltration.  Glycogen  is  soluble  in  water 
and  alcohol  solutions  of  less  than  fifty  per  cent. 
strength,  but  not  in  trichloractic  acid  or  stronger 
alcohols.  After  sections  are  made,  they  are  stained 
with  Best's  alkalin  carmine  and  counterstained  with 
bleu  de  Lyon  for  five  minutes  (10  grams  stain  in  250 
c.c.  absolute  alcohol).  Wash  with  absolute  alcohol, 
clear  with  xylol  and  mount  in  balsam.  Fat  black, 
glycogen  red,  nuclei  blue. 

Mast  Cells.  Fixing  and  Staining  (Strecker,  1912). — 
Small  pieces  of  tissue  are  placed  for  twenty-four  hours 
in  the  following:  Formalin  (forty  per  cent.)  100  c.c, 
alcohol  (ninety  per  cent.)  100  c.c,  toluidin  blue  six 
grams.  Larger  pieces  remain  in  this  solution  several 
days.  Place  for  several  hours  in  seventy  per  cent, 
alcohol,  changing  once  or  twice.  Transfer  to  ninety- 
six  per  cent,  alcohol  for  several  hours,  then  absolute 
alcohol,  benzol  and  paraffin.  In  the  sections  the 
mast  cells  are  intense  blue  and  sharply  outlined  on  a 
pale  blue  background.  This  is  also  a  selective  stain 
for  the  chief  cells  of  the  rabbit's  stomach. 

Plasma  cells  and  mast  cells  are  stained  as  follows: 
Sections  of  tissue,  preferably  hardened  in  alcohol  are 
stained  one  quarter  of  an  hour  to  over  night  in  poly- 
chrom  methylene  blue.  Wash  with  water,  decolorize 
in  water  containing  a  few  drops  of  glycerin-ether 
mixture  for  five  to  ten  minutes.  Wash  well  in  water, 
dehydrate  in  absolute  alcohol,  clear  with  xylol  and 
mount  in  balsam.  Nuclei  are  blue  and  granules  of 
(lie  mast  cells  red  and  those  of  the  plasma  cells  are  blue. 

Clearing. — After  sections  have  been  stained  and 
dehydrated  the  alcohol  must  be  removed  by  some 
agent  that  will  allow  the  use  of  a  permanent  mounting 
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medium.  There  are  a  number  of  these  dealcoholiza- 
tion  reagents,  some  answering  better  for  certain  stains 
than  others. 

Creosote  (Beechwood) . — This  oil  clears  readily  and 
may  be  used  with  practically  all  stains.  It  has  the 
advantage  of  not  dissolving  celloidin  and  is  an  ex- 
cellent agent  for  general  laboratory  work  of  the 
students. 

Cedar  oil  clears  tissues  readily  in  ninety-five  per 
cent,  alcohol  and  does  not  extract  aniline  dyes. 

Oil  of  origanum  clears  rapidly,  celloidin  is  not 
affected,  but  it  removes  aniline  dyes  somewhat.  It 
is  especially  employed  after  Van  Gieson's  stain. 

Clove  oil  acts  rapidly,  but  dissolves  celloidin  and 
removes  aniline  dyes.  Sections  become  hard  and 
brittle  and  yellow  with  age.  It  acts  better  when 
mixed  in  equal  parts  with  oil  of  bergamot. 

Oil  oj  bergamot  does  not  extract  aniline  dyes  or  dis- 
solve celloidin.     It  will,  however,  remove  eosin. 

Oil  of  Cafe-put  is  useful  after  certain  stain  methods. 

Xylol,  Benzol,  Toluol  act  very  rapidly  and  require 
dehydration  with  absolute  alcohol.  They  are  useful 
with  aniline  dyes,  but  celloidin  is  rendered  stiff  and 
hard  by  them. 

Carbol-xylol  is  excellent  for  large  celloidin  sections. 
This  consists  of  xylol,  3  parts,  and  crystalline  carbolic 
acid  1  part. 

Carbolxylol-clove  oil  is  prepared  by  the  writer  for 
clearing  large  sections  in  celloidin.  This  consists 
of  carbol-xylol,  2  parts,  clove  oil,  1  part.  This  rea- 
gent keeps  the  celloidin  soft  and  pliable  so  that  upon 
blotting  the  sections  flatten  out  and  are  not  raised  in 
ridges.  It  is  especially  useful  after  carmin,  hema- 
toxylin, and  myelin  stains. 

Aniline  oil  clears  readily  from  seventy  per  cent, 
alcohol.  It  is  more  useful  in  imbedding  that  section 
clearing  as  sections  and  mounting  media  becomes 
gradually  brown. 

Most  of  the  oils  require  about  five  minutes  for 
clearing,  but  the  rapidly  acting  reagents  (xylol, 
toluol,  benzol)  are  best  used  by  holding  the  slide  in 
the  hand  while  clearing  and  rocking  to  and  fro  until 
the  section  is  cleared  (one  to  two  minutes).  The 
xylol  must  be  rapidly  blotted  and  balsam  quickly 
applied  or  the  tissues  may  become  hazy. 

Mounting  or  Preserving . — After  sections  are  cleared, 
the  clearing  agent  is  removed  and  the  permanent 
mounting  medium  applied.  There  are  a  number  of 
media  and  they  differ  according  to  the  preceding 
steps. 

The  object  of  mounting  is  to  make  a  permanent 
preparation.  In  the  case  of  aqueous  and  glycerin 
mounts,  this  is  not  always  the  case,  as  evaporation 
occurs  at  the  edge  of  the  coverglass.  This  can  be 
prevented  by  ringing  the  coverglass  as  will  be  ex- 
plained later.  This  step  is  not  necessary  when  the 
resins  are  used.  The  choice  of  mounting  medium 
sometimes  depends  on  the  stain  used  as  some  of  the 
anilin  dyes  fade  rapidly  in  some  media  and  slowly 
or  not  at  all  in  others.  When  no  such  factor  exists, 
the  medium  used  should  have  a  refractive  index  as 
near  that  of  crown  glass  (1.518)  of  which  the  lenses 
are  made,  as  possible. 

Sections  and  tissues  that  cannot  be  dehydrated  and 
cleared  for  special  stain  reasons,  are  mounted  in 
gum,  syrup  or  glycerin. 

Farrant's  mediiim  consists  of  4  ounces  picked  gum 
arabic,  4  ounces  water  and  2  ounces  glycerin.  Sec- 
tions are  covered  with  this,  a  coverglass  applied 
and  later  a  cement  rim  applied. 

Gum  and  Syrup.  (Apathy.) — Dissolve  picked  gum 
arabic  50  grams  and  cane  sugar  (not  candied)  50 
grams,  in  50  c.c.  of  distilled  water  over  a  water  bath 
and  add  0.05  grams  of  thymol.  This  sets  quickly 
and  gets  as  hard  as  balsam.  It  is  used  for  mounting 
preparations  stained  in  methylene  blue. 

Brun's  Glucose  Mixture. — Mix  40  parts  of  glucose 
and  10  parts  of  glycerin  in  140  parts  of  water.     Then 


add  70  parts  of  camphorated  spirits  and  filter.  This 
is  especially  useful  for  mounting  sections  and  objects 
stained  with  the  aniline-  dyes  as  it  preserves  these 
colors.  Tissues  and  sections  so  mounted  must  be 
protected  from  vaporation.  The  methods  used  are 
explained  under  Cements. 

Glycerin  Media.  1'lniit  glycerin  is  an  excellent 
preserving  medium.  When  diluted  with  water, 
structures  are  more  easily  examined  and  studied 
than  in  pure  glycerin,  but  they  are  not  so  well 
preserved.  To  preserve  in  pure  glycerin  it  is  best 
to  place  the  object  for  a  few  hours  in  a  few  drops  of 
glycerin  alcohol  mixture  (glycerin  1,  alcohol  1,  water 
2  parts)  so  as  to  allow  the  gradual  evaporation  of  the 
alcohol.  It  may  then  be  covered  with  pure  glycerin 
or  glycerin  jelly  and  sealed. 

Glycerin  felly  is  a  solid  at  ordinary  temperature  and 
must  be  softened  with  heat  and  then  poured  upon  the 
object  that  has  been  previously  treated  with  glycerin 
or  water.  It  sets  quickly.  Lee  recommends  pure 
glycerin  or  euparal,  however. 

Brandt's  Glycerin  Jelly. — Soak  gelatin  for  two  to 
three  hours  in  water,  pour  off  the  excess  water  and 
melt  the  gelatin  and  add  to  each  part  of  gelatin  lj 
parts  of  glycerin;  after  mixing  thoroughly,  filter 
through  spun  glass.  Add  a  few  drops  of  carbolic 
acid. 

Heidenhain  (1905)  mixes  9  parts  gelatin,  7  of 
glycerin  and  42  of  water,  filters  and  to  the  filtrate 
adds,  drop  by  drop,  14  parts  absolute  alcohol. 

Fischer  (1912). — To  5  grams  borax  dissolved  in 
240  c.c.  of  water,  add  25  c.c.  glycerin.  Then  add 
40  parts  gelatin  and  dissolve  with  gentle  heat  until 
the  solution  is  somewhat  thickened.  This  is  fluid  at 
ordinary  temperature. 

Resinous  Media. — These  media  comprise  gum  san- 
darac,  Canada  balsam,  gum  dammar  and  colophon- 
ium.  These  are  all  solids  and  are  liquified  by  the 
action  of  certain  volatile  solvents. 

Sandarac  media  are  used  where  the  sections  or 
objects  would  be  injured  if  treated  with  absolute 
alcohol  and  an  oil  clearing  agent.  The  objects  are 
mounted  in  these  media  directly  from  ninety-five 
per  cent,  alcohol,  or  in  special  cases  after  passing 
through  a  mixture  of  medium  and  its  solvent  or  by 
passing  through  isobutylic  or  propylic  alcohol. 
These  media  are  all  solutions  of  the  gum  in  camsal 
and  other  solvents. 

1.  Catnsal  balsam  a  solution  of  the  gum  in  camsal 
and  propylic  alcohol. 

2.  Camsal  balsam  a  solution  of  the  gum  in  camsal 
and  isobutylic  alcohol. 

3.  Euparal  is  a  mixture  of  camsal,  sandarac, 
eucalyptol  and  paraldehyde  and  is  colorless  or  green, 
the  latter  containing  a  salt  of  copper  that  intensifies 
hematoxylin  stains  (Lee).  These  media  do  not  dry 
too  rapidly  and  preserve  the  most  delicate  stains.  Lee 
recommends  euparal  for  the  most  delicate  cytologic 
work  and  uses  it  as  much  as  Canada  balsam. 

Canada  balsam  is  a  solid  that  dissolves  rapidly  in 
xylol,  benzol,  chloroform  and  turpentine.  Xylol 
balsam  is  the  most  used  and  best  for  all  general  pur- 
poses. Benzol  balsam  sets  more  rapidly,  while 
chloroform  balsam  is  injurious  to  aniline  dyes.  Tur- 
pentine balsam  sets  slowly,  but  the  index  of  visi- 
bility is  much  longer  retained  by  sections  mounted 
in  it.  It  does  not  always  form  a  homogeneous  solu- 
tion with  balsam,  however.  Balsam  should  be  neutral 
in  reaction. 

Apathy  (1909)  recommends  the  following:  Bal- 
sam two  parts,  cedar  oil  (immersion)  1  part,  chloro- 
form 1  part. 

Setter's  Alcoholic  Balsam. — Solid  Canada  balsam 
is  dissolved  in  warm  absolute  alcohol  and  filtered 
through  absorbent  cotton.  Sections  are  not  cleared 
but  mounted  herein  directly  from  absolute  alcohol. 
It  is  said  to  be  an  excellent  medium. 

Dammar. — Gum  dammar  is  soluble  in  xylol,  benzol, 
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chloroform  and  turpentine.  Xyloldammar  is  the  best. 
It  has  the  disadvantage  that  sooner  or  later  granules 
appear  in  the  preparations. 

Colophonium. — Pale  colophonium  is  dissolved  in 
pure  oil  of  turpentine  to  form  a  solution  of  medium 
consistency.  This  sets  slowly  and  is  injurious  to  alum 
hematin  stains,  but  is  excellent  for  methylene  blue  and 
other  general  stains. 

After  the  sections  are  ready  for  mounting,  a  drop  or 
two  of  the  selected  mounting  medium  is  placed  upon 
the  object  and  a  clean  coverglass  is  applied. 

Cements. — Aqueous  and  glycerin  mounts  are  ren- 
dered permanent  by  painting  the  clean  edges  of  the 
coverglass  with  a  layer  of  glycerin  jelly  and  repeating 
this  several  times  after  allowing  each  coat  to  set. 
This  seals  the  coverglass. 

Rousselet  closes  aqueous  mounts  with  a  mixture  of  1 
part  gold  size  and  2  parts  of  dammar  dissolved  in  ben- 
zol. Three  or  four  rings  should  be  applied  at  intervals 
of  twenty-four  hours. 

Apathy  uses  the  following  for  glycerin  mounts: 
Hard  paraffin  (60°  C.)  and  Canada  balsam  equal 
parts.  Heat  in  a  porcelain  dish  until  no  odor  of  tur- 
pentine is  given  off.  It  must  be  applied  warm  and  one 
application  is  sufficient. 

Ward's  brown  cement  consists  of  shellac  dissolved  to 
the  desired  consistency  in  wood  naphtha  and  alcohol. 
Add  20  drops  of  castor  oil  to  each  ounce.  Glycerin 
mounts  should  first  be  ringed  with  glycerin  jelly  before 
applying  the  cement.  It  can  also  be  used  for  balsam 
mounts. 

Slide  Technique. — Having  considered  the  various 
steps  necessary  to  prepare  a  piece  of  tissue  for  section- 
ing and  having  considered  the  various  classes  of  stains, 
it  is  desirable  now  to  consider  the  various  steps  nec- 
essary to  prepare  a  sec- 
tion for   microscopic 
study,     that     is,     Slide 
Technique. 

Paraffin  sections  are 
made  to  adhere  to  the 
slides  by  means  of 
Mayer's  albumen.  This 
consists  of  50  c. c.  of  white 
of  egg,  50  c.c.  glycerin, 
salicylate  of  soda  1  gram. 
Shake  thoroughly  and 
filter.  Filtration  is  a 
slow  process,  but  the 
solution  keeps  indefi- 
nitely. 

1.  Cover  a  clean  slide 
(one  inch  by  three  inches  i 
with  a  thin  film  of  albu- 
men (rubbing  with  the  finger). 

2.  if  the  sections  are  under  ten  microns  thick,  they 
are  floated  on  a  bowl  of  water  below  the  melting  point 
of  the  paraffin,  to  float  and  spread  the  sections.  They 
are  then  drawn  upon  the  slide  by  dipping  the  latter 
under  the  surface.  If  ten  microns  thick,  the  sections 
are  transferred  by  means  of  a  moist  brush  to  the 
"buttered  slide"  upon  which  several  drops  of  water 
have  been  placed.  The  section  is  then  oriented  and 
gently  warmed  over  a  flame,  without  melting  the  par- 
affin, to  remove  wrinkles  and  to  get  it  flat.  The  water 
is  then  drained  off  and  the  sections  are  labelled  and  set 
aside  to  dry  cither  at  room  temperature  (six  to  twenty- 
four  hours)  or  in  an  oven  for  a  couple  of  hours  to  drive 
olf  the  water.  Sections  may  be  mounted  on  slides 
without  water  and  albumen  or  by  the  aid  of  water 
without  albumen.  When  thoroughly  dry  the  slides 
arc  placed  in  a  jar  of  xylol  for  five  minutes  to  remove 
the  paraffin;  benzol,  turpentine  or  kerosene  will  do, 
but  xylol  is  the  best. 

4.  Wash  the  slide  with  alcohol  to  remove  the  xylol 
and  place  in  a  jar  of  ninety-five  per  cent,  alcohol  for  a 
couple  of  minutes.      If  the  tissue  has  been  fixed  in  a 
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Fig.     3210. — Staining    J; 
Sections    Mounted    on     1' 
Slides. 
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corrosive  sublimate  solution  (otherwise  omit)  it  is  to  be 
transferred  to  jar  of 

5.  Iodine  for  five  to  seven  minutes  to  remove  the 
sublimate.  The  iodine  solution  consists  of  50  grams  of 
resublimed  iodine  in  3,000  c.c.  of  ninety-five  per  cent, 
alcohol. 

6.  Wash  with  alcohol  and  place  in  a  jar  of  alcohol 
for  fifteen  minutes  to  remove  the  iodine.  If  bleach- 
ing is  slow  it  may  be  hastened  by  using  alcohol  con- 
taining a  little  potassium  iodide. 

7.  Stain.  If  aqueous  stains  are  used,  wash  the  sec- 
tion with  water  and  cover  with  hematoxylin  or  place 
in  a  jar  of  hematoxylin  for  five  minutes.  Wash  with 
tap-water  and 


Fig.  3211. — Placing  the  Cover  Glass  in  Position. 

8.  Stain  with  (aq.)  eosin  for  two  to  three  minutes, 
or  Van  Gieson's  stain  one  and  one-half  to  two  minutes. 

9.  Wash  with  water  and  then  alcohol  and  dehydrate 
in  a  jar  of  alcohol  for  5  minutes. 

10.  Clean  the  slide  carefully  and  then  blot  the  alco- 
hol off  with  tissue  paper  and  apply 

1 1 .  Creosote,  oil  of  origanum,  cedar  oil,  or  any  of  the 
desirable  or  required  clearing  agents  for  5  minutes. 

12.  Drain  off  the  clearing  agent,  blot  off  the  remain- 
der carefully,  put  a  drop  of  balsam  upon  the  speci- 
mens and  apply  a  clean  coverglass. 

Fig.  3210  shows  a  jar  for  ordinary  slides.  Each  one 
will  accommodate  ten  slides  back  to  back.  A  set  of 
these  should  be  on  hand,  one  for  each  reagent,  except 
oil  for  clearing.  This  step  should  be  carried  on  with 
each  slide  individually. 


Fig.  3212. — Electric  Turntable  for  Ringing  Slides. 

Cementing. — The  coverglass  is  to  be  applied  as  shown 
in  Fig.  3211.  Squares  or  circles  may  be  employed. 
If  square  coverglasses  are  used  a  thin  layer  of  cement 
is  applied  at  the  edge  and  allowed  to  dry.  If  the  cir- 
cular cover  is  used  the  slide  is  placed  upon  a  turn- 
table (Fig.  3212)  and  a  ring  of  cement  applied. 

In  all  these  steps,  the  sections  must  never  be  allowed 
to  dry  and  if  the  succeeding  reagents  are  alcoholic  and 
the  section  is  in  water,  it  must  be  washed  with  alcohol 
and  rice  rcrsa. 

Celloidin  sections  are  usually  stained  in  watch- 
glasses  or  upon  the  slides  without  cementing  them. 
These  watch-glasses  (Fig.  3213)  are  so  constructed  as 
to  fit  upon  one  another  so  that  they  may  be  nested  to 
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prevent  evaporation  of  the  reagent.  Those  with  the 
ground  slanting  surface  are  to  be  preferred  as  notes  or 
numbers  may  be  made  with  a  china-marking  pencil 
and  serial  sections  kept  in  order.  They  may  be 
mounted  on  slides  with  Mayer's  albumen  and  the 
celloidin  may  then  be  removed  with  a  solution  of 
ether  and  absolute  alcohol.  They  must  be  carefully 
and  thoroughly  pressed  upon  the  albumen  which  must 
not  be  too  wet. 

For  serial  sections  on  two  inch  by  three  inch  slides 
the  tray  devised  by  the  writer  is   recommended  (Fig. 


Fig.  3213. 


-Improved  Syracuse  Solid  Watch  Glass  for  Staining 
Celloidin  Sections. 


3214).  The  tray  is  constructed  of  aluminum  and  holds 
ten  slides.  It  is  light  and  can  be  used  in  most  of  the 
reagents  used  and  is  made  so  as  to  put  in  a  one  quart 
Barclay  candy  jar.  With  a  half  dozen  trays  and 
about  eight  jars  for  the  various  stains  and  wash  solu- 
tions fifty  slides  can  readily  be  run  through  in  a 
couple  of  hours. 

Serial  sections  of  celloidin  tissues  may  be  mounted 
and  this  Graham  Kerr  (190S)  does  on  a  kodak  film. 
The  emulsion  is  removed  with  hot  water  and  the  film 


Fig.  3214. — Aluminum  Slide-holder  and  Jar  for  Two  Inch  by 
Three  Inch  Slides.     (Anat.  Record,  February,  1913.) 

dried.  The  sections  are  arranged  serially  as  cut  upon 
the  film  and  cemented  thereto  by  a  drop  of  absolute 
alcohol  and  ether  or  an  atmosphere  thereof.  The 
sheets  may  then  be  stained  and  mounted  or  rolled  up 
and  stored  in  cedar  oil. 

Decalcification. — In  order  to  study  hard  substances 
like  teeth  or  bone,  they  may  be  prepared  in  one  of  two 
ways:  (1)  by  grinding,  or  (2)  by  decalcifying. 

1.  Grinding. — Macerate  a  fresh  bone  or  a  tooth  for  a 
while  to  get  rid  of  the  fat  and  soft  parts,  then  wash  and 
dry.  Cut  thin  sections  with  a  sharp  saw.  These  may 
be  cemented  to  a  small  plate  with  sealing  wax  and  then 


ground  clown  about  half  on  an  emery  wheel,  unsealed 
and  sealed  with  the  ground  side  to  the  plate  and  then 
ground  until  quite  thin.  The  sections  are  then  care- 
fully removed  and  ground  by  hand  on  a  water  hone 
to  the  required  thinness,  examining  from  time  to  titne 
under  the  microscope,  polished,  washed,  dried  and 
mounted  in  balsam.  In  order  to  cut  in  a  microtome, 
the  earthy  substance  must  be  removed  by  the  process 
of  decalcification.  The  lime  salts  are  removed  by  the 
means  of  acid  .solutions,  but  not  until  the  organic 
material  has  been  thoroughly  fixed  and  hardened. 

Large  quantities  of  the  liquid  are  to  be  utilized  and 
as  the  decalcifying  solutions  produce  more  or  less  swell- 
ing of  the  tissues,  the  fixation  and  hardening  should 
produce  some  shrinkage.  After  decalcification  is  com- 
pleted, a  needle  should  penetrate  the  tissue  without- 
any  difficulty.  The  tissues  must  then  be  thoroughly 
washed  to  remove  the  free  acid  and  in  addition  some 
recommend  the  use  of  some  carbonate  to  neutralize 
the  acid.  The  time  required  for  decalcification  depends 
upon  the  size  of  the  pieces  of  bone,  so  that  the  needle 
test  is  the  only  reliable  means  of  determining  the 
completion  of  the  process.  Decalcification  is  usually 
done  before  imbedding,  but  some  prefer  to  infiltrate 
with   celloidin  and  then  decalcify. 

Decalcification  After  Imbedding  in  Celloidin. —  Fix 
in  any  good  fixing  agent  (some  bichromate  solution 
preferred),  dehydrate,  clear  and  imbed  in  celloidin 
and  harden  in  eighty-five  per  cent,  alcohol.  When 
hard,  transfer  to  eighty-five  per  cent,  alcohol  con- 
taining ten  to  forty  per  cent,  of  strong  nitric  acid 
until  decalcification  is  complete.  Wash  out  the  acid 
in  alcohol  containing  precipitated  carbonate  of  lime 
and  then  cut  sections.  This  is  especially  adapted 
to  porifera,  corals,  etc.  Stein  prefers  this  method 
in   decalcifying   temporal  bones  of  mammals. 

Phloroglucin-nilric  Acid. — Dissolve  one  gram  of 
phloroglucin  in  5  c.c.  of  concentrated  nitric  acid. 
After  the  fumes  have  ceased  to  form,  100  c.c.  of  seventy 
per  cent,  alcohol  are  added.  If  desired,  nitric  acid 
may  be  added  up  to  twenty  per  cent.,  but  this  amount 
is  not  recommended.  This  is  one  of  the  most  rapid 
decalcifiers.  The  phloroglucin  protects  the  organic 
substance  from  the  swelling  action  of  the  acid.  Fetal 
bones  are  softened  in  one-half  hour  and  pieces  of  adult 
bone  in  four  to  five  hours.  The  tissues  are  then 
thoroughly  washed  in  running  water  for  a  number  of 
hours,  dehydrated,  cleared  and  infiltrated  with 
celloidin,  preferably. 

Hydrochloric  acid  may  be  used  in  place  of  the 
nitric  acid  using  30  c.c. 

Decalcification  before  Imbedding. — Nitric  Aciil. — 
Busch. — Place  pieces  of  fresh  bone  for  three  days  in 
ninety-five  per  cent,  alcohol  and  then  place  in  a 
solution  of  1  part  of  pure  nitric  acid  (sp.  gr.  1.25)  to 
10  of  water,  for  eight  to  ten  days,  changing  the 
solution  frequently.  Young  bones  are  placed  in  a 
weaker  solution.  When  decalcified,  wash  for  several 
hours  in  running  water  and  then  place  in  ninety-five 
per  cent,  alcohol  for  several  days,  changing  frequently. 

Schaffer  (1903)  recommends  the  following  method: 
Fix  and  imbed  in  celloidin  and  harden  in  alcohol, 
place  in  water  to  remove  the  alcohol;  place  (small 
specimens l  twelve  to  twenty-four  hours  in  three  to 
five  per  cent,  nitric  acid.  Transfer  to  a  five  per  cent, 
solution  of  sulphate  of  lithium  or  sodium  for  twelve 
to  twenty-four  hours,  changing  once.  Wash  in  runn- 
ing water,  dehydrate  to  eighty-five  per  cent,  and  cut. 

Mayer  uses  a  five  per  cent,  nitric  acid  solution  in 
ninety  per  cent,  alcohol  after  fixation.  This  requires 
several  days  or  weeks. 

Thoma  prefers  1  volume  of  pure  concentrated  nitric 
acid  and  5  volumes  of  ninety-five  per  cent,  alcohol. 
This  requires  several  weeks  and  should  be  changed 
every  two  or  three  days.  Wash  out  acid  with  ninety- 
five  per  cent,  alcohol  containing  precipitated  car- 
bonate of  lime  in  excess,  which  may  take  eight  to 
fourteen  days. 
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Nitric  Acid  Alum. — Take  equal  parts  of  saturated 
solution  of  alum  and  distilled  water  and  add  five  per 
cent,  concentrated  nitric  acid.  Change  every  few- 
days  until  decalcification  is  complete.  This  is  said 
to  be  especially  good  for  decalcifying  teeth. 

Nitric  Acid  and  Formalin. — Schudde  (1910)  fixes 
in  formalin  or  formalin-Mueller  solution  and  de- 
calcifies in  a  solution  containing  1  part  nitric  acid, 
1  part  formalin,  and  9  parts  water. 

Hydrochloric.  Acid. — This  is  widely  used,  but  is  not 
the  best  decalcifier.  Its  action  is  rapid,  but  the  swell- 
ing is  marked.  When  combined  with  alcohol  or 
chromic  acid  and  other  agents,  this  fault  is  reduced 
to  a  minimum. 

Hydrochloric  Acid  and  Sodium  Chloride. — VonEbner 
take's  100  c.c.  saturated  sodium  chloride  solution 
(cold),  100  c.c.  water  and  4  c.c.  strong  hydrochloric 
acid.  One  to  two  cubic  centimeters  of  acid  are  to 
be  added  each  day  until  decalcification  is  completed. 

Haug  prefers  a  mixture  of  the  following:  Alcohol 
70  c.c,  water  30  c.c,  sodium  chloride  0.5  gram, 
hydrochloric  acid  1  to  5  c.c. 

Hydrochloric  Acid  and  Chromic  Acid. — Equal  parts 
of  three  per  cent,  solution  of  chromic  acid  and  one 
per  cent,  hydrochloric  acid  is  recommended  for 
cartilage  that  has  ossified. 

Hydrochloric  Acid  and  Palladium  Chloride— -Wal- 
deyer  uses  a  one  one-thousandth  per  cent,  solution  of 
palladium  chloride  added  to  one-tenth  of  its  volume 
of  hydrochloric  acid.  Tissues  are  left  here  until 
softened,  changing  the  solution  every  day  or  two. 

Chromic  acid  is  a  slow  decalcifier  and  is  used  in  a 
0.1  per  cent,  to  two  per  cent,  solution.  It  is  better 
to  start  with  a  weak  solution  and  gradually  increase 
the  strength. 

Picric  acid  in  a  saturated  solution  is  only  adapted 
to  small  objects  as  young  embryos,  and  is  a  very  slow 
reagent.  It  must  be  frequently  Tenewed.  Picronitric 
and  picrohydrochloric  acids  act  more  rapidly. 

Sulphurous  acid  as  a  saturated  solution  in  water 
acts  rapidly  and  best  after  formalin  fixation.  Tissues 
must  be  washed  twenty-four  hours. 

Trichloracetic  acid  is  used  as  a  five  per  cent,  solu- 
tion in  water.  It  acts  more  slowly  than  nitric  acid. 
but  preservation  is  excellent. 

If  decalcification  has  been  carried  out  before  im- 
bedding, the  tissues  are  washed  to  free  of  acid  and 
dehydrated,  cleared  in  oil  and  imbedded  with  paraffin, 
or  cleared  in  alcohol-ether  mixture  and  infiltrated  with 
celloidin.  The  latter  is  preferable  as  heat  tends  to 
harden  the  decalcified  tissues  and  makes  sectioning 
difficult. 

Injection. — In  order  to  study  the  blood-vessels 
and  lymph-vascular  channels  of  the  body,  the  vessels 
are  filled  or  injected  with  some  mass  that  outlines 
them.  Injection  is  also  used  for  the  study  of  nerve 
organs  and  for  the  preparation  of  corrosion  specimens. 

Self-injection  of  the  Living  Animal. — This  is  ac- 
complished by  allowing  a  definite  quantity  of  blood 
to  escape  from  an  opening  in  a  vein  of  a  living  animal, 
and  replacing  the  blood  lost  by  some  innocuous  color- 
ing matter,  so  that  by  the  contractions  of  the  heart 
the  vessels  are  filled  with  much  less  injury  than  by 
an  injection  apparatus. 

ChTZon.\-r:rirs!;ii  recommends  a  solution  of  7.75 
grams  of  carmine  in  3.l>  c.c.  of  ammonia,  to  which 
is  added  30  c.c.  of  distilled  water.  This  fluid  is  to 
be  filtered  before  injecting.  Ten  cubic  centimeters 
of  bloo.l  are  removed  from  the  jugular  vein  of  a 
medium-sized  rabbit,  and  10  c.c.  of  the  above  fluid 
injected.  If  the  larger  vessels  are  now  rapidly  ligated, 
first  the  vein  and  then  the  artery,  a  physiological 
injection  of  the  blood-vessels  is  obtained.  Good  re- 
sults a I'i'ol >t  a i ned  in  the  case  of  1  lie  kidney,  spleen,  etc. 
The  injection  may  also  be  accomplished  by  placing 
the  above  fluid  in  the  stomach,  rectum,  and  abdominal 
cavity;  and  in  amphibia  by  placing  it  in  the  lymph 
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cavities.  After  the  injection  is  accomplished  the 
organs  are  placed  in  acidulated  alcohol,  to  cause  the 
fixation  of  the  carmine. 

This  solution,  as  well  as  the  sulphindilate  of 
sodium,  then  injected  in  large  quantities,  is  rapidly 
excreted  by  the  kidneys,  and  the  latter  substance  is 
precipitated  in  the  biliary  passages.  If  the  ureter 
is  ligated  immediately  after  injecting  a  rabbit  and 
the  animal  is  killed  at  the  end  of  an  hour,  the  urinary 
tube  will  be  found  filled  with  carmine.  In  injecting 
the  biliary  passages  it  is  not  necessary  to  ligate.  The 
blood-vessels  of  the  organ  are  to  be  washed  out  and 
the  original  coloring  matter  that  remains  in  them 
is  to  be  replaced  with  another.  The  organs  injected 
with  the  sulphindilate  of  sodium,  after  the  blood- 
vessels have  been  washed  out,  are  placed  in  a  con- 
centrated solution  of  calcium  chloride,  then  in  alcohol, 
when  the  coloring  matter  will  become  fixed. 

Heidenhain  found  that  the  commercial  indigo- 
carmine  was  composed  of  a  mixture  of  substances, 
generally  three  in  number:  (1)  indigo  blue-sulphate;  (2) 
indigo  blue-hyposulphate;  (3)  phenizine-sulphate  of 
sodium.  He  found  for  the  purpose  of  injection 
that  1  and  3  were  the  only  ones  useful.  He  injects 
25  to  50  c.c.  of  a  cold-saturated  solution  of  one  of  the 
above  salts  into  the  vein  of  a  medium-sized  rabbit, 
and  50  to  75  c.c.  into  that  of  a  medium-sized  dog. 
After  the  animals  have  passed  blue  urine  for  some 
time  they  are  killed  by  bleeding,  and  the  coloring 
matter  is  fixed  by  injecting  the  kidney  through  the 
renal  vessels  with  absolute  alcohol. 

For  injecting  the  biliary  passages  of  the  frog,  he 
places  a  piece  of  indigo-carmine,  the  size  of  a  pea, 
in  the  lymph  sac  of  the  thigh,  and  closes  the  wound  in 
the  skin  firmly.  After  twenty-four  hours  the  biliary 
passages  will  be  found  beautifully  injected. 

Methylene  Blue. — Intra  Vitam  Injection. — Amstein 
injects  about  4  c.c.  of  a  saturated  solution  of  methyl- 
ene blue,  in  physiologic  salt  solution,  into  the  vena 
cutanea  magna  of  a  living  frog  and  after  one  hour 
removes  the  organ  to  be  examined.  Apathy  recom- 
mends a  1  to  1,000  solution  while  Dogiel  prefers  one- 
eighth  to  one-fourth  per  cent,  solution.  For  warm- 
blooded animals  this  solution  should  be  36°  to 
39°  C. 

Organs. — In  injecting  organs,  the  cannula  is  tied 
into  the  artery  of  one  freshly  removed.  The  solution 
used  is  prepared  as  follows:  Heat  one  gram  of  methyl- 
ene blue  (rectified)  in  100  c.c.  of  normal  salt  solution 
until  hot;  allow  this  to  cool,  then  filter.  Inject  this 
until  a  bluish  color  is  imparted  to  the  organ  and  leave 
undisturbed  for  one-half  hour.  Make  thin  sections  or 
cut  into  small  pieces  and  place  in  normal  salt  solution 
and  expose  to  the  air  until  the  nerve  organs  are  satis- 
factorily stained.  Examine  from  time  to  time  under 
the  microscope  and  when  the  stain  has  reached  its  maxi- 
mum fix  in  a  sat.  aq.  sol.  of  ammonium  picrate  for 
twelve  to  twenty-four  hours;  transfer  to  a  solution  of 
equal  parts  of  sat.  sol.  of  ammonium  picrate  and  gly- 
cerin for  twenty-four  hours.  Mount  in  ammonium 
picrate  glycerin.  This  treatment  is  used  to  make  the 
stain  permanent. 

Mayer  injects,  subcutaneousty,  20  c.c.  normal  salt 
solution  containing  one  to  four  per  cent,  of  methylene 
blue  into  young  rabbits  and  repeats  in  one  to  two 
hours.  Within  the  next  two  hours  the  animal  will  die. 
Remove  the  nerve  system  and  carry  small  pieces 
through  by  Bethe's  Method. 

In  order  to  make  sections,  pieces  of  methylene  blue 
stained  tissues  are  treated  as  follows :  Place  thin  pieces 
in  cold  solution  of  one  gram  of  ammonium  molybdate 
dissolved  in  10  c.c.  water  (using  heat)  and  1  c.c  of 
hydrochloric  acid.  This  solution  must  be  kept  at  2° 
to  5°  C.  for  the  first  few  hours  and  after  twelve  to 
twenty-four  hours  the  tissues  are  washed  in  distilled 
water.  Harden  and  dehydrate  quickly  in  absolute 
alcohol,  clear  in  xylol  and  imbed  in  paraffin.  Make 
sections  and  stain  with  alum  cochineal.      Dehydrate, 
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clear  in  oil  of  bergamot,  wash  with  xylol  and  mount 
in  balsam. 

Belhe's  Method. — Pieces  of  tissue  not  over  three 
millimeters  in  thickness  are  placed  for  ten  to  fifteen 
minutes  in  a  sat.  aq.  sol.  of  picrate  of  ammonium. 
Transfer  to  a  solution  consisting  of  one  gram  of  am- 
monium molybdate  in  20  c.c.  of  water  (or  10  c.c. 
water  and  10  c.c.  of  0.5  per  cent,  osmic  acid).  In  the 
first  solution  they  remain  three- 
fourths  to  one  hour  and  in  the 
second  four  to  twelve  hours. 
Wash  thoroughly  with  water,  de- 
hydrate, clear  in  xylol,  and  im- 
bed in  paraffin. 

Michaelow  (1910)  places  pieces 
of  tissue  in  an  eight  per  cent, 
solution  of  molybdate  containing 
0.5  per  cent,  of  formalin  for 
twenty-four  hours  at  37°  C. 
washes  with  warm  water,  dehy- 
drates, clears  in  xylol,  and  mounts 
in  xylol  dammar. 

Injection  Technique.  —  The 
blood-vessels  are  injected  after 
killing  the  animal  with  ether  or 
chloroform,  then  either  the  entire 
vascular  system  may  be  injected 
or  only  individual  organs.  It  is 
best  to  keep  the  animal  warm 
during  the  process  of  injection. 
Injection  may  be  carried  on  by 
means  of  a  syringe  or  by  a  con- 
stant pressure  apparatus.  The 
former  requires  experience  as  con- 
stant pressure  must  be  maintained. 
The  syringe  is  shown  in  Fig.  3215  and  consists  of  the 
syringe,  stopcock,  and  several  cannulas  of  different 
sizes.  If  a  complete  injection  is  desired,  the  thorax  of 
the  animal  is  opened,  the  pericardium  incised  and  the 
left  ventricle  opened  and  a  suitable  warm  cannula  in- 
serted into  the  aorta  and  tied  there  by  a  ligature  that 
is  tied  over  the  hook  of  the  cannula  to  prevent  it  from 
slipping  out.  A  second  ligature  is  passed  around  the 
aorta  in  front  of  the  end 
of  the  cannula  and  left  un- 
tied until  the  injection  is 
finished.  The  stopcock 
should  then  be  taken  from 
warm  salt  solution  and  at- 
tached to  the  cannula;  the 
warm  syringe  filled  with 
the  injecting  fluid  should 
be  turned  up  and  a  few 
drops  expelled  to  remove 
all    air.     The    syringe    is 


Fig.  3215. — Syringe 
for  Injection  by  Hand 


A  single  organ  may  be  injected  in  the  same  manner 
through  its  artery  and  ligating  both  artery  and  vein 
after  injection.  Double  injections  may  be  obtained  by 
injecting  the  artery  and  vein  at  the  same  time.  A 
constant  pressure  apparatus  is  then  recommended,  us- 
ing low  pressure  at  first  to  till  the  large  vessels  and  then 
increasing  the  pressure  to  fill  the  capillaries.  Some 
recommend  washing  the  vessels  or  vascular  system 
with  normal  salt  solution  before  injecting.  Constant 
pressure  may  be  produced  by  means  of  water  or  mer- 
cury.    Fig.  3216  shows  one  operated  by  water. 


Fig.  3216. — Water-pressure  Injecting  Apparatus 


then  fitted  into  the  stopcock  and  the  contents  gradu- 
ally expelled  into  the  vessels.  The  stopcock  is  closed 
and  the  syringe  filled  and  emptied  as  often  as  is 
necessary  to  complete  the  injection.  The  second  liga- 
ture is  tied,  the  stopcock  removed  and  the  animal  is 
plunged  into  ice  water,  if  a  warm  mass  has  been  used, 
until  cold. 


Fig.  3217. — Harting's  Injecting  Tank 

The  water-pressure  apparatus,  Fig.  3216,  is  arranged 
as  follows :  The  flask  C  is  for  holding  the  injection  mass, 
and  is  connected  with  the  pressure  bottle  B  by  a  rub- 
ber tube.  The  manometer  M  is  for  measuring  the  pres- 
sure. The  pulley  P  is  fixed  to  the  ceiling,  and  through 
it  a  rope  passes  which  is  attached  to  the  can  a,  to  the 
bottom  of  which  is  attached  a  rubber  tube  connected 
with  the  bottle  B.  The  can  a  is  filled  with  water 
which,  upon  raising  the  can,  flows  into  B,  compressing 
the  air.  The  compressed  air  acting  on  the  injecting 
mass,  forces  it  through  the  rub- 
ber tube  and  cannula. 

The  amount  of  pressure  can 
J'be  regulated   by  the  distance  of 
the  can  a  above  the  bottle  B. 

Some  prefer  to  keep  the  ani- 
mal warm  during  injection,  but 
this  is  not  necessary  if  the 
operator  is  rapid.  A  warming 
bath  is  shown  in  Fig.  3217.  The 
animal  after  the  cannula  is  tied 
in  place  is  placed  on  the  shelf  d 
and  the  flask  containing  the  in- 
fection mass  on  shelf  c  and  the 
tank  two-thirds  filled  with  warm 
water. 

In  order  to  obtain  the  best  in- 
jections it  is  advisable  to  relax 
the  vessels  by  the  use  of  a  vaso- 
dilator. This  may  be  done  by 
the  addition  of  amyl  nitrite  to  the 
ether  in  anesthetizing  or  killing 
with  pure  amyl  nitrite,  or  a  little 
amy!  nitrite  may  be  added  to 
the  salt  solution  used  to  wash 
the  vessels  or  to  the  injection 
mass  just  before  using.  One  per 
cent,  lactic  acid,  or  a  little  mor- 
phine may  be  added  to  the  in- 
jection mass.  Mozejko  recommends  a  saturated  solu- 
tion of  peptonum  siccum  as  it  hinders  coagulation. 

For  injecting  pathological  new  formations,  cold-flow- 
ing masses  are  to  be  preferred.  The  pressure  em- 
ployed must  be  moderate  on  account  of  the  thinness  of 
the  walls  of  the  blood-vessels.  Scrres  fines  (Fig.  3218) 
will   be    in    great   demand  for  checking  the  leakage 
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from  the  numerous  lateral  branches  of  the  blood- 
vessels. 

Injection  of  Lymphatics.— For  injecting  lymphatics 
the  puncture  method  is  the  one  chiefly  employed.  The 
puncture  can  be  made  from  the  cavity  of  a  blood- 
vessel into  the  surrounding  tissue,  with  the  idea  that  a 

lymph  vessel  may  be 
opened  and  that  thus 
both  sets  of  vessels 
may  be  injected.  Or 
it  may  be  made  into 
the  tissue  and  the  in- 
Fig.  321S. — Serres  Fines.  jection    made    from 

this.  The  puncture  must  not  be  made  at  random, 
but  in  the  direction  in  which  small  lymphatics  are 
supposed  to  exist.  The  injection  is  made  with  a 
syringe  fitted  to  the  small  cannula  used  for  punctur- 
ing, and  cold-flowing  masses  are  to  be  used.  If  the 
extravasation  is  small  anil  remains  so,  the  injection 
is  likely  to  succeed;  but  if  the  extravasation  grows 
rapidly,  the  procedure  is  a  failure  and  a  new  attempt 
is  to  be  made. 

Injection  Masses. — These  are  either  cold  or  warm. 
Colli  Masses. — These  masses  are  liquid  at  the  ordi- 
nary temperature  and  may  be  injected  without  warm- 
ing.    They  set  when  the  organs  so  injected  are  placed 
in  alcohol  or  chromic  acid  solutions. 

Fol's  Metagelatin  Muss. — Dissolve  some  gelatin  in 
water,  add  a  little  ammonia  and  heat  for  several 
hours.  Metagelatin  is  formed  and  the  mass  when 
cold  does  not  solidify.  This  vehicle  may  be  treated 
with  any  coloring  substance  and  may  be  thinned  by 
the  addition  of  weak  alcohol. 

Tandlcr's  Gold  Gelatin  Mass. — Soak  [5  grams  gelatin 
in  100  c.c.  of  water;  this  is  then  warmed  and  melted 
and  Berlin  blue  added  to  color;  then  add  5  to  6  grams 
of  potassium  iodide  gradually.  This  prevents  the 
mass  from  coagulating  down  as  low  as  17°  C.  For 
fixation  of  organs  so  injected,  five  per  cent,  formalin 
is  recommended. 

Mayer  (1910)  uses  10  grams  gelatin,  10  grams 
chloral  hydrate  and  100  c.c.  water  and  colors  to  suit. 
Mozejko  (1910)  recommends  10  per  cent,  of  sal- 
icylate of  sodium  to  prevent  the  setting  of  the  gelatin. 
Glycerin  Masses. — Bcale's  Carmine  Glycerin  Mass. — 
Dissolve  5  grains  of  carmine  in  a  little  water  containing 
5  drops  of  ammonia  and  add  J  ounce  of  glycerin. 
Add  gradually  \  ounce  of  glycerin  containing  8  to  10 
drops  of  acetic  or  hydrochloric  acid,  stirring.  Test 
with  litmus;  the  mixture  must  have  a  decidedly  acid 
reaction.  Then  add  j  ounce  of  glycerin,  2  drams 
of  alcohol  and  6  drams  of  water. 

Beale's  Prussian  Blue. — Dissolve  12  grains  of  potas. 
ferrocyanide  in  §  ounce  of  water  and  a  i  ounce  of 
glycerin.  Add  1  dram  of  tincture  of  perchloride 
of  iron  to  J  ounce  of  water  and  5  ounce  of  glycerin. 
Add  the  second  to  the  first  gradually  and  shake  well. 
Then  add  1  ounce  of  spirits  of  wine  and  3  ounces  of 
water  gradually,  shaking  constantly.  Injected  speci- 
mens should  be  preserved  in  glycerin  acidulated  with 
1  per  cent,  of  acetic  acid. 

Thoma's  Indigo-Carmine. — Dissolve  0.15  gram 
of  sulpindigotate  of  sodium  in  50  c.c.  of  distilled 
water.  Filter  and  add  40  c.c.  of  glycerin  and  gradu- 
ally 10  c.c.  of  a  10  per  cent,  solution  of  sodium  chloride 
(filtered).  To  this  3  c.c.  of  a  1  per  cent,  solution  of 
morphia  may  be  added. 

A  green  mass  may  be  prepared  by  taking  80  c.c. 
of  a  sat.  sol.  of  potas.  arsenite  and  50  c.c.  of  glycerin 
and  mixing  with  40  c.c.  of  sat.  sol.  of  copper  sulphate 
and  50  c.c.  of  glycerin. 

Yellow  Uo.s-.s-. —  (l)  Add  40  c.c.  of  a  sat.  sol.  of 
cadmium  sulphate  t"  50  c.c.  of  glycerin.  (2)  Add 
SO  c.c.  of  a  sat.  sol.  of  sodium  sulphide  to  50  c.c.  of 
glycerin.  Mix  these  solutions  gradually,  shaking 
thoroughly. 

Vqueous  \ia  •  Berlin  blue  may  be  used  in 
water  1  part  to  20. 
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Mayer's  Berlin  Blue. — Dissolve  20  grams  of  yellow 
prussiate  of  potas.  in  500  c.c.  of  water.  Add  to  this 
500  c.c.  of  water  containing  10  c.c.  of  tincture  of 
perchloride  of  iron.  Allow  to  stand  twenty-four 
hours.  Decant  and  wash  the  deposit  on  afilter  with 
distilled  water  until  the  washings  come  through 
dark  blue  and  the  deposit  dissolves  in  one  to  two 
liters  of  water.  Add  a  little  acetic  acid  and  preserve 
tissue  in  an  acid  medium. 

Liquid  Chinese  ink  may  be  used.  The  organs  should 
be  fixed  after  injection. 

White  <>f  Egg  (Joseph's). — Dilute  filtered  white  of 
egg  with  one  to  five  per  cent,  of  carmin  solution. 
This  mass  is  coagulated  with  dilute  nitric,  chromic, 
or  osmic  acid  solutions  and  remains  transparent. 
It  is  especially  recommended  for  Invertebrates. 

Grosser^  recommends  Indian  ink  in  white  of  egg. 

Hamburger  (1905)  recommends  2  vols,  of  ink  to 
3  vols,  of  blood  serum. 

Bjeloussow's  Gum  Arabic  Mass. — Make  a  syrupy 
solution  of  gum  arabic  and  a  sat.  borax  solution. 
Mix  these  so  as  to  have  in  the  mixture  1 
part  of  borax  and  2  parts  of  gum  arabic.  An 
almost  insoluble  mass  results.  This  should  be  rubbed 
up  in  distilled  water  and  strained  through  a  close 
meshed  cloth  until  free  of  lumps.  The  mass  may  be 
colored  as  desired.  It  coagulates  and  swells  in 
alcohol.  After  injection  the  tissues  are  placed  in 
alcohol  and  the  swelling  of  the  mass  distends  the 
vessels  very  much.  It  may  be  injected  into  living 
cold-blooded  animals  and  will  not  flow  from  a  cut 
vessel.  The  mass  may  easily  be  removed  with 
dilute  acetic  acid. 

Milk  is  recommended  by  Fischer.  It  flows  readily, 
does  not  extravasate.  After  injection  organs  are 
placed  for  twenty-four  hours  in  a  mixture  of  formalin 
75  parts,  acetic  acid  15  parts,  and  water  1,000  parts. 
After  sectioning  the  sections  may  be  stained  with 
Sudan  III  of  Scharlach  R.  but  cannot  be  mounted  in 
balsam. 

Warm  masses  are  solid  at  ordinary  temperature 
and  should  be  warmed  to  the  body  temperature  when 
injected. 

Warm-flouring  Masses. — Robin's  Gelatin  Vehicle: 
One  part  of  gelatin  is  soaked  in  seven,  eight,  nine, 
or  ten  parts  of  water,  according  to  the  consistence 
of  the  mass  wanted,  and  when  soft  is  melted  on  a 
water  bath.  This  vehicle  is  then  combined  with  any 
of  the  coloring  masses  just  mentioned  in  the  propor- 
tion of  one  part  color  to  three  parts  vehicle.  Filter 
through  flannel  before  injecting. 

Thiersch's  Prussian  Blue  Mass:  ( 1 )  A  solution  of  gela- 
tin,  one  part  to  two  parts  water;  (2)  saturated  aqueous 
solution  of  ferrous  sulphate;  (3)  saturated  solution  of 
potassium  ferrocyanide;  (4)  saturated  solution  of  oxalic 
acid. 

Mix  12  c.c.  of  (2)  with  30  c.c.  of  (1),  at  a  temperature 
of  50°  C.  Mix  at  the  same  temperature  24  c.c.  of 
(3)  with  60  c.c.  of  (1),  and  add  24  c.c.  of  (4),  with 
constant  stirring.  Add  this  solution  to  the  solution 
of  gelatin  and  iron;  stir  constantly  until  all  the  Prus- 
sian blue  is  precipitated.  Heat  on  a  water  bath  to 
100°  C,  and  filter  through  flannel. 

Runner's  Prussian  Blue  Mass:  Prepare  the  Prus- 
sian blue  as  follows:  Add  to  a  saturated  solution  of 
ferrous  sulphate,  in  water,  a  saturated  aqueous  solu- 
tion of  potassium  ferrocyanide.  Filter  through  a 
double  filter  of  felt  and  paper.  Wash  with  distilled 
water  for  several  days,  until  the  filtrate  has  a  deep 
blue  color.  The  Prussian  blue  has  now  become 
soluble.  The  precipitate  is  then  dissolved  in  dis- 
tilled water,  and  the  solution  kept  in  bottles  until 
wanted. 

Twenty-five  parts  of  this  solution  are  mixed  with 
one  part  of  gelatin.  The  gelatin  is  soaked  for  half 
an  hour  in  water,  and  melted  in  the  water  it  has  ab- 
sorbed, on  a  water  bath.  Heat  the  Prussian  blue 
fluid   to   the  same  temperature,    and   mix   with   the 
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gelatin  solution,   gradually,   under   constant  stirring. 
Filter  through  flannel. 

The  diffusion  of  the  Berlin  blue  of  the  injection 
mass  into  the  surrounding  tissues  is  due  not  to  the 
alkalinity  of  the  tissues,  but  to  the  reducing  action 
of  the  juices.  To  prevent  this,  Mozejko  (1913) 
recommends  that  the  injected  tissues  be  fixed  in  an 
oxidizing  agent  as  formalin.  He  uses  formalin  10  c.c., 
alcohol  (70)  90  e.e.,  pure  nitric  acid  5  c.c.  After  fixa- 
tion (twenty-four  hours)  they  are  washed  several 
times  in  seventy  per  cent,  alcohol  and  may  be  prepared 
for  imbedding. 

Thiersch's  Carmine  Mass:  Carmine  1  part,  am- 
monia 1  part,  water  3  parts.  Dissolve  and  filter. 
Make  a  solution  of  gelatin  in  water,  1  to  2.  Heat  to 
30°  C.  on  a  water  bath,  and  add  1  part  of  carmine  fluid 
for  every  3  parts  of  gelatin  solution.  Then  add 
acetic  acid,  drop  by  drop,  stirring,  until  the  free 
ammonia  is  used  up.  Inject  at  a  temperature  of 
30°  to  35°  C. 

Gerlach's  Carmine  Mass:  Dissolve  5  grams  of 
carmine  in  a  mixture  of  4  c.c.  of  water  and  0.5  c.c. 
of  ammonia.  Allow  it  to  stand  several  days,  and  mix 
with  8  parts  of  a  solution  of  gelatin,  1  to  2.  Filter 
and  inject  at  a  temperature  of  40°  C. 

Ranvier's  Carmine  Mass:  Rub  up  2.5  grams  carmine 
with  a  little  water,  and  just  enough  ammonia  to 
bring  the  carmine  in  solution.  Soak  5  grams  of 
gelatin  in  water,  and  melt  on  a  water  bath  in  the  water 
it  has  absorbed.  Add  the  carmine  fluid  slowly,  with 
constant  agitation.  Neutralize  the  free  ammonia 
by  adding,  drop  by  drop,  a  mixture  of  acetic  acid  and 
water,  1  to  2.     Filter  through  flannel. 

Thiersch's  Yellow  Mass:  (1)  One  part  of  gelatin  in  2 
parts  of  water;  (2)  1  part  of  neutral  potassium  chro- 
mate  in  11  parts  of  water;  (3)  1  part  of  plumbic  nitrate 
in  11  parts  of  water.  Mix  4  parts  of  (1)  with  2  parts 
of  (3).  In  another  vessel  mix  4  parts  of  (1)  with  1 
part  of  (2).  Heat  both  mixtures  to  30°  C,  and  then 
combine,  with  constant  stirring.  Heat  on  a  water 
bath  to  90°  C,  and  filter  through  flannel. 

Thiersch's  Transparent  Green  Mass:  Combine  the 
blue  injection  mass  in  various  proportions  with  the 
yellow  mass. 

Frey's  White  Mass:  Precipitate  125  to  185  c.c.  of  a 
cold-saturated,  aqueous  solution  of  barium  chloride  by 
adding  sulphuric  acid  drop  by  drop.  Allow  the  precipi- 
tate to  settle  for  twenty-four  hours,  and  decant  the 
clear  fluid.  The  remaining  mucilaginous  mass  is 
mixed  with  an  equal  volume  of  strong  gelatin  solution. 

Hartig's  White  Mass:  Dissolve  125  grams  of  lead 
acetate  in  enough  water  to  make  the  whole  weigh  500 
grams.  Dissolve  95  grams  of  sodium  carbonate  in 
enough  water  to  make  the  whole  weigh  500  grams.  One 
volume  of  each  of  the  above  solutions  is  mixed  with 
two  volumes  of  strong  gelatin  solution. 

Fol  's  Dry  Masses:  Carmine — An  indefinite  quantity 
of  ammonia  is  mixed  with  four  times  its  volume  of 
water,  and  carmine  is  added;  after  it  has  been  standing 
an  hour,  with  occasional  shaking,  no  deposit  should  re- 
main; then  filter.  Soak  gelatin,  in  shreds,  for  two  days 
in  a  sufficient  quantity  of  the  carmine  solution.  Then 
melt  on  a  water  bath  with  a  small  quantity  of  the 
solution.  When  melted  add  acetic  acid  until  the  color 
becomes  blood  red,  taking  care  not  to  add  an  excess  of 
acid.  Too  little  acid  is  not  a  disadvantage;  to  much 
will  cause  a  granular  precipitate.  Allow  the  mass  to 
cool,  and  tie  up  in  a  piece  of  coarse  net,  and  by  pressing 
with  the  hands,  under  water  acidulated  with  0.1  per 
cent,  acetic  acid,  force  the  mass  out  into  vermicelli- 
like strings.  These  are  placed  in  a  sieve,  washed  well 
with  running  water,  and  dried  on  waxed  paper. 

Blue  Mass. — The  mass  is  prepared  according  to 
Thiersch's  formula.  After  cooling  press  out  into 
vermicelli,  as  above,  and  dry  on  waxed  paper.  For 
use,  soak  the  vermicelli  in  water;  when  soft,  melt  with 
enough  saturated  solution  of  oxalic  acid  to  render  the 
mass  fluid. 


Brown  ami  Black  Masses. — Soak  50  grams  of  gelatin 
in  200  c.c.  of  water  in  which  is  dissolved  14  grams  of 
sodium  chloride.  Melt  OB  a  wafer  bath,  and  stir  in 
briskly  a  solution  of  30  grams  of  silver  nitrate,  dis- 
solved in  100  C.c.  of  distilled  water.  This  produces  a 
fine-grained,  white  emulsion,  which  is  allowed  to  cool. 
When  cold,  press  out  into  vermicelli,  as  above,  wash  in 
running    water,    and    by    clear   daylight    mix    with    the 

following:  Cold-saturated  aqueous  solution  of  potassic 
oxalate,  300  c.c;  cold-saturated  aqueous  solution  of 
ferrous  Sulphate,  100  c.c.  When  the  mass  has  become 
black  throughout,  wash  in  running  water  for  several 
hours,  and  dry  the  vermicelli  on  waxed  paper.  The 
color  of  this  mass,  by  transmitted  light,  is  sepia- 
brown.  If  a  gray-black  tint  is  wanted,  substitute 
2  1  grams  of  potassium  bromide  for  the  sodium  chloride 
in  the  first  solution. 

Iloyer's  Yellow  Gelatin  Mass. — Mix  equal  volumes  of 
concentrated  gelatin  solution  and  four  per  cent,  silver 
nitrate  solution  and  warm;  add  a  small  quantity  of 
pyrogallic  acid  which  reduces  the  silver  rapidly. 
Then  add  five  to  ten  per  cent,  by  volume,  of  glycerin 
and  two  per  cent,  by  weight,  of  chloral  in  a  concen- 
trated solution  ancl  strain.  This  mass  is  yellow  in 
the  capillaries  and  brown  in  the  larger  vessels. 

The  ducts  of  glands  may  be  injected  with  gelatin 
masses  to  outline  the  course  of  these  channels.  A 
triple  injection  of  organs  may  be  carried  out  by  means 
of  red,  blue,  and  yellow  masses. 

After  injecting  a  warm  mass,  the  organ  or  animal 
is  placed  in  ice-water  until  it  is  thoroughly  cold. 
Then  the  various  organs  may  be  removed,  cut  into 
blocks  and  fixed  in  eighty  per  cent,  alcohol  for  twenty- 
four  hours  with  several  changes  of  alcohol.  They  are 
then  ready  for  complete  dehydration  or  may  be  stored 
in  eighty  per  cent,  alcohol  for  any  length  of  time. 
Injected  material  may  be  infiltrated  with  paraffin  or 
celloidin,  but  the  latter  is  recommended,  as  at  times 
the  heat  renders  the  gelatin  mass  brittle  and  it  falls  out 
of  the  larger  vessels  during  sectioning  and  mounting. 

Corrosion. — In  order  to  study  the  normal  cavities, 
distribution  and  arrangement  of  ducts  and  blood- 
vessels in  an  organ,  a  special  mass  is  injected  and  the 
soft  parts  removed,  thereby  leaving  a  cast  of  the  sys- 
tem injected.  The  mass  must  fuse  at  low  temperature 
(water  bath)  and  should  not  soften  at  the  high  tem- 
perature of  the  summer  months.  It  should  readily  take 
color,  should  harden  rapidly  and  uniformly  and  with- 
out cracking. 

Huntington  recommends  the  following  mixture: 
Ozokerite  3  parts,  paraffin  (45°  to  50°  C.)  2  parts, 
white  wax  1  part,  rosin  £  part,  Venice  turpentine  about 
2  drams  to  a  quart  of  mass.  The  ozokerite,  paraffin 
and  wax  are  melted  in  water  bath  and  when  liquid  the 
turpentine  and  powdered  rosin  are  added.  Some  of 
the  rosin  does  not  dissolve,  but  is  said  to  be  taken  up 
after  the  repeated  heating  of  the  mass. 

E.  A.  Spilzka  recommends  ozokerit  2  parts,  paraffin 
2  parts,  white  wax  1  part.  He  states  that  the  rosin 
does  not  incorporate  readily  and  the  turpentine  does 
not  permit  the  mass  to  harden  as  rapidly  as  it  should. 

For  coloring  it  is  advisable  to  use  .the  various  oil 
colors  put  up  in  tubes.  These  are  added  slowly  to 
the  melted  mass  with  constant  stirring.  The  various 
colors  are  English  vermilion,  ultramarine  blue,  Prussian 
blue,  purple  lake,  chrome  green,  chrome  yellow,  Chemnitz 
white,  etc. 

A  solid  metal  syringe  of  sufficient  capacity  for  each 
injection  should  be  utilized  and  the  cannula  should 
narrow  abruptly  at  the  point.  The  blood  is  removed 
from  the  organ  by  washing  and  milking  the  vessels 
and  if  fine  injections  are  desired,  it  is  best  to  float 
the  object  in  warm  water.  As  soon  as  the  injection 
is  completed,  the  organ  is  rapidly     ooled. 

The  organs  are  then  freed  of  any  water  in  the 
vessels  and  placed  in  a  dish  and  gradually  surrounded 
and  covered  with  fuming  commercial  hydrochloric 
acid;  at  first  a  glass  plate  should  cover  the  dish  which 
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should  stand  in  the  open  air  or  under  a  chemical  hood. 
The  time  required  varies  from  several  days  to  a  week 
and  as  long  as  the  acid  fumes,  it  may  be  used  again. 
Remnants  of  the  organ  may  be  removed  by  caution- 
washing  of  the  cast.  After  drying  the  cast  should 
receive  a  coat  of  shellac  varnish  applied  as  a  spray. 
It  may  then  be  mounted  upon  a  suitable  stand. 

Internal  Ear  (D.  G.  Metheny,  1914).— Select  a  good 
temporal  bone  and  block  off  all  openings  of  the 
middle  ear,  except  the  fenestra  ovalis,  with  putty 
or  clay.  Make  a  wall  of  clay  around  the  external 
auditory  meatus  and  warm  the  bone.  Pour  melted 
Wood's"  metal  into  the  middle  ear.  This  will  enter 
the  internal  ear  through  the  fenestra  ovalis.  Keep 
the  bone  warm,  tap  it  gently  from  time  to  time  and 
rock  it  gently  from  side  to  side  so  as  to  allow  the  air 
bubbles  to  escape  and  to  permit  the  metal  to  enter 
all  the  spaces  of  the  labyrinth.  When  cold,  the  bulk 
of  the  bone  may  be  removed  with  bone  forceps  and 
when  the  cast  is  approached,  the  mass  containing  it 
is  placed  in  dilute  nitric  acid  to  dissolve  away  the 
remaining  bone.  The  cast  is  then  washed,  dried,  and 
mounted. 

It  is  advisable  to  x-ray  the  bone  after  injection  to 
see  if  the  cast  is  perfect  and  if  not,  the  bone  should 
be  warmed  so  as  to  melt  the  metal  and  then  manipu- 
lated as  above  to  remove  the  air  that  rendered  the 
cast  imperfect.     This  may  be  repeated  if  necessary. 

Wood's  Metal. — Tin  2  parts,  lead  4,  bismuth  5, 
cadmium  1.      This  melts  at  66°  C. 

Lipowitz's  Metal. — Tin  4  parts,  lead  8,  bismuth 
15,  cadmium  3.  This  melts  at  60°  C.  and  remains 
liquid  to  5.5°  C. 

Reconstruction. — Sections  very  often  do  not  give 
a  clear  idea  of  the  form  of  small  objects  or  their  re- 
lations of  parts  to  one  another.  For  this  reason  re- 
construction is  resorted  to  and  although  these  were 
at  first  utilized  for  the  study  and  building  up  of  fetuses 
and  their  organ  systems,  they  are  now  applied  to 
histology  as  well.  In  order  to  make  a  reconstruction, 
the  object  must  be  cut  in  serial  sections  and  plates 
of  a  uniform  thickness  must  be  obtained.  Several 
pieces  of  apparatus  have  been  designed  for  the  manu- 
facture of  these  plates,  but  they  can  so  readily  be  pro- 
cured in  a  number  of  colors  and  .of  a  uniform  thickness 
that  it  is  really  a  waste  of  time  and  effort  to  make 
them.  Models  can  be  made  of  any  magnification. 
Outline  of  the  magnified  sections  are  drawn  by  means 
of  a  camera  lucida  or  by  the  use  of  an  Edinger  pro- 
jectoscope  upon  paper.  The  wax  plates  are  then 
placed  upon  these  drawings  and  cut  out  and  superim- 
posed upon  one  another  until  the  series  is  completed. 
The  rough  model  is  then  smoothed  over  with  a  warm 
spatula.  H.  E.   Radasch. 
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Histories. — These  are  basic  proteins  that  are 
probably  intermediate  between  the  strongly  basic 
protamines  and  the  true  proteins.  They  have  a 
nitrogen  content  varying  from  16.5  to  19.8  per  cent, 
and  as  a  rule  are  richer  in  basic  nitrogen  and  especially 
yield  more  arginine  than  other  proteins.  A  peculiar 
protein  substance  was  isolated  from  the  red  corpuscles 
of  goose  blood  by  Kossell  and  from  its  resemblance  to 
peptone,  in  the  old  sense,  he  called  it  histone.  There 
are  a  large  number  of  extremely  different  bodies  that 
at  present  arc  called  histones,  such  for  example  as 
those  obtained  from  nucleohistone,  from  hemoglobin 
(globin)  from  mackerel  spermatozoa  (scombron)  from 
the  cod  fish  (gadushistone)  from  the  burbot  (lota- 
histone)  and  from  the  sea-urchin  (arbacin).  Sulphur 
is  usually  present  in  histones,  and  they  give  a  positive 
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biuret  test.  On  the  other  hand  they  usually  yield 
only  a  faint  Millon's  reaction.  The  goose-blood 
histone  gives  the  following  reactions — a  neutral  salt- 
free  solution  fails  to  coagulate  on  boiling,  it  gives  a 
precipitate  with  ammonia  which  is  insoluble  in  an  ex- 
cess of  the  solvent,  and  it  gives  a  precipitate  with 
nitric  acid  which  disappears  on  heating  and  reappears 
on  cooling.  Toward  these  three  reactions  the  differ- 
ent histones  behave  differently  and  they  therefore  are 
undoubtedly  bodies  of  varying  composition. 

Frank  P.  Underhill. 


Histoplasma. — A  protozoan  parasite  which  is 
found  in  the  endothelial  cells  in  the  liver,  spleen, 
lungs,  intestine,  lymphatic  glands,  and  in  leucocytes. 
It  causes  a  form  of  splenomegaly  which  resembles 
Indian  Kala-azar,  but  the  parasite  differs  from 
Leishmania,  the  cause  of  that  disease,  in  possessing 
onlv  a  single  chromatin  mass.     See  Protozoa. 

A.  S.  P. 


Histoplasmosis. — Definition. — Histoplasmosis  is 
an  acute  specific  infection  caused  by  Histoplasma 
capsulatum,  Darling. 

History. — This  disease  was  first  described  by  Dar- 
ling in  1907,  he  having  encountered  it  in  the  Canal 
Zone,  Panama,  in  the  years  1905  and  1906.  He 
discovered  it  at  autopsy.  It  has  not  yet  been  rec- 
ognized clinically. 

Etiology. — The  Histoplasma  capsulatum  is  a  proto- 
zoon  probably  belonging  to  the  Flagellidia.  It  is  ovi- 
form or  round,  about  three  microns  in  diameter,  and 
is  surrounded  by  a  clear,  refractile,  non-staining  rim, 
in  thickness  about  one-sixth  of  the  diameter  of  the 
parasite.  The  structure  is  not  homogenous  but  con- 
sists of  a  faintly  staining  substance  and  a  deeply 
staining  one;  a  clear  space  or  spaces,  and  chromatin 
granules.  These  chromatin  granules  are  generally 
single  and  eccentrically  placed.  The  deeply  staining 
substance  is  heaped  up  along  one  side  or  end  and 
the  vacuoles  are  contained  within  the  faintly  staining 
cytoplasm.  The  irregular  disposition  of  the  staining 
substance  and  the  absence  of  the  oval  rod  sharply  dif- 
ferentiate this  organism  from  the  Leishman-Donovan 
body. 

Pathology. — Two  of  the  three  cases  encountered 
showed  pseudogranulomata  disseminated  throughout 
the  lungs.  These  when  discrete  measured  two  to 
three  millimeters  in  diameter,  were  pearly  white  and 
dense,  and  were  surrounded  by  areas  of  hemorrhage. 
The  pseudogranuloma  consists  of  broken-down  alve- 
olar walls  and  alveolar  epithelial  cells  distended  with 
parasites.  Smears  from  these  lesions  do  not  contain 
tubercle  bacilli. 

The  liver  may  be  enlarged  and  show  many  small 
areas  of  necrosis.  The  spleen  is  greatly  enlarged  and 
has  a  firm  yet  friable  pulp.  The  lymph  nodes  drain- 
ing the  liver  and  the  spleen  are  enlarged,  pale,  yellow, 
and  friable. 

The  histoplasma  capsulatum  is  found  in  the  endo- 
thelial cells  lining  blood-  and  lymph-vessels,  in  the 
areas  of  necrosis  and  pseudogranulomata,  in  the  in- 
testinal tract,  spleen,  liver,  lymph  nodes,  and  rib 
marrow-. 

Symptomatology. — The  most  striking  clinical  fea- 
tures are  splenomegaly,  emaciation,  irregular  remit- 
tent fever,  anemia,  and  leukopenia. 

Conclusion. — No  treatment  or  prophylactic  meas- 
ures are  known.  Although  no  cases  have  been  seen 
in  Panama  since  1906,  it  is  probably  to  be  found  in 
unhygienic  and  less  salubrious  regions  of  tropical 
America  not  vet  disturbed  by  the  sanitarian.    L.  B.  B. 


Hodder,  Edward  Mulberry. — One  of  the  promi- 
nent physicians  of  Toronto,  Canada,  during  the  first 
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half  of  the  nineteenth  century.  He  was  born  in 
England,  December  30,  1810,  and  received  his  medical 
education  in  London,  under  the  guidance  of  Mr. 
Amesbury,  a  distinguished  English  surgeon.  After 
he  had  ended  his  career  as  a  student  of  medicine 
he  visited  Paris  and  Edinburgh,  and  settled  as  a 
practitioner,  for  short  periods  of  time,  first  in  Lon- 
don, next  in  St.  Servan,  France,  then  in  Canada 
(1835),  and  finally  a  second  time  in  St.  Servan.  In 
1838  he  returned  to  Canada  and  established  himself 
in  practice  in  the  neighborhood  of  Queenstown,  in 
the  Niagara  District.  In  1843,  after  five  years  of 
marked  professional  success  in  the  smaller  locality, 
he  removed  to  the  city  of  Toronto,  where  he  con- 
tinued to  live  up  to  the  time  of  his  death. 

In  1850  he  established,  in  concert  with  Dr.  James 
Bovell,  the  Upper  Canada  School  of  Medicine,  which, 
later  in  the  same  year,  became  the  medical  depart- 
ment of  Trinity  College.  For  several  years  Dr. 
Hodder  was  a  member  of  the  Faculty  of  the  Toronto 
School  of  Medicine,  but,  on  the  revival  of  his  old 
school  in  1870,  he  was  appointed  Dean  of  the  Faculty, 
which  position  he  held  up  to  the  time  of  his  death. 
From  1852  to  1872  he  was  one  of  the  staff  of  the  To- 
ronto General  Hospital  and  of  the  Burnside  Lying-in 
Hospital,  and,  at  the  time  of  his  decease,  was  Senior 
Consulting  Surgeon  to  both  of  these  institutions,  as 
well  as  to  several  others  of  like  character.  In  1S62  he 
was  chosen  President  of  the  Toronto  Medico-Chirur- 
gical  Society,  and  in  1875  President  of  the  Canada 
Medical  Association.  He  died  February  20,  1878, 
at  the  age  of  sixty-seven. 

Dr.  Hodder  contributed  to  The  Practitioner  for 
July,  1873,  an  article  on  the  transfusion  of  warm  milk 
into  the  veins  of  patients  in  the  later  stages  of  Asiatic 
cholera.  The  experiment  was  tried  in  the  hospital 
at  Toronto  during  the  cholera  epidemic  in  1849. 
(From  data  kindly  furnished  by  Dr.  A.  Primrose  of 
Toronto.)  A.   H.   B. 


Hodge,  Hugh  Lenox. — Father  and  son  bore  the 
same  name,  and  both  attained  considerable  celebrity, 
the  former  as  a  gynecologist  and  the  latter  as  a 
general  surgeon.  The  father  was  born  in  Philadelphia 
in  1790,  and  his  name  is  still  well  known  as  that  of 
the  inventor  of  two  very  useful  instruments — 
Hodge's  obstetrical  forceps  and  Hodge's  pessary. 
The  son  was  also  born  in  Philadelphia,  in  1836. 
In  1S61  he  was  appointed  Demonstrator  of  Surgery 
and  Head  Surgeon  of  the  Surgical  Clinic  of  the 
University  of  Pennsylvania.  Nine  years  later  he 
received  the  appointment  of  Prosector  of  Anatomy 
in  the  same  institution.  Dr.  Hodge,  senior,  died 
February  26,  1873,  and  his  son  in  1881.  The  pub- 
lished writings  of  the  latter,  the  majority  of  which 
will  be  found  in  The  American  Journal  of  the  Medical 
Sciences,  deal  with  a  considerable  variety  of  topics — 
hygiene,  general  surgery,  gynecology,  etc.  The 
following  are  the  titles  of  some  of  the  more  important 
of  these  essays:  "Report  on  Cases  in  which  Metallic 
Sutures  were  used;"  "Tracheotomy  in  Cases  of 
Pseudomembranous  Croup;"  "The  Drainage  of 
Abscesses  and  Wounds  by  Solid  Metallic  Probes;" 
"Excisions  of  the  Hip,  of  the  Knee,  of  the  Elbow,  and 
of  the  Wrist;"  "Ovariotomy  and  a  New  Form  of 
Trocar  for  the  Evacuation  of  Ovarian  and  other 
Abdominal  Fluids;"  and  "The  Construction,  Ventila- 
tion and  Hygienic  Management  of  Anatomical 
Rooms,  etc."  A.  H.  B. 


Hodgkin,  Thomas. — A  descendant  of  a  distin- 
guished Quaker  family,  born  at  Tottenham,  Middle- 
sex, England,  on  August  17,  1798.  He  studied  medi- 
cine at  Guy's  Hospital,  London,  in  Paris,  and  in 
Edinburgh,  at  which  place  he  received  his  degree  in 
medicine  in  1823.     In  1825  he  became  licentiate  of  the 


College  of  Physicians,   London,  and  was  appointed 

curator  and  pal  hologist  of  the  museum.  He  was  aUo 
a  member  of  the  Senate  of  the  University  of  Lund. in 
fri in i  its  Foundation  in  1837  until  his  death.  Hodgkin 
began  his  medical  career  as  a  physician  in  London, 
where  he  built  up  a  very  successful  practice.     As  he 

grew  older  he  gradually  withdrew  from  active  practice 
and  devoted  much  time  to  travel  and  philanthropic 
work.  While  on  a  visit  to  Palestine  and  the  East,  In- 
contracted  dysentery  and  died  at  Jaffa  on  April  5, 
1866. 

Hodgkin  wrote  extensively  on  medical  subjects, 
and  in  1832  he  published  in  the  Transactions  of  the 
Royal  Medical  and  Chirurgical  Society,  a  report  of  a 
number  of  cases  of  contemporaneous  enlargement  of 
the  spleen  and  lymphatic  glands.  It  seems  that  he 
did  not  distinguish  definitely  several  morbid  condi- 
tions one  from  the  other.  In  1865  when  Dr.  Samuel 
Wilks  pointed  out  that  four  of  these  conditions  be- 
longed to  a  type  of  disease  which  he  himself  had 
independently  discovered,  but  in  order  to  honor  his 
predecessor  as  teacher  of  Pathology  at  Guy's  Hospital, 
he  gave  this  morbid  condition  the  name  of"  Hodgkin's 
Disease."  In  1S2S  he  published  an  "  Essay  on  Medi- 
cal Education;"  in  1832,  "Hints  Relative  to  the 
Cholera  in  London;"  in  1836  his  "Lectures  on  the 
Morbid  Anatomy  of  the  Serous  and  Mucous  Mem- 
branes" were  published  and  this  work  established 
his  reputation  as  a  member  of  the  distinguished  school 
of  morbid  anatomists  at  Guy's  Hospital.  In  1840  he 
wrote  "The  Means  of  Promoting  and  Preserving 
Health."  E.  L.  J. 

Hodgkin's  Disease. — See  Pseudoleukemia. 

Hodgson,  Joseph. — Born  in  Birmingham,  Eng- 
land in  1788.  He  received  his  medical  education  at 
the  Royal  College  of  Surgeons  and  St.  Bartholomew's 
Hospital,  London.  Here  he  began  to  practise,  but  in 
a  short  time  removed  to  Birmingham,  where  he  spent 
the  greater  part  of  his  life.  He  was  elected  Surgeon  to 
the  General  Dispensary,  and  in  1821  he  was  appointed 
Surgeon  to  the  General  Hospital.  In  1824  he  founded 
and  became  Surgeon  to  the  Eye  Infirmary.  In  1849 
he  again  returned  to  London,  and  was  elected  a 
member  of  the  Council  of  the  College.  Later  he 
became  an  Examiner  in  Surgery  at  the  University 
of  London,  which  honor  he  gave  up  to  become  one 
of  the  Examiners  of  the  Royal  College  of  Surgeons. 
In  1864,  he  was  elected  President  of  the  College.  He 
was  also  President  of  the  Royal  Medical  and  Chirurgi- 
cal Society,  and  a  Fellow  of  the  Royal  Society,  of 
which  he  was  Senior  Fellow  at  the  time  of  his  death. 
His  death  occurred  on  February  7,  1869. 

Hodgson  was  noted  for  his  successful  work  as  a 
lithotomist,  and  his  name  is  associated  chiefly  with 
the  condition  produced  by  a  dilatation  of  the  arch  of 
the  aorta  combined  with  insufficiency  of  the  aortic 
valve  and  known  as  "Hodgson's  Disease."  Among 
his  chief  writings  is  his  work  on  "Diseases  of  the  Ar- 
teries and  Veins,"  published  in  1811,  which  won  for 
him  the  Jacksonian  Prize.  During  the  early  days  of 
his  practice  in  London  he  edited  the  London  Medical 
Review.  Many  of  his  written  contributions  to  medi- 
cine are  contained  in  the  Transactions  of  the  Royal 
Medical  and  Chirurgical  Society.  E.  L.  J. 

Hodgson's  Disease. — See  Aorta,  Diseases  of . 

Hoffa,  Albert  J. — Born  at  Richmond,  Cape  of 
Good  Hope,  South  Africa,  March  31,  1859.  He  ob- 
tained his  professional  training  at  the  Universities  of 
Marburg  and  Freiburg  (in  Breisgau),  and  from  1883 
to  1887  acted  as  assistant,  first  under  Prof.  Maas,  and 
then  under  Prof.  Schoenborn  in  the  surgical  clinic 
of  the  Julius  Hospital  at  Wurzburg,  Bavaria.  In 
1897  he  was  appointed  Professor  Extraordinary  of 
Surgery  in  the  university  of  the  latter  city ;  but  already 
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in  18S6  he  had  established  a  private  institute  devoted 
to  orthopedic  surgery,  gymnastic  methods  of  treat- 
ment, and  massage,  and  it  was  to  this  branch  of  surgi- 
cal work  that  he  from  that  time  forward  gave  almost 
constant  attention.  His  rich  experience  as  an  ortho- 
pedist is  embodied  in  his  treatise  entitled  "Lehrbuch 
der  orthopadischen  Chirurgie,"  3rd  edition,  Stuttgart, 
1898.     He  died  in  1907. 


Fig.  3219.— Albert  J.  Hoffa. 

Besides  the  Lehrbuch  already  mentioned  Hoffa 
published  a  large  number  of  shorter  treatises  and  es- 
says. A  few  only  of  the  more  important  of  these 
published  writings  may  here  be  mentioned:  "  Frac- 
turen  und  Luxationen,"  3rd  edition,  Wiirzburg,  1896; 
"Technik  der  Massage,"  2nd  edition,  Stuttgart,  1897; 
"Die  moderne  Behandlung  der  angeborenen  Hiiftge- 
lenksluxation,"  Munich,  1S9S.  From  1S92  onward, 
Hoffa  acted  as  editor  of  the  Zeilschriftfur  orthopddische 
Chirurgie.  A.   H.   B. 


Hoffmann,  Friedrich. — Born  in  Halle,  on  the 
Saale,  Germany,  February  19,  1660.  In  his  early 
youth  he  received  a  most  careful  education.  In  1678 
he  began  his  medical  studies  at  the  University  of 
Jena,  under  the  guidance  of  the  celebrated  professor 
George  Wolfgang  Wedel.  In  1680  he  received  the 
degree  of  Doctor  of  Medicine.  After  practising  his 
profession  for  seven  years,  with  great  success,  in  the 
city  of  Minden,  he  was  called  to  fill  the  Chair  of 
Medicine  and  Physics  in  the  newly  established  Uni- 
versity of  Halle.  In  course  of  time  he  rose  to  be  one 
of  the  greatest  practitioners  of  medicine  of  the  seven- 
teenth century.  Among  the  titles  which  were  con- 
ferred upon  him  the  following  may  be  mentioned: 
Privy  Councilor  and  First  Physician  of  the  King  of 
Prussia;  Dean  of  the  University  of  Halle;  Member  of 
the  Royal  Society  of  London.  He  died  November 
12,  1742,  after  having  given  to  the  medical  world  a 
collection  of  his  own  writings  of  vast  proportions  and 
of  inestimable  value,  the  subjects  of  which  cover 
every  department  of  medical  knowledge.  Hoff- 
mann's anodyne,  spiritus  a-theris  compositus,  bears 
the  name  of  the  subject  of  this  sketch. 

A.  H.  B. 


Holarrhena. — Conessi  or  Tellicherry  Bark,  The 
bark  of  //.  antidysenterica  Wall.  (fam.  Apocynaceae) , 
a  woody  plant  of  India.  It  is  one  of  several  plants 
whose  barks  have  gone  under  the  name  of  "Kura  " 
or  "Kuda"  in  India.  The  active  constituent  is  an 
alkaloid  which  has  been  called  Wrightine  ("cones- 
sine"),  and  there  is  some  doubt  about  its  identity 
with  what  has  been  regarded  as  the  same  from  other 
sources.  II  is  contained  also  in  the  seeds.  The  bark 
appears  to  be  a  carminative  and  intestinal  astringent, 
and  the  alkaloid  somewhat  antiperiodic.     It  is  very 
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largely  used  in  native  practice  in  India  as  an  anfidys- 
enteric,  and  has  been  considerably  soused  in  Europe. 
Reports  as  to  its  efficacy  are  discordant,  but  its  use  hats 
declined.  An  aqueous  extract  is  used  in  three-grain 
doses.  Henry  II.  Rtjsbt. 


Holly. — This  is  a  name  given  to  various  species 
of  the  genus  Ilex,  especially  /.  aquifolium  iLj, 
the  English  or  European  holly.  A  number  of  the 
species  (see  Cassine  and  \Inh  i  contain  caffeine  and 
are  used  accordingly.  The  leaves  of  European  holly 
were  formerly  largely  employed  in  catarrhal  affections. 
They  possess  mild  diaphoret  ic  properties.  They  con- 
tain Hide  acid  and  ilicin,  neither  of  which  is  ac- 
curately known.  Ilex  verticillata  (L),  A.  Gray 
the  winterberry,  false,  black,  or  striped  alder,  is  a 
shrub  or  small  tree  which  abounds  in  swamps  of 
eastern  North  America.  Its  bark  is  employed  as  an 
intestinal  astringent  and  tonic.  Before  the  advent 
of  quinine,  it  was  a  largely  employed  antiperiodic. 

II.  II.  Rusby. 


Holmes,  Oliver  Wendell. — Born  in  Cambridge, 
Mass.,  August  29,  1809.  He  obtained  the  degree  of 
M.  D.  from  the  Harvard  Medical  School  in  1836. 
After  several  years  of  foreign  study  he  settled  in 
Boston,  but  gave  up  the  practice  of  his  profession 
about  1849.  In  1847,  on  the  resignation  of  Dr.  John 
C.  Warren,  he  was  elected  Parkman  Professor  of 
Anatomy  and  Physiology  in  the  Harvard  Medical 
School.     Later  a  separate  Chair  of  Physiology  was 


Fig.  3220.— Oliver  Wendell  Holmes. 

established,  but  Holmes  continued  to  hold  that  of 
Anatomy  until  18S2.  His  death  occurred  October  7, 
1894. 

During  the  earlier  years  of  his  professional  career, 
Holmes  published  a  number  of  essays  and  short 
articles  on  topics  of  a  medical  nature,  and  in  1883  these 
were  reissued  in  a  single  volume  entitled  "Medical 
Essays."  Had  he  chosen  to  remain  in  medicine 
rather  than  to  devote  himself  to  literature  there  can 
be  no  doubt  that  he  would  have  won  a  place  among 
the  greatest  physicians  of  the  nineteenth  century.  His 
essay  on  "The  Contagiousness  of  Puerperal  Fever," 
in  which  he  revealed,  with  the  clairvoyance  of  the 
poet,  the  true  nature  of  this  murderous  disease  should 
place  him  among  the  immortals  of  the  healing  art. 
The  paper  was  read  before  the  Boston  Society  for 
Medical  Improvement  and  was  published  in  the  New 
England  Quarterly  Journal  of  Medicine  and  Surgery  for 
April,  1843,  some  years  before  Semmelweiss,  to  whom 
the  credit  for  the  discovery  is  usually  given,  proclaimed 
his  theory.  Holmes'  attention  was  first  directed  to 
the  subject  by  an  incident  informally  related  by  a 
member  at  one  of  the  meetings  of  the  Boston  Society 
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f(ir  Medical  Improvement.  The  narrator  told  of  a 
physician  who  had  made  a  postmortem  examination 
of  the  body  of  a  puerperal  fever  patient,  and  had  him- 
self died  in  less  than  a  week,  apparently  in  consequence 
of  a  wound  received  at  the  examination.  In  the 
meantime,  he  had  attended  several  women  in  confine- 
ment, all  of  whom  were  said  to  have  been  attacked 
with  puerperal  fever.  The  one  who  related  the  inci- 
dent failed  to  see  its  significance,  but  the  quick  percep- 
tion of  Holmes  grasped  it,  and  he  set  about  to  collect 
the  evidence  upon  which  to  base  his  theory  of  puer- 
peral infection.  There  was  an  abundance  of  material, 
and  in  the  essay  which  followed  there  was  an  array 
of  facts  that  should  have  left  no  doubt  in  the  mind  of 
the  reader  that  the  disease  was  communicable.  But, 
like  all  revolutionary  discoveries,  it  was  received  with 
incredulity,  and  the  theory  was  actively  opposed  by 
the  leading  obstetricians  of  the  day.  The  conclusion 
of  this  paper  and  the  rules  which  theauthor  proposed 
for  preventing  the  spread  of  puerperal  fever  were: 

"(1)  A  physician  holding  himself  in  readiness  to  attend  cases  of 
midwifery  should  never  take  any  active  part  in  the  postmortem 
examination  of  cases  of  puerperal  fever.  (2)  If  a  physician  is 
present  at  such  autopsies,  he  should  use  thorough  ablution,  change 
every  article  of  dress,  and  allow  twenty-four  hours  or  more  to  elapse 
before  attending  to  any  case  of  midwifery.  It  may  be  well  to 
extend  the  same  caution  to  cases  of  simple  peritonitis.  (3)  Similar 
precautions  should  be  taken  after  the  autopsy  or  surgical  treatment 
of  cases  of  erysipelas,  if  the  physician  is  obliged  to  unite  such  offices 
with  his  obstetrical  duties,  which  is  in  the  highest  degree  inexpe- 
dient. (4)  On  the  occurrence  of  a  single  case  of  puerperal  fever 
in  his  practice,  the  physician  is  bound  to  consider  the  next  female 
he  attends  in  labor,  unless  some  weeks  at  least  have  elapsed,  as  in 
danger  of  being  infected  by  him,  and  it  is  his  duty  to  take  every 
precaution  to  diminish  her  risk  of  disease  and  death.  (5)  If  with- 
in a  short  period  two  cases  of  puerperal  fever  happen  close  to  each 
other,  in  the  practice  of  the  same  physician,  the  disease  not  exist- 
ing or  prevailing  in  the  neighborhood,  he  would  do  wisely  to  relin- 
quish his  obstetrical  practice  for  at  least  one  month,  and  endeavor 
to  free  himself  by  every  available  means  from  any  noxious  influence 
he  may  carry  about  with  him.  (6)  The  occurrence  of  three  or  more 
closely  connected  cases,  in  the  practice  of  one  individual,  no  others 
existing  in  the  neighborhood,  and  no  other  sufficient  cause  being 
alleged  for  the  coincidence,  is  prima  facie  evidence  that  he  is  the 
vehicle  of  contagion.  (7)  It  is  the  duty  of  the  physician  to  take 
every  precaution  that  the  disease  shall  not  be  introduced  by  nurses 
or  other  assistants,  by  making  proper  inquiries  concerning  them  and 
giving  timely  warning  of  every  suspected  source  of  danger.  (8) 
Whatever  indulgence  may  have  been  granted  to  those  who  have 
heretofore  been  the  ignorant  cause  of  so  much  misery,  the  time  has 
come  when  the  existence  of  a  private  pestilence  in  the  sphere  of  a 
single  physician  should  be  looked  upon  not  as  a  misfortune  but  as  a 
crime,  and  in  the  knowledge  of  such  occurrences  the  duties  of  the 
practitioner  to  his  profession  should  give  way  to  his  paramount 
duties  to  society." 

The  limits  of  this  biographical  sketch  will  rot  allow 
of  a  discussion  of  the  literary  work  of  this  man  of  genius, 
but  one  can  claim  with  Stone  that  his  "large  and  ex- 
quisite contributions  to  literature,  not  medical,  no  less 
reflect  their  splendor  upon  the  profession." 

T.  L.  S. 


Holmgren,  Alarik  Frithiof. — Born  at  Asen, 
Sweden,  October  22,  1831.  He  studied  medicine  in 
Upsala,  and  received  his  doctor's  degree  from  the 
university  of  that  city  in  1861.  In  the  same  year  he 
was  made  Adjunct  Professor  of  the  Theory  and  Prac- 
tice of  Medicine  in  the  university.  During  the  years 
1861-1864  he  devoted  himself  to  experimental 
physiology,  under  the  teaching  of  Bruecke,  Ludwig, 
and  DuBois-Reymond,  in  preparation  for  his  accept- 
ance of  the  professorship  of  physiology  in  the  Uni- 
versity of  Upsala.  He  assumed  the  duties  of  this 
chair  in  1864,  and  at  the  same  time  superintended  the 
construction  and  equipment  of  a  physiological  labora- 
tory, the  first  one  established  in  Sweden.  In  1869  he 
worked  under  Helmholtz  in  Heidelberg,  and  afterward 
visited  the  laboratories  of  Italian  universities,  of  Paris, 
and  of  London.     He  died  August  14,  1897. 

Holmgren  is  known  chiefly  on  account  of  his  work 


in  investigating  the  subject  of  color-blindness,  espe- 
cially in  its  practical  relations  to  navigation  and  the 
running  of  railway  trains.  His  treatise  on  this 
subject  is  entitled:  "Die  Farbenblindheil  in  ihrcn 
Beziehungen  zu  den  Eisenbahnen  und  der  Marine," 
Leipzig,  1878.  The  test  for  color  perception  by  means 
of  skeins  of  variously  colored  worsteds,  which  he 
devised,  is  one  of  the  best-known  and  most  popular 
methods  in  use  to-day.  A.   EL   B. 


Holocaine,  para-dicthoxv-ethenvl-diphenvl-amidin 
hydrochloride  [(( ',  Il,.0.<\;il,l,),.Xli.<  '.<  !H3:N.H<  'II,  is 
a  condensation  product  of  phenacel  in  and  paraphene- 

tidin.  It  crystallizes  in  bitter,  while  needles  which 
are  freely  soluble  in  alcohol  and  ether  and  in  forty-five 
parts  of  water.      It  is  not  affected  l>v  a  temperature  of 

212°  F.  (100°  C).     With  alkalies  ii   is  decomposed 

and  precipitated,  the  present fa  calcium  salt  in  the 

water  used  for  solution  being  sufficient  to  produce  tur- 
bidity. It  attacks  any  free  alkali  in  glass;  B0,  to  pre- 
vent precipitation,  the  glass  container  should 
previously  be  boiled  with  acid. 

Holocaine  has  a  deleterious  effect  on  protoplasm,  as 
in  0.1-per-cent.  solution  it  stops  fermentation  and 
putrefaction,  in  0.5-per-cent.  solution  it  arrests  the 
development  of  germs,  and  in  one  per  cent,  it  stops 
ameboid  movements  and  kills  most  microorganisms. 
Hence  the  solutions  are  sterile,  though  if  desired  they 
may  be  boiled  without  harm.  Holocaine  paralyzes 
the  sensory  nerve  endings,  and  is  a  local  anesthetic 
of  great  power.  It  is  claimed  by  Hotz,  Wurdemann, 
Knapp,  Jackson,  and  others  to  be  quite  as  anesthetic 
in  the  eye  as  cocaine,  quicker  in  its  action,  and  its 
effect  more  lasting,  and  as  it  is  more  penetrating  the 
iris  is  more  anesthetized.  It  does  not  dry  the  cornea, 
increase  intraocular  tension,  or  influence  the  pupil  or 
accommodation.  Neither  does  it  constrict  the  vessels, 
and,  on  the  contrary,  it  tends  to  produce  slight  hy- 
peremia. This  comparison  with  cocaine  can  be  well 
demonstrated  by  dropping  cocaine  solution  in  one 
eye,  and  holocaine  solution  in  the  other  eye  of  the  same 
patient.  The  amount  used  for  eye  work  is  two  to 
five  drops  of  one-per-cent.  solution,  and  in  one-half 
to  two  minutes  this  produces  anesthesia  lasting  ten  to 
fifteen  minutes.  Derby  and  Knapp  recommend  it  for 
the  removal  of  foreign  bodies  as  it  leaves  so  little  effect 
on  the  eye.  They  also  find  it  the  most  serviceable 
drug  in  corneal  ulcers  of  microbic  origin,  and  in  puru- 
lent ophthalmitis.  Holocaine  cannot  be  used  like 
cocaine  by  hypodermic  for  local  anesthesia,  as  it  is 
much  more  toxic,  its  action  in  overdose  resembling 
that  of  strychnine  (Heinz).  W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Holothyrus. — A    genus    of    mites.     H.    coccinella 

is  found  on  ducks  and  geese  in  Mauritius.  It  often 
attacks  man,  particularly  children,  and  causes  severe 
swelling  and  itching.  Sometimes  it  attacks  the  lips 
and  tongue.     See  Arachnida.  A.  S.  P. 


Holotricha. — An  order  of  protozoans.  The  body 
is  covered  with  cilia  of  uniform  size  and  structure. 
Some  of  these  animals  live  as  internal  parasites  or 
commensals.     See  Protozoa.  A.  S.  P. 


Homalomyia. — Fannia.  A  genus  of  flies.  F. 
canicularis  is  commonly  found  in  houses  in  Europe 
and  America.  The  larvae  usually  live  in  vegetables 
and  frequently  pass  into  the  human  intestine  where 
they  may  cause  serious  and  prolonged  trouble.  In- 
fections have  also  been  reported  in  the  urinary  tract. 
See  Insects,  parasitic.  A.  S.  P. 
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Homatropine. — Atropine  and  hyoscyamine  when 
decomposed   break   up   into   tropic  acid   and  tropine. 

The  latter  when  combined  with  mandelic  acid  forms 
homatropine;  mandelic  acid  being  the  product  of  the 
action  of  hydrochloric  acid  on  amygdalin.  Homatro- 
pine combines  with  acids  to  form  salts;  the  hydrobro- 
mide,  hydrochloride,  and  salicylate  are  those  must 
employed.  The hydrobromide  is  official  in  the  United 
States  Pharmacopoeia  as  Homalropince  Hydrobro- 
midune.  Pure  homatropine  is  almost  insoluble  in 
water  but  is  slightly  soluble  in  oil  and  vaseline.  A 
two-per-cent.  solution  in  oil  and  gelatin  discs  are  pre- 
pared for  ophthalmic  work.  The  advantage  claimed 
for  the  solution  in  oil  is  that  it  is  not  so  readily  washed 
from  the  eyes  by  the  tears.  Homatropine  is  weaker 
in  its  action  than  atropine  and  when  administered  in- 
ternally acts  in  much  the  same  manner  as  does  the 
more  common  alkaloid.  It  is  said  to  differ  from  the 
latter  in  causing  a  slowing  of  the  pulse,  but  this  is  not 
marked  when  large  doses  are  administered.  Thedose 
of  the  hydrobromide  as  given  is  gr.  -j-J-j — fa  (0.0006 — 
0.002).  It  has  been  recommended  for  use  in  all  con- 
ditions in  which  atropine  is  indicated,  particularly  in 
the  night  sweats  of  phthisis.  It,  however,  has  not 
been  much  employed,  as  it  has  not  proved  so  trust- 
worthy as  atropine. 

Homatropine  is  almost  entirely  employed  as  a 
mydriatic  in  ophthalmic  work.  Its  action  is  imich  less 
intense  than  that  of  atropine,  but  it  dilates  the  pupil 
and  paralyzes  the  ciliary  muscle  almost  as  rapidly,  and 
its  effects  pass  off  in  a  much  shorter  time.  The  pupil 
begins  to  dilate  in  ten  or  twenty  minutes  and  paralysis 
of  accommodation  is  complete  in  about  one  hour.  In 
from  twelve  to  twenty-four  hours  its  action  is  quite 
recovered  from.  A  one  or  two  per  cent,  solution  is 
used.  Beaumont  Small. 

R.  J.  E.  Scott. 


Homburg. — This  popular  watering-place  is  situ- 
ated in  the  Rhine  land,  ten  miles  north  of  Frank  fort- 
on-the-Maine.  It  is  reached  from  Paris,  from  which 
it  is  477  miles  distant,  direct  by  rail,  or  via  Cologne 
and  the  Rhine. 

The  town  is  built  on  a  spur  of  the  Taunus  Moun- 
tains at  an  elevation  of  643  feet  above  sea  level.  Its 
natural  situation  is  not  picturesque,  but  art  has  done 
much  in  the  way  of  beautiful  pleasure  grounds,  ex- 
tensive parks,  and  promenades.  It  contains  9,278 
inhabitants  and  is  annually  visited  by  12,000  persons, 
forty  per  cent,  of  whom  are  said  to  be  foreigners,  in- 
cluding a  large  number  of  English.  Homburg  was 
one  of  the  favorite  resorts  of  the  late  King  of  England. 

The  mineral  springs  and  sanatoria  are  in  a  large 
Kurpark  which  extends  toward  the  northeast  into  the 
forests  of  the  foothills  of  the  Taunus. 

The  climate  is  that  of  Central  Germany,  mild  and 
rather  dry,  the  average  vearly  temperature  being 
47.5°  F. ;  and  for  summer,  Mav  56.3°  F. ;  June,  66.2°  F. ; 
July,  65.6°  F.;  August,  66.5°  F.;  September  56.3°  F. 
The  yearly  rainfall  is  26.6  inches.  The  season  ex- 
tends from  May  to  the  end  of  September. 

The  waters  of  Homburg  are  saline-chalybeate,  and 
are  derived  from  the  Taunus  schist  and  quartzite. 
The  principal  constituents  are  the  chlorides  of  sodium, 
calcium,  magnesium,  and  lithium;  the  carbonates  of 
iron  and  calcium,  and  free  carbonic  acid.  Unlike 
the  waters  of  Ems,  they  are  cool  and  have  to  be  arti- 
ficially heated  when  used  for  baths.  They  come 
under  the  general  classification  of  common  salt  or 
muriated  waters  and  are  similar  to  those  at  Wies- 
baden, Kissingen,  Baden-Baden,  Kreuznach,  and 
Nauheim. 

There  .■ire  seven  springs,  as  follows,  with  their  tem- 
peratures: Elizabethbrunnen,  51.1°  F.;  Ludwigbrun- 
nen,  53.4°  F.;  Louisenbrunnen,  52.1°  F.;  Landgrafen- 
brunnen,  51. s"  l<\;  Kaiserbrunnen,  52.9°  F.;  Stahl- 
brunnen,  51.8°  F.;  Soolsprudel,  51.8°  F. 


The  Louisenbrunnen  and  Stahlbrunnen  are  dis- 
tinguished by  their  excess  of  carbonate  of  iron.  All 
these  springs  are  used  fur  drinking  except  the  Sools- 
prudel and  Landgrafenbrmmen. 

The  Ludwigbrunnen,  Kaiserbrunnen,  Louisen- 
brunnen, and  Soolsprudel  are  used  for  bathing,  the 
water  being  warmed  by  hot  steam  chambers  at  the 
bottom  of  the  baths,  with  the  least  possible  escape  of 
carbonic  acid  gas.  The  waters  of  the  Ludwigbrunnen 
are  used  for  inhaling.  All  the  springs  are  the  prop- 
erty of  the  town  of  Homburg,  which  has  erected  the 
various  bath-houses;  the  Kaiserbrunnen  with  sixty 
bathrooms,  and  two  piscime  for  natural  carbonic-acid 
salt  baths,  mud  baths,  and  mineral,  and  fresh-water 
baths;  Kurhausbad  with  thirty-three  bathrooms. 
In  the  former  26,147  baths  were  given  in  1899,  and 
in  the  latter  over  7,000.  In  the  Kaiser  Wilhelm's 
bath  are  inhalations  with  spray  produced  by  com- 
pressed air. 

Besides  the  mud  baths  mentioned  there  are  pine- 
needle,  electric,  medicated,  and  steam  baths;  and  there 
are  also  good  facilities  for  Swedish  gymnastics  and 
massage,  as  well  as  for  the  milk  and  whey  treatment. 

The  chief  center  for  visitors  is  the  Kurhaus,  contain- 
ing handsome  apartments,  reading-room,  etc.,  with 
a  terrace  partly  covered  with  glass,  and  corridors, 
affording  a  sheltered  promenade.  At  the  back  of 
this  Kurhaus  extend  the  beautiful  pleasure  grounds 
with  a  palm-house,  orangery,  and  well-kept  flower 
beds. 

The  town  contains  water-works,  a  sewerage  plant 
with  facilities  for  filtration,  and  a  steam  disinfecting 
apparatus. 

Therapeutics. — When  these  waters  are  taken  in- 
ternally they  gently  stimulate  the  gastric  and  intes- 
tinal mucous  membrane,  at  the  same  time  rendering 
the  contents  of  the  bowels  more  fluid;  they  are  there- 
fore beneficial  in  catarrhal  affections  of  the  alimentary 
tract.  Taken  in  small  quantities  they  are  constipat- 
ing, but  laxative  in  larger  quantities.  They  help  to 
increase  the  general  nutrition,  according  to  Weber, 
by  their  action  in  aiding  the  digestion  of  albuminous 
materials. 

According  to  the  same  authority,  they  often  in- 
crease the  weight  in  thin  persons,  and  for  such  cases 
are  preferable  to  the  alkaline-sulphated  waters. 

They  are  also  beneficial  in  catarrhal  affections  of  the 
respiratory  tract;  in  gout,  uric-acid  diathesis,  obesity, 
hemorrhoids,  diseases  of  women,  heart  diseases,  and 
malaria.  Those  springs  containing  iron  are  useful  in 
cases  of  anemia  and  chlorosis. 

Fifty-five  thousand  liter  bottles  of  these  waters  are 
yearly  exported.  Edward  O.  Otis. 


Homeopathy. — Homeopathy  is  not  a  system  of 
medicine.  It  does  not  replace  surgery,  hygiene,  bio- 
logical medicine,  chemical  antidote,  physical  thera- 
peutics, or  even  the  physiological  dosage  of  the  modern 
physician.  It  is  but  one  of  many  methods  of  treat- 
ing sickness.  It  admits  the  possibility  of  eliminat- 
ing, by  other  means,  the  evidence  of  illness.  Properly 
understood,  homeopathy  is  nothing  more  than  a 
method  of  therapeutic  application.  Its  one  and 
only  demand  for  recognition  is  its  peculiar  way  of  de- 
termining the  remedy  for  the  removal  of  the  symptoms 
of  disease.  The  size  of  the  dose  prescribed  and  the 
repetition  of  the  remedy  have  little  to  do  with  homeop- 
athy. Whether  a  given  prescription  is  homeopathic 
or  not  depends  purely  and  simply  upon  the  means 
of  its  selection.  Homeopathy,  then,  is  a  method  of 
therapeutic  procedure. 

The  homeopathic  method  of  treatment  is  founded 
on  this  hypothesis:  The  symptoms  of  disease,  as 
met  by  the  practitioner,  may  be  removed  by  the  ad- 
ministration of  a  remedy  which  is  capable  of  pro- 
ducing similar  symptoms  when  administered  to  a 
healthy  person.     This  doctrine  was  expressed  by  its 
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founder  in  the  Latin  phrase,  Similia  similibus  curenlw, 
and  in  the  German,  Heile  (lurch  Symplomenaehnlich- 
keit;  the  practice  of  Homeopathy  accords  with  the  rule 
thus  expressed. 

It  is  an  unfortunate  fact  that,  in  spite  of  a  hundred 
years  of  practical  use  of  this  method,  there  is  still 
much  misunderstanding  of  its  exact  place  in  the 
practice  of  medicine.  It  is  the  purpose  of  this  article 
to  attempt,  in  a  brief  way,  to  show  not  only  what 
homeopathy  is,  but  also  how  it  may  be  useful  to  the 
non-homeopathic  graduate. 

No  man  has  practised  medicine  for  any  considerable 
time  without  meeting  diseases  which  seem  incapable 
of  removal  by  ordinary  means.  Perhaps  the  path- 
ology is  not  understood;  the  symptoms  are  so  obscure 
that  a  diagnosis  is  impossible;  the  usual  treatment 
has  met  with  no  satisfactory  result.  What  then 
can  be  done?  To  the  average  physician  expectant 
treatment  and  experiment  are  all  that  are  left.  In 
such  a  case,  homeopathy  offers  hope  of  cure.  It  is 
better,  certainly,  than  the  expectant  method,  because 
the  physician  is  at  least  doing  something  for  the 
patient.  It  is  superior  to  experiment,  because  it 
has  the  merit  of  some  recorded  evidence  of  usefulness. 

Granted,  then,  that  homeopathy  will  be  given  a 
trial,  how  should  the  physician  proceed?  He  must 
first  elicit  from  the  patient  all  his  peculiar  and  ab- 
normal symptoms.  It  matters  not  whether  these 
symptoms  relate  to  the  particular  organ  diseased, 
or  whether  they  are  remote  from  that  part  of  the 
body.  It  is  desirable  to  gather  the  "totality  of  the 
symptoms,"  all  the  evidences  of  the  patient's  departure 
from  health.  Special  attention  is  paid  to  the  con- 
ditions that  produce  relief  or  increase  of  suffering, 
inquiry  being  made  as  to  the  effects  of  heat  and  cold, 
of  rest  and  motion,  of  excitement  and  calm,  of  specific 
items  of  food  and  drink,  of  the  time  and  particulars 
of  aggravation  or  amelioration.  Systematic  examina- 
tion and  questioning  are  instituted  to  discover  peculiar 
and  unusual  symptoms. 

These  carefully  gathered  symptoms  may  be  set 
down  as  the  outward  and  visible,  or  inward  and 
functional,  evidence  of  the  patient's  disorder.  They 
are  now  to  be  compared  with  the  recorded  "provings" 
of  the  drugs. 

In  making  up  the  homeopathic  materia  medica, 
every  possible  source  of  information  has  been  visited. 
Poisonings,  accidental  or  intentional,  pharmacological 
tests,  animal  experiments,  postmortem  findings — all 
these  records  have  been  studied.  In  addition,  careful 
provings  are  made  by  administering  to  the  healthy 
person  the  chosen  drugs,  in  varying  strengths,  to  de- 
termine their  power  to  modify  or  disturb  the  func- 
tions of  the  body.  Subjective  symptoms  are  re- 
corded with  the  same  care  as  are  the  objective  signs 
of  departure  from  health.  These  many  symptoms, 
gathered  from  every  possible  place  of  information, 
are  grouped  together  to  make  up  the  so-called 
"Materia  Medica  Pura." 

To  make  clear  exactly  the  scheme  employed  in 
preparing  the  homeopathic  materia  medica,  let  us 
take  a  single  remedy  and  see  how  its  field  of  usefulness 
is  de  termined.  For  instance,  it  may  be  bryonia 
alba,a  drug  hardly  more  than  mentioned  in  the  LJnited 
States  Pharmacopoeia,  and  rarely  prescribed  by 
physicians  unfamiliar  with  homeopathy. 

The  poisonings  with  and  provings  of  this  drug  show 
it  to  have  three  chief  centers  of  conspicuous  effect. 
These  are  as  follows: 

The  serous  membranes,  producing  inflammation 
and  effusion. 

The  mucous  membranes,  resulting  in  arrest  of  the 
secretions. 

The  muscles,  causing  irritation  and  even  inflam- 
mation. 

This  general  picture  of  bryonia  prepares  one  to 
understand  the  multitude  of  symptoms  produced  by 
the  drug,  for  instance,  sharp,  stitching  pains  in  the 


chest  or  in  the  muscles;  constipation,  with  stools  dry 
and  hard  as  if  burnt;  congestive  headache,  feeling 
as  though  the  .skull  would  burst  open;  aggravation  of 
all  symptoms  from  motion.  The  reason  for  and 
explanation  of  each  of  these  symptoms  can  be  found 
in  the  general  outline  of  the  "sphere  of  action"  of  the 
drug. 

Unfortunately,  disease,  as  it  is  met  in  practice,  does 
not  present  clear-cut  indications  for  this  or  that 
remedy.  It  necessitates  us,  therefore,  to  study  our 
patient  carefully,  in  order  that  we  may  be  led  to  the 
selection  of  the  curative  drug.  Stumbling  upon  an 
obscure  and,  at  first  thought,  insignificant  symptom, 
may  make  plain  at  once  that  Bryonia  is  the  remedy. 
Determining  the  remedy  in  this  way  is  analogous  to 
arriving  at  a  diagnosis  by  virtue  of  a  single  symptom. 
For  instance,  the  symptoms  of  a  given  eye  condition 
may  leave  one  at  a  loss  to  decide  whether  the  case  be 
one  of  iritis  or  glaucoma;  the  discovery  of  increased 
intraocular  tension  decides  the  diagnosis.  Dif- 
ferentiations between  remedies  are  difficult  to  make, 
but  careful  comparisons  must  lead  the  informed 
student  to  the  indicated  drug.  In  pneumonia,  for 
instance,  one  may  hesitate  between  belladonna  and 
bryonia,  both  producing  inflammation.  The  exudate 
would  at  once  determine  that  the  disease  had  passed 
the  stage  where  the  former  remedy  could  be  of  value, 
and  would  decide  the  indication  for  bryonia. 

It  will  be  understood,  of  course,  that  in  the  brief 
compass  of  this  article  one  cannot  go  into  the  minute 
details  of  a  system  that  must  be  carried  out  with 
scientific  exactness  to  insure  success.  It  is  the  de- 
sire of  the  writer,  however,  to  bring  out  some  of  the 
things  that  seem  important  enough  to  demand  the 
serious  consideration  of  every  practitioner.  The 
average  physician  pays  little  attention  to  the  moods 
and  mental  condition  of  his  patient.  He  is  inclined 
to  scoff  at  the  possible  remedial  usefulness  of  drugs 
for  the  removal  of  purely  subjective  symptoms.  He 
knows,  as  does  every  layman,  that  the  taking  of  this 
drug  or  that  may  be  followed  by  certain  mental 
disturbances;  it  may  be  the  exhilaration  of  alcohol, 
or  the  sedation  of  morphine.  To  make  use  of  reme- 
dies, however,  to  restore  normal  function  to  a  dis- 
turbed mind  is  rarely  undertaken.  The  homeo- 
pathist  has  faith  in  the  power  of  his  remedies  to  modify 
and  control  subjective  symptoms.  While  such  ob- 
servations may  not  be  capable  of  mathematical  dem- 
onstration, yet  the  repeated  verification  of  these 
clinical  experiences  must  go  far  toward  satisfactory 
proof  of  their  reliability. 

In  collecting  material  for  the  materia  medica. 
therefore,  no  symptom,  objective  or  subjective,  re- 
peatedly occurring  in  the  provers,  has  been  disre- 
garded. While  much  chaff  has  been  included,  doubt- 
less, yet  the  grains  of  fact  are  so  many  that  we  feel 
no  therapeutist  can  afford  to  disregard  the  virtues  of 
our  literature.  It  is  for  the  practitioner  to  determine 
for  himself  what  is  reliable  and  what  unreliable  in  the 
collection  of  symptoms  known  as  the  materia  medica 
pura.  The  one  central  and  essential  fact  of  the  system 
is  that  the  remedy  chosen  must  correspond  in  simi- 
larity to  the  symptoms  of  the  patient.  Its  possibility 
of  usefulness  is  destroyed  if  the  drug  be  administered 
because  the  patient  has  a  definite  pathological  con- 
dition. The  prescriber  must  forget  the  name  of  the 
disease,  and  choose  the  remedy  for  the  one  and  only 
reason  that  it  is  the  "similimum"  for  that  particular 
case. 

Let  it  not  be  supposed,  however,  that  t lie  homeo- 
pathic physician  looks  askance  upon  the  advances  of 
general  medicine.  The  sputum  examination,  for 
instance,  in  the  diagnosis  of  throat  and  lung  diseases, 
is  given  the  same  importance  in  the  homeopathic 
world  that  it  receives  elsewhere.  The  most  radical 
opponent  of  homeopathy  would  not  say  that  in  the 
choice  of  a  drug  the  presence  or  absence  of  the  germ 
would    influence    his  selection  of  a  curative  remedy. 
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It  would  simply  decide  the  question  of  climate  or  the 
general  disposition  of  the  patient.  It  means  at  least 
that  much  to  the  homeopathic  prescriber.  The 
laboratory  methods  of  science  receive  the  same  patron- 
age and  the  same  encouragement  in  the  homeopathic 
school  as  elsewhere.  In  surgery,  in  gynecology,  in 
ophthalmology,  the  same  careful  technique,  the  same 
skill,  the  same  methods  are  everywhere  employed. 
No  one  claims  that  the  results  of  surgery  in  other 
schools  are  superior  to  those  gained  by  the  homeo- 
pathic operator.  The  American  Institute  of  Homeo- 
pathy has  officially  decreed  that  "a  homeopathic 
physician  is  one  who  adds  to  his  knowledge  of  medicine 
a  special  knowledge  of  homeopathic  therapeutics.  All 
that  pertains  to  the  great  field  of  medicine  is  his  by 
tradition,  by  inheritance,  by  right." 

It  has  been  .stated  already  that  the  size  of  the  dose 
has  nothing  to  do  with  homeopathy.  Whether  one 
give  "a  smell  or  a  tub-full "  the  use  of  the  remedy  may 
be  considered  homeopathic,  provided  it  is  prescribed 
in  accordance  with  the  fundamental  hypothesis  of  the 
system.  As  a  matter  of  practice,  however,  homeo- 
pathic physicians  usually  employ  "dilutions"  or 
"attenuations,"  known  familiarly  as  "potencies." 
In  what  is  known  as  the  "decimal"  system,  one  grain 
or  minim  of  the  chosen  drug  is  diluted  with  nine  parts 
of  alcohol,  or  triturated  with  nine  parts  of  some  inert 
substance,  like  sugar  of  milk.  This  makes  what  is 
called  the  "first  potency,"  indicated  by  the  symbol 
"lx."  To  make  the  second  potency,  one  part  of  the 
first  is  treated  with  nine  parts  of  the  vehicle.  The 
third  is  made  in  a  similar  manner  from  the  second, 
etc.,  etc.  It  will  be  seen  that  each  succeeding  potency 
is  one-tenth  the  strength  of  the  preceding  one.  While 
there  are  many  so-called  "high  potency"  homeopaths, 
it  is  probable  that  most  homeopathic  physicians 
employ  the  third  potency,  each  dose  representing 
one  one-thousandth  of  a  grain  of  the  drug.  With  a 
remedy  prescribed  for  symptoms  similar  to  its  physio- 
logical action,  it  must  follow  that  too  large  a  dose 
would  produce  an  aggravation  of  the  disease.  For 
this  reason,  it  is  desirable  to  prescribe  a  dosage 
short  of  one  producing  actual  physiological  effect.  It 
is  aimed  to  get  what  the  homeopathist  calls  the 
"dynamic"  effect  of  the  drug,  in  contradistinc- 
tion to  its  physiological  or  poisonous  effect. 

"The  proof  of  the  pudding  is  in  the  eating."  The 
practical  value  of  homeopathy  lies  in  its  results. 
What  are  these?  Perhaps  it  is  not  within  the  scope 
of  this  article  to  enumerate  them.  It  is  the  belief  of 
the  writer,  however,  that  the  duration  of  diseases, 
concerning  which  we  have  pretty  accurate  knowl- 
edge of  their  natural  history,  can  be  materially 
shortened  and  the  suffering  of  the  patient  alleviated. 
This  is  a  dogmatic  statement  and  proves  nothing,  of 
course.  But,  aside  from  individual  conviction,  is  not 
a  method  of  therapeutic  application  that  has  withstood 
a  century  of  criticism  worthy  of  careful  consideration? 
Since  homeopathy  is  not  intended  to  displace  causal 
therapeutics  or  remedial  measures  of  known  value,  is 
it  not  incumbent  upon  the  well-informed  and  con- 
scientious physician  to  study  its  possible  virtues? 
This  writer  has  seen  glaucoma,  acute  infections  of  the 
eye,  and  other  definite  and  unmistakable  diseases 
disappear  under  this  system  of  treatment.  Its  useful 
application  in  every  class  of  affections  has  been  testified 
to  by  hundreds  of  practitioners.  Perhaps  its  advo- 
cates have  appeared  to  claim  too  much,  or  have  failed 
to  make  clear  its  exact  place  in  medical  practice. 
When  it.  is  understood,  however,  that  homeopathy 
is  but  a  method  of  therapeutic  procedure,  and  makes 
no  pretense  to  being  a  system  of  medicine,  its  merits 
may  become  better  known  and  more  commonly  ap- 
plied in  pract  ice. 

"Hahnemann  placed  homeopathy  squarely  on 
two  facts  or  two  classes  of  facts;  on  one  side,  the' facts 
of  disease,  the  subjective  and  objective  symptoms  of 
the  naturally  diseased  patient;  on  the  other  side,  the 
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facts  of  the  remedy,  the  subjective  and  objective 
symptoms  of  the  drug  diseased  patient.  These  two 
classes  of  facts  he  made  to  serve  for  the  premises  of  a 
scientific  therapeutic  application.  He  directed  to 
cure  curable  medical  constitutional  diseases  by 
symptom-similarity,  by  the  similitude  of  the  natural 
and  the  drug  disease  effects,  and  this  method 
of  symptom-similarity  he  denominated  homeopathy. 
This  is  all  that  homeopathy  is.  It  is  a  plain  scientific 
method,  and  just  because  it  is  this  and  nothing  more, 
it  carries  with  it  all  the  elements  of  historic  perma- 
nency. To  speak  broadly,  but  none  the  less  exactly, 
the  sciences  of  pathology  and  pharmacology  are  the 
premises.  Homeopathy,  then,  is  "the  method  by 
which  the  facts  of  the  sciences  of  pathology  and 
pharmacology  are  brought  into  correspondence  for 
the  purpose  of  cure  when  cure  is  possible."  The 
colleges  of  homeopathy  teach  all  the  fundamental 
sciences,  present  all  the  facts  and  theories  of  general 
medicine,  and  in  addition,  give  the  student  detailed 
knowledge  of  the  materia  medica  pura.  The 
hospitals  under  homeopathic  control  apply  in  a 
practical  way  the  didactic  teachings  of  the  colleges. 
Both  the  colleges  and  the  hospitals  recognize  the  limita- 
tions of  homeopathy  and  confine  its  application  to 
its  proper  sphere.  Thus  employed  homeopathy  has 
a  place  in  medical  practice  that  cannot  be  disregarded. 

Royal  S.  Copeland. 

Honey. — See  Mel. 

Honthin  is  a  tasteless  and  odorless  compound  of 
tannin,  keratin,  and  albumin,  which  is  said  to  pass 
through  the  stomach  unchanged,  and  to  be  slowly 
separated  into  its  constituents  in  the  intestine.  It  is 
an  intestinal  astringent,  is  insoluble  in  water,  and  may 
be  given  alone  or  with  chalk  mixture  for  diarrhea  or 
intestinal  fermentation  (Reichelt,  Frieser). 

W.  A.  Bastedo. 

R.  J.  E.  Scott. 


Hoof  and   Mouth   Disease. 

Disease. 


See  Foot  ami  Mouth 


Hookworm. — See  Uncinaria,  under  Xematoda. 

Hookworm  Disease. — Ankylostomiasis,  Miner's 
Anemia,  Uncinariasis,  Negro  consumption,  Doch- 
miasis,  Egyptian  and  Tropical  Chlorosis,  Tunnel 
disease,  Geophagia,  Allotriophagia.  A  toxemia  result- 
ing in  a  progressive  anemia,  caused  by  Ankjjlostoma 
duodenale  and  Necator  americanus.  It  is  prevalent 
in  most  tropical  countries  and  in  many  mines.  Infec- 
tion may  take  place  through  the  mouth  or  skin.  See 
Ni  matoda  and  Uncinariasis.  A.  S.  P. 


Hoppe=Seyler,  Ernst  Felix  Immanuel. — Born 
at  Freiburg  a.  d.TJ.,  December  26,  1825.  He  pursued 
his  medical  studies  at  the  universities  of  Halle, 
Leipzig,  Prague,  Vienna,  and  Berlin,  and  received  the 
degree  of  Doctor  of  Medicine  from  the  latter  univer- 
sity in  1850.  During  the  years  1852-1S54  he  devoted 
considerable  time  to  research  work  in  the  department 
of  physiological  chemistry.  In  1856  he  became  an 
assistant  in  the  Pathological  Institute,  under  Yirchow, 
and  was  assigned  to  work  in  pathological  chemistry. 
In  1861  he  was  made  Professor  of  Applied  Chemistry 
in  the  University  of  Tubingen;  and  finally,  in  1872, 
he  was  called  to  fill  the  Chair  of  Physiological  Chem- 
istry in  Strassburg,  a  position  which  he  held  up  to  the 
end  of  his  life.     He  died  August  10,  1895. 

Hoppe-Seyler  is  entitled  to  be  considered  the 
founder  of  modern  physiological  chemistry.  The 
number  of  his  original  investigations  in  this  depart- 
ment of  medical  science  is  very  large;  and  the  influ- 
ence which  he  exerted  as  a  teacher  is  also  very  great. 
The  majority  of  the  professors  of  physiological  chem- 
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istry  in  the  universities  of  Germany  and  very  many 
of  those  in  foreign  universities  received  their  training 
as  teachers  under  Hoppe-Seyler.  Of  his  published 
writings  only  a  few  of  the  more  important  ones  may 
here  be  enumerated:  "Handbuch  der  physiologiscli- 
und  pathologisch-chemischen  Analyse,"  Berlin,  1N5S 
(5th  edition,  1883);  "  Physiologische  Chemie,"  1877- 
1881;  "  Medieinisch-chemische  Untersuchungen, " 
1866-1871;  and  "Zeitschrift  fiir  physiologische 
Chemie,"  1877-1894.  A.  H.  B. 

Hops. — See  Humulus. 

Hordein  is  a  protein  obtained  from  barley  and  is 
especially  characterized  by  yielding  a  large  quantity 
of  protein  (a-pyrolidine  carboxylic  acid)  on  hydroly- 
sis. F.  P.  U. 

Horehound. — See  Marrubium. 

Hormones. — This  term  is  applied  to  those  sub- 
stances which  excite  glands  to  secretion.  The  most 
typical  case  of  a  hormone  is  that  in  connection  with 
the  pancreas  where  the  absorption  of  secretin  in  the 
intestine  calls  forth  a  flow  of  pancreatic  juice.  Secre- 
tion by  a  hormone  is  regarded  as  a  chemical  secretion, 
as  distinct  from  one  induced  by  the  influence  of  the 
nervous  svstem.  F.   P.  U. 


Horner,  William  Edmonds. — Born  in  Warren- 
ton,  Virginia,  June  3,  1793.  He  received  the  degree 
of  Doctor  of  Medicine  from  the  University  of  Pennsyl- 
vania in  1814.  In  1815  he  settled  in  Philadelphia. 
He  was  very  fond  of  the  study  of  anatomy,  and  he 
dissected  with  so  much  skill  and  neatness  that  Dr. 
Casper  Wistar,  who  was  at  that  time  Professor  of 
Anatomy  in  the  University  of  Pennsylvania,  arranged 
with  him,  in  1816,  to  become  his  assistant  and  to 
prepare  the  subjects  for  demonstration.  After  the 
death  of  Wistar,  in  1818,  Horner  became  the  assistant 
of  Dr.  Physick.  In  recognition  of  the  manner  in 
which  he  had  done  the  anatomical  work  assigned  to 
his  care  the  authorities  made  him  (1820)  Adjunct 
Professor  of  Anatomy;  and  in  1831,  when  Physick 
resigned,  he  was  chosen  as  the  latter's  successor. 
For  over  twenty  years  from  this  time  he  continued  to 
hold  the  Chair  of  Anatomy;  and  during  this  period 
he  made  many  and  most  valuable  additions  to  the 
Anatomical  Museum  which  had  been  founded  by 
Wistar.  The  trustees,  recognizing  the  exceptional 
character  of  these  gifts  and  the  great  generosity  of  the 
donor,  gave  the  museum  the  name  of  the  "  Wistar 
and  Horner  Museum."  Horner  died  in  Philadelphia, 
March  13,  1853. 

Of  Horner's  published  writings  the  three  most- 
important  ones  are  these:  "Special  Anatomy  and 
Histology"  (8  editions  between  1826  and  1851); 
"United  States  Dissector"  (5  editions  up.  to  1856); 
and  "Anatomical  Atlas. "  A.  H.  B. 


Hornet. — Certain  species  of  hymenopterous  insects 
belonging  to  the  genus  Vespa.  The  stings  of  some 
cause  pain  and  even  more  serious  trouble,  such  as 
swelling,  abdominal  pain,  and  unconsciousness.  See 
Insects,  poisonous.  A.  S.  P. 

Horseradish. — See  Cochlearia. 

Hosack,  David. — Born  in  New  York  City,  August 
31,  1769.  He  received  his  degree  of  Doctor  of  Medi- 
cine in  1791,  from  the  University  of  Pennsylvania. 
In  1792  he  began  the  practice  of  his  profession  in  his 
native  city.  He  soon,  however,  decided  to  visit 
London  and  Edinburgh,  and  in  1793  he  entered  St. 
Bartholomew's  Hospital  as  a  pupil  of  Sir  James  Earle, 
the  son-in-law   of   and   successor   to   the   celebrated 


John  Hunter.  In  addition  to  the  study  of  surgery 
he  spent  several  hours  every  day  in  examining  the 
various  genera  and  species  to  be  found  in  tint  botanic 
garden  of  William  t'urti.s,  author  of  the  "Mora 
Londinensis,"  and  also,  once  a  week,  accompanied 
him  in  an  excursion,  for  botanizing  purposes,  to  the 
different  parts  of  the  country  in  I  In-  vicinity  of  London. 
During  the  winter  season  he  devoted  himself  to  ana- 
tomical dissections,  to  chemistry  and  materia  medica, 
and  to  mineralogy.  In  1794  he  returned  to  New  York 
and  resumed  practice.  In  1795  lie  was  appointed  to 
the   Professorship   of    Botany    in    Columbia    College, 


Fig.  3221.— David  Hosack. 

and  it  was  also  about  this  time  that  he  was  taken  into 
partnership  by  Dr.  Samuel  Bard,  one  of  the  most 
eminent  of  New  York's  physicians.  In  1797  Dr. 
Hosack  was  appointed  to  the  Chair  of  Materia  Medica 
in  Columbia  College,  in  addition  to  that  of  botany 
which  he  already  held.  In  1807,  when  the  College  of 
Physicians  and  Surgeons  was  established  as  an  inde- 
pendent organization,  he  gave  up  these  two  chairs  and 
was  chosen  Professor  of  Surgery  and  Midwifery  in  the 
new  institution.  After  a  short  time,  however,  he 
relinquished  this  chair  for  that  of  the  theory  and 
practice  of  physic  and  clinical  medicine.  General 
Alexander  Hamilton  remained  one  of  his  closest 
friends  and  it  was  Hosack  who  accompanied  him  to 
the  fatal  field,  when  he  fell  in  his  duel  with  Aaron 
Burr. 

According  to  the  Memoir  of  Dr.  David  Hosack, 
written  by  his  son,  Dr.  A.  E.  Hosack,  he  performed  at 
the  Almshouse  Hospital  "many  important  surgical 
operations,  done  for  the  first  time  in  America;  among 
which  may  be  cited  that  of  tying  the  femoral  artery 
at  the  upper  third  of  the  thigh,  after  the  manner 
recommended  b\r  Scarpa.  This  operation  was  per- 
formed by  Dr.  Hosack  as  early  as  1S08.  He  tied  the 
same  artery  several  times  afterward  for  aneurysm. 
He  introduced,  as  early  as  1795,  in  American  surgery, 
the  operation  for  hydrocele  by  injection.  He  also 
contributed  several  valuable  essa\-s  on  surgical  sub- 
jects, and  cases,  such  as,  'Observations  on  Glossitis' 
'  Cases  of  Tetanus  Cured  by  Wine,  Spirits,  and 
Brandy';  'Observations  on  Tic  Douloureux';  'Cases 
of  Anthrax';  'Observations  on  Hemorrhage,  and  the 
Removal  of  Scirrhous  Tumors  of  the  Breast. '  " 

Hosack's  death  occurred  December  22,  1835. 
(Stone.)  A.  H.  B. 


Hospital      Construction     and      Equipment. — 

There  are  a  good  many  well-informed  persons,  archi- 
tects, hospital  administrators,  physicians,  and  in- 
terested laymen,  who  think  that  hospital  architecture 
is  very  well  standardized — indeed  that  the  hospital 
which  is  to  stand  all  the  tests  for  a  time  far  into  the 
future,  has  already  been  designed  and  built.  The 
trouble  about  the  standard  is  that  so  few  persons 
agree  as  to  what  the  type  is,  so  many  opinions  are 
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based  on  inadequate  appraisal  of  the  purposes  of  the 
modern  hospital  and  a  too  general  feeling  that  a 
hospital  adequate  for  one  set  of  conditions  will  suffice 
for  all. 

The  architect  has  rather  stopped  short  in  his 
idealization  when  he  has  taken  care  of  the  "fresh 
air"  problem,  and  the  fetish  of  the  "open  air  treat- 
ment"; the  rest  of  his  talents  are  expended  on  his 
own  ideals  as  to  "beauty  of  form"  and  other  strictly 
architectural  demands. 

The  physician  and  surgeon,  greatly  hampered  by 
their  limitations  in  knowledge  of  architecture,  and 
concerning  the  broad  administrative  purposes  of  the 
hospital,  think  only  in  terms  of  their  individual  needs, 
for  the  care  of  their  own  patients;  while  the  hospital 
administrator,  unless  he  is  very  broad  minded,  is 
apt  to  minimize  the  importance  of  architectural 
necessities,  and  the  still  greater  importance  of  the 
demands  of  modern  medicine  for  the  care  of  patients, 
giving  too  great  prominence  to  administrative  con- 
veniences and  economies,  which  fall  within  his  own 
peculiar  sphere. 

Volumes  have  been  written  on  hospital  architecture; 
and  one  who  may  casually  explore  the  literature  will 
be  impressed  with  the  aptness  to  this  subject  of  Saxe's 
satire  on  the  six  blind  men  who  went  to  see  the  ele- 
phant; one  touched  his  tail  and  was  sure  the  elephant 
was  "very  like  a  rope";  another  passed  his  hand  along 
the  huge  side  and  found  the  elephant  "very  like  a  wall"  ; 
another  touched  an  ear  and  saw  that  the  elephant  was 
"surely  like  a  fan";  and  so  all  six  men  described  the 
elephant  not  one  of  them  had  seen.  And  so  it  is 
with  the  hospital  architecture;  each  one  favors  that 
particular  type  that  appeals  to  his  own  narrow 
sphere. 

There  is  no  other  class  of  architecture  that  must 
conform  to  so  many  requirements  of  so  many  tech- 
nically trained  persons,  all  of  them  so  specially  trained 
that  their  outlook  is  more  or  less  limited.  A  factory 
is  designed  by  an  architect  to  meet  the  requirements 
of  some  particular  commercial  enterprise,  and  the 
architect's  views  do  not  concern  the  man  who  is  to 
pay  for  the  building  and  who  knows  just  the  ar- 
rangement he  wants,  and  an  architect  who  would 
attempt  to  inject  his  own  opinions  concerning  the 
interior  arrangement  of  such  a  building,  would  be  set 
right  as  to  his  place  in  the  enterprise. 

And  yet  architects  are  constantly  injecting  their 
opinions  concerning  hospital  architecture,  when 
they  can  have  at  best  only  the  monkey-like  in- 
tuition of  mimicry  to  guide  them — they  saw  someone 
else  do  it.  This,  however,  is  not  always  the  fault  of 
the  architect;  too  often  trustees,  medical  staff  mem- 
bers, and  hospital  superintendents  become  deadlocked 
over  their  problems,  and  some  one  must  act,  and  so 
the  architect  is  compelled  to  do  the  best  he  can. 
There  is  hardly  an  architect  anywhere  who  would 
not  prefer  to  have  some  competent  physician  or 
superintendent  or  consultant  relieve  him  of  re- 
sponsibility for  settling  the  various  medical  and  ad- 
ministrative problems. 

Limitations  of  space  would  preclude  a  recapitula- 
tion of  the  evolution  of  hospital  architecture,  even 
if  that  were  profitable;  the  story  is  a  much  hackneyed 
one;  the  periods  marked  in  that  evolution  were  born 
of  extraneous  conditions,  beginning,  one  might  al- 
most say,  with  the  Crimean  war,  when  Florence 
Nightingale  cut  loose  from  all  old  moorings  and  es- 
tablished  new  bases  founded  upon  conditions  made 
necessary  at  that  time.  The  American  civil  war 
marked  a  later  period,  and  whatever  changes  came 
then  were  predicated  on  advances  in  medical  science; 
still  another  period  was  marked  by  the  Franco-German 
war  of  1871. 

So,  wit  hunt  stopping  to  argue  the  matter,  we  see 
thai  changes  in  hospital  architecture  came  about 
coincident  with,  if  not  entirely  to  meet  the  require- 
ments of  war.     And  yet  the  hospital,  as  we  have  it 

288 


today,  is  not  an  accessory  of  war,  but  one  of  the  prime 
factors  in  the  reign  of  peace. 

One  of  the  reasons  why  it  is  and  has  been  so  difficult 
to  settle  the  problems  of  hospital  building,  is  that 
we  are  prone  to  look  to  the  past  rather  than  to  the 
future  for  our  inspiration.  The  reasons  for  things 
done  in  this  particular  field  in  the  past  are  no  longer 
cogent;  we  know  quite  as  well  as  the  Fast  knew,  thai 
fresh  air  and  sunshine  are  necessary  in  the  care  of 
the  sick;  we  know  too  that  cleanliness  spells  a  low 
mortality,  and  we  must  be  mindful  of  this. 

But  there  are  many  things  that  did  not  concern  the 
past,  with  which  we  now  must  reckon.  What  wild 
dreamer  of  a  generation  ago  would  have  conceived 
it  possible  that  a  hospital  could  be  intended  to  house 
any  but  the  most  unfortunate  and  helpless  of  hu- 
manity who  had  no  homes  of  their  own  in  which 
they  could  be  cared  for  during  illness!  And  yet  we 
have  now  come  upon  a  time  when  the  physician's 
first  thought  is  to  get  his  patient  into  a  hospital,  no 
matter  how  rich  he  may  be  or  how  fortunately  sit- 
uated in  his  home;  and  the  patient  who  thirty  years 
ago  would  have  felt  that  the  edict  that  sent  him  to  a 
hospital  was  at  the  same  time  his  death  warrant,  now 
feels  that  his  greatest  hope  of  an  early  recovery  and 
competent  care  lies  in  getting  into  a  good  hospital. 
In  that  other  day  the  treatment  of  the  sick  was 
entirely  a  bedside  affair;  the  doctor  made  his  diagnosis 
by  physical  examination  of  the  patient  and  gave  his 
treatment  out  of  a  bottle.  Now  how  all  this  has 
changed!  The  doctor  relies  in  only  a  minor  degree 
upon  his  bedside  findings,  and  upon  the  various 
hospital  laboratories  to  a  far  greater  extent.  Drugs 
have  become  inconsequential  in  the  treatment  of 
disease;  elaborate  machinery  that  can  be  assembled 
only  in  a  hospital  has  taken  their  place. 

In  that  other  day  a  hospital  was  a  place  within  four 
walls.  It  was  a  thing  apart  from  the  community. 
Today,  the  hospital  is  not  a  building  or  a  group  of 
buildings;  it  is  a  state  of  the  people,  reaches  into  the 
innermost  sanctuary  of  every  home;  its  spirit  hovers 
in  guardianship  over  the  everyday  lives  of  the  com- 
munity at  home  and  in  the  workshop.  We  teach  our 
doctors  and  our  nurses  in  the  hospital,  and  through 
them  the  people,  the  principles  of  health  conservation. 

Wherever  there  is  a  human  being  there  is  a  health 
problem,  and  wherever  there  is  a  health  problem  the 
modern  hospital  is  there,  and  thus  it  comes  to  pass 
that  the  problems  which  are  upon  us  and  which  grow 
more  and  more  insistent,  and  are  destined  to  a  far 
greater  importance  in  the  future,  are  not  the  same 
simple  problems  upon  which  hospital  architecture  in 
the  past  was  predicated. 

It  seems,  therefore,  that  if  we  are  to  agree  upon  a 
style  of  hospital  architecture  for  the  future,  we  must 
look  into  the  future  for  guidance,  and  not  back  upon 
the  past.  We  still  have  the  same  problems  of  fresh 
air  and  cleanliness,  but  we  also  have  others  that  are 
quite  as  urgent.  For  instance,  in  1873,  statistics 
compiled  By  the  U.  S.  Bureau  of  Education  showed 
that  there  were  in  the  United  States  149  hospitals,  with 
a  total  of  35,4.53  beds.  Of  these,  51  hospitals  with  a 
total  of  16,553  beds  were  used  for  the  care  of  insane 
in  publicly  operated  institutions;  43  hospitals  with 
a  total  of  12,322  beds  were  public  in  character, 
operated  by  municipalities,  for  the  care  of  the  in- 
digent sick;  and  there  were  only  51  hospitals,  with  a 
total  of  5,453  beds  for  the  care  of  patients  who  were 
not  strictly  public  charges.  To  what  has  the  evo- 
lution of  time  brought  us?  There  are  now  in  the 
I'nited  States  more  than  7,000  hospitals,  including 
those  for  the  care  of  the  insane.  There  are  600,000 
beds,  more  than  400,000  of  which  are  employed  every 
day  of  the  year.  There  is  invested  in  hospital  prop- 
erty in  the  United  States  more  than  §1,500.000,000, 
not  including  the  land.  The  maintenance  cost  of 
these  institutions  is  more  than  $250,000,000  annually. 
In  the  year  1912  there  were  more  than  65,000  phy- 
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sicians  on  hospital  staffs,  more  than  100,000  trustees 
on  hospital  boards,  and  more  than  9,000,000  sick 
people  passed  through  the  doors  of  these  hospitals 
as  patients. 

And  yet  carefully  compiled  figures  for  a  restricted 
area  in  the  state  of  Massachusetts  for  1912  show  that 
only  eleven  per  cent,  of  the  sick  who  were  under  the 
care  of  a  physician  were  treated  in  hospitals ;  and  for 
the  same  time  in  Birmingham,  England,  perhaps  the 
best  hospitaled  city  in  the  United  Kingdom,  only 
thirteen  per  cent,  of  the  sick  who  were  under  the  care 
of  a  physician  were  treated  in  hospitals.  So  we  can 
see  that  w.e  have  come  upon  a  new  day  and  upon 
entirely  new  problems. 

Not  only  must  the  hospital  be  a  place  in  which  the 
sick  can  be  properly  taken  care  of;  it  must  be  a  place 
that  the  public  can  afford  to  support.  Hospital  ex- 
penditures have  run  riot  during  these  last  few  years 
under  the  impetus  of  a  liberal  hospital  spirit  abroad 
among  the  people.  They  have  contributed  eagerly 
to  the  building  of  great  institutions,  and  toward  their 
support.  There  are  many  of  us  who  think  we  have 
reached  our  farthest  limit  in  these  expenditures  and 
that  it  is  the  prime  necessity  of  to-day  to  begin  to  cur- 
tail not  only  in  the  elaboration  of  hospital  architecture, 
but  in  expenditures  for  maintenance.  We  are  far 
more  urgently  in  need  of  business  methods  in  keeping 
with  to-day's  business  era  in  hospital  conduct  than  we 
are  of  the  kind  of  architecture  that  we  have,  and  only 
in  so  far  as  this  architecture  will  lend  itself  to  econo- 
mies in  administration  and  the  scientific  care  of 
patients  is  hospital  architecture  a  thing  of  prime  im- 
portance. There  is  scarcely  a  hospital  in  this  country 
that  does  not  end  its  year  with  a  deficit.  There  is 
not  a  single  hospital  in  the  land  that  has  a  sufficient 
number  of  nurses  to  care  for  the  sick  who  are  con- 
stantly clamoring  at  its  doors,  and  yet  we  are  building 
hospitals  whose  architecture  is  settled  upon  with  an 
eye  single  to  the  few  demands  of  a  time  that  is  no 
longer  here.  Fresh  air  and  cleanliness  are  to  be 
had  in  the  tent  upon  the  open,  in  a  hut  erected  over 
night,  and  these  are  also  in  full  measure  in  a  structure 
that  will  answer  the  complicated  problems  of  our  own 
day. 

A  hospital  for  500  patients,  spread  over  20  acres 
of  ground,  in  single-storied  pavilions,  will  require 
250  nurses  properly  to  take  care  of  the  patients,  and 
a  proportionate  number  of  maids  and  orderlies  who 
must  lje  paid  wages.  A  hospital,  developed  on 
modern,  business  lines,  to  take  care  of  the  same 
number  of  people  can  reduce  the  number  of  employes 
by  thirty  per  cent,  without  any  question,  and  con- 
sequently reduce  the  annual  sum  for  its  maintenance, 
in  its  most  important  feature,  the  pay  roll,  by  that 
amount. 

Then  there  are  other  considerations  to  be  counted 
of  importance.  In  Germany,  the  home  of  the  one- 
and  two-storied  pavilion  hospital,  spread  over  a 
large  area  of  ground,  there  is  only  one  class  of 
patients,  and  nearly  all  of  them  accustomed  to  only 
the  simplest  forms  of  living.  Indeed  it  is  a  funda- 
mental principle  in  German  hospitals  that  patients 
must  not  be  "spoiled"  by  undue  attention,  too 
elaborate  feeding,  and  too  great  regard  to  personal 
comfort.  The  German  hospital,  indeed  the  European 
hospital,  and  the  British  hospital  as  well,  is  a  prime 
factor  in  the  continuance  of  the  principle  involved 
in  the  social  status,  viz.,  the  rich  and  the  poor — 
the  rich  to  pay  grudgingly  and  as  small  an  amount 
as  possible  what  is  necessary  to  maintain  life  and 
working  ability  in  the  poor;  and  these  have  neither 
the  ability  to  pay  nor  the  spirit  to  complain;  so  that 
when  we  think  in  terms  of  the  modem  American 
hospital  we  are  thinking  of  something  entirely  dif- 
ferent from  the  form  of  that  institution  which  we 
seem  so  eager  to  copy. 

Architects,  medical  staff  physicians,  and  trustees 
of  hospitals  in  this  country,  as  soon  as  it  is  determined 
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to  build  a   new  hospital,  rush  away  to  Germany  to 

learn  how  it  is  to  be  done;  and  when  they  return  they 
build  their  institution  by  the  blue  prints  they  ac- 
quired on  their  travels,  and  from  their  notebooks. 
Of  course,  this  fetish  for  German  types  is  due  to  the 
fact  that  Germany  has  led  the  world  in  medical  science 
since  the  ad  vent  of  what  we  may  designate  as  the  patho- 
logical epoch  in  medicine,  due  to  the  achievements 
of  Virchow,  Behxing,  Koch,  and  a  long  list  of  scientific 
pathfinders.  Based  upon  this  era  of  scientific 
medicine  came  the  recognition  that  bedside  diagnosis 
no  longer  sufficed,  and  that  it  was  necessary  to  have 
the  patient  under  the  better  control  of  and  within 
easy  reach  of  the  more  elaborate  apparatus  in  a  hos- 
pital, if  the  best  results  were  to  be  attained;  and  to 
meet  these  requirements  came  German  hospital  activ- 
ities, which  have  continued  to  the  present  day. 

But  Germany  was  still  Germany,  a  State  in  which 
every  adult  is  a  specialist,  and  before  the  influence 
of  the  specialist  everything  else  is  swept  away.  What 
did  it  matter  that  a  patient  should  be  wheeled  across 
an  open  court  for  several  hundred  feet  to  the  bath, 
or  the  operating  amphitheatre,  so  he  finally  arrived 
there?  Or  why  was  it  necessary  to  think  about  the 
patient's  tastes  or  appetite  if  it  became  scientifically 
the  proper  thing  to  feed  him  on  foods  of  certain 
chemical  values  to  bring  about  certain  metabolic 
changes?  Because  after  all,  Germany  is  a  monarchic 
State  where  the  individual  counts  for  nothing  at  all 
and  only  the  aggregate  is  worth  while.  Then  too, 
Germany  is  a  military  State,  and  her  hospitals  must 
accord  with  the  necessities  of  war. 

These  national  attributes  and  ideals  have  moulded 
the  modern  hospital  of  Germany  into  a  type,  which 
has  been  styled  the  "pavilion"  or  "German"  hospital. 

But  other  reasons  than  national  characteristics  have 
contributed  their  share  to  settle  the  problem.  Ger- 
many has  no  elevators  as  we  know  these  modern  con- 
veniences. Germany  has  only  one  class  of  patients; 
the  rich,  who  may  not  be  used  in  the  clinic,  are  cared 
for  in  their  homes,  as  they  are  in  England,  although 
Britain  is  on  the  way  to  another  day  in  this  respect, 
by  way  of  "nursing  homes"  for  the  rich.  Every 
man,  woman,  and  child  in  Germany  goes  to  the 
hospital  as  a  "paying  patient";  if  able  to  do  so  he 
pays  for  himself;  if  not,  one  of  the  three  sick  insurance 
organizations  pays  for  him,  but  he  obtains  no  special 
consideration  on  that  account. 

Let  us  now  enumerate  briefly  some  illustrations 
of  hospital  architecture,  and  of  these  there  are  two 
types,  each  having  variations,  viz.,  the  pavilion 
hospital,  and  the  block  hospital.  Perhaps  the  frank- 
est expression  of  the  first  of  these  types  is  the  Vir- 
chow Krankenhaus  at  Berlin,  completed  since  1900. 
This  hospital  is  made  up  of  a  group  of  57  build- 
ings, each  one  or  two  stories  in  height,  for  a  total  of 
2,000  patients,  or  an  average  of  35  patients  to  the 
building.  Hospitals  finished  since  that  time,  while 
some  of  them  are  not  so  uncompromisingly  pavilion 
in  character,  all  tend  in  that  direction.  The  newer 
hospitals  that  have  been  built  on  the  pavilion  plan 
in  this  country  are  the  Toronto  General  hospital  of 
11  buildings,  two  and  three  stories  high,  excepting  one 
or  two  small  groups  that  go  as  high  as  four  and  five 
stories,  intended  to  accommodate  600  people;  the 
new  Cincinnati  General  hospital  of  25  buildings 
covering  an  area  of  twenty-five  acres  and  intended 
to  house  700  patients,  with  an  extra  available  space  of 
40  acres  upon  which  it  is  contemplated  at  some  time  in 
the  future,  to  erect  twelve  other  buildings  to  double 
thecapacity  i  if  t  he  institution  (Fig.  3222).  The  Barnes 
hospital  of  St.  Louis  is  another  of  this  same  type,  al- 
though even  less  frank  in  its  pavilion  character  than 
any  of  the  others.  The  new  Cook  County  hospital, 
in  Chicago,  intended  eventually  to  house  4.000 
patients,  is  nine  stories  high  in  '  its  administration 
building,  with  six  stories  as  the  uniform  height  for 
patients'  pavilions — clearly  a   compromise;  the  new 
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buildings  of  Bellevue  are  also  growing  away  from  this 
type,  with  five,  six,  and  even  more  stories  to  the 
pavilions. 

It  is  significant  that  Johns  Hopkins  Hospital,  of 
Baltimore,  built  originally  on  the  pavilion  plan,  with 
one-  and  two-story  buildings,  has  now  entirely  departed 
from  that  style  of  architecture  in  the  newer  buildings, 
notably  the  Phipps  Psychiatric  building  (Fig.  3223), 
presented  by  Mr.  Henry  Phipps,  which  is  five  stories 
high,  and  the  Brady  Urological  Clinic,  of  equal  height. 

Going  far  to  the  other  extreme  is  the  Peter  Bent 
Brigham  hospital,  of  Boston  (Fig.  3224),  built  under  the 
guidance  and  direction  of  Dr.  H.  B.  Howard,  one  of 
the  keenest  hospital  administrators  this  country  has 


fitted  to  the  care  of  this  class  of  patients,  and  this 
unpopularity  followed  for  general  hospitals  also. 

Only  recently,  however,  there  has  been  a  tendency, 
however  slight,  to  begin  thinking  about  the  block 
hospital  as  the  possible  institution  of  the  future,  the 
modern  demands  of  medicine  and  the  urgent  necessity 
to  curtail  administrative  expenses  being  considered, 
Mount  Sinai  Hospital,  of  New  York,  is  perhaps  the 
most  conspicuous  example  of  this  type  Grace,  and 
Harper  of  Detroit  (Fig.  3225),  and  several  new  addi- 
tions to  already  established  hospitals  in  Chicago. 

It  costs  more  to.build  a  block  hospital  than  it  does 
to  build  one  of  the  pavilion  type.  The  .increase  in 
expenditure  is  due  to  several  causes;  first  the  walls 


Fig.  3222. — The  Cincinnati  General  Hospital. 


had.  This  is  a  hospital  of  one-  and  two-story  struc- 
tures, built  at  an  expenditure  of  $1,250,000 "for  125 
patients,  or  a  cost  of  $10,000  per  bed.  It  should  be 
said,  however,  that  this  institution  is  not  a  hospital  in 
the  sense  in  which  that  term  is  commonly  used,  but 
an  institution  for  the  extraordinarily  scientific  care 
of  small  groups  of  special  cases,  intended  to  be  used 
largely  for  clinic  purposes  in  connection  with  Harvard 
Medical  School,  and  there  should  be  no  disposition 
to  measure  this  hospital  in  its  architecture  by  general 
hospital  lines. 

The  block  plan  of  hospital  has  not  had  many  advo- 
cates, and  has  not  been  in  high  favor  up  to  the  present 
time.  One  reason  for  this  perhaps  is  the  fact  that  for 
many  years  the  hospitals  for  the  insane  in  this  country 
were  built  upon  the  block  plan,  which  eventually 
gave  way  to  the  cottage  type,  to  meet  changing  con- 
dil  ions  iii  t  he  care  of  the  insane,  that  called  for  separa- 
tion of  patients  into  small  groups,  where  they  could  be 
supplied  with  occupation  best  fitted  for  their  cure; 
so  that  the  block  hospital  came  into  disrepute  as  un- 
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must  be  very  much  thicker  and  stronger,  the  founda- 
tions must  be  heavierandmust  go  down  deeper,  to  bear 
the  added  weight,  the  materials  of  construction  must 
be  of  a  more  exacting  character,  fire-proof,  of  high  ten- 
sile strength,  with  generally  steel  construction  and  re- 
enforced  concrete.  But  against  these  added  expendi- 
tures are  the  additional  cost  of  land  incidental  to  the 
spread-out  pavilion  hospital  style;  the  greater  area  of 
excavating  to  be  done;  the  immensely  greater  expendi- 
ture incident  to  plumbing,  steam-fitting,  and  that 
great  aggregation  of  specialties  which  we  designate  as 
permanent  installation.  In  the  pavilion  hospital, 
these  pipes  must  be  run  for  long  distances,  and  piping 
costs  money  both  in  material  and  in  installation. 
These  long  reaches  of  piping  are  a  constant  source  of 
expenditure  for  fuel,  due  to  losses  in  transportation 
as,  for  instance,  in  live  steam,  hot  water,  and  electric 
current. 

In  the  block  building,  we  have  the  pipe  shaft  located 
conveniently  for  the  several  floors,  providing  out- 
lets at  service  rooms  and  elsewhere  as  they  are  needed. 
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The  losses  incident  to  the  transportation  of  steam 
and  electric  current  and  hot  water,  are  reduced  to 
their  lowest  form  in  these  vertical  shafts;  the  piping 
itself  is  immeasurably  decreased  in  quantity  and  the 
natural  result  is  a  considerable  saving  in  the  fuel 
supplies  year  by  year. 


block  hospital  no  one  is  proposing  that  people  shall 
walk  up  and  down  .stairs.  One  prime  purpose  in 
building  the  hospital  vertical  in  form,  unit  upon  unit, 
rather  than  over  a  large  horizontal  area,  is  to  make  it 

unnecessary  for  employes,  including  nurses,  to  walk 
at  all  to  get  from  place  to  place,  but-  In  make  it  pos- 


Fia.  3223. — The  Henry  Phipps  Psychiatric  Clinic,  Baltimore. 


Fia.  3224. — The  Peter  Bent  Brigham  Hospital,  Boston.     An  exaggerated  pavilion  type. 


But  these  are  not  the  chief  values  in  the  block  hos- 
pital over  that  built  in  pavilion  form.  An  English 
architect,  Mr.  A.  Saxon  Snell,  counts  the  cost  of  build- 
ing elevators  as  a  strong  argument  against  high  hos- 
pitals, and  thinks  that  employes,  including  nurses, 
would  prefer  to  walk  on  the  horizontal  from  pavilion 
to  pavilion  rather  than  to  climb  stairs.     But  in  the 


sible  for  them  to  step  into  an  elevator,  ride  fifteen  feet 
and  step  out  to  perform  a  duty  that  would  have 
occasioned  a  walk  of  perhaps  two  or  three  hundred 
feet,  or  possibly  two  or  three  times  that,  if  the  hos- 
pital were  built  on  the  pavilion  plan. 

The  process  of  cleaning  can  be  better  attended  to 
if  employes  are  not  obliged  to  wander  about  over 
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large  areas  of  territory.  It  is  a  besetting  sin  of  lower 
class  employes  that  they  waste  their  time  wherever 
possible,  and  no  greater  opportunity  exists  than  where 
they  are  obliged  or  permitted  to  wander  over  large 
areas  to  get  to  the  points  of  their  employment.  It 
could  be  easily  calculated  that  one-third  of  the  time 
of  an  ordinary  maid  or  orderly  is  spent  in  going  about 
to  get  from  place  to  place  in  a  pavilion  hospital  where 
the  elevator,  its  speed  and  the  saving  of  energy  would 
make  these  long  walks  and  waste  of  time  impossible. 
As  we  have  suggested  in  the  beginning,  it  has  be- 
come the  universal  custom  in  this  country  to  copy  after 
the  German  type  of  pavilion  hospital.  Now  let  us 
see  just  for  a  moment  what  Germany  herself  is  doing  at 
the  present  moment,  about  her  hospitals. 


hospital  architects,  in  a  recent  paper  in  the  Zcit.tchrift 
jut  Krankenanatalten  of  Leipsic,  April,  1914,  urges 
hospitals  to  cut  down  their  expenses,  to  build  more 
carefully,  in  order  that  maintenance  may  be  more 
economical;  while  Magistratsbaurat  II.  Winterstein, 
of  Charlottenburg,  in  the  March,  1914,  number  of  the 
Heilanstall  of  Leipsic,  speaking  of  the  necessity  to 
reduce  costs  of  large  hospitals,  and  speaking  more 
particularly  of  the  style  of  architecture  of  the  Virchow 
Krankenhaus,  says:  "There  is  now  a  reaction  against 
such  extreme  decentralization;  we  can  even  reduce 
expenses  by  merely  building  two  houses  together  and 
still  greater  is  the  reduction  if,  instead  of  one-  and  two- 
story  structures,  we  erect  buildings  of  several  stories; 
the  basements,  too,  can  be  put  to  a  better  use  than  is 


Flo.   3225. — The  J.  L.  Hudson  Building  of  the  Harper  Hospital,  Detroit. 


The  first  of  the  year  1914  the  ministry  of  the 
Interior  of  Prussia,  addressed  a  circular  "letter  to 
provincial  governors,  making  a  request  that  districts 
and  communities  not  having  large  funds  at  their  dis- 
posal abstain  from  erecting  expensive  hospitals. 
At  the  same  time,  stress  is  laid  in  the  circular  upon 
the  necessity  thai  curtailment  be  made  in  the  direc- 
tion of  ornamentation  and  unnecessary  things,  and 
""l  "•  Features  of  hygiene  and  sanitation  and  ad- 
ministrative conveniences.  Dr.  Renvers,  who  more 
than  anyone  else  is  responsible  for  the  famous  Moabit 
Hospital  of  Berlin,  recently  stated  that  the  Moabit 
Hospital  was  a  mistake,  and  that  the  system  of  isolated, 
one  story  wards,  while  good  for  an  infectious  disease 
hospital,  was  most  unsuitable  for  general  purposes, 
being  wasteful  of  room,  difficult  of  administration, 
and  calculated  to  expose  patients  to  risks  of  pneumonia 
m  I"  i  about. 

Stadtbaurat  D.  Spiller,  one  of  the  best  of  German 
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done  at  present;  instead  of  erecting  separate  buildings 
for  kitchens,  laundries,  bath  houses,  etc.,  the  base- 
ments could  be  used  for  such  purposes.  Professor 
H.  C.  Nussbaum,  writing  in  the  Heilansta.lt,  April, 
1914,  says:  "The  pavilion  system  does  not  represent 
the  ideal  of  modern  hospital  construction;  communi- 
cation between  the  various  pavilions  is  unsatisfactory; 
people  passing  from  one  building  to  the  other  are 
exposed  to  the  inclemency  of  the  weather;  the  pavilion 
system  lacks  a  large,  quiet,  and  shady  park,  and  the 
small  gardens  between  the  pavilions  cannot  possibly 
supply  this  want.  There  is  too  much  noise  and  dust 
which  have  an  unfavorable  influence  on  the  patient;" 
and  he  goes  on  to  say  that,  "any  form  of  building  may 
be  chosen,  either  pavilion  form  or  houses  of  several 
stories." 

Recent  legislation  in  several  States  in  this  country 
has  made  it  cither  mandatory  or  optional  with  towns 
and  counties  to  build  and  operate  general  hospitals 
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out  of  the  ordinary  taxes.  The  only  mandatory  one 
of  these  laws  is  that  passed  by  the  last  legislature  of 
Texas,  under  the  terms  of  which  every  county  with 
more  than  20,000  people  is  compelled  to  build  and 
conduct  a  general  hospital,  and  the  law  nanus 
specifically  the  following  classes  of  patients  that  must 
be  cared  for;  medical,  surgical,  obstetrical,  children, 
and  contagious  diseases,  with  adequate  provision  for 
psychopathic  service.  Other  States  are  falling  into 
line,  Iowa  having  been  the  first  of  all;  indeed  this 
scheme  of  hospital  service  is  a  new  "  Iowa  idea."  The 
Dakotas,  Wisconsin,  Missouri,  Kentucky,  and  other 
States  have  enacted  similar  legislation,  the  only 
difference  being  that  in  all  these  States  excepting 
Texas  the  people  may  rather  than  must. 

This  new  development  of  hospital  activity  brings 
to  the  forefront  the  small  general  hospital  for  the  care 
of  approximately  fifty  patients,  although  these  small 
hospitals  are  already  in  existence  to  the  number  of 
nearly  5,000  and  occupy  no  small  position  of  influence 
in  nearly  every  community.  But  the  small  hospital 
differs  in  no  respect  from  the  large  hospital  except 
in  the  number  of  patients  to  be  cared  for,  upon  which 
in  turn  will  depend  a  good  deal  the  architecture.  A 
fifty-bed  hospital  need  never  be  higher  than  two  or 
three  stories  although  many  architects  will  prefer  to 
build  foundations  and  walls  sufficiently  strong  to  carry 
an  extra  story,  to  make  provision  for  future  growth 
of  the  community;  but  in  this  enlightened  day  when 
the  people  in  rural  communities  are  quite  as  highly 
educated  and  quite  as  insistent  in  their  demands  for 
the  best  care  and  the  best  medical  skill  when  they 
are  sick,  as  those  in  large  cities,  the  accessories  for 
hospital  service  as  quite  the  same  as  those  in  large 
communities.  There  must  be  good  pathology  and 
a  place  for  doing  it ;  there  must  be  an  x-ray  equipment 
conveniently  located;  the  surgical  operating  rooms 
must  be  adequate  in  every  particular  and  equipped 
to  do  the  same  kind  of  surgery  as  in  the  large  institu- 
tions, and  the  problem  of  the  small  hospital  is  simple 
only  in  the  matter  of  size.  The  demands  for  ad- 
ministrative economies  are  even  greater  than  in  the 
large  institution  and  the  architecture  best  fitted  to 
accommodate  these  economies  must  be  kept  at  a  low 
cost.  And  the  small  hospital  differs  from  the  large 
institution  in  that  most  large  communities  find  it  easy 
to  raise  money  to  build  their  expensive  hospitals, 
and  only  in  the  difficulties  attendant  upon  securing 
adequate  support  from  year  to  year  have  the  large 
and  small  hospitals  a  common  and  urgent  problem 
to  solve. 

Having  now  approached  our  problem  and  discussed 
the  various  types  of  hospitals  as  an  architectural 
problem,  let  us  turn  to  some  of  the  essentials  that 
are  fairly  well  standardized  and  take  these  up  in  the 
order  in  which  they  would  naturally  occur. 

The  Situation  of  the  Hospital. — The  advent  of 
the  automobile  ambulance  has  greatly  modified  the 
necessity  for  hospitals  to  be  located  in  centers  of 
population.  The  modern  automobile,  capable  of 
threading  the  crowded  street  at  the  rate  of  twenty 
miles  an  hour,  artificially  warmed,  well  ventilated,  and 
provided  with  comfortable  cots  upon  easy  riding 
springs,  has  diminished  the  necessity  to  have  the  hos- 
pital immediately  at  the  point  where  the  patient  is 
to  be  found;  except  in  the  few  emergencies,  it  makes 
little  difference  whether  a  patient  is  conveyed  one 
mile  or  five,  hence  there  is  a  tendency  to  use  a  freer 
hand  in  the  selection  of  a  proper  location  for  the 
institution,  one  where  there  will  be  an  absence  of 
neighboring  high  buildings,  smoky  factory  plants, 
the  noise  of  railway  cars,  public  amusement  parks  ami 
schools.  In  these  conditions  it  is  usually  possible  to 
find  a  location  for  a  hospital  at  once  pleasant  in  its 
surroundings  and  convenient  to  the  population  it  is 
intended  to  serve. 

The  land  question  is  important  in  deciding  the  loca- 


tion of  the  hospital ;  i he  emergency  cases  that  must  be 
got  to  the  institution  quickly  are  rare,  but  the  "up 

patients"  and  their  out-of-door  necessities  in  the  way 

of  treatment  are  always  an  insistent  problem;  hence 
park  space  should  be  thought  about.  Then  again  we 
are  realizing  more  and  more  as  time  goes  on  that  pure 
food  is  one  oi  the  prime  necessities  in  the  treatment  of 
the  sick,  fresh  eggs,  pure,  fresh,  unpasteurized  milk, 
fresh  vegetables,  and  fruits;  hence  many  hospitals  are 
thinking  about  their  own  farms.  Many  sanatoriums, 
and  a  few  municipal  institutions  have  already  started 
in  this  direction;  Cleveland  has  its  Cooley  farm  of 
2,000  acres;  Philadelphia  has  its  Bvbury  farm  of  1,000 
acres;  Chicago  has  its  Oak  Forest  of  250  acres,  that 
will  grow  presently  to  the  dimensions  of  another 
decimal;  Milwaukee  lias  an  1,100  acre  farm. 

This  farm  question  has  another  meaning  beyond 
the  furnishing  of  food  supplies  for  the  acute  disease 
hospital;  it  means  a  new  era.  in  the  complete  care  of  all 
the  dependents  of  the  community — a  place  of  re- 
cuperation, with  light,  pleasant  employment  for  con- 
valescents; a  place  in  which  new  occupations  may  be 
taught  to  those  who  have  been  handicapped  by  injury 
or  illness,  in  which  workshops  and  the  crafts  can 
play  a  part;  a  place  of  rehabilitation  for  petty  of- 
fenders, who  can  be  made  useful  while  they  are  be- 
ing taught  the  happiness  of  respectable  employment. 

Before  a  hospital  is  planned  every  condition  of  its 
future  use  should  be  considered,  the  size  and  char- 
acter of  the  community  it  is  to  serve,  and  the  kind  of 
service  it  is  to  perform.  The  need  of  the  hospital 
should  be  developed  in  a  methodical  manner,  first  of 
all.  Are  there  not  enough  hospital  beds  already 
properly  arranged  to  take  care  of  the  sick,  without 
the  new  one?  As  an  abstract  proposition  one  bed 
to  150  of  the  tributary  population  might  be  taken,  but 
in  rural  or  well-to-do  communities,  where  many  sick 
can  properly  be  cared  for  at  home,  the  proportion 
might  easily  go  to  one  for  300.  Then,  are  all  the  classes 
of  diseases  provided  for,  and  if  not,  which  have  been 
neglected?  The  available  medical  staff  has  much  to 
do  with  the  decision  on  this  point;  if  there  is  a  pre- 
eminent and  aggressive  obstetrician  available,  in 
all  likelihood  he  will  build  up  a  spirit  in  the  community 
that  will  attract  women  out  of  their  homes  to  the 
hospital  for  their  confinement.  If  there  is  a  good  eye 
man  available,  he  will  develop  a  good  clinic  and  the 
people's  eyes  will  be  better  cared  for;  and  so  on  down 
the  whole  list.  The  predominant  characteristics  of 
the  neighborhood  must  be  studied;  if  it  is  a  manu- 
facturing community,  the  character  of  occupational 
diseases  and  injuries  should  be  taken  into  account. 

In  all  the  planning,  the  one  thing  that  must  be  kept 
ever  in  the  forefront,  is  the  ability  of  the  community 
to  build  and  afterward  to  support  the  hospital.  A 
poorly  built  and  poorly  supported  hospital  is  worse 
than  none;  and  it  may  be  comparatively,  easy  to  ob- 
tain money  for  the  construction  of  a  most  preten- 
tious building  and  a  far  different  matter  to  obtain 
the  necessary  subscriptions  to  make  up  annual  de- 
ficits, year  in  and  year  out;  so  the  character  of  the 
promised  support  must  be  carefully  weighed.  There 
is  no  doubt  that  a  hospital  in  a  fairly  prosperous  com- 
munity, supported  by  good  medical  men  who  will  send 
their  pay  cases  to  it,  and  that  makes  no  pretense  to 
giving  charity  service,  can  be  made  self-supporting; 
that  is  only  a  question  of  good  management,  guided 
by  careful  bookkeeping.  All  charity  work  in  any 
hospital  should  be  financed  out  of  special  funds  ap- 
propriated for  that  sole  purpose. 

The  Site. —  There  is  hardly  an  argument  about  the 
site  lor  a  hospital.  If  should  be  on  high  ground  and 
at  the  greatest  possible  distance  from  other  buildings, 
with  as  much  land  about  it  as  can  be  had.  It  must 
be  capable  of  good  drainage  and  accessible  to  those 
public  conveniences,  street  cars  or  trains,  by  which 
the  people  may  reach  it.     It  ought  to  be  in  the  mind 
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of  the  hospital  board  to  obtain  possession,  if  within 
their  means,  of  whatever  adjacent  property  may  be 
necessary  to  prevent  the  erection  of  interfering  build- 
ings at  "any  time  in  the  future;  indeed,  the  original 
purchase  of  the  land  should  by  all  means  include 
whatever  a  long  look  into  the  future  may  develop 
as  a  need,  both  for  actual  building  purposes  and  as  a 
protection  against  undesirable  neighbors.  Formerly 
it  was  assumed  that  a  hospital  would  have  a  depress- 
ing effect  on  land  values  adjacent,  but  this  is  no 
longer  the  case,  ami  a  hospital  is  now  regarded  as  a 
desirable  neighbor  and  its  coming  almost  invariably 
serves  to  advance  prices. 

Divisions  of  the  Hospital. — Having  settled  upon 
the  size  and  general  character  of  the  hospital  and  its 
location  and  arranged  for  its  building  fund  and  its 
permanent  support,  and  having  purchased  the  land, 
the  next  thing  is  to  settle  upon  the  division  of  the  bed 
capacity  into  medical  services.  Only  very  general 
outlines  can  be  discussed  in  this  connection.  Each 
hospital  will  present  its  own  peculiar  problems,  de- 
pending on  conditions  that  may  exist  nowhere  else; 
and  conditions  that  exist  today  may  change  radically 
even  before  the  building  is  ready  for  occupancy.  So 
that  in  addit  ion  to  planning  divisions  that  would  meet 
present  needs,  it  will  be  desirable,  indeed  imperative, 
to  build  in  so  flexible  a  manner  that  an  eye  ward  of  to- 
day may  be  fitted  next  year  for  a  surgical  ward,  or  a 
maternity  service. 

Let  us  now  try  to  fix  some  standards  of  a  present 
division  of  the  services,  and  for  this  purpose  let  us 
arbitrarily  take  a  50-bed  hospital  that  must  serve  a 
community  of  10,000  people,  or  one  bed  to  200  of  the 
population,  where  average  American  conditions  pre- 
vail. We  will  have  a  medical,  a  surgical,  an  ob- 
stetric and  a  children's  service,  as  primary  divisions. 
The  medical  service  must  include  also  neurological  and 
skin  diseases,  and  provisions  must  be  made  for  male 
and  female  patients.  In  surgery  provision  must  be 
made  for  the  sexes,  but  other  conditions  are  less 
arbitrarily  insistent;  gynecological  cases  can  be  placed 
in  this  surgical  women's  ward,  likewise  most  eye, 
ear.  nose,  throat  and  orthopedic  cases,  except  when 
these  last  belong  to  the  children's  department. 
Clean  obstetric  cases  do  not  need  much  subdivision 
excepting  that  newly  delivered  women  will  need  a 
quiet  room  until  they  are  rested.  The  children's 
service  is  the  most  difficult  to  arrange,  even  if  we 
ignore  for  present  purposes  the  communicable  in- 
fections; there  are  large  and  small  children,  males 
and  females,  which  must  be  separated  by  sex  at  the 
fourth  or  fifth  year  at  latest;  there  are  very  sick, 
nervous  children  and  those  with  chorea,  which  must 
be  isolated,  and  there  are  convalescents  of  both  sexes 
who  are  noisy,  mischievous  and  meddling;  there  are 
medical  and  surgical  cases  and  last  of  all  there  are 
chronic  cases  so  low  in  vitality  that  their  resistance 
is  all  but  gone,  and  that  pick  up  new  infections  ap- 
parently from  nowhere. 

Fortunately  we  do  not  have  all  these  complica- 
tions of  service  in  the  hospital  at  one  time  and  in  a 
fairly  flexible  interior  we  can  make  the  proper  shifts 
to  take  care  of  those  that  come  from  time  to  time. 
But  there  are  some  divisions  that  must  be  recognized. 

For  the  medical  services  it  would  seem  that  twenty 
beds,  ten  on  each  side,  would  suffice,  a  ward  of  say 
six  beds,  one  of  two  beds,  and  two  small  quiet  rooms  of 
one  bed  each.  The  same  leeway  and  the  same 
number  of  beds  should  take  care  of  the  surgery.  Six 
beds  for  children,  in  one  large  and  two  small  rooms 
ought  1<>  inccl  average  conditions.  Four  maternity 
beils  should  require  four  rooms,  one  for  lying-in  pur- 
poses, a  ward  of  three  beds  for  convalescents,  a  single 
room  for  recovery  following  labor — unless  the  labor 
room  can  be  made  to  serve  this  purpose,  and  a  small 
nursery.  In  this  arrangement,  we  have  made  no 
provision  for  tuberculosis  aor  for  the  acute  infections. 
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If  it  should  seem  desirable  to  provide  for  these  in 
addition,  one  three  bed  ward,  and  a  small  single  room 
for  a  cougher  should  be  sufficient  for  tuberculo 
and  two  small  single  rooms,  w  illi  adequate  equipment 
for  their  care  should  lake  care  of  the  acute  com- 
municable infections  that  develop  in  the  hospital. 

Not  counting  these  last  two  provisions,  we  now  have 
a  hospital  of  twenty-three  rooms,  which  by  fair  aver- 
age should  be  12  X  12  X  12  feet  each,  or  a  total  patient 
capacity  of  39,744  cubic  feet.  We  must  arid  another 
00,000  cubic  feet  for  administrative  space  to  take  care 
of  laundry,  kitchen,  operating  rooms,  x-ray,  hy- 
drotherapeutic  rooms,  offices,  store  rooms,  and  the 
various  service  rooms  for  the  ward  units,  making  an 
ana  of  approximately  100,000  cubic  feet  in  the 
hospital. 

There  are  a  number  of  considerations  that  enter 
into  the  interior  arrangement  of  these  various  service 
units;  adaptability  for  purposes  of  light,  sunshine,  and 
ventilation  are  some  of  the  factors.  An  eye  ward 
need  not  be  a  well  lighted  ward  for  instance,  and  the 
maternity,  nursery  and  labor  room,  needing  the  best 
kind  of  ventilation,  need  not  have  sunshine;  some- 
body, ages  ago,  determined  that  operating  rooms 
should  have  north  light  only,  and  that  every  con- 
sideration in  the  structure  of  the  hospital  should 
give  way  before  this  prime  necessity;  as  a  matter  of 
fact  there  is  no  very  good  reason  why  operating  rooms 
should  face  the  north.  We  are  getting  over  the 
"all  white"  fetish  about  operating  rooms;  awnings 
can  be  adjusted  so  that  they  will  keep  out  the  sunlight 
and  there  are  enough  dark  days  in  the  year  when  north 
light  is  not  sufficient  for  operating  purposes  to  justify 
the  possible  inconveniences  incident  to  the  use  of 
awnings  when  the  sun  happens  to  be  shining  from  an 
objectionable  point. 

Administrative  space  such  as  offices  and  recep- 
tion rooms  should  not  be  permitted  to  occupy  bright 
sunshiny  space  to  the  disadvantage  of  patients' 
rooms  and  wards.  The  x-ray  room  and  the  hydro- 
therapeutic  suite  need  not  have  sunshine. 

There  are  more  important  factors  than  any  of  the 
above  that  should  be  weighed  in  the  arrangement 
of  the  ward  units.  The  wards  and  quiet  rooms  should 
get  some  sunshine,  the  more  the  better,  and  it  is 
highly  essential  that  they  should  have  sunshine,  but 
it  is  equally  essential  that  the  arrangement  should 
accommodate  itself  for  other  purposes  as  well.  A 
little  thing  like  the  location  of  the  drinking  fountain 
from  which  the  nurses  must  draw  water  in  glasses 
for  patients,  may  mean  the  difference  of  one  nurse  to 
take  care  of  the  ward.  The  nurse  ought  not  to  have 
to  go  far  for  anything  that  she  may  need,  and  above 
all  else  she  should  not  be  required  to  leave  the  ward 
for  any  considerable  length  of  time,  as  for  instance, 
to  go  to  a  serving  room  a  hundred  feet  off,  through 
two  doors;  there  is  no  telling  what  may  happen  while 
she  is  away.  The  linen  closets  should  be  conven- 
iently arranged  and  slop  sinks  should  be  so  located 
that  the  nurses  will  not  have  to  carry  used  bed  pans 
out  into  public  corridors.  The  toilets  intended  for  the 
use  of  patients  should  be  located  nearby,  where 
ambulatory  cases  may  get  to  them  without  walking 
too  far.  The  service  rooms  should  be  equipped 
with  a  good  but  small  refrigerator  so  that  nurses  will 
not  have  to  go  to  some  remote  part  of  the  house  for 
milk  or  cream,  or  the  accessories  to  ward  service. 
The  nurse's  own  accommodations  should  be  conven- 
iently arranged  so  that  she  will  not  have  to  leave  her 
patients  and  be  out  of  their  sight  while  she  is  writ- 
ing a  record  or  warming  a  soup,  or  doing  any  of  the 
thousand  and  one  petty  jobs  that  a  nurse  must  do  at 
her  own  desk  or  away  from  patients. 

We  have  been  thinking  in  the  matter  of  these  in- 
terior hospital  arrangements  about  a  small  hospital, 
the  fifty  bed  institution  that  we  began  with.  In  larger 
hospitals  the  location  of  every  part  of  the  institution 
will  be  a  special  study  and  the  above  are  only  general 
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considerations  for  guidance,  but  when  wc  begin  to 
think  about  the  ward  unit,  we  are  thinking  about 
something  precisely  the  same  whether  it  is  a  large  or 
a  small  hospital,  the  only  difference  being  that  the 
service  accessories  may  be  different.  It  may  not  be 
possible  to  have  the  linens  in  a  small  hospital  in  or 
adjoining  the  ward,  and  a  common  closet  may  be  at 
a  distance,  available  for  two  or  three  wards.     The  food 


In  Germany  there  are  fewer  accessory  spaces  con- 
nected with  the  wards  (Fig.  3227),  because  the  German 
patient  gets  less  individual  attention,  which  is  more 
than  made  up  to  him  in  the  better  pathology  and 
other  scientific  work  expended  upon  him;  but  this 
work  is  done  m  a  central  laboratory  and  takes  little 
or  no  space  in  connection  with  the  ward  unit. 

In  I  Ins  country,  we  have  our  ward  of  from  twelve  to 
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Fig.  322U. — English  Type  of  Ward  Unit. 


service  may  differ,  because  of  the  smaller  number  of 
people  to  a  ward,  but  the  interior  arrangement  itself 
is  a  problem  common  to  all  hospitals  large  and  small, 
general  and  special,  and  these  largely  bear  upon  the 
question  of  administrative  economies  and  finances. 
Nearly  every  hospital  administrator  and  architect,  in- 
deed nearly  everyone  who  has  come  in  contact  with 


twenty  patients,  two  to  three  small  rooms  adjoining  for 
disturbed  or  recently  operated,  or  dying  patients,  a 
room  for  food  service,  connected  by  dumb  waiter  with 
the  main  kitchen,  a  combination  bath  and  toilet  room, 
or  better  still  the  two  separated ;  a  slop  sink  or  utility 
room  in  which  there  are  sinks  with  large  trapped  open- 
ings into  the  sewer,  utensil  sterilizer,  and  perhaps  venti- 


."•ir  .lUTiwl 


DDDDDD  DDDDQQnDD 

□    5    '    CK      E3      WARP[  I 

□DDDDDDDDDDDDD 


DAV  ^00*1 


310fA,  ncv        WJ-'  BATi 


PLAN  Or  LAfcCE    PAVIL.OM 

i"....i....r -fl  -r  r 

-30»L-     !*■     rPJLT 

Fig.  3227. — German  Type  of  Ward  Unit;  Hamburg  General  Hospital.      Note  the  small  amount  of  working  space. 


hospital  problems  in  any  form  has  made  a  suggestive 
unit.     Two  or  three  forms  are  illustrated. 

The  English  type  (Fig.  3226)  differs  not  very  radically 
from  those  employed  in  this  country  excepting  that  the 
old  sanitary  tower  is  retained.  It  is  a  hideous  thing, 
obstructs  the  light  from  the  windows  on  each  side  of  it 
at  certain  hours  of  the  day,  and  there  are  no  com- 
pensations that  offset  this  defect. 


lated  shelving  for  bed  pans,  urinals  and  the  necessary 
nursing  paraphernalia,  and  a  nurses'  record  room.  Off 
the  surgical  wards  a  dressing  room  is  added  and  in 
some  of  the  newer  teaching  hospitals  a  clinic  room  for 
one  patient  and  half  a  dozen  students,  in  compliance 
with  the  newer  idea  of  bedside  teaching  in  very  small 
groups.  Some  hospital  experts,  Goldwater,  for  in- 
stance, like  to   separate   each  unit,  if  possible,  from 
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the  main  hospital,  by  a  cross  corridor  at  the  junction 
of  the  unit  with  the  hospital,  capable  of  a  continuous 
fresh  air  current  from  side  to  .side  (Fig.  3228). 

It  will  hardly  be  profitable  to  go  into  the  special 
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Flo.  322S. — Goldwater's  Design  for  a  Hospital  Ward  Unit. 

architectural  features  for  hospitals  intended  for  special 
purposes.  The  care  of  the  sick  is  pretty  much  the 
same  whether  it  be  a  mental  or  nervous  case,  a  tuber- 
culosis patient,  a  maternity  woman,  a  post-operative 


and  ceiling  colors;  there  must    be  a   nursery,   with 

special  furniture;  the  baths  .should  be  80  located  and 
arranged  that  a  nurse  u  ho  is  bat  hing  a  small  child  can 
see  the  other  patients  in  the.  ward.  This  is  best  ac- 
complished by  the  use  of  glass  partitions  between  the 
bath  and  the  ward,  but  there  should  be  definite  separa- 
tion and  the  bath  should  not  be  in  the  ward  because 
there  will  often  lie  hot  water  and  consequently 
vapor  about  the  bath,  and  the  question  of  humidity 
comes  in  and  should  not  be  supplied  in  that  manner. 
The  bath  room  for  children  should,  therefore,  be  next 
to  the  ward  and  it  should  include  a  coil  warmed  linen 
cabinet,  and  a  refrigerator  large  enough  to  hold  the 
children's  feedings. 

There  are  two  things  about  a  tuberculosis  hospital 
that  we  must  always  bear  in  mind:  the  first  is  that 
patients  should  be  within  easy  access  of  the  open  air, 
either  by  porches  or  the  open  ground ;  second,  expenses 
of  construction  must  be  reduced  if  the  propaganda 
for  the  fight  on  tuberculosis  is  to  be  successfully  con- 
tinued; third,  patients  should  be  provided  with  open 
air  sleeping  porches,  but  they  should  have  access  to 
warm  rooms  for  dressing  and  undressing;  this  arrange- 
ment may  be  provided  in  the  way  of  French  windows 
opening  on  the  porches,  for  wheeling  the  bed  out 
and  in  or  as  in  Fig.  3230  where  the  .bed  is  set  into 
an  alcove  with  outer  and  inner  windows. 

There  is  no  good  reason  why  tuberculosis  hospitals 
should  cost  more  than  $500  or  $600  per  bed  in  a  small 
institution,  and  $1,000  in  the  large,  prominent,  more 
elaborate  hospital. 

Hospitals  for  the  insane  and  for  epileptics  and 
defectives  are  tending  toward  the  single  storied  cottage 
plan,  and  these  hospitals  are  very  simple,  but  do  not 
radically  differ  from  other  hospitals  excepting  that 
a  far  larger  percentage  of  the  patients  are  intended  to 
be  ambulatory  and  will  not  need  the  elaboration  of 
service  accessories  that  are  required  for  hospitals 
intended  for  bed  patients. 

The  maternity  hospital  need  not  differ  in  any  re- 
spect from  other  hospitals.  The  lying-in  rooms  must 
be  provided  with  extra  plumbing,  also  the  nursery, 
for  the  bathing  of  babies.  The  quiet  rooms  to  which 
women  are  taken  directly  from  the  lying-in  rooms. 
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Fio.  3229.-    Cincinnati  General  Hospital;  Ward  Unit  PI 


he  proportion  of  bed  space  and  service  space. 


surgical  patient,  ora  sick  baby,  and  only  a  few  features 
of  these  several  institutions  need  be  mentioned. 

In  a  hospital  for  children,  the  windows  must  be  low 
.so  that  convalescents  can  see  what  is  going  on  out 
of  doors.  The  rooms  and  wards  should  be  brighter 
than    for   adults,   especially   in   the    warmth   of  wall 
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need  not  provide  sunshine  unless  they  are  intended 
to  be  for  the  permanent  occupation  of  patients. 
There  should  always  be  one  or  more  rooms  for  sus- 
pected cases,  according  to  the  size  of  the  service. 
Every  new-born  baby  that  gets  sick  should  be  isolated 
from  the  other  maternity  babies  because  so  many  of 
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their  troubles  are  communicable,  and  because  the 
resistance  in  the  new-born  is  very  low.  Such  isola- 
tion rooms  can  be  used  also  for  the  temporary  separa- 
tion of  women  who  arc  suspected  of  developing  some 
communicable  infection  such  as  erysipelas  or  puerperal 
fever. 


Fig.  3230. — Culver  Patent  Outdoor  Sleeping  Room. 

Details  op  Construction. — Fireproof  Construc- 
tion.— There  is  no  excuse  in  the  present  day  to  use 
anything  but  perfectly  fireproof  construction  through- 
out the  hospital  building;  it  makes  no  difference 
whether  the  hospital  is  a  small,  private,  or  county 
hospital  in  the  rural  districts,  or  whether  it  is  a  great 
metropolitan  institution  of  the  block  type.  The 
cost  for  this  kind  of  construction  will  be  greater,  but 
the  upkeep  will  be  less,  and,  even  if  this  were  not  so, 
it  is  impossible  that,  when  we  understand  perfectly 
well  we  can  safeguard  the  lives  of  the  helpless  sick  in 
bed  in  a  hospital,  we  should  knowingly  proceed  with 
materials  of  construction  that  will  leave  them  un- 
protected. A  hospital  that  cannot  afford  fireproof 
construction  had  better  not  be  built  at  all,  because  the 
spirit  that  will  permit  a  preventable  fire  hazard  will  be 
guilty  of  many  inefficiencies  that  will  make  such  a 
hospital  worse  than  none  at  all.  As  a  last  resort, 
people  can  be  cared  for  in  their  own  homes,  and  in  a 
locality  where  there  is  no  good  hospital  even  surgical 
operations  can  be  performed  there. 

Then,  what  do  we  understand  by  fireproof  construc- 
tion? We  mean  brick,  stone,  marble,  or  concrete  for 
the  foundations  and  walls;  which  one  of  these  materials 
we  use  depends  on  many  things;  first,  the  amount  of 
money  avc  care  to  spend  in  ornamentation;  second, 
the  locality  in  which  the  institution  is  to  be  built, 
because  in  some  places  stone  would  be  cheaper  ami 
of  a  most  desirable  quality;  at  another  place  brick 
would  be  preferable,  and  at  still  another  concrete 
would  have  first  call.  All  of  these  materials  have 
their  advantages  and  their  varying  prices,  although 
on  the  score  of  economy  alone  there  is  not  very  much 
to  choose,  since  any  of  these  materials  can,  by 
economical  handling,  be  made  to  cost  very  little  more 
than  any  other  one  of  them. 

For  girders,  where  the  building  is  too  small  to  justify 
structural  steel,  concrete,  re-enforced  with  spiral  steel 
rods,  is  the  choice  material;  wooden  girders  are  obsolete 
in  modern  construction. 

As  a  material  for  backing  outside  walls  and  for 
partitions,  there  is  a  choice  of  hollow  clay  tile  and 
gypsum  blocks.  There  is  little  to  choose  between 
these  two  materials;  advocates  of  each  of  them  claim 


certain  ad  vantages  in  1  he  matter  of  their  fire  protect  ive 
qualities.  Where  it  is  likely  that  walls  are  to  be 
Changed  frequently,  as  in  office  buildings,  gypsum 
blocks  are  preferable  because  they  can  be  sawed  and 
handled  noiselessly;  for  this  latter  reason,  also  tie, 
are  desirable  for  the  building  of  partition  walls  in 
institutions  that  are  occupied.  On  the  other  ha  ml, 
gypsum  blocks  do  ao1  stand  side  weights,  such  as 
bracketed  fixtures,  as  well  as  tile. 

Floors. — There  is  no  standard  hospital  floor;  but 
it  is  pretty  definitely  agreed  t  hat  the  same  flooring  can 
not  be  advantageously  used  in  all  parts  (jf  the  in- 
stitution. There  are  those  who  like  wooden  floors  for 
private  rooms  and  wards  in  preference  to  the  various 
lithics;  there  is  no  doubt  that  a  finely  finished  cement 
or  one  of  the  compositions  of  lithic  flooring  or  terrazzo 
is  preferable  for  basement,  serving  rooms,  and  corri- 
dors; and  no  successful  rival  to  the  white  vitrified 
tiles  has  appeared  in  the  operating  and  dressing  rooms. 

Perhaps  the  floor  favored  at  present  beyond  all 
others  for  hospital  rooms,  wards  ami  corridors  is 
battle-ship  linoleum  one-quarter  inch  thick,  in  solid 
colors;  but  the  value  of  linoleum  depends  almost 
entirely  on  the  laying  of  it.  If  it  is  laid  badly,  it  is  a 
nuisance  and  will  not  last,  and  is  a  constant  source 
of  irritation  because  it  buckles  and  is  uneven  to  walk 
on;  moreover,  the  seams  open  up,  slop  waters  get 
underneath  and  the  material  is  soon  rotted.  There 
have  been  attempts  to  lay  battle-ship  linoleum  by 
running  it  up  the  wall  for  three  or  four  inches  all 
around  to  a  shoulder  under  a  cove  base;  when  used  in 
this  way,  a  cement  colored  to  imitate  the  linoleum  is 
used  to  finish  the  corners.  This  method  of  laying  is 
not  a  success,  and  no  amount  of  skill  will  prevent  the 
corners  from  looking  unfinished  and  unsightly.  The 
proper  way  to  lay  linoleum  is  to  run  a  turned  cove 
base  out  onto  the  floor  for  six  inches,  bring  the  cement 


Wall   Plaster 


Fig.  3231. —  Method  of  Laying  Linoleum. 

under-flooring  up  to  within  one-quarter  inch  of  the 
top  of  the  floor  edge  of  the  cove  base  and  set  a  brass 
rim  against  the  cove  base  so  that  the  linoleum  when 
it  is  laid  can  be  supported  by  this  brass  rim,  as  well 
as  the  brittle  breakable  edge  of  the  cove  base  (see 
Fig.  3231).  When  the  linoleum  islaid  it  should  be  cut 
to  overlap  all  around  and  heavy  sandbags  or  other 
weights  should  be  placed  on  it  and  kept  there  for 
three  or  four  weeks  until  the  linoleum  thoroughly 
settles  to  its  place;  then,  it  should  be  cut  to  fit  snugly 
all  over;  a  cement  made  for  the  purpose  is  put  on  the 
underside  of  every  part  of  the  linoleum  with  a  white- 
wash brush;  the  linoleum  is  then  set  in  place  and  the 
weights  are  again  put  on.     After  three  or  four  days 
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t  lie  weights  can  be  removed  and  a  shellac  cement  can 
be  used  to  seal  all  joints.  The  linoleum  will  keep 
clean  if  a  light  coating  of  melted  paraffin  is  painted 
over  it  with  a  whitewash  brush  as  soon  as  it  is  thor- 
oughlv  dried,  after  it  is  placed;  otherwise  it  is  almost 
impossible  to  keep  linoleum  from  getting  stained  and 
equally  impossible  to  get  these  stains  out.  Paraffin 
serves  to  protect  the  fabric  and  there  is  almost  noth- 
ing in  the  shape  of  a  stain  that  cannot  be  washed  out 
with  hot  water  and  soap  if  there  is  a  first  coating  of 
paraffin  until  all  the  building  operations  are  over. 
After  the  linoleum  is  down  for  several  months  it  is 
best  to  paint  it  with  two  or  three  coats  of  shellac 
floor  varnish,  and  the  floor  thereafter  can  be  treated 
just  as  any  wood  floor  and  it  will  last  indefinitely. 

Door  ami  Window  Frames. — There  is  no  excuse  any 
longer  for  using  wood  door  and  window  frames. 
These  are  made  of  drawn  metal  enameled  and  baked 
to  represent  any  of  the  wood  finishes  desired.  It 
should  be  insisted  that  door  jams  and  window  strips 
must  be  made  adjustable  and  fastened  with  clamp 
set-screws  so  that  the  warping  of  a  door  or  the  dry- 
ing out  of  a  window  will  not  cause  a  bad  fit  that  can- 
not be  overcome. 

Doors. —  Unfortunately,  we  have  not  been  able  to 
get  a  metal  door  that  can  be  used  in  hospitals,  on 
account  of  the  noise  they  make  coming  in  contact 
with  metal  frames;  and  the  best  we  can  do  is  to  use 
heavy  "built-up"  veneered  doors  without  panels; 
these  doors  are  expensive,  but  necessary. 

Windows. — Windows  are  a  matter  of  taste;  there 
are  places  where  the  French  casement  window  is 
pretty,  easily  handled,  and  convenient ;  wherever  these 
are  used  they  should  open  outward  and  be  controlled 


Fig.  3232. —  Mechanical  Control  of  Casement   Windows  opening 
Outward  the  Screen  being  on  the  Inside. 


by  .some  Mich  mechanismas  that  shown  in  Fig.  3232, 
so  that  screens  need  not  be  raised  in  order  that  the 
windows  may  be  moved.  The  old-fashioned  two- 
part,  counterweighted  slide  windows  have  not  been 
improved  on  very  much,  as  they  are  serviceable; 
imetimes  there  is  a  division  into  three  parts  in  the 
slide  window  so  that  the  upper  pari  can  be  lowered 
and  the  lower  pari  raised  and  air  brought  in  both  from 
above  and  below.  Occasionally,  this  same  effect  is 
had  by  the  use  of  a  transom  swung  from  above  and 
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ning  outward,  or,  better  still,  a  double  transom 

with  a  compensating  movemenl  of  the  outer  and  inner 
halves,  as  in  Fig.  3233. 

Permanent     Installation.  — Plumbing. — Hospital 
plumbing  is  pretty  definitely  standardized.     Designs 

of  fixtures  are  a  matter  of  choice  and  taste  and  indi- 
vidual conditions,  but  concerning  the  material  out  of 
which  they  are  made  there  can  be  no  compromise. 


Fir..   3233— Yale  and  Towne  Transom  Device. 

Fixtures  must  be  of  porcelain,  or  at  the  very  least  if 
they  are  to  be  of  enamel,  the  enamel  out  of  which 
they  are  to  be  made  must  be  of  soft  iron  and  the  bak- 
ing process  must  have  been  at  least  2,600°  F. ; 
using  this  soft  metal  and  the  high  temperature  has 
the  effect  of  fusing  the  silica  and  the  metal.  No 
waste  pipes  should  be  laid  horizontally  across  floors 
or  ceilings  because  in  nearly  every  place  in  the  hos- 
pital more  or  less  marble  dust  is  used  in  soap,  and 
this  dust  forms  an  accretion  in  horizontal  piping 
and  the  piping  closes  up  with  what  practically 
amounts  to  a  marble  concrete.  It  is  impossible  to 
rout  out  this  accretion  and  impracticable  to  break 
into  the  flooring  to  remove  the  piping.  All  sewer 
outlets  should  be  trapped,  and  all  vents  should  pay  to 
the  roof.  Local  vents  may  or  may  not  be  used, 
according  to  local  conditions  in  each  case  and  to  con- 
form to  local  laws ;  local  vents  are  not  always  necessary. 
No  pipes  of  any  kind  at  any  time  anywhere  should  ever 
be  exposed,  because  exposed  piping  must  be  fitted  with 
loose  collars  through  floors  and  walls  which  permit 
the  passage  of  cockroaches,  water  bugs  and  other  in- 
sects; then  inside  the  walls  the  cold  pipes  sweat, 
creating  a  moist,  warm  atmosphere — an  ideal  breed- 
ing place,  especially  for  cockroaches,  which  are  now 
known  to  be  the  most  harmful  disease  carriers  that  we 
have. 

No  matter  how  expensive  or  perfect  a  pipe  is  if 
used  in  a  building  it  will  never  be  satisfactory  in  ap- 
pearance unless  it  is  thickly  nickeled.  There  is  as 
much  difference  in  nickeling  of  piping  as  there  is  in 
the  quality  of  the  material  itself,  and  a  great  deal  of 
piping  is  so  thinly  nickeled  that  a  year  of  polishing 
will  wear  it  down  to  the  metal.  The  best  piping  is 
brass  or  bronze,  and  although  considerably  more  ex- 
pensive than  iron  it  lasts  so  much  better  that  the  added 
expense  will  soon  be  wiped  out  by  the  low  upkeep; 
moreover,  brass  or  bronze  piping  does  not  corrode  or 
rust,  and  there  is  nothing  so  offensive  and  objection- 
able as  iron  coloring  matter  in  the  water. 

The  Healing  System. — There  is  very  little  to  be  said 
that  is  important  in  connection  with  the  heating 
system.  Radiation  is  a  scientific  matter  and  is  an 
accumulation  of  accurate  calculations  at  the  hands  of 
architects  and  engineers  who  understand  this  par- 
t  icular  line  of  work,  and  it  need  only  be  suggested  that 
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the  best  engineers  seem  recently  I"  favor  heating  by 
hot  water  rather  than  steam,  and  it  has  been  pretty 
conclusively  shown  that  hot  water  heating  is  more 
economical  than  steam.  The  radiating  surfaces 
in  the  case  of  hot  water  must  be  greater  than  in  the 
case  of  steam;  hence,  the  radiators  themselves  will 
cost  a  little  more;  but  unless  the  added  surface  is  al- 
lowed, the  system  will  not  warm  the  building  suf- 
ficiently in  extreme  weather.  The  piping  for  the 
heating  system  should  be  quite  as  good  as  that  for 
plumbing.  Radiator  valves  must  be  of  the  thermo- 
static type;  the  architect  will  be  the  best  judge  as  to 
the  particular  make. 

Ventilation. — There  is  no  doubt  that  mechanical 
ventilation  is  to  play  an  important  part  in  hospital 
and  sanitorium  installation  and  administration  in  the 
near  future,  but  up  to  the  present  tune  no  definite 
rules  have  been  laid  and  no  standards  have  been 
set  upon  which  the  ideal  ventilation  system  can  be 
realized;  in  fact,  there  is  hardly  an  institution  in  this 
country  to-day  whose  mechanical  ventilation  system 
is  efficient  and  helpful.  There  are  many  side  problems 
to  be  considered  in  connection  with  ventilation  and 
the  scientific  work  has  yet  to  be  done  for  the  settle- 
ment of  some  of  these  problems.  It  is  very  certain 
that  mechanical  ventilation  cannot  be  employed  to 
any  extent  whatever  in  helping  to  control  either 
temperature  or  humidity,  two  most  vital  factors  in 
hospital  air;  whenever  washed  air  is  heated  before  it 
is  distributed  into  the  wards  or  rooms  it  immediately 
loses  its  freshness;  warmed  air  introduced  into  a 
room  or  ward  gives  the  air  a  feeling  of  deadness,  and 
supplies  air  very  much  like  that  one  feels  when  going 
into  a  room  that  has  long  been  closed  up.  There  is  no 
doubt  that  the  movement  of  air  in  a  room  has  as  much 
to  do  with  the  comfort  and  well-being  of  patients 
and  the  oxidation  of  the  blood  as  either  the  temperature 
or  humidity,  or  even  the  quality  of  the  air  itself. 

New  hospitals  that  can  afford  it  should  have  air 
ducts  installed  as  though  it  were  the  intention  to  put 
in  mechanical  ventilation;  but  until  some  standard- 
ized system  is  evolved,  hospitals  might  just  as  well 
save  their  money.  Architects  will  not  agree  to  this, 
but  architects  leave  the  hospital  as  soon  as  it  is  ready 
for  the  occupancy  of  patients  and  they  are  not  well 
informed  about  the  results  of  administration  under 
varying  conditions.  The  few  architects  who  do  know 
the  difficulties  that  hospital  administrators  have  in 
their  attempts  to  get  efficient  service  out  of  mechanical 
ventilation  plants  will  sympathize  with  these  senti- 
ments, and  these  men  are  to-day  calling  upon  the 
medical  profession  and  upon  experts  in  hygiene  and 
sanitation,  and  the  various  technical  engineers,  to 
give  them  a  solution  of  this  problem. 

Refrigeration. — There  is  no  longer  an  excuse 
for  even  small  hospitals  being  without  mechanical 
refrigeration  by  means  of  a  system  of  pipes  from  r 
central  refrigeration  plant.  Large  hospitals  will  in- 
stall either  the  ammonia  or  the  carbonic-acid  gas  sys- 
tem, the  pumps  of  which  are  motor  driven  from  the 
central  station.  There  are  a  number  of  recently 
designed  systems  for  small  hospitals  that  work  auto- 
matically for  the  cooling  of  circulating  brine,  some  of 
which  are  most  ingenious  and  efficient;  especially 
is  this  true  of  an  automatic  gas-heated,  pump-driven 
machine  recently  placed  on  the  market.  A  small  in- 
stallation of  this  type  costs  three  or  four  hundred 
dollars  and  is  sufficient  to  cool  three  or  four  moderate- 
sized  refrigerators  placed  one  above  another  on  dif- 
ferent floors.  The  principle  of  operating  is  based  upon 
a  thermostatic  temperature  control,  which  works  by 
turning  on  the  gas  which  drives  the  pump  when  the 
temperature  in  the  refrigerator  rises  to  a  certain 
point,  and  by  reversed  action  turns  off  the  gas  down 
to  the  pilot  light  when  the  temperature  is  reduced  to 
the  designated  point.  Of  course,  a  certain  amount  of 
ice  must  also  be  made  in  the  hospital  and  any  of  these 
mechanical  refrigeration  machines  can  be  employed 


to  make  a  specified   quantity  of  ice  every   twenty- 
four  hours. 

There  is  mt\  little  difference  between  the  ammonia- 
machines  and  those  operated  under  the  use  of  carbonic- 
acid  gas  and  calcium  chloride  as  a  cooling  medium. 
The  main  point  is  that  the  installation  must  be  high 
class  in  every  respect,  so  that  there  will  not  be  leaks 
anywhere;  and  speaking  of  these  leaks  recalls  a 
diversity  of  opinion  as  to  whether  ammonia  or 
carbonic-acid  gas  is  the  better  medium;  then-  is  a  cer 
tain  amount  of  fear  connected  wit  h  t  lie  use  of  ammonia 
due  to  the  fact  that  explosions  have  occurred;  these 
explosions  are  now  discounted  in  the  new  installations 
and  present  practice  will  hardly  allow  them  to  occur. 
Ammonia  is  cheaper  than  carbonic  acid  and  can  be 
used  over  and  over  again,  and  the  upkeep  of  an  am- 
monia plant  need  not  take  into  account  the  loss  of 
ammonia  by  leakage.  On  the  other  hand,  the  leak- 
age of  carbonic-acid  gas  gives  off  no  odor  and  cannot, 
be  detected  except  by  the  necessity  to  supply  re- 
newals of  gas  at  intervals.  There  are  many  plants 
using  carbonic-acid  gas  with  calcium  chloride  freez- 
ing mixtures  that  have  gone  on  leaking  for  years  and 
the  only  means  of  detection  is  in  the  monthly  bills  for 
gas.  The  ice  machine  people,  using  both  types  of 
machines,  have  developed  their  science  to  a  very  exact 
and  efficient  state,  and  all  of  the  systems  have 
given  an  immense  amount  of  satisfaction  to  ad- 
ministrators and  trustees. 

Hospital  Construction  Costs. — Under  pressure  of  the 
increase  in  the  number  of  hospitals,  costs  of  construc- 
tion are  being  constantly  decreased  by  simplification 
in  methods,  by  systems  of  manufacture  of  finished 
products,  and  by  the  larger  quantities  being  used. 
There  are  no  hard  and  fast  rules  by  which  hospital 
construction  can  be  gauged  as  to  cost.  There  are 
choices  as  to  quality  and  price  in  material,  for  almost 
every  part  of  the  institution,  and  hospital  architects 
and  administrators  can,  within  limits,  fix  beforehand 
the  cost  of  an  institution  they  propose  to  build  by 
certain  economies  planned  in  various  directions,  as, 
for  instance,  the  elimination  of  ornamentation  both 
in  the  general  architecture  and  in  the  finish  of  details. 

There  are  a  few  figures  which  might  be  of  interest 
concerning  the  costs:  a  plain,  unornamented  build- 
ing, reasonably  well  equipped  as  a  modern  hospital 
and  without  furnishings,  can  be  completed  on  a  basis 
of  about  twenty-five  cents  per  cubic  foot  of  space, 
measurements  to  be  made  over  all;  or,  figured  on  an- 
other basis,  the  same  hospital  will  cost  about  $2,000 
per  bed,  assuming  that  the  administrative  spaces — 
that  is,  all  the  areas  not  actually  occupied  by 
patients — are  not  excessive.  By  substituting  cheap 
plumbing  and  cheap  fixtures,  by  giving  way  here 
and  there  concerning  the  fireproof  character  of 
the  structure,  by  the  use  of  cheap  hardware,  cheap 
flooring,  cheap  doors  and  windows  and  frames,  these 
costs  can  be  materially  reduced;  but  such  reductions 
will  always  be  at  the  expense  of  the  upkeep  costs  in 
the  future,  and  while  it  is  nearly  always  comparatively 
easy  to  obtain  money  for  the  building  for  a  hospital, 
it  is  always  a  difficult  thing  to  obtain  the  necessary 
funds  to  cover  deficits  from  year  to  year,  so  that  an 
extra  effort  should  always  be  made  to  put  in  the  best 
materials  and  to  use  the  best  methods  in  construction, 
which  will  be  repaid  abundantly  in  the  future  by  a  low- 
upkeep  cost.  The  present  high  costs,  and  increases 
during  the  past  few  years,  are  not  due  to  increased 
?ost  of  materials,  but  to  elaboration  in  construction 
due  to  an  unwholesome  rivalry  in  the  matter  of 
ornamentation,  and  the  constant  pressure  of  medical 
science  for  more  attention  to  patients,  which  in  turn 
means  greater  elaborateness  in  all  the  permanent 
installation.  John  A.  Hobnsby. 
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centuries  in  the  American  colonies  the  so-called  hos- 
pitals were  almshouses  or  pesthouses;  hospitals 
proper  did  not  exist.  Hospitals  for  contagious 
diseases,  better  known  as  pesthouses,  were  erected 
in  connection  with  all  commercial  cities,  not  so  much 
from  motives  of  humanity  or  a  desire  to  care  for  the 
sick  as  to  protect  the  public  from  the  constant  peril 
of  immigrants  suffering  from  infectious  diseases  who 
came  into  cities,  usually  by  water.  In  both  the 
seventeenth  and  eighteenth  centuries  ship-fever,  owing 
to  the  long  voyage  from  Europe  and  its  inevitable 
hardships,  frequently  attacked  immigrants  and  men- 
aced the  life  and  health  of  the  residents  of  the  port 
where  the  ship  happened  to  land.  The  same  was 
true  of  smallpox.  Prior  to  the  introduction  of 
inoculation  and  afterward  of  vaccination,  ships  com- 
ing into  port  often  brought  a  crew  or  passengers  in- 
fected with  this  disease;  hence  it  became  necessary, 
in  order  to  protect  the  health  of  cities,  that  special 
provision  be  made  for  sick  strangers.  To  supple- 
ment this  provision  a  system  of  almshouses  or  alms- 
house hospitals  came  into  being,  where  the  sick  and 
dependent  could  be  cared  for  and  ministered  to  as 
their  necessities  required.  No  adequate  provision, 
however,  existed  anywhere  for  the  care  of  the  sick, 
the  indigent  or  the  insane  and  whatever  effort  was 
made  to  meet  this  crying  necessity  was  haphazard 
and  fragmentary.  The  hardships  and  privations 
attending  pioneer  conditions  in  a  new  country  and  the 
disease  and  wounds  which  followed  constant  warfare 
with  savage  tribes  fostered  low  standards  of  medical 
care  and  nursing.  Physicians  were  imperfectly  edu- 
cated, and,  as  a  rule,  destitute  of  large  experience  and 
nurses  were  not  trained  at  all.  The  sick  and  wounded 
thought  themselves  fortunate  to  be  under  the  shelter 
of  a  roof  and  expected  and  received  little  attention 
from  physicians  and  nurses.  Under  such  conditions 
the  care  of  the  sick  fell  upon  kindhearted  friends  and 
neighbors  who  did  the  best  they  could;  it  was  "watch- 
ing the  sick."  however,  and  custody  rather  than  nursing. 
It  was  undoubtedly  the  only  available  care  in  an 
exceptional  condition  of  society  and  in  no  sense  nurs- 
ing as  we  now  understand  it.  Later,  when  the  grow- 
ing segregation  of  families  in  city  life  and  the  dis- 
appearance of  the  neighborly  interest  developed 
by  pioneer  conditions  because  living  had  become 
secure  and  people  could  dwell  together  without  the 
interest  or  friendliness  developed  by  a  common  danger, 
the  evident  need  of  something  more  was  felt.  People 
no  longer  recognized  the  duty  of  giving  personal  care 
to  their  sick  neighbors  and  yet  felt  that  they  owed  a 
certain  responsibility  for  their  care  when  friendless, 
sick  and  destitute.  This  gave  origin  to  the  general 
hospital  for  the  care  of  the  indigent  sick  of  the 
community,  which,  however,  was  not  thought  of  until 
1751  when  the  first  hospital  deserving  the  name  was 
founded  at  Philadelphia  at  the  suggestion  of  Benjamin 
Franklin.  The  reason  assigned  was  the  duty  of  the 
public  to  give  to  the  inhabitants  of  Philadelphia  as 
good  care  as  was  given  to  the  homeless  and  friendless 
immigrant,  whose  care  had  been  earlier  assumed, 
perhaps  grudgingly,  to  avert  worse  evils  because  of 
the  contagion  which  he  carried.  A  petition  written 
by  Franklin  was  presented  to  the  Pennsylvania 
\  embly  in  1751  and  after  proper  delay  a  bill  estab- 
lishing the  Pennsylvania  Hospital,  was  enacted  and 
became  a  law  the  same  year.  Nearly  $14,000  was 
raised  by  popular  subscription  to  erect  the  building 
and  (lie  -late  appropriated  about  §10,000  in  addition. 
The  managers  of  the  hospital,  however,  did  not  wait 
for  the  erection  of  special  buildings  but.  promptly 
rented  a  private  house  and  opened  it  for  the  care  of  a 
few  patient  and  continued  to  occupy  it  until  the 
buildings  of  the  hospital  were  completed  and  occupied 
in  1756.  hike  other  hospitals  erected  at  the  same 
eta  provision  was  made  in  it  for  the  insane  as  well  as 
for  the  sick.  This  grew  out  of  the  fact  that  no 
immodation  for  the  care  and  treatment  of  pel 
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deprived   of   their   reason   existed   anywhere   in    the 

country.      As  it  was  inhumane  to  confine  such  insane 

ns  in  jails  and  lock-ups  it  was  deemed  essential 

to  make  provision  for  them  in  cells  or  similar  places 
of  confinement  in  connection  with  the  hospital  and 
under  its  care,  generally  in  the  basement.  The 
dominant  idea  in  establishing  this  hospital  Was  tin- 
care  of  friendless,  -iek  and  insane  persons. 

A  second  hospital  was  the  New  York  Hospital 
founded  in  1770  under  a  charter  granted  by  George 
the  Third  at  the  instance  of  Drs.  Middleton,  .Jones, 
and  Bard,  then  physicians  of  New  York.  The 
charter  was  granted  in  1771  but  owing  to  the  breaking 
out  of  the  Revolutionary  War  the  hospital  was  not 
opened  until  1791.  In  the  erection  of  the  New  York 
Hospital  the  dominant  idea  seemed  also  to  be  to 
provide  for  the  necessities  of  sailors  and  immigrants 
in  order  to  prevent  the  introduction  of  infectious 
diseases  into  the  growing  city.  Early,  however,  in 
the  enterprise  it  became  imperative  to  provide  for 
the  care  of  the  insane  and  out  of  it  has  grown  a  large 
branch  hospital  in  the  country  which  has  served  a 
most  important  purpose  for  a  century.  Then  fol- 
lowed in  order  similar  hospitals,  in  Boston,  the 
Massachusetts  General  Hospital  in  1811  with  a 
department  for  the  insane,  and  in  Baltimore,  the 
Hospital  of  the  University  of  Maryland,  in  1823. 

These  institutions  at  first  were  semi-private  cor- 
porations, in  two  instances  assisted  by  the  State  but 
managed  by  private  citizens  and  erected  to  meet  a 
manifest  public  necessity.  They  were  modeled  to 
some  extent  upon  the  hospitals  of  England  but 
differed  materially  in  their  object  and  scope.  There 
being  no  recognized  pauper  class  in  the  United  States 
as  in  England,  those  who  were  the  recipients  of 
charity  were  persons  temporarily  in  want  of  care  or 
insane  persons.  From  such  humble  and  inexpensive 
beginnings  a  system  of  public  hospitals  of  different 
classes  has  developed  throughout  the  United  States. 
In  addition  to  the  large  corporate  hospitals,  above  re- 
ferred to,  many  similar  hospitals  have  been  established 
in  all  large  centers  of  population  for  the  treatment  of 
acute  diseases  and  for  emergency  surgery.  In  some 
instances  they  have  private  rooms  for  those  who  are 
able  to  pay  the  cost  of  rooms  and  board  and  fees  to 
surgeons  and  physicians  for  professional  services. 
They  represent  the  highest  grade  of  general  hospitals 
in  the  country  and  because  of  their  method  of  govern- 
ment being  free  from  political  control  and  the  char- 
acter of  their  organization,  they  command  the  respect 
and  confidence  of  the  public. 

Their  trustees  are  selected  for  probity,  good  judg- 
ment, and  approved  business  ability  and  as  they 
serve  without  pay  they  bring  into  the  service  of  the 
institution  a  grade  of  ability  which  can  rarely  be 
obtained  in  institutions  where  political  control  is 
the  rule.  The  hospitals  also  assist  in  medical  teach- 
ing and  by  their  clinics  and  ward  classes  accomplish 
much  for  the  training  of  physicians  and  nurses. 

There  is  also  an  extensive  system  of  State  hospitals 
for  the  care  of  diseases  like  insanity  which  are  chronic 
in  character  and  which. ,as  they  deprive  the  patient 
of  his  civil  rights,  require  a  degree  of  custodial  care 
which  ought  only  to  be  exercised  by  the  sovereign 
power  of  the  state,  or  like  tuberculosis  which  from 
its  chronicity  and  the  necessity  of  isolating  the  patient 
in  favorable  climates  and.  above  all,  from  the  fact 
that  the  cure  of  the  disease  has  grown  too  large  a 
problem  for  private  charity  to  deal  with  and  must 
fall  upon  the  state.  State  hospitals  are  generally 
under  the  control  of  governing  boards  appointed  by 
the  governor  with  the  consent  of  the  Senate  or  Council 
and  composed  of  men  of  character  and  standing  who 
are  actuated  by  high  motives  in  assuming  duties 
which  bring  much  hard  work,  considerable  anxiety, 
and  little  or  no  pecuniary  return. 

There  are  besides  in  many  States,  municipal  and 
county  hospitals  for  the  care  of  sick   paupers  of  the- 
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chronic    class,    hospitals    for    miners,    iron-workers, 
railway   employes,   etc.,   often   maintained  by   mine 

owners,  and  railway  organizations. 

Municipal  hospitals  generally  care  for  the  city  poor 
and  neglected,  for  chronic  cases  of  diseases  and  for 
venereal  disorders.  The  municipality  also,  as  a  rule, 
cares  for  the  more  severe  contagious  diseases  like 
smallpox,  diphtheria,  and  other  acute  infectious 
diseases.  As  the  infections  are  too  virulent  to  per- 
mit their  victims  to  take  long  journeys  such  hospitals 
are  under  local  control  in  order  that  patients  may  be 
isolated  and  treated  at  the  earliest  moment  with  a 
minimum  of  exposure  to  others. 

In  such  a  general  summary  no  mention  is  made  of 
special  hospitals  like  eye  and  ear,  children's,  ortho- 
pedic, nurseries  and  women's,  or  private  hospitals. 
These  are  generally  departments  of  other  hospitals 
or  private  enterprises,  and,  if  the  latter,  they  commonly 
are  the  creation  of  a  physician  who  has  become 
interested  in  a  line  of  personal  work  from  which  he 
derives  profit  either  directly  or  indirectly  and  do  not 
require  special  mention  here. 

Such  public  hospitals  whether  State,  county, 
municipal,  corporation  controlled,  or  corporate  should 
be  governed  by  unpaid  boards.  A  payment  to  a 
manager  or  trustee  however  trifling  impairs  his  useful- 
ness and  dignity,  because  no  sum  of  money  can 
adequately  compensate  the  large-minded  public- 
spirited  man  whose  services  are  needed  by  public 
hospitals.  If  a  small  compensation  is  paid  to  trustees, 
and  no  matter  how  small  the  sum  may  be,  some  person 
will  arise  to  seek  the  position  for  the  money  which  is 
in  it  and  thus  exclude  men  of  higher  capacity  and 
larger  experience  who  might  willingly  serve  without 
compensation,  and  esteem  it  an  honor  and  a  privilege 
to  give  this  service.  Such  men  bring  to  their  duties 
a  range  of  ability  and  business  skill  which  cannot  be 
adequately  rewarded  by  any  salary. 

All  boards  of  trustees  of  public  hospitals  of  every 
grade  should  be  absolutely  free  from  political  control 
and  their  tenure  of  office  should  not  depend  upon  the 
changes  of  political  parties  or  the  vicissitudes  of 
elections.  No  officer  should  be  appointed  because 
he  belongs  to  a  particular  party,  nor  should  he  be 
removed  from  office  for  political  reasons. 

It  is  important  for  the  good  of  the  hospital  that  its 
management  should  not  become  a  one-man  affair. 
In  many  hospitals  with  a  large  board  of  managers  it 
often  happens  that  some  one  person  exercises  pre- 
ponderent  influence  because  of  his  dominating  per- 
sonality and  keen  interest  in  the  work.  The  con- 
current and  harmonious  services  of  men  of  varied 
talents  and  breadth  of  interests  are  required  by  every 
hospital  and  should  not  be  lost  to  it  through  the 
inconsiderate  action  of  any  one  person  however 
exceptional  his  powers  may  be. 

Hospital  Organization. — A  good  working  organ- 
ization is  of  prime  importance  to  a  general  hospital 
planned  to  do  proper  work  in  the  branches  of  medicine 
and  surgery.  Although  an  imperfect  organization 
may  accomplish  excellent  results  provided  its  ad- 
ministration is  exceptionally  good,  such  a  condition 
may  bring  an  unnecessary  strain  upon  all  concerned 
in  the  work  of  administering  the  hospital  and  interfere 
to  a  great  extent  with  the  ease  with  which  the  daily 
routine  is  accomplished.  Hospital  administration  is 
full  of  difficulties  and  the  labors  of  officers  should  not 
be  increased  needlessly,  but  rather  they  should  be 
made  lighter  wherever  it  is  possible  to  diminish  them. 
The  plan  of  organization  ought  to  be  thoroughly 
thought  out  before  a  hospital  is  opened,  in  order  that 
it  ma}'  be  competent  to  meet  all  emergencies  or  re- 
quirements. 

Many  hospitals,  unfortunately,  have  had  a  hap- 
hazard origin  and  for  years,  thereafter,  have  led  a 
hand-to-mouth  existence,  being  understaffed  and 
without  sufficient  officers  to  do  the  necessary  work 


with  ease  and  efficiency.     They  often  begin  as  small 
establishments  with  limited  resources  and  apparently 

without    special    thought    of    future    development; 

i  cm  i  they    may    eventually   fail  to   produce   good 

results    because   of    inefficient   orgaiiizalicin.it    often 

bei le    nece  sary  to  fit  the  plan  of  administration 

In  the  larger  work  of  the  hospital,  and  the  effort  to 
accomplish  this  is  often  difficult. 

A  cardinal  point  in  successful  hospital  organization 
is  the  careful  limitation  of  the  powers  and  duties  of 
each  and  every  department.  There  should  be  no 
overlapping  of  duty  or  authority  but  the  boundaries 
of  each  should  be  scrupulously  marked  out.  The 
trustees  or  managers  of  the  hospitals  are  the  under- 
lying body  and  repository  of  authority  and  power; 
from  them  should  be  derived  the  functions  exercised  by 
all  executive  and  subordinate  officers  of  the  hospital. 
Being  the  governing  board  they  establish  rules  and 
regulations  for  the  management  of  the  hospital  and 
thus  become  responsible  to  the  public  for  the  conduct 
of  its  affairs.  They  have  charge  of  the  property  and 
legally  control  every  officer,  patient  and  employe. 
This  control  cannot  be  exercised  personally  by  the 
board  of  trustees  but  it  must  be  effected  through 
the  officers  which  they  appoint  to  act  as  their  agents. 
The  activities  of  such  agents  must  be  so  coordinated 
that  one  agent  will  not  interfere  with  another;  they 
must  be  so  controlled  and  directed  as  to  supplement 
each  other  and  thus  discharge  the  duties  required  by 
the  work  of  the  hospital  It  therefore  becomes  essen- 
tial that  the  trustees  or  managers  should  have  a 
representative  constantly  in  the  hospital  clothed 
with  their  authority  as  a  means  of  communication 
between  them  and  every  department  of  the  hospital. 
In  this  manner  only,  it  becomes  feasible  for  the  trus- 
tees to  bring  themselves  into  relation  with  all  parts 
of  the  establishment  and  to  breathe  into  it  the  breath 
of  life  so  that  the  whole  may  become  a  single  vital 
organization.  Such  representative  of  the  board  of 
trustees  is  known  in  England  as  a  secretary  or  warden, 
and  in  America  as  superintendent  or  director  or  chief 
executive  officer. 

Subordinate  to  this  chief  executive  officer  there 
should  be  independent  departments  of  service  under 
able,  experienced,  and  competent  heads,  each  supreme 
in  his  or  her  own  department,  but  responsible  through 
this  officer  to  the  governing  board — in  other  words 
independent  heads  responsible  for  all  results  to  the 
management  of  the  hospital. 

The  Trustees. — The  trustees  as  holders  of  the 
property  are  responsible  for  the  management  of 
the  whole  establishment.  All  boards  of  trustees,  as 
I  have  already  intimated,  should  be  independent 
of  political  control,  and  should  be  selected  solely 
with  a  view  to  their  competency  to  manage  properly 
the  property  and  concerns  of  the  hospital.  The 
membership  of  the  board  should  not  be  large.  In 
many  instances  a  mistake  is  made  in  selecting  too 
large  a  number  of  persons  for  a  governing  board. 
In  several  hospitals  the  board  of  trustees  or  managers 
consists  of  twenty-four  persons;  in  some  English 
hospitals,  boards  of  managers  frequently  number 
forty  or  fifty  persons,  *  the  result  being  an  unwieldy 
body  which  cannot  become  interested  as  a  whole  in 
the  details  of  hospital  management,  and  consequently 
fails  to  develop  a  feeling  of  responsibility.  In  such 
large  boards  it  is  usually  customary  to  appoint  a 
smaller  body  known  as  an  executive  committee,  to 
which  is  committed  the  actual  management  of  the 
hospital,  the  trustees  in  general  being  mere  figure- 
heads.    A   board   of   trustees   should   not   consist    of 

•In  "The  Order  of  the  Hospitals  of  K.  Henry  VIII  and  K. 
Edward  VI  viz..  St.  Bartholomews,  Christ's,  Bridwell,  anil  St. 
Thomas,  by  the  Maior,  Cominalite  and  Citizens  of  London, 
Govemours  of  the  Sayd  Hospitalls,  1557."  it  is  provided  that 
"the  number  of  persons  that  shal  Governe  shall  be  66  at  the 
leaste." 
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more  than  ten  or  twelve  members  and  often  a  smaller 
number  is  equally  efficient.  They  should  be  good 
business  men,  preferably  not  physicians  or  clergymen 
or  gentlemen  of  too  abundant  leisure.  A  man  who  is 
engaged  in  business  and  is  accustomed  to  business 
ways  is  usually  more  efficient  in  the  discharge  of 
duties  than  one  who  assumes  the  responsibility  of  a 
large  hospital  for  lack  of  something  else  to  do.  As  a 
rule  trustees  should  be  appointed  for  long  periods  of 
service  preferably  for  life.  In  some  boards  a  retiring 
age  has  been  selected  which  has  proven  advantageous 
to  the  hospital  by  bringing  into  service  younger  men 
who  are  better  able  to  endure  the  fatigue  of  the  routine 
work  of  the  trustees.  There  comes  a  time  also  in 
the  history  of  every  self-perpetuating  life  board  when, 
through  the  course  of  nature,  all  the  members  become 
advanced  in  years,  it  is  found  that  advancing  years 
bring  a  certain  timidity  and  hesitation  in  meeting 
new  issues.  It  is  to  the  old  man  much  easier  to  keep 
on  in  the  old  way  than  to  strike  out  new  paths,  or 
to  meet  new  situations  as  they  arise.  In  some 
boards  women  have  been  appointed  with  a  degree 
of  benefit  to  the  internal  management  of  the  house. 
In  State  institutions  for  the  insane  also  they  often 
prove  of  great  service  by  furnishing  a  guarantee  to 
the  people  of  the  State  that  the  rights  of  patients,  and 
especially  of  female  patients,  are  considered,  con- 
served and  protected. 

Boards  of  trustees  should  have  regular  meetings  at 
stated  intervals  which  all  members  should  attend  for 
the  transaction  of  general  business.  To  assist  the 
board  in  the  discharge  of  its  various  duties,  it  is 
essential  that  such  general  business  be  prepared 
through  regular  committees,  as,  for  instance,  a  visit- 
ing committee  to  visit  the  wards  and  buildings  of  the 
hospital,  to  inspect  their  condition  and  report  upon 
them  to  the  whole  board;  an  executive  committee 
to  act  in  the  place  of  the  general  board  when  it  is 
not  feasible  to  call  it  together,  and  to  consider  matters 
in  committee  to  be  reported  subsecpuently  to  the 
board  for  final  action;  a  finance  committee  to  have 
charge  of  the  property  of  the  institution,  to  invest  its 
funds  and  look  after  its  financial  and  monetary 
interests;  and  a  building  committee  to  direct  the 
details  of  construction  of  new  buildings.  A  board 
organized  with  such  committees  is  thus  usually  able 
to  utilize  the  varied  capacities  of  its  members. 
Many  men  are  not  much  interested  in  the  internal 
management  of  the  hospital,  but  their  training  as 
business  men  makes  them  extremely  valuable  as 
members  of  a  finance  committee.  Others  are  in- 
terested in  the  hospital  solely,  and  give  valuable 
service  in  visiting  the  wards  and  in  improving  the 
condition  of  the  institution.  Hence  it  is  important 
that  there  should  be  a  wide  range  of  talent  in  con- 
nection with  every  board.     There  is  work  for  all. 

Such  boards  should  be  unpaid;  they  should  be 
selected  from  among  people  who  have  achieved  a 
degree  of  success  in  life  and  who  take  pride  and 
pleasure  in  contributing  to  the  public  good  without 
expectation  of  reward.  It  cannot  be  repeated  too 
often  that  to  fix  a  salary  for  such  men  or  to  give  them 
an  honorarium  for  attendance  upon  meetings  is 
unwise.  No  money  can  adequately  reward  an 
experienced  business  man  who  gives  his  time  and 
experience  to  the  public  good,  and  every  high-minded 
man  prefers  to  give  services,  which  cannot  be  paid  for, 
rather  than  to  accept  a  compensation  which  is  mani- 
festly inadequate  and  in  no  respect  commensurate 
with  the  amount  and  quality  of  service  rendered. 

To  this  board  should  be  referred  all  matters  con- 
nected with  the  general  management  of  the  hospital, 
but  it  is  not  wise  that  the  board  should  assume 
executive  functions  and  enter  upon  the  minute  de- 
tails of  management.  The  principal  function  of 
such  a  board  is  to  select  a  competent  executive 
head  for  the  hospital;  when  selected,  to  him  should 
be  committed  the  responsibility  of  looking  after  the 
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manifold     details    of    hospital    administration.     In 

many  boards  which  have  grown  from  small  beginning 
and  without  due  thought  on  the  part  of  founders  of 
the  future  development  of  the  institution,  it  has 
been  customary  for  trustees  to  assume  certain  minor 
executive  functions,  but  at  the  expense  of  the  true 
efficiency  of  the  institution. 

The  Superintendent. — The  superintendent,  di- 
rector or  chief  executive  officer  should  be  carefully 
selected  by  the  board  of  trustees.  He  should  be  a 
man  of  experience  and  of  sufficient  large-mindetl 
to  enable  him  to  appreciate  the  work  of  subordinate 
and  coordinate  officers.  It  matters  little  whether 
the  superintendent  is  a  man  or  woman,  whether  he  is 
a  physician  or  layman,  provided  he  be  the  right 
person  for  the  place.  As  a  rule,  in  large  general 
hospitals,  especially  those  connected  with  medical 
schools  or  where  there  is  a  large  staff  of  medical  men, 
less  friction  exists  for  the  superintendent,  if  he  is  a 
physician  than  if  a  layman.  As  a  physician  he 
clearly  recognizes  the  relations  of  the  medical  staff 
to  the  hospital,  appreciating  on  the  one  hand  the 
importance  of  the  requests  and  demands  of  medical 
men,  and  also  equally  aware  that  such  requests  and 
demands  are  not  always  of  vital  importance.  A 
layman  might  regard  all  requests  for  supplies  and 
service  as  of  equal  importance  or  if  he  thought 
otherwise  he  could  not  speak  with  authority. 

There  are  many  hospitals  whose  means  are  limited, 
and  it  is  not  practicable  to  have  as  many  employes 
and  administrative  officers  as  are  required  in  the 
larger  hospitals.  For  a  hospital  thus  circumstanced 
a  woman  well-trained  in  hospital  work  makes  a 
desirable  superintendent.  As  a  rule  a  trained  nurse 
who  has  become  experienced  in  hospital  work  is 
preferable,  but  she  should  have  in  addition  a  famili- 
arity with  housekeeping,  with  the  management  of 
the  laundry  and  the  general  charge  of  employes  of 
different  grades.  Such  a  cruel  amount  of  work  ought 
not  to  be  assumed  by  one  who  also  has  charge  of  an 
important  training  school  for  nurses. 

It  is  important  that  the  superintendent  should  be 
the  representative  of  the  board  of  trustees  in  the 
hospital,  and  in  order  to  fit  himself  for  this  duty  he 
should  be  required  to  be  present  at  the  meetings  of 
the  trustees,  to  inform  them  as  to  the  business  of 
the  hospital,  and  thus  prevent  inconsiderate  action 
based  upon  an  imperfect  knowledge  of  actual  con- 
ditions. Although  this  is  a  digression  and  not  ger- 
mane to  this  part  of  the  discussion  the  writer  would 
deprecate  all  meetings  of  the  board  of  trustees  held 
elsewhere  than  at  the  hospital  itself.  It  is  also  unwise 
for  a  board  of  trustees  to  have  ex-officio  members, 
because  such  members  generally  do  not  find  it  con- 
venient to  be  present  at  regular  meetings,  and 
meetings  of  boards  must  sometimes  be  held  at  the 
offices  of  ex-officio  members,  like  governors,  comp- 
trollers or  attorneys-general,  in  order  to  secure  a 
quorum.  Such  meetings  do  not  permit  the  pres- 
ence of  the  executive  officer  of  the  institution  and 
the  trustees,  in  his  absence,  may  take  inconsiderate 
action  from  a  lack  of  accurate  knowledge  of  the  state 
of  affairs  at  the  institution. 

The  superintendent  should  be  permitted  to  select 
his  subordinate  officers,  but  should  not  have  absolute 
power  of  appointment.  It  is  desirable  that  he  should 
recommend  to  the  board,  but  that  the  board  should 
possess  the  ultimate  power  of  accepting  or  rejecting 
his  recommendation.  In  any  event  the  subordinate 
officer  so  appointed  should  have  behind  him  the 
authority  of  the  board,  and  his  salary  should  be  fixed 
by  it. 

The  Medical  Board. — To  advise  a  board  of  trustees 
in  all  matters  connected  with  the  medical  adminis- 
tration of  the  hospital,  a  medical  board  should  be 
organized,  composed  of  the  heads  of  the  different 
services  in  the  hospital,  for  example,  the  head  surgeon, 
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the  head  physician,  head  gynecologist,  obstetrician 
and  pathologist.  If  the  superintendent  is  a  medical 
man  he  also  should  be  a  member  of  this  board,  and 
should  be  required  to  be  present  at  its  meetings. 
It  should  be  the  duty  of  such  medical  board  to  select 
and  to  recommend  to  the  board  of  trustees  all  mem- 
bers of  the  medical  or  surgical  staff,  and  such  persons 
should  be  appointed  by  the  trustees  upon  the  recom- 
mendation of  the  medical  board.  Such  recommen- 
dation ought  not,  however,  carry  with  it  the  compulsory 
duty  of  appointment  on  the  part  of  the  trustees. 
There  may  be  reasons  why  it  may  not  seem  wise  to 
them  to  approve  the  recommendations  of  the  medical 
board.  No  one  should  be  appointed  who  is  not 
recommended  by  the  medical  board;  but  when  the 
original  recommendation  is  not  satisfatory  to  the 
trustees,  the  medical  board  should  present  another 
candidate  with  the  expectation  that  he  will  be  sat  is- 
faetory. 

Coordinate  Departments. — Under  this  head  are 
included  the  training  school  for  nurses,  the  household 
and  laundry,  the  kitchen,  and  all  outside  departments. 
The  heads  of  these  departments,  as  the  superintendent 
of  nurses,  the  matron,  the  purveyor  and  the  supervisor 
of  buildings  and  grounds,  should  all  be  selected  by 
the  superintendent  of  the  hospital,  and  recommended 
to  the  board  of  trustees  for  appointment. 

The  superintendent  of  nurses  should  be  the  prin- 
cipal of  the  training  school,  and  should  have  charge 
of  all  the  nurses.  She  should  select  and  recommend 
for  appointment  her  nurses,  orderlies  and  ward 
maids;  she  should  have  charge  of  the  nurses'  home, 
of  the  different  wards  of  the  hospital,  and  should  be 
the  keeper  of  the  surgical  supply  room.  The  question 
frequently  arises  in  hospital  administration  whether 
the  superintendent  of  the  hospital  or  the  superin- 
tendent of  the  nurses  should  select  the  nurses  and 
orderlies.  It  is  preferable  that  the  selection  of  nurses 
and  orderlies  should  be  committed  to  the  superintend- 
ent of  nurses,  principally  for  the  reason  that  she  is 
held  responsible  for  good  nursing  and  for  the  work  of 
nurses  and  orderlies.  This  would  seem  to  carry 
with  it  the  desirability  of  selecting  agents  satisfactory 
to  the  superintendent  of  nurses  through  whom  the 
nursing  and  care  of  patients  may  be  carried  out. 
She  ought  not  to  be  held  responsible  for  the  conduct 
and  efficiency  of  persons  in  whose  appointment  she 
has  no  voice;  hence  in  every  institution  pupil  nurses 
should  be  selected  by  her  and  recommended  to  the 
board  of  trustees  for  appointment  through  the 
superintendent  of  the  hospital.  If,  for  any  reason,  the 
appointment  of  any  person  is  not  thought  advisable 
the  superintendent  of  nurses  should  have  the  privilege 
of  making  another  recommendation. 

The  matron  should  have  charge  of  the  household, 
that  is  the  care  of  the  rooms  devoted  to  the  medical 
officers  and  employes;  she  should  see  that  they  are 
kept  in  a  state  of  proper  cleanliness,  that  the  furniture 
and  furnishings  are  supplied  and  maintained  and  that 
house  maids  and  other  employes  are  properly  dis- 
ciplined and  required  to  keep  proper  hours.  In  con- 
nection with  this  she  should  have  the  care  and  respon- 
sibility of  the  laundry  and  its  efficient  management 
and  proper  work.  In  many  institutions  the  matron, 
in  addition  to  this,  has  charge  of  the  kitchens  and  the 
cooking  of  food.  In  English  institutions,  in  fact, 
the  matron  has  charge  of  the  training  school  for 
nurses  also,  in  addition  to  the  kitchen  and  laundry. 
In  my  judgment  it  is  preferable  to  divide  the  duties 
in  the  manner  mentioned  and  to  relieve  the  matron 
of  the  charge  and  responsibility  of  the  kitchen. 

The  purveyor  should  be  responsible  for  the  pur- 
chase of  supplies,  for  their  delivery  and  inspection, 
for  the  employment  of  cooks  and  the  proper  cooking 
and  delivery  of  food  to  various  parts  of  the  hospital. 
Such  an  organization  of  the  kitchen  gives  fewer 
opportunities  for    a    divided   authority.     In    many 


institutions,  in  the  experience  of  the  writer,  where 
the  purchasing  agent,  and  the  matron  divide  the 
responsibility  of  the  food  and  its  cooking  and  serving, 
the  purchasing  agent,  generally  asserts  when  criti- 
cised about  the  food,  that  he  purchases  good  supplies 
but  the  ination  spoils  them  in  the  cooking,  while  the 
matron  asserts  that  she  cannot  provide  proper  meals 
with  the  improper  supplies  furnished  by  the  purchas- 
ing agent.  Under  a  purveyor  with  the  duties  above 
mentioned  the  purchase  and  cooking  of  food  con- 
template an  identical  responsibility.  If  food  is  not 
good  and  it  is  not  the  fault  of  the  supplies,  it  must  be 
the  fault  of  the  cook.  Where  it  is  part  of  the  pur- 
veyor's duty  to  employ  the  cook  and  to  supervise  his 
work,  it  can  be  seen  readily  that  the  responsibility 
for  imperfect  meals  comes  upon  the  purveyors 
department,  and  that  he  should  remedy  the  defed 
without  appealing  to  another  department  of  service. 

Supervisor  or  Business  Assistant. — In  many  insti- 
tutions it  is  customary  to  group  together  a  variety  of 
duties  connected  with  the  material  side  of  the  hospital 
work  under  the  general  supervision  of  the  superin- 
tendent, such  as  the  duties  of  the  engineer,  and  of 
the  carpenters  and  painters  engaged  in  the  repairs 
and  renewals  which  are  almost  equally  essential.  It 
is  preferable  in  the  opinion  of  the  writer  to  relieve 
the  superintendent  as  far  as  possible  from  such 
mechanical  details  in  order  that  he  may  be  free  to 
devote  himself  to  higher  professional  duties.  It  is 
advisable  that  an  officer  be  appointed  in  every  insti- 
tution to  assist  the  superintendent  in  the  management 
of  these  outside  departments.  In  one  large  hospital 
this  officer  is  known  as  the  supervisor  of  buildings  and 
grounds  and  in  another  hospital  he  is  known  as  the 
business  assistant;  his  special  designation  is  a  second- 
ary consideration.  It  should  be  possible  through  him 
to  render  effective  and  harmonious  the  labors  of 
those  connected  with  the  various  outside  departments. 
Under  his  supervision  should  be  the  engineer  who  is 
responsible  for  heating  and  ventilating  the  hospital, 
its  supply  of  hot  and  cold  water  and  its  electric  light, 
its  ice  making  and  refrigeration,  and  its  general 
machinery  consisting  of  pumps,  laundry  machines, 
elevators  and  the  like.  This  engineer  should  be  a 
competent  man,  understanding  fully  his  various 
duties,  including  the  use  of  steam,  electricity,  re- 
frigeration and  ice  making,  and  all  minor  repairs  to 
the  same.  Where  there  are  thoughtless  patients  and 
careless  employes  the  upkeep  of  the  building  cannot  be 
neglected,  and  all  should  be  committed  to  a  skilful 
mechanic  who  is  regularly  and  constantly  employed. 
Painting,  varnishing,  and  glazing  should  be  given  to 
a  head  painter  who  usually  has  enough  work  to  make 
him  a  permanent  employee.  These  men  should  be 
under  the  supervisor  or  business  assistant.  Under 
the  same  officer  should  be  placed  the  gardeners, 
laborers,  ambulance  drivers,  etc.;  he  also  should  have 
supervision  of  fences,  roofs,  driveways,  drains,  and 
sewers.  In  this  department  there  should  be  an 
absolute  independence  of  other  departments,  with  a 
strict  responsibility  to  the  trustees,  through  the 
executive  officer  known  as  the  superintendent. 

In  the  outline  given  above  an  attempt  has  been 
made  to  present  an  organization  which  will  afford  the 
greatest  amount  of  liberty  to  the  individual  and,  at  the 
same  time,  the  largest  and  best  supervision  of  the 
work.  It  has  been  found  by  experience  that  where 
regulations  governing  the  operation  of  any  institution 
are  too  rigid  and  unyielding  they  repel  and  check  an 
initiative  which  is  essential  to  progress;  hence  it  is 
important  that  every  department  should  be  as  free  as 
possible  to  develop  in  its  chosen  way.  The  managing 
board  should  seek  results,  rather  than  methods  and 
endeavor  to  secure  the  best  by  giving  the  largest 
liberty  in  the  execution  of  the  individual  plans. 

A  matter  of  vital  importance  to  hospital  admin- 
istration is  the  adequate  education  of  all  administra- 
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tive  officers  for  their  responsible  duties.  It  is  to  be 
regretted  that  up  to  the  present  time  few  hospital 
superintendents  have  received  an  adequate  education 
and  training  for  the  discharge  of  duties  which  require 
a  high  degree  of  business  ability  and  no  inconsiderable- 
amount  of  professional  and  applied  knowledge. 
Some  excellent  superintendents  have  risen  by  deserved 
promotion  from  the  business  office  of  the  hospital  or 
from  the  accountant's  desk.  Others  have  come  from 
institutions  for  the  insane  where  for  many  years  men 
have  been  trained  for  analogous  duties  as  assistant 
physicians.  The  training,  however,  thus  secured  is 
not  always  the  best  because  of  the  special  class  of 
patients  cared  for  in  such  establishments.  There 
may  be  danger  of  too  rigid  ideas  of  discipline  and  a 
failure  to  appreciate  the  point  of  view  of  the  hospital 
patient  who  is  sane  and  responsible.  Comparatively 
few  superintendents  have  been  trained  in  general 
hospitals  and  the  number  thus  provided  is  not 
sufficient  to  meet  the  present  demand.  Other 
excellent  superintendents  come  from  the  ranks  of 
successful  nurses. 

The  Hospital  Staff. — Heads  of  Departments. — 
Each  department  of  the  hospital  should  be  under  a 
skilled  chief  with  a  continuous  service  in  order  that 
its  work  may  be  done  with  uniformity  and  system. 
In  many  hospitals  in  America,  and  especially  those 
which  were  organized  when  physicians  and  surgeons 
were  largely  trained  in  England,  it  has  been  cus- 
tomary to  give  a  divided  service  to  the  several  heads 
of  the  three  principal  departments.  In  many  hospitals 
the  period  of  such  service  has  been  three  months, 
with  a  rotation  in  office  bringing  a  discontinuous 
service  of  at  least  three  months  and  often  longer. 
This  has  been  detrimental  to  uniformity  of  work  and 
that  excellence  which  accompanies  an  undivided 
responsibility.  Upon  the  Continent  of  Europe  it 
has  been  customary  to  give  physicians  and  surgeons 
a  continuous  hospital  service  and  unusual  freedom  to 
choose  subordinates  and  assistants.  This  has  pro- 
moted growth  and  development  which  are  impossible 
when  plans  of  work  can  only  be  made  for  a  brief 
period  of  from  three  to  six  months. 

In  my  judgment  it  is  perferable  that  the  medical 
care  of  every  department  of  the  hospital  should  be 
committed  to  a  responsible  head.  In  the  department 
of  medicine  there  should  be  a  physician-in-chief;  in 
that  of  surgery,  a  surgeon-in-chief;  in  gynecology,  a 
gynecologist-in-chief,  whose  duties  should  require 
them  to  visit  the  hospital  daily  to  supervise  and 
direct  the  work  of  the  department. 

Where  this  continuous  service  exists  it  is  essential 
that  each  department  should  have  a  resident  medical 
officer  who  has  had  greater  experience  than  the  ordi- 
nary hospital  interne,  who  generally  comes  fresh 
from  a  medical  school  without  previous  experience 
or  training.  Such  resident  physician  should  have  had 
previous  training  in  medicine  or  surgery  or  in  what- 
ever branch  he  may  choose  to  follow  as  his  special 
work  in  life. 

Resident  Medical  Staff. — The  resident  physician 
should  be  a  man  who  has  had  the  advantage's  of  at 
least  three  years  previous  hospital  training,  and  should 
be  an  expert  in  physical  diagnosis  and  familiar  with 
the  aspects  of  disease.  He  should  also  be  competent 
to  follow  the  different  lines  of  laboratory  work  which 
are  required  by  modern  methods  of  medicine.  He 
should  have  a  first  hand  knowledge  of  disease  at  the 
bedside  .'11111  be  familiar  with  the  use  of  remedies  and 
the  significance  of  symptoms.  It  is  the  duty  of  such 
a  resident  physician  to  supervise  the  work  of  all 
medical  subordinates  under  the  general  supervision 
of  the  chief  physician.  His  relation  to  the  chief 
ician  should  be  like  that  of  the  family  physician 
iu  t  he  consultant . 

Under  the  resident  physician  should  be  assistant 
resident   physicians,  at  least  one  to  each  ward  con- 
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taining  thirty  patients.  Bach  assistant  re  iden< 
physician  should  have  immediate  charge  of  the  pa- 
tients of  a  single  ward,  and  the  responsibility  of  theii 
immediate  care.  To  him  should  be  assigned  two 
internes  who  may  be  recent  graduates  familiar  with 
laboratory  methods  and  physical  diagnosis,  but 
with  less  practical  experience.  To  each  interne 
should  be  allowed  one  or  more  clinical  clerks  to 
assist  in  histories,  routine  examinations  and  the  usual 
work  of  the  wards.  If  at  any  time  an  epidemic  of 
serious  disease  occurs  to  crowd  a  ward  with  an  excessive 
number  of  very  ill  patients,  additional  internes  m&J 
be  needed  in  order  that  patients  may  be  watched 
closely  and  emergencies  may  be  met  promptly  should 
any  arise. 

Resident  Surgical  Staff. — The  surgical  work  of  the 
wards  should  be  under  t he  immediate  supervision  of  a 
resident  surgeon  who  has  had  at  least  three  years 
experience  in  a  good  hospital  after  graduating  from 
a  medical  school.  He  should  have  theoretical 
knowledge  and  practical  experience  in  surgical  opera- 
tions and  be  thoroughly  trained  in  surgical  work. 

He  should  have  general  supervision  of  all  surgical 
patients  in  the  different  wrards  and  should  make 
regular  daily  rounds  to  ascertain  the  condition  of 
each  patient  and  to  direct  and  supervise  surgical 
dressings.  Subordinate  to  him  should  be  an  as- 
sistant resident  surgeon  in  each  ward  and  the  latter 
should  have  two  internes  to  assist  him  in  routine 
work  as  prescribed  in  the  department  of  medicine. 
There  should  be  also  as  many  clerks  and  dressers  as 
may  be  needed  to  perform  the  routine  work. 

Gynecological  Staff. — The  assistant  in  the  gyneco- 
logical department  should  be  known  by  the  title 
of  resident  gynecologist  and  should  be  a  man  of 
experience.  In  fact  he  should  be  prepared  for  his 
position  by  service  as  interne  and  assistant  resident 
gynecologist  for  a  period  of  at  least  two  years.  He 
in  turn  should  be  supplied  with  two  or  three  as- 
sistant resident  gynecologists,  who  have  had  previous 
service  as  internes. 

There  should  also  be  clinical  clerks  to  take  histories 
and  to  assist  in  operations  and  surgical  dressings. 
In  view  of  the  close  connection  between  the  hospital 
and  the  out-patient  department,  one  assistant  resident 
gynecologist  should  be  detailed  for  daily  duty  in  the 
dispensary  to  become  familiar  with  ambulance  and 
emergency  cases. 

Obstetrical  Staff. — There  should  be  one  resident 
obstetrician  of  large  experience  residing  in  the  hospital 
at  all  times  in  readiness  for  obstetrical  emergencies. 
The  head  of  the  department  should  be  subject  to 
call  in  critical  cases. 

In  addition  to  the  resident  obstetrician  there  should 
be  three  assistant  resident  officers,  two  for  service 
in  the  lying-in  ward  or  wards  and  the  third  to  super- 
vise an  out-patient  obstetrical  service  which  ought 
to  be  attached  to  the  obstetrical  service  of  every 
hospital.  There  are  many  expectant  mothers  who 
must  remain  at  home  during  the  whole  lying-in 
period  to  direct  the  family  and  keep  the  household 
in  order,  otherwise  the  domestic  machinery  may  stop 
abruptly.  They  are  poor  and  need  assistance  equally 
with  those  women  who  go  to  the  hospital  and  they 
must  in  many  instances  be  cared  for  by  the  depart- 
ment at  the  home  to  prevent  disaster. 

Pediatrics. — The  department  of  pediatrics  should 
also  be  organized  under  a  competent  and  responsible 
head  with  a  resident  and  assistant  residents  pre- 
cisely as  the  other  departments.  It  is  customary  in 
some  hospitals  to  place  diseases  of  children  under  the 
care  of  the  department  of  medicine  but  such  an  addi- 
tion to  thai  department  is  unwise. 

The  head  of  the  department  should  be  trained  as  a 
pediatrician  and  devoted  wholly  to  it.  In  this 
department  it  is  equally  important  that  a  close 
connection  be  established  with  'the  out-patient 
service  so  that  children  who  require  hospital  care  may 
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be  found  curly  and  transferred  with  as  little  delay  as 
possible  to  1 1n ■  lm  pital  wards.  In  pediatrics  it  is 
of  prime  importance  to  supplement  hospital  and 
dispensary  work  by  social  service  in  the  homes  and 

families. 

Anesthetist. — During  the  past  few  years  it  has 
become  the  settled  conviction  of  all  hospital  managers 
and  officers  that  important  changes  need  to  be  made 
in  the  interest  of  the  patient  in  the  methods  formerly 
employed  in  the  administration  of  chloroform,  ether, 
nitrous-oxide  and  the  various  forms  of  local  anesthesia  . 
Formerly  it  was  customary  for  persons  who  had  not 
received  special  training  to  take  charge  of  the  ad- 
ministration of  an  anesthetic  during  a  prolonged  and 
often  critical  operation,  often  with  disastrous  results 
to  the  patient  or  serious  detriment  to  his  recovery 
from  the  operation  because  of  a  lack  of  skill  in  giving 
the  anesthetic.  It  is  now  generally  agreed  that 
every  hospital  ought  to  have  a  regularly  appointed, 
thoroughly  competent  anesthetist  to  supervise  the 
giving  of  chloroform,  ether  or  nitrous-oxide  and  to 
instruct  and  train  all  persons  connected  with  the 
hospital  who  may  be  called  upon  to  give  such  service 
in  connection  with  any  anesthetic.  He  should  re- 
ceive a  salary  and  should  devote  himself  wholly  to 
the  work. 

Out-patient  Department. — An  out-patient  de- 
partment is  an  important  factor  in  medical  teaching, 
and  it  is  important  that  in  the  present  era  of  intensive 
clinical  teaching  greater  attention  should  be  paid 
to  the  organization  of  dispensaries  or  out-patient 
departments.  Every  dispensary  should  be  under  a 
skillful  head,  a  good  administrator,  preferably  a 
physician,  who  should  be  present  during  the  whole 
dispensary  day  to  provide  for  the  proper  registration, 
distribution,  classification  and  treatment  of  patients; 
to  arrange  to  fill  the  places  of  members  of  the  staff 
who  are  unavoidably  absent;  to  see  that  the  charity  of 
the  dispensary  is  not  abused  by  those  who  have  no 
right  to  it  and  to  observe,  control  and  shape  the 
general  course  of  the  medical  and  surgical  work. 

The  following  departments  are  essential  to  the 
usefulness  of  every  out-patient  department  which  is 
concerned  in  medical  teaching  and  in  the  instruction 
of  nurses:  (1)  medicine,  (2)  surgery,  (3)  obstetrics, 
(4)  nervous  diseases,  (5)  diseases  of  women,  (6) 
diseases  of  children,  (7)  coordinate  branches  of  sur- 
gery, such  as  orthopedics,  genito-urinary  surgery, 
diseases  of  the  nose  and  throat,  diseases  of  the  skin, 
and  diseases  of  the  eye  and  ear. 

Each  one  of  these  departments  should  be  under  a 
responsible  head  who  should  be  present  daily,  or  by 
a  competent  assistant  to  direct  the  work  of  his  depart- 
ment. It  is  desirable  in  certain  branches  which  are 
associated  with  ward  service  that  a  member  of  the 
resident  staff  of  the  hospital  should  attend  the  dis- 
pensary a  portion  of  each  day  in  order  that  a  close 
connection  may  be  kept  up  between  the  out-patient 
service  and  the  hospital. 

Registration  of  Patients. — In  connection  with  the 
work  of  the  out-patient  department,  it  is  essential 
that  a  careful  and  systematic  registration  of  each 
patient  should  be  made.  This  should  include  all 
details  which  are  needed  for  a  proper  understanding 
of  the  disease,  which  information  should  be  obtained 
at  the  time  the  patient  applies  for  relief,  and  should 
be  placed  on  the  patient,  s  card  immediately.  An 
excellent  method  is  to  provide  each  patient  with  the 
facts  upon  a  card  to  be  placed  in  his  hands  when  he 
first  sees  the  physician  to  whose  care  he  is  consigned. 
The  patient's  number,  name  and  such  data  as  arc 
sufficient  for  identification  also  should  be  placed  in 
his  hands  to  be  produced  whenever  he  comes  to  the 
dispensary  for  further  treatment.  It  is  of  prime 
importance  that  at  the  registration  of  the  patient 
every  effort  should  be  made  to  ascertain  whether  the 
applicant  is  entitled  to  free  treatment.     It  is  equally 
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important    that   a   careful    history   of   the   patient's 
disease   should   be   obtained   when   he  first  applies. 
Scrupulous  cue  should  be  taken  to  record  changi 
symptom-  and  the  outline  of  treatment  upon  each 

Subsequent  visit..  It  is  of  great  importance  that  as 
accurate  a  diagnosis  of  the  patient's  disease  be  made 
as  if  he  were  an  occupant  < if  a  bed  in  the  hospital. 
His  subsequent  history  while  under  treatment  should 
be  recorded  with  equal  care.  A  similar  system  of 
record  should  also  indicate  what  becomes  of  the 
patient,  and  he  and  his  family  should  be  kept,  under 
observation  through  the  social  service  department. 
It  is  useless  to  attempt,  to  treat,  patients  blindly 
without  adequate  histories  and  to  dismiss  them  from 
treatment  without  knowing  what  has  been  accom- 
plished for  them  or  what   has  been  left  undone. 

The  registration  department  should  exchange  lists 
of  patients  with  other  dispensaries  in  order  that  the 
time  of  physicians  and  the  surgical  dressing-  applied 
and  the  remedies  used  may  not  be  wasted  by  being 
duplicated. 

It  is  important  that,  the  out-department  should  have 
its  own  definite  district  of  the  city,  and  that  patients 
who  apply  outside  that  district  should  be  referred  to  a 
dispensary  which  is  more  accessible.  This  requires 
that  a  whole  city  should  be  districted  and  served  by 
good  dispensaries  each  under  a  competent  medical 
staff,  and  that  present  careless  and  unsystematic 
systems  of  relief  for  the  sick  poor  should  be  corrected. 

Each  department  of  the  dispensary  should  be  placed 
under  a  competent  head  to  whom  is  given  power  to 
select  and  recommend  for  appointment  all  subordinate 
physicians.  He  should  be  made  responsible  for  the 
work  of  his  department  and  either  himself  or  a  com- 
petent representative  should  be  present  each  day. 
There  should  be  a  surgeon,  a  physician,  an  obstetrician, 
a  gynecologist,  a  pediatrician,  etc.,  each  in  charge  of 
a  department  with  a  competent  staff.  In  no  other 
manner  can  dispensary  work  attain  proper  excellence 
and  efficiency  in  large  cities.  Free  dispensaries  have 
fallen  into  disfavor  because  the  medical  and  surgical 
work  has  often  been  done  in  a  slipshod,  unsatisfactory 
and  inconclusive  manner.  The  condition  of  patients 
has  not  been  adequately  studied  owing  to  an  insuffi- 
cient or  incompetent  staff,  and  the  supreme  effort  in 
many  cases  seems  to  have  been  to  complete  the  work 
as  speedily  as  possible.  It  is  not  a  sufficient  excuse  to 
say  that  the  amount  of  work  required  of  the  attending 
staff  is  far  beyond  the  capacity  of  any  group  of 
individuals  to  accomplish  successfully.  If  such  is 
the  case,  and  it  is  unfortunately  generally  true, 
more  dispensaries  should  be  established  with  restricted 
districts,  and  the  staffs  of  existing  dispensaries  should 
be  increased  to  meet  all  proper  demands. 

It  is  sometimes  necessary  that  a  small  compen- 
sation should  be  given  to  heads  of  departments  in 
order  that  the  dispensary  may  have  a  right  to  their 
time  and  may  require  them  to  give  careful  systematic 
and  accurate  work. 

Dispensary  Nurses. — Each  department  of  a  dis- 
pensary should  have  attached  to  it  one  or  more 
nurses  to  be  present  at  the  examination  of  patients, 
and  to  assist  in  carrying  out  the  directions  of  physi- 
cians. In  addition  there  should  be  a  visiting  nurse 
to  visit  ambulant  cases  of  accident  and  disease  in 
their  families  or  homes,  and  to  see  that  their  condition 
has  not  changed  for  the  worse  through  carelessness, 
ignorance,  or  willfulness  on  the  part  of  the  patient. 
The  same  is  true  of  medical  cases;  the  family  should  be 
visited  to  ascertain  the  conditions  that  possibly 
caused  the  disease  and  the  actual  needs  of  the  patient. 
In  an  orthopedic  dispensary  it  is  important  that  a 
nurse  should  ascertain  at  regular  intervals  by  visits, 
whether  the  apparatus  for  the  correction  of  deformities 
or  the  relief  of  a  diseased  condition,  especially  in 
children,  is  properly  adjusted  and  systematically 
worn,  and  to  ascertain  whether  the  patient  may  not 
be  suffering  from  a  maladjusted  apparatus  or  whether 
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a  brace  which  the  patient  is  wearing  may  not  be  doing 
harm  through  faulty  application. 

In  the  pediatric  dispensary  the  visiting  nurse 
should  ascertain  whether  the  sick  child  has  proper 
food,  healthy  conditions  of  lining,  and  careful  and 
judicious  management  on  the  part  of  the  family.  An 
obstetric  nurse  in  every  dispensary  is  a  necessity. 
She  should  visit  the  mother  and  infant  at  regular 
intervals  until  her  oversight  is  no  longer  needed. 

The  custom  at  some  dispensaries  to  give  surgical 
treatment  to  patients  or  to  do  minor  operations  upon 
the  eye,  ear,  nose  or  throat,  and  to  send  the  patient 
home  without  any  subsequent  supervision  should  be 
given  up.  After  every  operation  involving  the  use  of 
ether  or  causing  any  shock  to  the  system,  the  patient 
should  be  kept  in  a  recovery  room  under  the  care  of 
a  competent  nurse,  until  such  time  as  it  is  possible 
for  him  to  go  home  with  safety. 

Every  dispensary  should  be  provided  with  an 
examining  room,  free  from  noise  and  confusion,  where 
the  physician  can  conduct  the  physical  examination 
of  the  heart  and  lungs  with  a  minimum  of  disturbance 
and  possibility  of  error. 

Careful  attention  should  be  given  to  accident  c  i 
and  painstaking  notes  should  be  taken  of  the  actual 
conditions  present  and  a  detailed  history  of  all  opera- 
tions performed.  The  presence  of  contagious  dis- 
eases should  always  be  looked  for  whenever  a  patient 
comes  to  the  dispensary,  and  rooms  should  be  provided 
for  the  seclusion  of  all  patients  who  present  any  symp- 
toms of  infectious  disease. 

General  Consideratons. — Registrar. — It  is  im- 
portant that  in  the  hospital  and  in  the  out-patient 
department  a  registrar  be  appointed  whose  duty  it 
shall  be  to  supervise  the  writing  of  medical  histories 
and  the  compilation  of  statistics.  Whenever  the 
records  of  any  hospital  are  examined  it  is  generally 


found  that  the  preliminary  history  is  defective  and 
that  after  a  few  entries,  the  ub  equent  notes  are 
meager,  haphazard  ami  without,  much  significance. 
This  is  partly  due  to  the  fad  thai  the  routine  treat- 
ment of  a  case   is  often  found   to  be  uninteresting   and 

the  attention  of  the  attending  physician  is  necessarily 
absorbed  in  other  more  recen!  and  possibly  more 
interesting  cases.  For  this  reason  it  is  necessary  to 
appoint  an  officer  whose  duty  it  is  to  supervise  all 
histories,  and  to  see  that  the  gaps  which  frequently 
occur  under  such  condition-  arc-  promptly  and 
regularly  tilled  up.  The  registrar  also  should  he 
required  to  present  a  summary  of  the  statistics  of 
the  hospital  and  of  the  dispensary  each  month,  so 
that  the  work  of  the  hospital  may  be  known  month 
by  month  and  year  by  year. 

Statistical  Tables. — It  is  of  vital  importance  that 
statistical  tables  be  made  on  a  definite  plan  so  thai 
the  records  of  each  year  may  be  compared,  and  also 
that  records  of  one  hospital  may  be  compared  witli 
another.  This  requires  a  uniformity  of  nomencla- 
ture of  disease  to  bo  used  by  all  institutions.  The 
best  nomenclature  thus  far  is  the  one  which  was 
originally  prepared  for  the  use  of  Bellevue  Hospital 
and  later  revised  and  corrected  by  Dr.  C.  L.  Wilbur 
for  the  Public  Health  Service  of  the  United  State-. 
Its  use  should  be  compulsory  in  all  hospitals. 

Of  equal  importance  is  a  uniformity  of  methods  of 
tabulating  statistics.  It  is  essential  that  all  patients 
admitted  to  the  hospitals  be  differentiated  by  color, 
sex  and  conditions  and  circumstances  of  discharge, 
whether  they  recovered  or  improved  or  were  dis- 
charged to  other  services,  or  died,  or  remained  in 
the  hospital  at  the  time  that  the  statistical  table  was 
prepared.  The  tables  should  show  at  a  glance  what 
disposition  has  been  made  of  every  patient. 

Diagrams  showing  forms  of  such  tabulation  are 
here  inserted: 


Table  I. — White, 

Admissions.  Discharges,  Deaths  and  Number  Remaining  in  the  Different  Departments  of  the  Hospital,  and  Condition  on  Discharge, 

for  1913. 
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Table  II. — White. 
Admissions,  Discharges  and  Deaths  by  Sex  and  Groups  of  Ages,  for  1913. 
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Table  III.— 

VIbdica 

,  DXBEA&ES. 

\\  in  I  I 

1  >iagnosis. 

Remaining 
Jan.1,1913. 

Admitted. 

Total 
treated 

Recovered 

and 

improved. 

I '  nirii 

Not 

1  r.'.il.il 

Trans- 

1. 1 red 

Died 

Remaining 

Jan.  1,11111. 

M. 

P. 

T. 

M. 

F.    T. 

M 

F. 

T. 

M. 

F. 

T. 

M 

F. 

T. 

M, 

F 

T. 

M. 

F. 

T. 

M.  F. 

T. 

M      1        T. 

Table  IV. — Surgical  Diseases. — White. 
Admissions,  Discharges,  Deaths,  Number  Remaining,  and  Condition  on  Discharge,  for  1913 
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Table  V, — -Gynecological  Diseases. — White. 
Admissions,  Discharges,  Deaths.  Number  Remaining,  and  Condition  on  Discharge,  for  1913. 
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Table  VI. —Obstetrical  Department. — White. 
Admissions,  Discharges,  Deaths,  Number  Remaining,  and  Condition  on  Discharge,  for  1913. 
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These  forms  enable  any  person  seeking  the  in- 
formation, to  know  how  many  patients  were  received 
suffering  from  different  forms  of  medical  or  surgical 
or  other  disease;  how  many  recovered,  how  many 
died,  and  how  many  remained  under  treatment. 
By  a  comparison  of  such  uniform  statistics  it  would 
be  possible  to  ascertain  definitely  what  the  hospitals 
of  the  country  were  accomplishing  in  treatment  of 
disease  and  the  comparative  success  of  each  hospital 
of  the  same  rank. 

Laboratories. — The  present  increasing  develop- 
ment of  laboratory  work  in  hospitals  renders  it. 
necessary  to  speak  of  a  minimum  laboratory  equip- 
ment required  by  every  large  public  hospital  for  the 
proper  study  and  diagnosis  of  disease.  Laboratory 
work  is  no  longer  solely  connected  with  the  detailed 
study  of  the  results  of  disease  revealed  at  autopsy  to 
determine  the  point  of  origin  and  the  course  of  the 
morbid  process,  valuable  as  such  investigation  has 
proven  itself  to  be,  but  it  concerns  itself  with  changes 
in  bodily  excretions  and  secretions,  the  contents  of 
the  blood,  the  state  of  the  digestive  fluids,  the  pres- 
ence of  parasites,  bacteria,  protozoa  or  other  morbific 
agents,  the  existence  of  cancer,  tuberculosis,  syphilis, 


malaria,  plague,  etc.  To  help  cure  or  to  palliate 
disease,  these  investigations  should  be  made  early 
in  its  course  and  treatment  by  competent  observers 
in  well-equipped  laboratories. 

Pathological  Laboratory. — First  in  order  of  time 
pathological  laboratories  were  established  in  hospitals 
and  trained  men  were  secured  to  supervise  their  work. 
At  first  most  of  the  studies  in  such  laboratories  had 
to  do  with  the  gross  appearances  found  at  autopsy. 
Morbid  tissues  were  observed  and  described  and 
put  away  as  curiosities  in  museums.  Later  as 
knowledge  advanced  they  began  to  be  studied  by 
means  of  frozen  sections  under  the  microscope  and 
after  the  tissues  had  been  properly  hardened,  by 
similar  more  permanent  sections  to  ascertain  the 
character  and  course  of  the  diseased  process.  Such 
minute  investigation  laid  the  foundation  of  much  of 
our  present  knowledge  of  disease.  The  lines  of 
investigation,  however,  soon  proved  to  be  so  far- 
reaching  it  became  necessary  to  discriminate  between 
changes  appearing  before  death  and  conditions 
which  were  found  after  death.  Hence  the  clinical 
laboratory  was  established  for  the  former  and  the 
work  of  the  pathologist  was  restricted  to  the  latter. 

The  pathological  laboratory  should  be  closely  con- 
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nected  with  a  hospital  under  the  charge  of  a  resi<]<-n1 
physician  who  devotes  his  whole  time  to  the  work. 
In  some  laboratories  in  addition,  the  work  is  super- 
vised and  directed  by  a  pathologist  of  large  experi- 
ence with  the  title  of  consulting  or  visiting  patholo- 
gist. If  the  number  of  autopsies  is  large  it  is  some- 
times advisable  to  give  to  the  resident  pathologist 
additional  assistance.  It  is  important  that  one 
pathologist  at  least  should  be  a  resident,  as  many 
autopsies  need  to  be  done  at  irregular  hours,  generally 
at  night,  or  they  may  not  be  done  at  all.  It  is  also 
equally  essential  thai  the  resident  pathologist  should 
be  in  close  touch  with  the  clinical  aspects  of  disease 
among  the  patients  in  the  hospital  before  they  come 
to  autopsy.  There  should  also  be  a  good  bacteriolog- 
ical equipment  to  facilitate,  the  study  of  bacterial 
disease.  All  autopsies  should  be  carefully  recorded 
in  protocols  dictated  by  the  pathologist  to  a  stenog- 
rapher while  the  autopsy  is  in  progress.  These 
should  later  be  bound  and  carefully  indexed  so  that 
the  record  may  be  an  enduring  one.  A  museum 
containing  gross  specimens  and  cabinets  containing 
sections  from  hardened  tissues  are  also  most  essential. 

Clinical  Laboratory. — For  study  of  disease  in  the 
sick  prior  to  an  autopsy,  a  clinical  laboratory  for 
the  use  of  the  whole  hospital  is  equally  necessary. 
In  some  of  the  newer  hospitals,  small  clinical  labora- 
tories for  individual  wTards,  for  general  dispensaries 
and  tubercular  dispensaries  are  also  provided. 
There  is  danger,  however,  that  too  much  division  of 
laboratories  may  impair  their  usefulness  and  fail 
to  ensure  a  proper  supervision  and  coordination  of 
their  work.  Whatever  arrangement  is  made,  the 
work  of  the  clinical  laboratory  should  be  under  a 
competent  head  and  supervised  and  directed  along 
the  lines  of  research  as  they  arise,  by  the  chief  phy- 
sicians of  the  hospital  or  the  dispensary. 

In  this  laboratory  blood  examinations  should  be 
made;  the  Wasserman  reaction  taken;  feces,  urine 
and  stomach  contents  examined;  diphtheria  and 
similar  infections  studied;  malarial  and  typhoid  fever 
differentiated  and  determined;  intestinal  parasites 
diagnosticated,  tuberculosis,  and  bacterial  diseases 
studied.  It  should  be  the  workshop  of  every  hospital 
interne  but  the  lines  of  study  should  be  marked  out 
and  the  work  controlled  by  the  physician  in  charge. 

Surgical  Laboratory. — The  surgical  laboratory 
should  be  under  the  direction  of  the  chief  surgeon 
and  under  the  immediate  management  of  a  com- 
petent histologist  and  anatomist.  Here  frozen 
sections  in  surgical  and  gynecological  operations 
should  be  studied  during  the  operation  to  determine 
the  nature  of  a  morbid  growth  and  often  to  determine 
the  character  of  the  operation  which  ought  to  be 
done.  Here  also  every  morbid  growth  should  be 
studied  in  hardened  sections  to  determine  its  exact 
nature.  Serial  sections  should  be  preserved  in  con- 
venient cabinets  for  future  study  and  reference. 
There  should  also  be  provision  for  the  study  of  body 
fluids.  _  All  pathological  specimens  should  be  pre- 
served in  a  museum.  It  is  of  the  utmost  importance 
that  a  careful  record  be  made  of  all  conditions  thus 
determined  for  future  reference. 

Organization  of  Tuberculosis  Hospitals. — Hos- 
pitals for  the  treatment  of  tuberculosis  should  be  under 
the  control  of  the  city,  the  county  or,  preferably,  the 
state.  They  cannot  be  left  to  private  enterprise 
or  the  bounty  of  philanthropic  persons  because  in 
their  efficient  management  a  certain  authority, 
derived  from  city  ordinances,  regulations  of  boards 
of  health,  or  acts  of  the  legislature  is  required.  By 
such  authority  alone  can  segregation  of  the  tuber- 
culous patient  or  efficient  supervision  of  the  advanced 
case  1»;  secured.  If  the  tubercular  patient  is  not 
sometimes  compelled  to  obey  the  requirements  of 
law  and  good  sense  his  treatment  and  segregation  will 
become  a  farce  and  he  will  remain  a  source  of  peril 
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to  the    community,     'the  situation  i-  analogou      to 

thai     which    obtains    in    the    more    acute    contagious 

diseases,  like  smallpox,  scarlet  fever  or  diphtheria. 
Three  classes  of  special  hospitals  for  tuberculosis 
should  be  contemplated  in  everj  community 

A  dispensary  for  giving  diagnosis  and  skilled  ads  ice 
to  incipient  cases  and  a  day  camp  with  sleeping 
porches  for  use  at  night. 

A  hospital  for  the  incipient,  acute  and  presumably 
curable  ease,  placed  in  a  favorable  location  with  all 
advantages  of  climate  possible  in  the  State  and  the 
added  advantages  of  proper  buildings  and  an  adequate 
and  skilled  medical  stall'  for  t  he  careful  daily  obsi 
tion  of  cases  and  their  treatment. 

Hospitals   in   every  city    for   the  care   of  advanced 
i  i    ,  for  the  humane  treatment  of  the  feeble  and  help- 
less   consumptive,    and    for    the    protection    of  the 
community  from  infection. 

The  dispensary  and  day  cam])  should  be  organized 
like  other  dispensaries  under  a  competent  medical 
head  with  one  or  more  nurses  and  a  corps  of  visiting 
nurses  to  keep  in  touch  at  their  homes  with  persons 
who  apply  for  diagnosis  and  treatment.  Under  the 
medical  head  should  tie  provided  a  corps  of  assistants 
to  attend  to  the  details  of  individual  study  and  treat- 
ment. 

The  hospital  for  incipient,  acute  and  hopeful  cases 
should  have  an  organization  similar  in  most  respects 
to  a  hospital  for  the  insane.  There  should  be  a  board 
of  trustees  appointed  by  state  authority,  a  super- 
intendent and  physician  skilled  in  the  diagnosis  and 
treatment  of  tuberculosis  and  a  corps  of  able  assis- 
tants. There  should  also  be  a  superintendent  of 
nurses,  a  corps  of  nurses,  a  purveyor,  matron,  house- 
keeper, engineer,  etc. 

The  hospital  for  advanced  cases  should  form  a 
department  of  the  municipal  hospital  or  a  board  of 
commissioners  of  charity.  For  the  proper  admin- 
istration of  these  different  institutions  adequate 
authority  should  be  secured  by  ordinances  etc.,  under 
the  police  powers  of  the  State,  to  detain  and  classify 
patients  in  hospitals,  and  to  supervise  and  direct 
their  future  care  when  convalescent  and  able  to 
return  to  their  homes. 

Hospitals  for  Infectious  and  Contagious  Diseases. 
— The  responsibility  for  the  establishment  and 
administration  of  these  hospitals  should  rest  with  the 
city,  town,  or  county  to  secure  the  speedy  removal 
of  the  infectious  or  contagious  case  from  home  and 
his  proper  treatment  in  a  convenient  hospital  ad- 
jacent to  the  city.  The  former  will  minimize  the 
danger  to  his  family  and  lessen  the  danger  of  spreading 
his  disease  to  others  while  en  route  to  the  hospital. 

Infectious  or  contagious  hospitals  should  be 
directly  under  the  control  of  the  commissioner  of 
health  and  all  medical  officers  connected  with  them 
should  be  responsible  to  him.  Each  hospital  should 
be  under  the  immediate  charge  of  an  expert  physician 
who  should  be  skilled  in  the  diagnosis  of  infectious 
diseases  and  to  him  should  be  given  an  ample  corps 
of  assistants.  He  should  be  responsible  for  the  nurs- 
ing and  care  of  patients  and  should  be  clothed  with 
ample  power  to  enforce  whatever  regulations  may  be 
required  for  a  proper  discharge  of  the  duties  of  his 
position. 

The  Government  of  State  and  Municipal  Hospi- 
tals.— State  Hospitals. — State  hospitals  are  usually 
governed  by  commissioners,  boards  of  control  or 
trustees.  In  some  rare  instances  the  governing 
body  is  a  single  commissioner  appointed  by  the 
governor  and  confirmed  by  the  senate  or  governor's 
council.  This  arrangement  is  not  a  good  one  because 
such  appointee  is  commonly  a  representative  of  the 
political  body  to  which  the  governor  belongs  and  is 
more  often  interested  in  political  work  than  in  the 
elevation  of  the  hospital.  In  other  State  hospitals  a 
governing    board    of    three    persons    is    sometimes 
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appointed  to  whom  is  given  thn  responsibility  of  the 
management  and  oversight  of  State  hospitals  and 
charitable  and  penal  institutions.  In  some  of  the 
western  states,  notably  in  Minnesota,  Iowa,  Illinois, 
and  Ohio,  such  governing  bodies  are  called  boards  of 
control.  In  States  where  this  system  of  control  has 
been  adopted  the  consensus  of  opinion  is  that  it  has 
improved  the  character  and  quality  of  institutions 
for  the  insane,  and  has  brought  them  to  a  uniform 
standard  of  excellence.  In  the  State  of  New  York  a 
commission  of  three,  entitled  the  state  hospital  com- 
mission, has  similar  charge  of  all  institutions  for  the 
insane,  fourteen  in  number,  and  has  unquestionably 
improved  the  character  of  the  care  of  the  dependent  in- 
sane. There  is  reason  to  think  that  in  the  future  an  in- 
creasingly large  proportion  of  state  institutions  with  a 
constantly  growing  resident  population,  will  be 
governed  and  controlled  in  this  manner. 

Municipal  Hospitals. — Municipal  hospitals  have 
always  constituted  a  serious  problem  in  hospital 
management.  The  majority  of  them  have  been  under 
the  control  of  boards  of  commissioners  charged  with 
the  relief  of  the  poor  and  the  care  of  homeless,  desti- 
tute persons.  Their  management  has  generally  been 
conducted  through  a  committee  of  a  board  of  county 
commissioners.  Being  an  elective  rather  than  an 
appointed  body,  the  men  who  serve  as  county  com- 
missioners as  a  general  rule  have  had  no  fitness  to 
cope  with  the  problems  which  arise  and  the  manage- 
ment of  nearly  or  quite  all  municipal  hospitals  has 
become  a  matter  of  shame  and  disgrace  to  every  city. 

During  the  past  few  years  an  effort  has  been  made 
to  meet  the  situation  in  such  large  cities  as  Boston, 
New  York,  Providence,  Baltimore,  and  Cincinnati,  by 
the  appointment  of  boards  of  trustees  consisting  of 
from  three  to  nine  members  to  supervise  and  manage 
the  affairs  of  such  institutions.  In  New  York  the 
appointments  are  made  from  lists  of  three  persons 
selected  by  representatives  of  three  prominent  re- 
ligious denominations,  the  Roman  Catholic,  Prot- 
estant, and  Jewish,  and  from  representatives  of  dif- 
ferent charitable  societies.  The  mayor  of  the  city 
selects  one  person  from  the  three  names  submitted 
and  makes  the  appointment.  The  terms  of  service 
are  so  arranged  that  only  a  minority  of  the  board 
retires  at  any  one  time,  as  it  is  desirable  that  wholesale 
changes  should  not  occur  in  the  constitution  of  any 
board,  or  in  the  composition  of  the  resident  staff  of 
the  hospital. 

The  Purchase  op  Supplies. — It  is  important  that 
each  hospital  should  adopt  an  annual  budget  to 
govern  expenditures  in  each  department  during 
the  following  twelve  months.  No  department 
should  be  allowed  to  incur  expenditures  beyond  the 
amount  set  down  in  the  budget  except  to  meet  an 
emergency  or  because  of  an  unforseen  catastrophe, 
such  as  an  epidemic  of  disease,  a  fire,  or  other  similar 
accidental  occurrences.  The  purchase  of  supplies 
should  not  be  hedged  about  by  too  many  restrictions; 
large  supplies,  such  as  coal,  flour,  meat,  butter  and 
eggs  and  the  heavy  groceries  should  be  purchased  by 
sealed  proposals  or  tenders  from  reliable  dealers 
living  in  the  city  if  possible.  Vegetables,  other 
groceries  and  similar  supplies  should  be  procured 
directly  by  a  purchasing  agent  of  the  hospital  to  insure 
good  quality  and  freshness.  Gauzes,  bandages,  drugs, 
ether,  chloroform  and  chemicals,  glass-ware,  crockery, 
bedding  and  mattresses  are  best  procured  through 
the  Bureau  of  Hospital  Supplies,  lately  organized 
in  the  city  of  New  York.  All  supplies  should  be 
furnished  "to  wards  or  kitchens  or  storerooms  upon 
requisitions  approved  by  the  superintendent  or  his 
assistant. 

Training  School  for  Nurses. — A  training  school 
for  nurses  having  become  such  an  important  factor 
in  the  success  of  every  large  hospital,  it  seems  advi- 
sable that  a  full  account  be  given  of  its  organization 


and  management  as  a  hospital  department.  The 
course  of  training  in  f\cvy  first  class  training  school 
should  cover  a-  period  of  not  less  than  three  years, 
including  the  preliminary  course  in  various  practical 
branches  prior  to  full  acceptance  as  a  pupil  nurse. 
In  no  other  manner  is  it  possible  for  the  nurse  to 
enter  the  wards  adequately  prepared  to  undertake 
novel  and  often  times  responsible  duties,  the  first 
principles  of  which  she  can  not  know  without  a 
preliminary  training. 

In  the  best  training  schools  this  preliminary  course 
teaches  the  probationer  how  to  perform  various  dot  i. 
in  the  sick  room,  such  as  sweeping,  dusting,  1  k-<  1- 
making,  and  the  handling  of  the  sick  person.  She 
should  have  instruction  in  the  principles  of  dietetics 
and  the  best  methods  of  cooking  for  the  sick.  She 
needs  to  know  the  action  of  remedies,  how  they  are 
prepared  and  somewhat  of  their  effects.  She  re- 
quires some  knowledge  of  anatomy,  some  conception 
of  physiology  and  such  elementary  training  that  she 
may  have  an  appreciation  of  the  manner  in  which 
chemicals  are  prepared  and  weighed  in  order  to  make 
solutions,  washes  and  douches  of  a  given  strength 
for  external  use.  She  ought  to  have  preliminary 
instruction  in  the  application  of  bandages  and 
surgical  dressings  and  the  preparation  of  gauzes  and 
bandages.  She  must  know  how  clothing  is  listed 
and  sent  to  the  laundry,  and  should  learn  what  is 
to  be  done  with  infected  clothing  to  prevent  it  from 
becoming  a  source  of  contagion  to  other  persons. 
She  needs  elementary  instruction  as  to  the  agency  of 
bacteria  in  the  production  of  disease  so  that  she  may 
know  how  to  avoid  communicating  or  contracting 
in  her  own  person  diseases  like  typhoid  fever  or 
diphtheria.  She  requires  to  learn  the  mode  of 
action  of  surgical  contagion  and  how  to  prevent  disease 
germs  from  entering  wounds  and  other  open  cavities 
during  surgical  dressings. 

When  she  has  thus  learned  the  principles  which 
must  govern  her  service  and  training  as  a  pupil  nurse 
she  will  be  fitted  to  btgin  to  discharge  simple  duties 
in  connection  with  the  actual  care  of  the  sick. 

Nurses'  Building. — It  is  desirable  that  a  training 
school  for  nurses  should  be  housed  in  a  separate  and 
complete  building  so  that  it  may  be  self-contained 
and  independent  of  all  other  portions  of  the  hospital. 
It  should  have  its  own  private  class-rooms,  recreation 
rooms,  dining-rooms,  study  room  and  kitchen. 
The  building  should  be  devoted  wholly  to  the  uses  of 
the  school  and  the  nurses,  and  its  occupants  should  be 
free  from  the  annoyance  incident  to  the  presence  of 
persons  who  have  no  interest  in  the  school.  This 
arrangement  improves  and  increases  the  esprit  de 
corps  of  the  pupils  and  removes  many  causes  tending 
to  distract  their  attention  from  the  proper  objects  of 
the  school. 

Time  for  Study  and  Recreation. — In  the  regulation 
of  the  hours  of  duty  due  regard  should  be-had  to  the 
fact  that  a  training  school  is  an  educational  as  well  as 
a  vocational  institution,  and  hours  of  recreation  and 
study  should  be  provided  for  as  strictly  and  as  carefully 
as  hours  of  practical  work  in  the  wards.  It  is  now 
generally  conceded  by  those  who  are  interested  in 
educational  matters  that  no  nurse  should  be  on  active 
duty  more  than  eight  hours  out  of  twenty-four 
and  that  her  hours  should  be  so  arranged  as  to  give  a 
maximum  of  available  service  at  hours  during  the  day 
when  nurses  are  most  needed  in  the  wards.  For  this 
reason  it  has  been  customary  in  many  training  schools 
to  have  pupil  nurses  on  duty  discontinuously,  for 
example,  from  7  A.  M.  to  1  p.  m.,  and  after  an  interval 
of  four  hours  during  which  the  pupil  is  free  to  spend 
the  time  in  study  or  recreation  from  5  to  8  p.  m. 
In  other  instances  the  hours  may  be  arranged  from 
7  until  10  A.  M.;  from  1  until  4  and  from  7  to  9  p.  M. 

In  a  few  schools  an  attempt  has  been  made  to 
divide  the  pupil  nurses  into  three  groups,  each  of 
which  shall  be  on  duty  eight  hours  continuously  out 
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uf  the  twenty-four  hours  of  the  day.  This  arrange- 
ment has  not  been  wholly  acceptable  and  probablj 
cannot  become  general.  The  night  service  offers 
great  obstacles  to  the.  successful  operation  of  such  a 
schedule  of  hours.  As  a  rule  the  hours  of  the  night 
nurse  under  the  present  arrangement  of  duties  must 
be  considered  a  thing  apart  from  the  hours  of  other 
pupil  nurses.  The  training  of  the  nurse  for  night 
duty  is,  however,  most  profitable  for  her  and  cannot 
be  given  up  because  it  places  her  upon  her  own  re- 
sponsibility and  gives  an  opportunity  to  ascertain 
her  capacity  to  meet  an  emergency. 

In  many  instances  a  pupil  nurse  seems  to  discharge 
her  duties  extremely  well  when  placed  under  the 
supervision,  companionship  and  assistance  of  a  more  ex- 
perienced nurse.  When,  however,  she  is  given  charm- 
as  night  nurse  of  a  single  ward  during  the  night,  and 
must  rely  upon  herself  to  meet  emergencies  which  may 
arise  in  the  care  of  the  sick  and  cannot  call  upon  ot  her 
assistants,  but  must  use  her  judgment  when  to  sum- 
mon the  night  superintendent  or  to  call  for  a  physician 
or  to  exercise  the  discretion  which  has  been  given  her 
in  a  night  order,  an  opportunity  is  given  to  ascertain 
of  what  material  she  is  made.  Whether  or  not  she  is 
careful,  accurate  and  self-reliant  and  clearheaded  or 
slipshod  and  uncertain  in  whatever  she  attempts  to 
do  will  then  become  manifest.  If  it  were  not  for  the 
consideration  of  the  proper  training  of  the  pupil 
nurse  to  meet  responsibilities  and  unusual  care,  it 
would  be  easier,  cheaper  and  more  satisfactory  for  t  he 
hospital  to  employ  graduate  nurses  for  night  duty. 
Night  service  is  of  great  importance  to  the  future 
nurse  and  although  it  is  often  trying  to  body  and 
mind,  it  is  requisite  to  the  full  training  of  every 
nurse. 

Curriculum  of  Study. — The  majority  of  training 
schools  give  a  course  of  three  years  of  training  divided 
as  follows:  During  the  first  six  months  provision  is 
made  for  what  is  known  as  a  preliminary  course  during 
which  the  pupil  nurse  receives  her  training  in  funda- 
mental principles  preparatory  to  assuming  the  prac- 
tical duties  of  nursing.  Under  a  proper  system  of 
instruction  the  pupil  nurse  should  be  introduced  to  a 
hospital  ward  by  degrees  and  discharge,  at  first,  com- 
paratively unimportant  routine  duties  under  the  eye 
and  supervision  of  a  competent  nurse.  These  duties 
should  relate  more  to  methods  of  caring  for  patients 
and  to  the  routine  service  of  the  wards,  and  should  not, 
at  first,  bring  a  responsibility  for  the  immediate  nursing 
of  a  particular  patient.  Many  pupil  nurses  who  are 
interested  and  proficient  in  the  preliminary  course 
fail  when  sent  out  as  pupil  nurses,  generally  because 
they  have  not  been  trained  to  do  things.  Their 
education  in  most  instances  has  been  a  training  of  the 
memory  and  intellectual  faculties  without  regard  to 
any  especial  attempt  to  establish  a  connection  between 
knowledge  and  its  practical  application.  The  nuise 
should  not-only  know  about  nursing  but  also  how  to 
nurse.  As  Florence  Nightingale  once  said,  she  should 
know  what  to  see  and  how  to  see,  and  how  to  use  her 
senses.  She  should  know  what  to  do  and  how  to  do 
it.  Many  persons  inquire  why  it  is  necessary  that 
a  pupil  nurse  should  pursue  a  course  of  training 
throughout  several  years  without  realizing  that  her 
training  must  become  a  part  of  her  whole  organization 
until  all  nursing  procedures  may  by  practice  become 
so  familiar  as  to  be  well-nigh  automatic. 

There  needs  to  be  in  connection  with  the  training 
of  each  nurse  a  training  in  accuracy,  carefulness, 
correctness  of  thought  and  good  judgment  with  the 
development  of  sober-mindedness  and  a  sense  of 
re  ponsibility. 

During  the  last  six  months  of  the  first  year,  the 
training  should  be  given  largely  in  general  nursing, 
e  pecially  the  nursing  of  medical  cases  and  of  surgical 
cases  after  operal  tons,  and  t  lie  routine  care  of  patients 
under  the  direction  of  an  experienced  nurse. 

During   the   second    year    pupil    nurses   should   be 
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placed  on  night  duty,  in  operating  room  ,  and  should 
act  ai  a  Lstants  in  wards  and  also  be  engaged  in 
acquiring  a  knowledge  of  the  care  of  children  and  of 
lying-in-women. 

In  the  third  year  the  time  of  the  nurse  should  be 
spent-  in  the  work  of  the  dispensary,  in  learning  how  to 
nurse  patients  in  different  specialties,  and  in  social  ser- 
vice study  and  work  ana  in  those  special  stu 
which  are  required  to  teach  a  nurse  how  to  meet  the 
emergencies  of  institutional  nursing,  when  in  the 
future  she  may  be  called  upon  to  deal  with  training 
schools,  dispensary  nursing,  school  nursing,  and  other 
forms  of  specialized  work. 

The  Organization  of  tht  Training  School. — A  super- 
intendent of  nurses  should  have  charge  of  the  school 
and  the  responsibility  of  its  management.  As  in- 
timated before  she  ought  to  select  pupil  nurses  and 
recommend  them  to  the  superintendent  of  the  hospil  al 
for  his  approval,  and  the  final  recommendation  of 
these  two  officers  should  be  sent  to  the  trustees  of 
the  hospital  for  their  approval. 

In  a  training  school  of  seventy-five  to  one  hundred 
pupils  there  ought  to  be  three  assistant  superin- 
tendents, one  to  be  an  assistant  to  the  superintendent 
and  to  act  in  her  place  during  her  absence,  another 
as  assistant  in  the  nurses'  home,  to  have  general 
charge  over  everything  connected  with  the  home. 
And  the  third  to  undertake  the  scientific  branches 
with  the  responsibility  for  the  training  of  pupil 
nurses  in  anatomy,  physiology,  and  bacteriology  dur- 
ing the  preliminary  course.  There  should  also  be  a 
dietitian  in  charge  of  all  instruction  in  food  values, 
cooking  for  the  sick,  preparation  of  sick  diets,  etc. 

Head  Nurses  as  Instructors. — Each  ward  of  the 
hospital  should  be  supplied  with  a  graduate  head 
nurse  whose  duty  it  shall  be  to  supervise  and  direct 
the  training  of  pupil  nurses.  She  should  be  kind, 
patient  and  interested  in  her  work  and  especially  in 
its  relations  to  pupil  nurses.  The  latter  often  come 
to  ward  work  with  unsatisfactory  conceptions  as  to 
what  nursing  may  be,  and  fail  to  appreciate  its  true 
character.  Some  pupil  nurses  have  a  preconceived 
idea  that  it  is  their  principal  duty  to  hold  the  hand  of 
a  sick  person  or  to  wipe  his  fevered  brow  or  to  sing  to 
him  if  he  is  sleepless,  and  lose  sight  of  the  fact  that 
such  ministrations  to  the  sick  are  seldom  required 
outside  the  pages  of  fiction.  The  care  of  the  sick 
involves  personal  attention.  The  patient  must  be 
made  personally  neat  and  physically  comfortable; 
nourishment  needs  to  be  given  at  regular  intervals; 
remedies  must  be  administered  with  precision  and  at 
the  appointed  time.  Bedding  and  clothing  must  be 
changed  with  a  minimum  amount  of  discomfort 
to  the  invalid;  the  nursing  staff  and  the  whole  routine 
of  the  ward  must  cooperate  to  promote  the  quiet  and 
comfort  of  each  patient.  It  therefore  becomes  the 
duty  of  the  head  nurse  to  coordinate  the  labors  of 
her  assistants,  and  to  bring  each  pupil  into  harmony 
with  the  spirit  of  true  nursing. 

In  addition  to  such  ward  instruction,  there  should 
be  similar  instruction  in  surgical  operating  rooms  as 
to  the  handling  of  supplies,  the  sterilization  of  dress- 
ings, the  preparation  of  a  patient  for  an  operation, 
and  the  care  of  sick  persons  while  recovering  from 
anesthesia  or  the  shock  following  an  operation. 

In  the  lying-in  ward  similar  instruction  should  be 
given  by  the  head  nurse  in  the  preparation  of  the 
lying-in  patient,  and  the  procedures  which  are  neces- 
sary after  delivery.  The  method  of  handling  young 
infants  should  be  similarly  taught,  not  by  precept 
but  by  demonstration  and  example.  In  the  experi- 
ence of  the  writer  the  success  of  a  training  school 
largely  depends  upon  the  careful  selection  of  head 
nurses  fitted  to  give  proper  instruction  to  pupil 
nurses  in  routine  ward  work.  For  this  reason  it  is 
equally  desirable  to  have  trained  head  nurses  not 
alone  in  wards  and  operating  rooms,  but  in  dis- 
pensaries.    In  the  orthopedic  dispensary,  a  competent 
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nurse  should  give  instruction  in  the  application  of 
braces,  plaster  casts,  and  other  orthopedic  apparatus, 
and  teach  the  pupil  nurses  how  to  handle  sensitive, 
irritable  and  intractable  children. 

In  the  tuberculosis  dispensary  similar  careful 
instruction  should  be  given  to  prevent  the  possibility 
of  tubercular  infection,  by  methods  of  disinfecting 
tubercular  sputum,  and  caring  for  the  tuberculin- 
patient  in  the  incipient  stages  of  his  disease. 

A  training  school  for  nurses  must  always  be  con- 
sidered an  educational  institution,  organized  on  edu- 
cational lines  as  a  department  of  the  general  hospital. 
The  more  complete  the  hospital  and  the  more  varied 
its  departments,  the  greater  the  opportunities  afforded 
for  the  instruction  of  the  nurse.  There  is  a  tendency 
to  overload  the  three  years  period  of  instruction  with 
a  large  number  of  specialties.  It  is  now  evident. 
that  much  special  instruction  ought  to  be  given  in 
postgraduate  schools  to  such  as  desire  to  follow  many 
specialities  which  cannot  be  taught  in  training  schools. 
In  New  York,  Boston,  Chicago,  Detroit  and  other 
large  cities,  courses  of  instruction  are  also  now 
provided  for  those  who  desire  to  become  hospital 
administrators.  If  they  desire  to  enter  upon  admin- 
istrative work  graduate  nurses  should  follow  such 
courses  in  order  to  become  familiar  with  the  problems 
which  arise  in  the  larger  work  of  the  administrator. 
There  are  also  similar  courses  in  schools  of  philan- 
trophy  and  in  social  service  which  have  proven  of 
great  assistance  to  nurses  who  desire  to  engage  in 
such  work.  The  care  of  nervous  and  deranged  pa- 
tients can  also  be  pursued  as  a  graduate  course  in 
connection  with  several  good  sanatoriums  or  psychi- 
atric clinics. 

Schools  for  Orderlies. — Hitherto  all  attempts  to 
give  to  men  the  same  efficient  training  in  the  care  of 
the  sick  which  has  proven  so  successful  in  the  training 
'  of  young  women  have  been  disappointing.  The 
avenues  of  employment  in  the  industrial  and  commer- 
cial world  are  so  freely  open  to  men,  it  has  not  been 
practicable  to  induce  them  to  take  systematic  training 
as  nurses  in  any  great  numbers,  or  to  remain  nurses 
when  the  training  is  once  secured.  This  has  been 
noticeably  the  experience  of  institutions  for  the  insane 
where  trained  male  nurses  relinquish  their  positions 
to  become  city  employes,  policemen,  sanitary  inspec- 
tors or  department  clerks.  In  building  up  a  perma- 
nent body  of  nurses,  training  schools  for  men  have 
proven  disappointing.  It  is,  however,  necessary  to 
have  a  class  of  male  nurses  known  as  orderlies, 
trained  in  connection  with  every  hospital.  Orderlies 
should  receive  instruction  in  handling  the  sick,  and 
in  their  ministrations  to  male  patients  which  cannot 
with  propriety  be  performed  by  women  nurses.  Such 
special  training  should  occupy  from  six  months  to  one 
year,  and  persons  who  receive  it  and  who  remain  in 
hospital  service  should  be  paid  an  annual  increase  of 
salary  each  year  for  at  least  five  years,  contingent  upon 
remaining  in  hospital  service. 

A  similar  training  should  be  given  to  nursery  and 
ward  maids  to  ensure  a  greater  degree  of  efficiency  in 
ward  work.  Henry  M.  Hurd. 

Hospital  Ships. — The  term  "hospital  ship"  may 
be  applied  to  any  ship  used  as  a  floating  hospital. 
Under  present  day  usage  these  hospital  ships  fall  in 
the  following  classes. 

1.  Boats  or  ships  used  by  municipalities  or  elee- 
mosynary foundations  as  floating  hospitals:  Ships 
of  this  character  are  employed  at  such  coast  cities 
as  New  York  and  Boston,  their  object  being  not  so 
much  the  treatment  of  the  sick,  as  to  provide  a  fresh 
air  outing  for  the  mothers  and  children  of  the  crowded 
urban  districts,  and  therefore  many  elaborate  hospi- 
tal features  necessary  in  a  hospital  ship  depending 
entirely  upon  its  own  resources,  as  is  the  case  with  a 
military   hospital  ship,  are  unnecessary. 


2.  Boats  or  ships  employed  with  an  industry  of 
the  sea:  The  United  States  fisheries  employ 
150,00(1  persons  with  an  invested  capital  of  nearlj 

$90,000,000.      A   Revenue  cutter  has  been  assigned  for 

hospital  duty  with    the   American    fisheries,  and  in 

the  fisheries  of  Labrador  good  work  has  been  done 
along  these  lines  by  a  com! lined  mission  and  hospital 
ship,  under  the  charge  of  Dr.  Grenfell.  As  many  of 
the  civil  hospitals  of  our  cities  have  grown  from  jusl 
this  type  of  church  work,  it  is  not  improbable  that  with 
the  increased  cost  of  meat  stuffs  and  the  increasing 
size  of  the  fisheries  industry,  there  will  be  further  and 
more  elaborate  development  along  these  lines. 

3.  Boats  and  ship.-;  employed  with  armies  in  con- 
nection with  oversea  expeditions:  Ships  of  this  type 
should  be  ready  early  in  a  campaign  across  the  sea. 
If  they  are  not  ready  in  good  time,  hospitals  at  the 
base  become  overcrowded,  and  a  regular  system  of 
evacuation  of  the  sick  is  impossible.  Whilst  a  large 
proportion  of  soldiers  unfit  for  further  active  service 
in  a  campaign  may  be  evacuated  by  transports,  a 
certain  percentage  of  invalids  require  special  accom- 
modations and  service,  which  can  only  be  met  by  the 
hospital  ship.  In  the  Crimean  campaign,  for  instance, 
a  small  fleet  of  improvised  hospital  transports  evacu- 
ated 114,668  patients  from  the  sanitary  base.  In  the 
South  African  War  ten  medical  transports  or  hospital 
ships  were  employed  in  the  evacuation  of  the  sick. 
In  the  Russo-Japanese  war  the  Japanese  employed 
some  eighteen  hospital  ships  for  the  evacuation  of 
large  numbers  of  sick  and  wounded. 

4.  Ships  employed  by  the  navy  in  time  of  peace, 
and  in  time  of  war:  A  fleet  in  time  of  peace  may  be 
likened  to  a  large  floating  city,  of  from  15,000  to 
20,000  adult  persons,  employed  about  machinery,  and 
with  many  perils  of  climatic  and  endemic  exposure.  A 
hospital  ship  in  time  of  peace  is  not  only  the  develop- 
ment of  the  humanitarian  principle  among  this  large 
floating  population,  but  serves  to  preserve  more 
economically  the  trained  man,  and  return  him  to  his 
ship  rather  than  leave  him  in  a  hospital  ashore  and 
thus  lose  his  service  for  the  entire  cruise.  To  use  the 
words  of  Surgeon  General  Stokes,  the  hospital  ship  is 
the  repair  ship  for  personnel,  seeking  to  maintain  the 
highest  degree  of  military  efficiency,  and  it  operates  to 
make  the  fleet,  more  self-sustaining.  In  time  of  war 
the  hospital  ship  has  another  function  to  perform,  such 
as  the  evacuation  of  the  unfit  for  service  from  the 
fleet,  and  from  the  advance  sanitary  base. 

The  Hospital  Ship  for  Children  and  Mothers. — 
A  form  of  charity  has  grown  up  of  late  in  our  large 
cities,  which  has  been  directed  toward  the  relief  of 
sick  babies  whose  parents  are  unable  to  provide  the  best 
air.  food,  and  care  for  the  little  ones.  The  purpose 
is  in  most  instances  directed  to  benefit  the  child,  and 
is  essentially  a  children's  hospital.  Mothers,  sisters, 
and  grandmothers,  or  other  persons,  are  permitted  to 
accompany  their  charges  in  most  instances.  One  of 
the  first  of  this  type  of  institution  was  founded  in 
New  York  in  1866.  This  floating  hospital,  the 
Helen  C.  Juilliard,  is  in  charge  of  the  St.  John's  Guild, 
and  is  a  barge  of  786  gross  tons,  202  feet  in  length. 
She  has  a  capacity  of  1600  patients,  and  the  work  is. 
maintained  during  the  summer  months  of  July  and 
August.  Women  and  children  only  are  accepted  as 
patients,  and  usually  for  but  one  day.  There  is,  how- 
ever, provision  to  care  for  bed  patients,  there  being 
two  medical  wards.  During  the  year  191.3,  the  ship 
carried  57,887  beneficiaries.  The  staff  consists  of  one 
physician,  one  matron  and  chief  nurse,  and  five  gradu- 
ate nurses.  The  object  of  the  work  is  to  afford  relief 
to  the  sick  children  of  the  poor  of  New  York  City, 
without  regard  to  creed,  color  or  nationality.  This 
activity  is  supported  by  voluntary  contributions,  and 
an  appropriation  of  $22,500  from  New  York  City. 
In  addition  to  this  institution,  supported  in  part  by 
private  benevolence,  the  Board  of  Health  of  New  York 
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Fig.  3234, — The  Boston  Floating  Hospital  at  Anchor  off  Boston  Light. 


Fig.  3235. — Ward  for  Permanent  Patients,  Boston  Floating  Hospital. 
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City  maintains  three  ferry-boat  hospitals,  the  Middle 
town, Southjit  lit,  and  Weslfield,  day  campsof  the  lielle- 
vue  Hospital  tuberculosis  clinic. 


At  firsl  .'in  old  excursion  barge,  the  Clifford,  wa  need. 
This  was  replaced  by  a  new  boal  launched  in  1906, 
and  known  as  the  Boston  Floating  Hospital.     This  is 


Fig.  3236. — Deck  Ward  for  Day  Patients,  Boston  Floating  Hospital. 


Fig.  3237.— C  S.  Naval  Hospital  Ship  Solace. 


An  elaborate  type  of  this  hospital  is  represented  by 
the  Boston  Floating  Hospital.  The  work  was  begun 
in  1904  as  the  result  of  the  efforts  of  Mr.  R.  B.  Tobey. 


a  boat  of  672  tons,  171  feet  in  length.  The  vessel 
has  commodious  upper  decks,  and  will  accommodate 
120  day  patients,   120  mothers,  and   120  permanent 
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patients.  There  are,  besides  the  deck  for  the  day 
patients,  six  wards  for  tin-  permanent  patients.  For 
the  day  patients  the  ship  leaves  the  wharf  in  the  morn- 
ing and  makes  a  two  hour  trip  to  the  day  anchorage 
where  the  children  have  a  day's  benefit  of  pure  air 
and  plenty  of  sunshine.  At  4.30  p.m.  the  anchor  is 
weighed,  and  the  ship  returns  to  the  wharf;  at  7.30 
p.m.  a  short  trip  is  made  to  the  night  anchorage.  For 
the  permanent  little  patients,  who  need  a  longer  stay, 
the  best  of  medical  and  surgical  care  is  provided. 
The  average  length  of  treatment  in  these  cases  is 
nineteen  days.  There  is  a  diet  kitchen,  and  facilities 
for  performing  operations,  if  necessary.  The  pro- 
fessional staff  consists  of  five  visiting  staff;  eleven 
auxiliary    staff;    five    consulting    staff;    and    twenty 


Fia.  323S. — Patient  in  the  Stokes  Splint  Stretcher  being  hoisted 
aboard  Solace. 

house  officers  and  medical  students.  The  nursing 
staff  numbers  between  sixty  and  seventy.  The 
activities  of  the  ship  continue  during  the  three  hot 
summer  months,  though  the  work  among  the  babies 
continues  on  shore  the  year  around.  Between  18,000 
and  20,000  days  service  is  furnished  to  all  classes  of 
beneficiaries. 

The  object  of  the  effort  is  well  described  in  the  arti- 
cles of  incorporation  as  follows:  "To  care  for  and 
relieve  the  sick  babies  of  parents  unable  to  provide 
the  best  air,  food,  care,  and  medical  skill;  to  make 
a  careful  scientific  study  of  the  diseases  of  children, 
especially  tln.se  connected  with  the  gastrointestinal 
tract;  to  (rain  and  instruct  medical  students,  nurses, 
and  mothers  in  the  care  and  treatment  of  sick  babies." 

The  Employment  of  Hospital  Ships  with  Fishing 
Fleets. — The  value  of  the  world's  fishery  products, 
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something  over  $440,000,000,  employing  a  large 
number  of  people  and  a  large  number  of  vessels,  is 
little  appreciated.  The  Unites  States  alone  employs 
over  7,000  vessels  in  this  industry,  with  a,  total  tonnage 
of  over  200,000.  Of  the  hardships  and  exposun 
those  employed  in  this  trade  we  have  obtained  some 
ideas  from  the  writings  of  Kipling,  Connolly,  and 
Grenfell.  Of  the  sorry  plight  of  these  people,  of 
their  hardships,  of  their  exposure,  of  their  hazard  of 
limb,  of  the  ever  present  risk  of  life,  we  have  onlj  ;i 
hazy  mental  picture,  and  this  picture  is  soon  for- 
gotten when  we  lay  aside  the  book  and  seek  other 
means  of  interest.  The  captain  of  a  small  fishing 
vessel,  after  working  hard  for  a  week  or  more  to  obtain 
bait  then  at  last  getting  a  good  berth,  finds  one  of  his 
crew  sick.  At  first  the  man  is  treated  from  the 
medicine  chest,  and  then  as  his  condition  becomes 
more  desperate  there  is  nothing  to  do  but  sacrifice 
the  bait,  and  berth,  and  head  for  the  nearest  port, 
where  the  sufferer  may  be  landed,  and  a  new  hand 
shipped.  How  willingly  this  sacrifice  may  be  made 
is  left  to  one's  imagination.  How  often  the  delay 
and  the  neglect  result  ultimately  in  the  death  or 
chronic  invalidism  of  the  victim  may  be  guessed  by 
the  human  derelicts  we  find  about  the  fishing  ports. 
I  think  we  may  safely  estimate  an  average  daily  sick 
rate,  in  conservative  figures,  of  over  two  per  cent. 
The  unnecessary  sacrifice,  invalidism,  and  loss  of  life 
would  receive  considerable  mitigation  by  the  presence 
of  a  hospital  ship. 

In  1SS0,  there  was  founded  in  England  the  Royal 
National  Mission  to  the  Deep-sea  Fisherman.  This 
organization  first  sent  mission  ships  into  this  field 
where  they  sought  to  combat  the  influence  of  the 
floating  saloon  and  public  house  which  catered  to  the 
baser  instincts  of  the  fisherman.  When  Sir  Frederick 
Treves  was  appointed  director  of  the  Royal  National 
Mission  he  visited  the  fisheries  and  became  convinced 
of  the  need  of  a  ship  of  a  medical  missionary  type, 
which  could  minister  to  the  physical  as  well  as  the 
moral  needs  of  this  isolated  industry.  As  a  result  of 
his  efforts  a  mission  ship  was  equipped  with  a  medical 
and  surgical  outfit,  and  placed  in  charge  of  Dr. 
Grenfell,  a  young  London  surgeon,  and  sailed  for  the 
fishing  banks.  From  this  first  trip  Dr.  Grenfell 
returned  full  of  enthusiasm,  and  this  enthusiasm  has 
continued  for  over  twenty-three  years,  and  reflects 
the  greatest  credit  upon  him.  With  the  aid  of  Treves 
the  first  hospital  ship  for  the  fleet,  the  Queen  Victoria, 
was  fitted  out.  Since  then  the  work  has  steadily 
increased,  three  additional  hospital  ships  and  four 
dispensary  ships  having  been  acquired.  In  1901, 
12,000  men  were  treated  or  carried  to  home  ports. 

The  dispensary  boats  are  equipped  for  treating 
the  minor  ailments  on  board  the  fishing  vessels,  and 
serve  as  ambulance  ships  to  convey  the  stricken  to  the 
shore  hospitals  or  the  hospital  ship.  They  carry  no 
doctor,  but  have  in  addition  to  their  crew  a  hospital 
attendant  who  has  received  special  instruction  in 
first  aid. 

The  hospital  boats  vary  in  size  from  100  to  300  tons, 
and  carry  a  doctor  and  one  or  more  hospital  attend- 
ants. They  are  usually  fitted  with  a  consulting  room, 
a  ward  of  six  or  more  beds,  a  pharmacy,  storeroom 
and  frequently  a  library. 

In  1902,  Dr.  Grenfell  carried  his  work  to  the  coast 
of  Labrador,  sailing  in  the  Gospel  Hospital  Ship 
Albert.  The  next  year  he  returned  to  the  work  with 
the  Albert,  and  a  smaller  craft,  Princess  May.  During 
this  season  in  company  with  Dr.  Curwen  they  treated 
37  in-patients,  2,493  out-patients,  and  performed 
269  minor  operations.  Dr.  Grenfell  gives  an  inter- 
esting description  of  his  first  voyage  in  his  book  "The 
Vikings  of  To-day."  Since  the  days  of  the  Albert 
many  ships  have  been  added,  such  as  the  Lord  Stralh- 
cona,  Geo.  B.  Cluelt,  and  the  two  yawls,  Yale  and 
Andrew  J.  McCosh.  The  Geo.  B.  Cluelt  was  the  gift 
of  an  American  friend  interested  in  this  work,  while 
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the  two  yawls  are  gifts  of  American  college  students, 
who  have  recognized  the  value  of  this  form  of  charity. 
France  also  maintains  an  interest  in  these  toilers 
of  the  sea,  and  in  1904,  the  Society  of  the  Workers 
of  the  Sea  (Societe  des  (Euvres  dc  Mer)  was  founded 
for  the  purpose  of  carrying  aid  to  the  deep  sea  fisher- 
man without  distinction  of  nationality.  The  aid 
offered  is  material,  mental,  medical,  and  religious. 
Through  the  efforts  of  a  retired  naval  officer,  M. 
Bailley,  aided  by  Admiral  Matthieu  and  Vice  Admiral 
Laffont,  the  first  hospital  ship  was  placed  in  service 
in  1896.  The  society  had  very  unfortunate  experi- 
ences with  its  first  ships,  which  goes  to  show  the  hazard 
under  which  the  deep  sea  fishermen  work.  The  first 
hospital  ship,  the  St.  Pierre,  was  lost  on  her  first  trip 


spite  of  the  fact  that  the  French  Government  had 
declared  these  vessels  a  public  utility,  and  granted 
a  small  subsidy,  the  re  ources  of  the  society  win  o 
depleted  that  theSt.  Francois  d' Assise  was  dismantled 
at  Havre.  The  following  year  the  St.  Pierre  was 
sold  and  thc,s7.  Francois  a' Assise  was  again  placed  in 
service,  and  since  then  has  gone  nut,  eachyearfrom 
May  to  September  to  offer  succor  to  deep  sea  fisher- 
men. Recently  the  society  has  obtained  an  addil  ional 
vessel. 

During  the  years  1897  to  1907  the  hospital  ships 
of  the  Societe  des  (Euvres  de  Mer  spoke  6,585  fish- 
ing vessels,  treated  811  patients  on  board  with  12,076 
sick  days,  and  held 3, 250  consultations  at,  sea.  They 
also   rescued   297   shipwrecked   sailors,    returned   351 


Fig.  3239. — Animal  Yard  on  Top  of  the  Wheelhouse  on  the  Hospital  Ship  Solace. 


to  the  coast  of  Newfoundland.  The  next  year,  1897, 
two  ships,  the  St.  Pierre  2nd,  and  the  St.  Paul,  were 
equipped,  and  the  former  sailed  for  Newfoundland 
while  the  latter  sailed  for  Iceland.  The  St.  Pierre  2nd, 
after  rendering  valuable  aid  to  the  fishing  fleet,  was 
damaged  by  collision  on  the  Grand  Banks.  The  S/. 
Paul,  after  a  period  of  usefulness,  ran  ashore  on  the 
Iceland  coast.  Both  vessels  were  repaired  and  re- 
turned to  their  work  in  1898  and  1899,  but  in  the  latter 
year  the  St.  Paul  was  wrecked  and  became  a  total  loss. 
In  1900,  the  society  acquired  a  barkentine  of  600 
tons,  having  auxiliary  steam  power.  The  next  year 
this  vessel,  the  St.  Francois  d'  Assise,  was  equipped  and 
cruised  in  the  Newfoundland  waters,  while  the  St. 
Pierre  patrolled  the  waters  of  Iceland.     In  1903,  in 


convalescents  and  sick  men  to  France,  gave  medi- 
cines to,  or  replenished  the  medicine  chests  of  1/295 
ships,  and  received  or  delivered  212,191  letters.  Ac- 
cording to  a  recent  consular  report  the  St.  Francois 
d'Assise,  in  1911,  steamed  12,209  marine  miles, 
spoke  1,14.3  vessels,  admitted  seventy  patients  to  the 
hospital,  and  gave  treatment  at  sea  in  420  other  cases, 
besides  picking  up  fourteen  ship-wrecked  persons. 
The  Frangois  d' Assise  is  a  steel  barkentine  of  600 
tons,  about  164  feet  long,  having  a  draft  of  fourteen 
feet  amidships,  and  under  steam  power  developing 
about  eight  knots  per  hour.  She  has  two  decks, 
weather  and  berth,  and  a  hold.  In  a  superstructure, 
forward  of  the  funnel,  is  the  galley  and  a  consulting 
room.     Still  farther  forward  is  a  disinfecting  room. 
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There  are  two  wards,  one  an  isolation  ward  of  fourteen 
beds  and  two  hammocks,  and  a  main  ward  provided 
with  sixteen  swinging  rots,  four  hammocks,  four 
stationary  couches,  giving  a  total  capacity  of  forty 
beds  for  the  sick.  There  is  also  a  dispensary,  and 
a  room  used  by  a  hospital  attendant  in  which  an 
operating  table  maj   be  -it  up  if  needed. 

We  have  already  noted  that  private  charity  in  the 
United  States  has  contributed  to  the  work  of  Dr. 
Grenfcll,  but  no  organized  charity  has  fitted  out  a 
vessel  to  give  the  helping  hand  to  those  of  our  citizens 
who  labor  fur  our  dee])  sea  food.  On  July  16,  1798, 
Congress  enacted  a  law  making  provision  for  the  re- 
lief of  sick  and  disabled  seamen.     The  Marine  Hospi- 


evacuation  of  the  sick  or  wounded  from  the  advance 
base  in  oversea  military  expeditions  have  been  a  part 
of  all  the  recent  expeditions  of  this  kind.  Usually 
these  ships  have  been  of  a  makeshift  nature,  hastily 
altered  and  pressed  into  service.  It  is  absolutelj 
necessary  thai  the  preparations  of  this  kind  be  made 
early  to  prevent  the  congestion  of  Bick  and  wounded 
at  the  base,  with  the  consequent  expenditure  of 
expeditionary  supplies  and  its  general  demoralizing 
influence.  During  the  Crimean  campaign  in  1S54, 
England  employed  a  fleet  of  vessels,  the  Orient, 
Poictiers,  Si.  Hilda,  Clifton,  William  Jackson,  and 
others,  for  the  transport  of  sick  and  wounded.  In 
twenty-two  months  114,668  patients  wire  transferred 


Fig.  3240. — Corner    of    the    Chemical    Laboratory. 


tal  Service,  now  the  Public  Health  Service,  had  its 
beginning  under  the  operation  of  this  law.  Great 
work  has  been  done  by  this  service,  and  it  may  be  said 
that  the  merchant  marine  is  very  well  looked  after. 
The  Public  Health  Service  has  not  forgotten  the  Amer- 
ican fishing  fleet,  which  plies  its  trade  in  the  waters  of 
the  North  Atlantic,  and  Congress  has  recently  author- 
ized the  adaptation  of  a  revenue  cutter  for  such  ser- 
vice. The  Androscoggin,  manned  and  equippedby  the 
Revenue  Cutter  Service,  but  carrying  a  medical  officer, 
bay-man,  and  medical  supplies  from  the  Public  Health 
Service,  is  now  performing  that  duty. 

Employment  of   Hospital  Ships  fob  Evacuation 
of   the    Sick   of    Armies. — Hospital    ships   for   the 
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to  the  home  ports  of  England.  During  the  campaign 
in  China  in  1858,  the  English  employed  the  Mauritius 
and  Melbourne.  These  two  steamers  were  a  marked 
advance  over  previous  hospital  transports,  and  were 
fitted  in  a  more  elaborate  manner  than  those  previ- 
ously employed.  The  Victor  Emanuel  was  converted 
for  hospital  purposes  in  1S73  for  service  off  the  Cape 
Coast.  The  alterations  are  said  to  have  cost  §200,000, 
and  accommodations  were  provided  for  142  patients. 

During  the  Civil  War  the  United  States  Army 
employed  several  hospital  steamers,  the  most  notable 
of  which  were  the  D.  A.  January,  City  of  Memphis, 
and  Empress. 

During  the  war  with  Spain  the  United  States  Army 
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employed   four   hospital   ships,   the  Olivette,    Missouri, 

Relief,  and  Bay  State.  The  Missouri  and  Relief 
were  models  of  hospital  equipment,  and  performed 
excellent  service  (luring  the  Spanish-American  war 
and  the  Philippine  insurrection.  The  Relief  also 
rendered  service  in  the  Boxer  (roubles  in  China  in 
1900.  lii  1901  she  went  out  of  service  as  a  hospital 
ship.  In  1904  she  was  transferred  to  the  navy,  and 
after  extensive  alterations  was  finally  placed  in 
service  in  1908,  on  the  occasion  of  the  cruise  around 
the  world  of  the  American  fleet.  She  accompanied 
the  fleet  as  far  as  the  Philippines,  and  is  now  used  as 
a  floating  hospital  at  the  naval  station,  Olongapo, 
being  no  longer  regarded  as  available  as  a  cruising 


Spartan   also  participated  in  the  China  campaign  of 

the  allied  forces  on  the  occasion  of  the  Boxer  uprising. 

The  Japanese  with  their  army  during  the  Russo- 
Japanese  war  employed  about  eighteen  ships  in  the 
evacuation  of  their  sick,  the  most  notable  of  which 
were  the  led  Cross  hospital  ships  Hakuia  Mom  and 
Kosai  Mom.  These  ships,  however,  were  used  more 
as  hospital  transports,  the  trip  from  the  continent  to 
Japan  being  .a  short   one. 

During  the  recent  hostilities  between  Turkey  and 

the    Balkan    allies,    a    Turkish    army  transport,   the 

Bahr  Ahmar,  was  turned  over  to  the  Egyptian   Bed 

Crescent    Mission   at    Port    Said,   and  in  two  weeks' 

time  she  was  repainted  and  converted  into  a   hospital 


Fig.  3241. — Room  for  Eye  and  Ear  Treatment. 


hospital    ship.     The   Relief  has   208   beds   including 
thirty  cots  in  the  light  infectious  ward. 

The  English  army  employed  several  hospital  ships 
during  the  South  African  war.  The  Maine,  a  sister 
ship  of  the  Missouri,  had  accommodations  for  2 IS 
patients,  operating  room,  x-ray  machine,  diet  kitchen, 
disinfecting  apparatus,  refrigerating  plant,  etc.  Her 
hospital  force  consisted  of  six  medical  officers,  five 
women  nurses,  eleven  male  nurses,  ten  orderlies  and 
two  apothecaries.  In  addition  to  the  Maine,  the 
Princess  of  Wales,  Trojan,  and  Spartan,  six  additional 
transports  converted  at  Durban,  were  utilized  for 
transport  of  invalids.  The  Maine  did  good  service 
with  the  Mediterranean  fleet  after  the  war,  and  was 
long  carried  on  the  British  navy  list,  but  has  recently 
been  wrecked.     The  Princess  'of  Wales,   Trojan,  and 


ship.  This  ship  was  formerly  the  .5.  S.  Roland,  single 
screw,  3,000  tons.  357  feet  in  length,  43  feet  beam,  24 
feet  draft,  and  capable  of  developing  a  speed  of  twelve 
to  fourteen  knots.  The  ship  was  employed  in  remov- 
ing the  sick,  wounded,  and  refugees  from  Salonika  to 
Smyrna.  On  a  single  trip  the  ship  would  carry  300 
to  500  wounded  soldiers,  and  1,S00  to  2,000  refugees. 

The  Employment  of  Hospital  Ships  with  Fleets 
and  Naval  Expeditions. — The  real  naval  hospital 
ship  as  we  understand  the  term  is  of  modern  develop- 
ment. As  early  as  1608,  the  English  employed  an 
auxiliary  ship,  the  Goodwill,  in  the  Mediterranean  for 
hospital  purposes.  The  Dolphin  was  with  Hood  off 
Toulon  in  1793,  and  the  Pharon  with  Howe  in  1794, 
during  the  battle  of  the  first  of  June. 
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The  great  sea  fights  of  modern  limes,  namely,  the 
battle  of  Lissa,  June  27,  1866,  between  the  Italians 
and  Austrians;  the  Yalu,  Chino-Japanese  war;  Manila 
Bay    .■mil    Santiago,    Spanish-American    war;    and 
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Fig.  3242. — Room  for  Nose  and  Throat  Treatment. 

Tsushima,  Russo-Japanese  war;  have  been  marked  by 
a  tremendous  loss  of  life  from  drowning.  In  the  battle 
of  Lissa  the  Italians  had  five  killed  by  gun-fire,  while  615 
were  drowned.  In  the  battle  of  the  Yalu  the  Chinese 
lost  between  GOO  and  800.  In  the  battle  of  Manila 
Bay  3S1  were  reported  as  killed,  while  at  Santiago  the 
number  was  350.  The  number  in  these  battles  killed 
outright,  and  the  number  drowned  is  not  distinguished. 
The  number  of  Russians  missing,  and  probably- 
drowned,  in  the  battle  of  Tsushima  has  been  placed 
between  5,000  and  8,000.  The  frightful  loss  of  life 
from  drowning  in  the  modern  naval  battle  has  directed 
a  humanitarian  influence  toward  relief  for  partici- 
pants in  these  engagements.  The  Geneva  conven- 
tion coming  soon  after  the  battle  of  Lissa  incorporated 
articles  for  relief  of  participants  in  marine  warfare. 
The  Hague  Conference  had  the  record  at  the  Yalu, 
Manila  Bay,  Santiago  and  Tsushima  to  guide  and 
stimulate  further  efforts  to  save  wanton  waste  of 
lives. 

During  the  Russo-Japanese  war  the  Japanese 
navy  employed  two  hospital  ships,  known  respectively 
as  the  Saikio  Muni  and  the  Kobe  Ma.ru.  They  were 
both  originally  merchant  vessels  belonging  to  the 
Nippon  Yusen  Kaisha.  They  were  sister  ships  and 
were  both  fitted  in  the  same  manner.  During  the 
Chino-Japanese  war,  the  Saikio  Maru  was  converted 
into  a  cruiser  and  took  part  in  the  battle  of  the  Yalu. 
The  Kobe  Maru  was  used  during  that  war  as  a 
hospital  ship.  After  the  Chino-Japanese  war  these 
ships  were  returned  to  the  merchant  service.  On 
the  outbreak  of  the  Russo-Japanese  war  they  were 
both  fitted  out  as  hospital  ships.  They  are  single 
screw  steel  ships,  of  2,978  tons,  365  feet  long,  30  feet 
beam,  and  of  about  20  feet  draft.  During  the  war 
the  ships  had  two  large  wards,  a  medical  ward  of 
seventy-two  bunks  and  a  surgical  ward  of  seventy- 
eight  bunks.     Each  ship  contained  sterilizing  rooms, 
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laundry,  laboratory,  operating  room,  surgical  dn 
i n g  run m,  ic-ray  room,  dispensary,  instrument  sharpen- 
ing room  and  photographic  room. 

The  Russians  during  the  Russo-Japanese  war 
purchased  six  large  passenger  ships  varying  in 
from  5,000  to  12,000  tons.  The  Orel,  an  8,000-ton 
ship,  was  fitted  out  and  maintained  by  women  of 
France  and  Russia.  Each  defrayed  one-half  the 
expense  of  maintenance.  The  Mongolia  was  one  of 
the  hospital  ships  fitted  out  and  maintained  by  the 
Russian  Red  Cross.  She  was  a  passenger  ship  of 
5,000  tons.  The  Nostrome  was  a  7. 000-ton  passenger 
ship,  converted  for  hospital  purposes  at  one  of  the 
ship  yards  at  Shanghai,  China. 

At  the  beginning  of  the  hostilities  between  Italy 
and  Turkey,  the  Italian  Navy  Department  fitted  out 
two  emigrant  steamers  as  ambulance  ships.  These 
els  wire  the  Re  a"  Italia,  a  ship  of  :'.,9>>2  tons  net, 
and  the  Regina  d' Italia,  3,398  tons.  In  addition  to 
these  two  steamers  the  Italian  Red  Cross  Society 
equipped  the  steamer  Memfi.  The  vessel  was 
chartered  by  the  Italian  government,  and  the  Red 
Cross  supplied  the  medical  and  surgical  equipment 
and  personnel.  The  Knights  of  Malta  also  equipped 
a  vessel,  the  Regina  Margherila  of  1,981  tons  net,  and 
under  the  same  conditions  as  the  Red  Cross  ship. 
While  these  ships  were  naval  hospital  ships,  it  would 
appear  that  they  were  employed  mainly  in  transport- 
ing the  sick  and  wounded  of  the  army. 

The  first  hospital  ship  of  the  United  States  Navy 
was  named  Red  Rover,  and  was  assigned  to  duty  with 
the  Mississippi  Squadron.     She  served  in  this  capacity 


Fig.  3243.— The  Dental  Room. 

from  June  1,  1862,  to  March  31,  1867,  during  which 
period  there  were  admitted  1,697  patients.  This  ship 
was  commanded  by  Fleet  Surgeon  Ninion  Pinkney, 
U.  S.  Navy,  and  Acting  Master  Welles  had  charge 
of  navigating  organization.  The  ship  was  regarded  as 
a  model  in  those  davs,  and  is  described  as  follows 
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in  a  report:  '  The  ice-box  <>f  the  steamer  holds  three 
hundred  tons.  She  lias  bath-rooms,  laundry,  eleva- 
tor for  the  sick  from  the  lower  to  the  upper  deck, 
amputating  room,  nine  different  water  closets,  gauze 
blinds  to  the  windows  to  keep  cinders  and  smoke  from 
annoying  the  sick,  two  separate  kitchens  for  sick  and 
well,  a  regular  corps  of  nurses,  and  two  water  closets 
on  every  deck."  The  complement  of  medical  officers 
varied  from  time  to  time,  but  in  the  main  averaged 
three.  A  squadron  order  directed  that  only  the 
seriously  sick  be  sent  to  her  for  treatment. 

During  the  Spanish-American  war  the  United 
States  purchased  from  the  Morgan  Line  the  steamer 
Creole,  5,700  tons  displacement,  single  screw,  and  of 
fifteen   knots  speed.      This  ship   was   converted   into 


master,  and  the  watch  officers  are  on  the  hum 
deck,   forward.       Aft  on  this   deck    are  three   isolation 
wards   with   a    total   capacity   of  thirty   patients.      <  In 
the  upper  deck  from  forward  aft  is  1  he  opera!  ing  room 

with    two    operating    tables,    1  he    eye,    ear,    nose,    and 

throat  examining m,  the  laboratorj  ,  denial  labora- 
tory,   medical   officers'    mess  room,   galleys,    auxiliary 

officers'  mess  rooms,  officers'  staterooms,  office  of 
the  medical  officer  of  the  da-.,  rooms  for  nine  office] 
patients,  the  convale  cen!  me  room,  and  a 
lavatory  for  the  hospital  corps.  On  the  main  deck, 
forward,  are  the  two  main  wards  with  double  tiers  of 

bunks,    accomi lating    sixty-eight   patients  in  the 

medical  and  seventy-six  in  t  he  surgical  ward.  The 
remaining  port  ion  of  this  deck  is  assigned  to  the  berth- 


Fig.  3241. — The  X-ray  Room. 


an  ambulance  or  hospital  ship  by  the  Navy,  and  com- 
missioned under  the  name  Solace.  She  rendered 
signal  service  after  the  naval  engagement  off  Santiago. 
After  the  war  with  Spain  she  was  used  as  a  transport. 

In  November,  1909,  after  an  extensive  overhauling, 
she  was  again  placed  in  service  as  a  hospital  ship,  and 
assigned  to  duty  with  the  Atlantic  Fleet.  This  ship 
is  probably  one  of  the  best  equipped  hospital  ships 
of  modern  times.  The  ship  is  under  the  command 
of  a  medical  officer  of  the  navy,  and  the  professional 
complement  consists  of  six  medical  officers,  a  pharma- 
cist and  fifty-two  hospital-corps  men.  The  comple- 
ment from  the  Naval  Auxiliary  Service  comprises 
eleven  officers  and  seventy-one  men. 

The  quarters  for  the  commanding  officer,  the  sailing 


ing  and  messing  of  the  engineer's  force,  the  mess  at- 
tendants, and  the  hospital-corps  men.  On  the  lower 
deck,  forward,  are  the  seamen's  quarters;  the  store- 
rooms and  machinery  occupying  the  remaining  space. 

In  the  extreme  after  end  is  the  morgue,  which  is 
cooled  by  circulating  brine  from  the  ice  plant.  There 
has  recently  been  installed  a  diet  kitchen  provided 
with  electric  appliances  for  cooking.  It  is  unneces- 
sary to  itemize  the  equipment  of  the  hospital,  which 
is  thoroughly  modern  in  all  respects. 

A  wireless  outfit  is  of  great  use  for  communication 
with  the  fleet  at  a  distance. 

The  methods  of  handling  patients  have  been  worked 
out,  the  Stokes  splint  stretcher  being  generally  used. 
Extension  cranes  with  trolleys  and  automatic  locking 
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hooks  have  been  adopted  for  transferring  patients 
from  boats  to  the  upper  deck.     An  elevator  provides 

for  easy  transit  fr I  he  ward    to  the  operating  room 

and  upper  deck.  The  Solace  lias  had  the  reputation 
of  rolling  excessively  during  former  commissionings, 
but  it  is  now  reported  as  being  quite  stable,  due  to  a 
change  in  the  amount  of  ballast  and  the  addition  of 
bilge  keels. 

Several  modern  navies  now  maintain  or  carry  on 
their   lists   hospital   ships;     England    has    the   Co 
line    and     the     Met/tutor,    formerly    the    lliiiapolis; 
Germany    employed    the    Hamburg    American    liner 


2.  The  Hague  Peace  Conference  of  July  29, 
1899. 

3.  Convention  between  certain  powers  regarding 
the  exemption  of  hospital  ships,  in  time  of  war.  from 
the  payment  of  all  dues  and  taxi  I  for  the 
benefit  of  the  State,  signed  at  the  Hague,  Decen 

21,  1904. 

4.  Hague  convention  of  October  18,  1907,  for  the 
adaptation  of  the  principles  of  the  Geneva  convention 
of  July  t>,  1900,  to  maritime  warfare. 

The  latter  convention  was  proclaimed  by  the  Presi- 
dent August  2,  1910,  and  will  probablj    be  adhered 


Fia.  3245. — Sterilizing  Room. 


Hansa  in  the  maneuvers  in  1909;  Austria  has  the 
Achille,  Almissa  and  Maria  Theresa;  Japan  has  the 
Httkiiiu  Mora  and  Kosai  Maru;  and  the  United  States 
has  the  Solaa  . 

The  Neutrality  of  a  Hospital  Ship. — In  time  of 
war  the  hospital  ship  has  a  definite  status  of  neutrality 
Viet  ween  powers  signatory  to  the  Geneva  Convention 
or  any  one  or  all  of  the  conventions  or  conferences 
which  followed,  and  which  sought  to  adapt,  the  pro- 
visions of  l  he  ( teneva  convention  to  maritime  warfare. 

The  following  is  a  list  of  the  instruments  in  the  prep- 
aration of  which  the  United  States  was  represented: 

1 .  The  Geneva  Convention  concluded  August  22, 
1864. 
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to  by  the  United  States  in  event  of  a  war  even  with 
a  power  that  has  not  officially  ratified  the  convention. 
Mutual  agreements  between  belligerents  who  had 
not  officially  ratified  one  of  these  conventions  oc- 
curred in  the  Crimean,  Franco-Prussian,  Chilian- 
Peruvian,  and  Spanish-American  wars.  For  in- 
stance, in  the  latter  war  the  United  States  notified 
Spain  of  her  intent  to  use  the  Solace  as  an  ambulance 
ship  and  thereby  signified  her  purpose  to  adhere  to  the 
principles  of  trie  Geneva  Convention  of  1868,  not- 
withstanding that  this  government  had  not  officially 
ratified  that  convention.  The  convention  of  1907 
has  now  achieved  ratification  by  the  principal  naval 
powers,  and  it  is  the  articles  of  this  convention  which 
follow: 
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HAGUE  CONVENTION  OF  OCTOBER  18,    1907,   FOR  THE 

ADAPTATION  OF  THE  PRINCIPLES  OF  THE  GENEVA 

CONVENTION   OF  JULY   6,    190(3,   TO    MARITIME 

WARFARE. 

Article  1. — Military  hospital  ships,  that  is  to  say,  ships  con- 
structed or  assigned  by  States  specially  and  solely  with  a  view  to 
assisting  the  wounded,  sick,  and  shipwrecked,  tin-  names  of  which 
have  been  communicated  to  the  belligerent  Powers  at  the  com- 
mencement of  or  during  the  course  of  hostilities,  and  in  any  case 
before  they  are  employed,  shall  be  respected,  and  cannot  be  cap- 
tured while  hostilities  last. 

These  ships,  moreover,  are  not  on  the  same  footing  as  warships 
as  regards  their  stay  in  neutral  port. 

Article  2. — Hospital  ships,  equipped  wholly  or  in  part  at  the 
expense  of  private  individuals  or  officially  recognized  relief  societies, 
shall  be  likewise  respected  and  exempt  from  capture,  if  the  bellig- 
erent Power  to  whom  they  belong  has  given  them  an  official  com- 
mission and  has  notified  their  names  to  the  hostile  Power  at  the 
commencement  of  or  during  hostilities,  and  in  any  case  before  they 
are  employed. 


These  vessels  must   in   do  wise  hamper  the  movements  of  the 

combat  .in  i 

During  and  after  an  engagement  they  will  act  at  their  own  ri.sk 
and  peril. 

The  belligerents  shall  have  the  righl  to  Control  and  search  them  ; 
they  can  refuse  to  help  them,  order  them  off,  make  them  take  a 
certain  course,  and  put  a  Commissioner  on  board;  they  can  even 

(il'taill    lhelli,    ll    iinpuf  ta  [it     rn  r-umM:i  nrr  <    require    it.. 

As  far  as  possible,  tie1  belligerents  shall  enter  in  the  log  of  the 
hospital  ships  the  orders  which  they  give  them. 

Article  5. —  Military  hospital  ships  shall  be  distinguished  by 
being  painted  white  outside  with  a  horizontal  band  of  green    about 

a  meter  and  a  halt  in  breadth. 

The  ships  mentioned  in  Article*  2  and  3  shall  be  distinguished 
by  being  painted  white  outside  with  a  horizontal  band  of  red  about 
a  meter  and  a  half  in  breadth. 

The  boats  of  the  ships  above  mentioned!  as  also  small  craft  which 
may  be  used  for  hospital  work,  shall  be  distinguished  by  similar 
painting 
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These  ships  must  be  provided  with  a  certificate  from  the  com- 
petent authorities  declaring  that  the  vessels  have  been  under  their 
control  while  fitting  out  and  on  final  departure. 

Article  3. — Hospital  ships,  equipped  wholly  or  in  part  at  the 
expense  of  private  individuals  or  officially  recognized  societies  of 
neutral  countries,  shall  be  respected  and  exempt  from  capture, 
on  condition  that  they  are  placed  under  the  control  of  one  of  the 
belligerents,  with  the  previous  consent  of  their  own  Government 
and  with  the  authorization  of  the  belligerent  himself,  and  that  the 
latter  has  notified  their  name  to  his  adversary  at  the  commencement 
of  or  during  hostilities,  and  in  any  case,  before  they  are  employed. 

Article  4. — The  ships  mentioned  in  Articles  1,  2  and  3  shall 
afford  relief  and  assistance  to  the  wounded,  sick  and,  shipwrecked 
of  the  belligerents  without  distinction  of  nationality. 

The  Governments  undertake  not  to  use  these  ships  for  any 
military,  purpose. 

Vol.  V.— 21 


All  hospital  ships  shall  make  themselves  known  by  hoisting 
with  their  national  flag,  the  white  flag  with  a  red  cross  provided 
by  the  Geneva  Convention,  and  further,  if  they  belong  to  a  neutral 
State,  by  flying  at  the  mainmast  the  national  flag  of  the  belligerent 
under  whose  control  they  are  placed. 

Hospital  ships  which,  in  the  terms  of  Article  4,  are  detained  by 
the  enemy,  must  haul  down  the  national  flag  of  the  belligerent  to 
whom  they  belong. 

The  ships  and  boats  above  mentioned  which  wish  to  ensure  by 
night  the  freedom  from  interference  to  which  they  are  entitled,  must, 
subject  to  the  assent  of  the  belligerent  they  are  accompanying, 
take  the  necessary  measures  to  render  their  special  painting  suffi- 
ciently plain. 

Article  6. — The  distinguishing  signs  referred  to  in  Article  5  can 
only  be  used  whether  in  time  of  peace  or  war,  for  protecting  or 
indicating  the  ships  therein  mentioned. 

321 


Hospital  Ships 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


Article  7. — In  the  case  of  a  fight  on  board  a  war-ship,  the  sick- 
wards  shall  be  respected  and  spared  as  far  as  possible. 

The  said  sick-wards  ami  the  material  belonging  to  them  remain 
subject  to  the  laws  of  war;  they  cannot,  however,  be  used  for  any 
purpose  other  than  that  for  which  they  were  originally  intended, 
bo  long  as  they  are  required  for  the  sick  and  wounded. 

The  commander,  however,  into  whose  power  they  have  fallen 
may  apply  them  to  other  purposes,  if  the  military  situation  requires 
it,  after  seeing  that  the  sick  and  wounded  on  board  are  properly 
provided  for. 

Article  S. — Hospital  ships  and  sick-wards  of  vessels  are  no  longer 
entitled  to  protection  if  they  are  employed  for  the  purpose  of 
injuring  the  enemy. 

The  fact  of  the  staff  of  the  said  ships  and  sick-wards  being  armed 
for  maintaining  order  and  for  defending  the  sick  and  wounded,  and 


as  well  as  other  persons  officially  attached  to  Meets  or  armies,  what- 
ever their  nationality,  shall  be  respected  and  tended  by  the 
captors. 

Article  12. — Any  war-shin  belonging  to  a  belligerent  may  demand 
that  sick,  wounded,  or  shipwrecked  men  on  board  military   ho  ; 
ships,    hospital  ships    belonging    to    relief    societies    or    to     private 
individuals,  merchant  ships,  yachts,  or  boats,  whatever  the  nation- 
ality of  these  vessels,  should  be  handed  over. 

Article  13. —  If  sick,  wounded,  or  shipwrecked  persons  are  taken 
on  board  a  neutral  war-ship,  every  possible  precaution  must  be 
taken  that  they  do  not  again  take  part  in  the  operations  of  the  war. 

Article  14. — The  shipwrecked,  wounded,  or  sick  of  one  of  the 
belligerents  who  fall  into  the  power  of  the  other  belligerent  are 
prisoners  of  war.  The  captor  must  decide,  according  to  the 
circumstances,  whether  to  keep  them,  send  them  to  a  port  of  his 


Fig.  3247. — A  Corner  of  Ward  showing  Stationary  and  Removable  Types  of  Bunks. 


the  presence  of  wireless  telegraphy  apparatus  on  board,  is  not  a 
sufficient  reason  for  withdrawing  protection. 

Article  0. — Belligerents  may  appeal  to  the  charity  of  the  com- 
manders of  neutral  merchant  ships,  yachts,  or  boats  to  take  on 
board  and  tend  the  sick  and  wounded. 

Vessels  responding  to  this  appeal,  and  also  vessels  which  have  of 
their  own  accord  rescued  sick,  wounded,  or  shipwrecked  men,  shall 
enjoy  special  protection  and  certain  immunities.  In  no  case  can 
they  be  captured  for  having  such  persons  on  board,  but,  apart 
from  special  undertakings  that  have  been  made  to  them,  they 
remain  liable  to  capture  for  any  violations  of  neutrality  they  may 
have  committed. 

Article  10. — The  religious,  medical,  and  hospital  staff  of  any 
captured  ship  is  inviolable,  and  its  members  cannot  be  made 
prist. ners  of  war.  On  leaving  the  ship  they  take  away  with  them 
the  objects  and  surgical  instruments  which  are  their  own  private 
property. 

This  staff  shall  continue  to  discharge  its  duties  while  nece- 
and  cati  afterward   leave,    when  the  Commander-in-chief  considers 
it  possible. 

The  belligerents  must  guarantee  to  the  said  staff,  when  it  has 
fallen  into  their  hands,  the  same  allowances  and  pay  which  are 
given  to  the  staff  of  corresponding  rank  in  their  own  navy. 

Article  11. — Sailors  and  soldiers  on  board,  when  sick  or  wounded, 
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own  country,  to  a  neutral  port,  or  even  to  an  enemy  port.  In  this 
last  case,  prisoners  thus  repatriated  cannot  serve  again  while  the 
war  lasts. 

Article  15. — The  shipwrecked,  sick,  or  wounded,  who  are  landed 
at  a  neutral  port  with  the  consent  of  the  local  authorities,  must, 
unless  an  arrangement  is  made  to  the  contrary  between  the  neutral 
State  and  the  belligerent  States,  be  guarded  by  the  neutral  State 
so  as  to  prevent  their  again  taking  part  in  the  operations  of  the  war. 

The  expenses  of  tending  them  in  hospital  and  interning  them 
shall  be  borne  by  the  State  to  which  the  shipwrecked,  sick,  or 
wounded  persons  belong. 

Article  16. — After  every  engagement,  the  two  belligerents,  so  far 
as  military  interests  permit,  shall  take  steps  to  look  for  the  ship- 
wrecked, sick,  and  wounded,  and  to  protect  them,  as  well  as  the 
dead,  against  pillage  and  ill-treatment. 

They  shall  see  that  the  burial,  whether  by  land  or  sea,  or  crema- 
tion of  the  dead  shall  be  preceded  by  a  careful  examination  of 
the  corpse. 

Article  17. — Each  belligerent  shall  send,  as  early  as  possible,  to 
tic  authorities  of  their  country,  Navy,  or  Army,  the  military  marks 
or  documents  of  identity  found  on  the  dead  and  the  description  of 
the  sick  and  wounded  picked  up  by  him. 

The  belligerents  shall  keep  each  other  informed  as  to  internments 
and  transfers  as  well  as  to  the  admissions  into  hospital  and  deaths 
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which  have  occurred  among  the  sick  and  wounded  in  their  hands. 
They  shall  collect  all  the  objects  of  personal  use,  valuable*,  letters, 
etc.,  which  are  found  in  the  captured  ships,  or  which  have  been 
left  by  the  sick  or  wounded  who  died  in  hospital,  in  order  to  have 
them  forwarded  to  the  persons  concerned  by  the  authorities  of 
their  own  country. 

Article  18. — The  provisions  of  the  present  Convention  do  not 
apply  except  between  Contracting  Powers,  and  then  only  if  all  the 
belligerents  are  parties  to  the  Convention. 

Article  19. — The  Commanders-in-chief  of  the  belligerent  fleets 
must  see  that  the  above  Articles  are  properly  carried  out;  they  will 
have  also  to  see  to  cases  not  covered  thereby,  in  accordance  with 
the  instructions  of  their  respective  Governments  and  in  conformity 
with  the  general  principles  of  the  present  Convention. 

Article  20. — The  Signatory  Powers  shall  take  the  necessary 
measures  for  bringing  the  provisions  of  the  present  Convention 
to  the  knowledge  of  their  naval  forces,  and  especially  of  the  members 
entitled  thereunder  to  immunity,  and  for  making  them  known  to 
the  public. 


The  first  deposit  of  ratifications  shall  be  recorded  in  a  proces- 
verbal  signed  by  the  Representatives  of  the  Powers  taking  part 
therein  and  by  the  Netherlands  Minister  for   Foreign  Affairs. 

Subsequent  deposits  of  ratifications  shall  be  made  by  means  of 
a  written  notification  addressed  to  the  Netherlands  Government 
and  accompanied  by  the  instrument  of  ratification. 

A  certified  copy  of  the  proecs-verbal  relative  to  the  first  deposit 
of  ratifications,  of  the  notifications  mentioned  in  the  preceding 
paragraph,  as  well  as  of  tin-  instruments  of  ratification,  shall  be  at 
once  sent  by  the  Netherlands  Government  through  the  diplomatic 
channel  to  the  Powers  invited  to  the  Second  Peace  Conference,  as 
well  as  to  the  other  Powers  which  have  adhered  to  the  Convention. 
In  the  cases  contemplated  in  the  preceding  paragraph  the  said 
Government  shall  inform  them  at  the  same  time  of  the  date  on 
which  it  received  the  notification. 

Article  24. — Non-Signatory  Powers  which  have  accepted  the 
Geneva  Convention  of  the  6th  of  July,  1900,  may  adhere  to  the  pres- 
ent Convention. 

The  Power  which  desires  to  inlhere  notifies  its  intention  to  the 


Fig.  3248. — An  Isolation  Ward  for  Tuberculous  Patients. 


Article  21. — The  Signatory  Powers  likewise  undertake  to  enact 
or  to  propose  to  their  Legislatures,  if  their  criminal  laws  are  inade- 
quate, the  measures  necessary  for  checking  in  time  of  war  indi- 
vidual acts  of  pillage  and  ill-treatment  in  respect  to  the  sick  and 
wounded  in  the  fleet,  as  well  as  for  punishing,  as  an  unjustifiable 
adoption  of  naval  or  military  marks,  the  unauthorized  use  of  the 
distinctive  marks  mentioned  in  Article  5  by  vessels  not  protected 
by  the  present  Convention. 

They  will  communicate  to  each  other,  through  the  Netherlands 
Government,  the  enactments  for  preventing  such  acts  at  the  latest 
within  five  years  of  the  ratification  of  the  present  Convention. 

Article  22. — In  the  case  of  operations  of  war  between  the  land 
and  sea  forces  of  belligerents,  the  provisions  of  the  present  Conven- 
tion do  not  apply  except  between  the  forces  actually  on  board  ship. 

Article  23. — The  present  Convention  shall  be  ratified  as  soon  as 
possible. 

The  ratifications  shall  be  deposited  at  The  Hague. 


Netherlands  Government  in  writing,  forwarding  to  it  the  act  of 
adhesion,  which  shall  be  deposited  in  the  archives  of  the  said 
Government. 

The  said  Government  shall  at  once  transmit  to  all  the  other 
Powers  a  duly  certified  copy  of  the  notification  as  well  as  of 
the  act  of  adhesion,  mentioning  the  date  on  which  it  received  the 
notification. 

Article  25. — The  present  Convention,  duly  ratified,  shall  replace 
as  between  Contracting  Powers,  the  Convention  of  29th  of  July, 
1S99,  for  the  adaptation  to  maritime  warfare  of  the  principles  of 
the  Geneva  Convention. 

The  Convention  of  1S99  remains  in  force  as  between  the  Powers 
which  signed  it  but  which  do  not  also  ratify  the  present  Convention. 

Article  26. — The  present  Convention  shall  come  into  force,  in 
the  case  of  the  Powers  which  were  a  party  to  the  first  deposit  of 
ratifications,  sixty  days  after  the  date  of  the  proces-verbal  of  this 
deposit,  and,  in  the  case  of  the  Powers  which  ratify  subsequently 
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or  which  adhere,  sixty  days  after  the  notification  of  their  ratifica- 
tion or  of  their  adhesion  has  been  received  by  the  Netherlands 
Government. 

Article  27. — In  the  event  of  one  of  the  Contracting  Powers 
wishing  to  denounce  the  present  Convention,  the  denunciation 
shall  be  notified  in  writing  to  the  Netherlands  Government,  which 
shall  at  once  communicate  a  duly  certified  copy  of  the  notification 
to  all  the  other  powers,  informing  them  at  the  same  time  of  the 
date  on  which  it  was  received. 

The  denunciation  shall  only  have  effect  in  regard  to  the  notifying 
Power,  and  one  year  after  the  notification  has  reached  the  Nether- 
lands Government. 

Article  28. — A  register  kept  by  the  Netherlands  Ministry  for 
Foreign  Affairs  shall  give  the  date  of  the  deposit  of  ratifications 
made  in  virtue  of  Article  23,  paragraphs  3  and  4,  as  well  as  the  date 
on  which  the  notifications  of  adhesion  {Article  24,  paragraph  2) 
or  of  denunciation  (Article  27,  paragraph  1)  have  been  received. 

Each  contracting  party  is  entitled  to  have  access  to  this  register 
and  to  be  supplied  with  duly  certified  extracts  from  it. 

In  faith  whereof  the  Plenipotentiaries  have  appended  their 
signatures  to  the  present  convention. 

Done  at  The  Hague,  the  18th  of  October.  1907,  in  a  single  copy, 
which  shall  remain  deposited  in  the  archives  of  the  Netherland 
Government,  and  duly  certified  copies  of  which  shall  be  sent, 
through  the  diplomatic  channel,  to  the  Powers  which  have  been 
invited  to  the  Second  Peace  Conference. 

The  first  three  articles  of  this  convention,  it  may  be 
seen,  divide  these,  the  hospital  ships,  into  two  classes. 
(1)  The  military  hospital  ship.  (2)  The  non-military 
hospital  ship,  which  class  is  again  subdivided  into 
ships  equipped  from  benevolent  sources  under  a 
belligerent,  and  ships  equipped  from  benevolent 
sources  under  a  non-belligerent.  The  Solace  and  the 
Relief,  equipped  respectively  by  the  Navy  and  Army 
during  the  Spanish-American  war,  are  memorable 
examples  of  the  military  hospital  ships,  while  the 
Maine,  as  employed  in  the  Boer  war,  was  a  non- 
military  hospital  ship. 

In  Article  4  it  is  stipulated  that  the  governments 
shall  undertake  not  to  use  these  ships  for  military 
purposes.  An  incident  in  the  Russo-Japanese  war 
will  serve  to  indicate  what  has  been  interpreted  to  be 
a  violation  of  this  provision.  The  Japanese  seized 
and  condemned  by  prize-court  procedure  the  Russian 
hospital  ship  Orel,  on  the  ground  that  there  was 
evidence  to  indicate  she  had  been  employed  under 
conditions  construed  to  be  of  a  military  nature. 
There  was  evidence  to  show  that  she  had  been  em- 
ployed to  carry  official  messages;  that  her  services 
had  been  utilized  to  make  purchases  of  military 
material;  that  the  crew  of  the Oldhamia,  a  captured 
prize,  had  been  placed  on  board  of  her,  and  further  it 
was  shown  that  with  the  Kostroma,  another  Russian 
hospital  ship  in  Admiral  Nebogatoff's  division,  she 
had  been  assigned  a  place  in  advance  of  the  Russian 
main  body,  a  place  usually  assigned  a  scouting  vessel. 
This  evidence  led  to  the  condemnation  and  confisca- 
tion of  the  Orel,  .and  her  being  renamed  the  Kusuho 
Maru.  The  article  further  provides  that  the  hospital 
ship,  during  an  engagement,  shall  act  at  its  own  risk 
and  peril.  Thus  the  Russian  hospital  ship  Angara 
was  sunk  by  shell  during  the  bombardment  of  the 
fortress  at  Port  Arthur. 

Article  5  provides  for  the  distinctive  marks  of  the 
military  and  the  non-military  hospital  ship.  The 
military  hospital  ship  is  designated  by  a  green  strake 
about  her  hull,  while  the  non-military  hospital  ship 
is  designated  by  a  red  strake.  The  Red  Cross  flag 
is  flown  by  most  countries,  but  the  Turkish  and 
Persian  delegates  reserved  the  right  to  replace  the 
Red  Cross  by  the  Red  Crescent  and  Red  Lion  respec- 
tively.  During  the  recent  hostilities  in  the  Balkans 
the  Egyptian  Red  Crescent  Mission  employed  a  hos- 
pital ship,  linln-  Ahram,  under  the  Red  Crescent  flag. 
Siam  places  beside  the  red  cross  an  emblem  sacred  to 
the  Buddhist  religion,  also  in  red,  and  called  "The 
Flame."  Other  distinctions  are  adopted  by  some 
countries  which  would  help  to  distinguish  the  character 
of  the  ship  at  night.  The  Japanese,  Russian,  and  also 
some  other  nations,  paint  the  Red  Cross  on  the  smoke 
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stack  so  that  a  search  light  may  be  thrown  upon  it  at 
night.  The  United  States  Navy  has  now  adopted  1  his, 
and  in  addition  provides  for  its  illumination  at  night 
by  an  outline  of  electric  lights  when  necessary  to 
make  itself  known. 

Article  is,  in  guarded  terms,  states  that  the  presence 
of  wireless  telegraphy  apparatus  on  board  is  not 
sufficient  reason  to  withdraw  protection.  A  hospital 
ship  should  use  no  secret  code,  and  the  U.  S.  Navy 
Regulations  provide  that  in  flag  signals  only  the 
international  code  may  be  used.  One  of  the  charges 
made  against  the  Orel,  captured  in  the  battle  of 
Tsushima,  May,  1905,  is  said  to  have  been  the  fact 
that  she  had  a  wireless  apparatus  aboard.  At  the 
next  convention,  in  1907,  the  Dutch  delegate  proposed 
the  exemption  which  now  appears  in  the  articles  of 
the  convention  of  1907. 

The  Command  of  Hospital  Ships. — Most  countries 
are  now  placing  the  command  of  hospital  ships  under 
medical  officers.  The  Solace  during  the  war  with 
Spain  was  under  the  command  of  an  officer  of  the  line. 
Many  criticisms  have  been  made  of  this  ship's  viola- 
tion of  neutrality  provisions  at  that  time. 

During  the  early  part  of  the  war  between  Russia 
and  Japan,  the  Japanese  naval  hospital  ships  were 
placed  under  the  command  of  officers  of  the  line,  but 
later  these  officers  were  withdrawn  and  the  ships 
placed  under  the  command  of  medical  officers. 
Director  General  Saneyoshi  in  a  communication  to 
Surgeon  General  Braisted  wrote:  "We  used  officers 
of  the  line  in  addition  to  the  civilian  captains  and  crew 
on  hospital  ships,  but  we  removed  the  combatants 
for  three  reasons:  (1)  because  there  might  be  some 
dispute  as  to  the  Hague  agreement;  (2)  because  naval 
officers  and  men  might  be  short  and  needed;  (3) 
we  could  not  use  a  cipher  code  on  the  hospital  ships, 
but  the  universal  signaling  code,  so  that  there  is  no 
special  necessity  for  naval  men." 

In  1904,  when  the  Relief  was  made  ready  for  com- 
missioning a  bitter  controversy  arose  over  the  placing 
of  a  medical  officer  in  command.  The  then  chief  of 
the  Bureau  of  Navigation  was  adverse  to  placing  a 
medical  officer  in  command.  The  question  was 
then  settled  by  President  Roosevelt,  who  in  a 
letter  to  the  Secretary  of  the  Navy,  dated  January 
4,  190S,  said  in  part: 

"  Military  surgeons,  including  naval  surgeons,  have 
special  knowledge  of  hospital  ships,  and  they  have  in 
addition  certain  military  duties  of  command,  organi- 
zation drills  and  discipline  just  as  do  officers  of  the 
line,  awarding  punishments,  and  being  guided  and 
governed  in  these  military  duties  by  the  same  regula- 
tions that  guide  and  govern  officers  of  the  line.  The 
command  of  a  hospital  ship  should  unquestionably  be 
vested  in  a  medical  officer,  and  no  line  officer  should 
be  aboard  it. 

"In  time  of  war  the  presence  of  combatants — that 
is,  of  line  officers  or  crew — would  certainly  cast  a 
suspicion  upon  the  neutrality  of  the  ship;  and  no  line 
officer  worth  his  salt  would  wish  to  be  on  such  a  ship, 
while  it  seems  incredible  that  any  line  officer  should 
desire  to  have  another  line  officer  on  board  such  a  ship. 
Hospitals,  afloat  or  ashore,  should  no  more  be  under 
the  command  of  line  officers  than  regiments  or  warships 
should  be  under  the  command  of  surgeons;  one  kind  of 
appointment  is  quite  as  inappropriate  as  the  other. 

"Hospital  ships  should  be  maintained  in  time  of 
peace  exactly  under  the  same  conditions  as  in  time  of 
war.  The  system  has  been  tried  in  the  Army  and 
tried  in  foreign  navies,  and  has  worked  without  a 
hitch.  It  is  the  only  system  that  should  be  tolerated; 
and  if  it  fails  to  work  well,  this  failure  can  only  be 
due  to  lack  of  desire  to  have  it  work  well  on  the  part 
of  those  concerned. 

"I  direct  that  unless  Congress  provides  otherwise, 
the  practice  in  the  Navy  be  assimilated  to  that  now 
obtaining  in  the  Army."    In  the  Army  the  hospital 
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ship  is  treated  as  a  general  hospital,  and  article  1407 
reads  as  follows:  General  hospitals  will  be  under 
the  exclusive  control  of  the  surgeon-general  and  will 
be  governed  by  such  regulations  as  the  Secretary  of 
War  may  prescribe.  The  senior  surgeon  will  command 
the  same.  ' 

It  is  doubtful  if  any  country  will  again  place  a  com- 
batant officer  in  command  of  a  hospital  ship.  Eng- 
land, in  1913,  granted  the  command  of  the  large  naval 
hospitals  abroad,  as  well  as  at  home,  to  the  medical 
officers,  and  it  is  reasonable  to  assume  that  the  com- 
mand of  the  hospital  ship  will  also  be  placed  wholly 
in  the  hands  of  a  medical  officer. 

Army  and  Navy  Regulations  Governing  Hospital 
Ships. — The  navy  regulations  provide  as  follows  for 
hospital  ships,  their  organization,  employment,  and 
neutrality: 

2911.  The  Navy  Department  Bhall  designate  auch  vessels  aa  it 
may  deem  necessary  to  be  called  and  employed  as  "  hospital  ships." 
When  in  service,  such  ships  shall  be  considered  as  floating  hospitals, 
for  the  purpose  of  caring  for,  treating,  and  transporting  the  sick 
and  wounded  of  the  Navy,  Marine  Corps,  and  Army,  as  well  as 
shipwrecked  and  other  persons  requiring  medical  service;  and  as 
such,  shall  be  under  the  general  direction  of  the  Bureau  of  Medicine 
and  Surgery,  so  far  as  all  matters  pertaining  to  the  distinctly 
hospital  features  of  the  ship  are  concerned.  Action  in  regard  to 
such  matters  pertaining  to  the  distinctly  hospital  features  of  the 
ship,  and  in  regard  to  the  detail  of  medical  officers  and  members  of 
the  Hospital  Corps  thereto,  shall  be  upon  the  recommendation  of 
the  Bureau  of  Medicine  and  Surgery.  Action  in  regard  to  matters 
not  pertaining  to  the  distinctly  hospital  features  of  the  Bhip  shall 
be  taken  by  the  appropriate  bureaus  or  offices  of  the  department 
in  the  same  manner  as  is  done  for  any  other  ship  of  the  auxiliary 
service. 

2912. — No  persons  other  than  those  enumerated  in  the  preceding 
article  shall  be  transported  aboard  hospital  ships. 

2913.  Hospital  ships  shall  be  governed  by  the  provisions  of  the 
Navy  Regulations  and  Naval  Instructions,  so  far  as  they  apply,  of 
the  laws  of  the  United  States,  and  of  the  Hague  Convention  of 
October  IS,  1907,  making  applicable  to  such  ships  the  principles 
of  the  Geneva  Convention  of  July  29,  1S99. 

2914.  A  hospital  ship,  being  assimilated  to  a  naval  hospital  on 
shore,  shall  be  commanded  by  a  naval  medical  officer  not  below 
the  grade  of  surgeon,  such  commanding  officer  being  detailed  by  the 
Navy  Department.  Such  vessels  shall  be  manned  by  a  merchant 
crew  and  officers,  and,  in  addition,  by  a  detail  from  the  Hospital 
Corps  of  the  Navy,  the  latter  to  be  employed  in  carrying  out  the 
duties  for  which  the  vessel  is  especially  assigned. 

2915.  Hospital  ships  shall  be  regarded  as  naval  auxiliary  vessels, 
and,  as  such,  shall  be  subject  to  the  inspection,  care,  and  super- 
vision of  the  supervisor  of  naval  auxiliaries,  so  far  as  concerns  the 
non-medical  portion  of  the  ship.  That  officer  shall  also  be  respon- 
sible for  the  management  and  security  of  all  property  on  board  not 
under  the  medical  department. 

2916.  All  hospital  ships  shall  be  distinguished  by  being  painted 
white  outside,  with  a  horizontal  band  of  green  about  a  meter  and 
a  half  in  breadth.  The  boats  of  hospital  ships  shall  be  distinguished 
by  similar  painting.  In  accordance  with  the  terms  of  the  Geneva 
Convention,  every  hospital  ship  shall  fly  the  Geneva  cross  flag  at 
the  main  in  place  of  the  narrow  pennant. 

2917.  (1)  No  hospital  ship,  nor  any  of  its  boats  or  appurte- 
nances, shall  be  used  for  any  other  purpose  than  such  as  may  be 
necessary  for  the  peaceful  and  humane  service  to  which  such  ship 
is  assigned. 

(2)  The  neutrality  of  every  hospital  ship  shall  be  strictly  pre- 
served at  all  times. 

(3)  No  guns  or  ammunition,  except  such  as  may  be  necessary 
to  maintain  order  on  board  and  to  defend  the  sick  and  wounded; 
and  no  other  articles  of  the  nature  of  contraband  of  war,  except 
coal  or  stores  necessary  for  the  maintenance  and  movement  of  the 
ship,  shall  be  placed  on  board;  nor  shall  any  hospital  ship  be  used 
as  a  transport  for  the  carrying  of  mails,  dispatches,  officers  or  men 
not  sick,  disabled,  or  shipwrecked,  other  than  those  regularly 
attached  to  such  vessel. 

2918.  Hospital  ships  shall  be  subject  to  the  provisions  of  article 
I  90S  in  regard  to  the  inspection  of  hospitals  by  the  commander-in- 
chief  within  whose  jurisdiction  they  may  He. 

2919.  (1)  The  commanding,  officer  of  a  hospital  ship  shall  be 
governed  by  the  Navy  Regulations  and  Naval  Instructions  in  all 
respects,  ao  far  as  they  may  be  applicable  to  him  as  the  officer  in 
command  of  a.  naval  hospital  and  medical  supply  ship.  Under 
these  regulations  he  shall  have  full  authority  in  all  matters  concern- 
ing the  discipline  and  punishment  of  the  medical  and  dental  officers 
and  members  of  the  Hospital  Corps,  Nurse  Corps  (female),  and 
Red  Cross  personnel  on  board,  and  of  all  officers  and  men  on  board 


under  treatment,   to  the  Bame  extent  as  is  the  case  in  a  naval 
hospital  on  shore. 

(2)  In  the  absence  or  during  the  disability  of  the  officer  in 
command,  the  command  shall  devolve  upon  the  medical  officer 
next  in  rank  attached  to  the  vessel  not  detailed  by  the  Department 
for  special  duty,  until  relieved  by  proper  authority. 

(3)  All  orders  for  a  hospital  ship  shall  be  given  through  the 
commanding  officer,  who  -(11:111  have  the  general  direction  of  the 
movements  of  the  vessel,  leaving  the  master,  however,  to  exercise 
full  and  unquestioned  control  and  authority  over  all  matters  within 
his  technical  purview,  and  for  which  he  is  professionally  responsible. 
Any  order  from  the  commanding  officei  relating  to  other  than  the 
medical  department  of  the  ship  shall  be  given  to  or  through  the 
master. 

2920.  Such  additional  medical  officers  as  the  Department  may 
deem  necessary  shall  be  attached  to  a  hospital  ship.  Their  duties 
shall  be  as  prescribed  by  the  commanding  officer,  by  the  provisions 
of  section  4  of  this  chapter  and  of  sections  1  and  2,  chapter  28, 
Naval  Instructions,  and  by  such  other  instructions  as  may  be 
issued  from  time  to  time  by  competent  authority. 

2921.  No  person  shall  engage  in  the  conveyance  or  transport 
aboard  any  hospital  ship  of  any  articles  or  packages  other  than 
those  which  are  officially  authorized,  nor  in  any  traffic,  sale,  or 
barter  on  board  thereof. 

2922.  No  intoxicating  liquors  of  any  kind  shall  be  brought  or 
used  on  board  by  any  person,  except  upr.n  the  recommendation  of 
the  medical  officers  of  the  ship,  approved  by  the  commanding 
officer. 

2923.  The  civilian  officers  and  members  of  the  crew  of  a  hospital 
ship  shall  be  classified  as  in  the  Naval  Auxiliary  Service.  The  com- 
plement of  such  a  ship  shall  be  as  specified  by  the  Navy  Department 
(Bureau  of  Navigation). 

2924.  (1)  The  master  of  a  hospital  ship  shall  have  full  and  para- 
mount control  of  the  navigation  of  the  ship  and  shall  be  responsible 
for  the  discipline  and  efficiency  of  the  civilian  officers  and  crew. 
He  shall  maintain  and  enforce  strict  discipline  at  all  times  and  shall 
require  his  own  authority  and  that  of  the  other  officers  to  be  thor- 
oughly respected  by  all  subordinates  on  board. 

(2)  The  master  shall  make  himself  thoroughly  familiar  with  the 
regulations  of  the  service  and  of  the  orders  issued  from  time  to  time 
and  he  shall  be  responsible  for  their  strict  observance. 

(3)  He  shall  satisfy  himself  that  the  ship  is  in  all  respects  sea- 
worthy and  properly  fitted  out  and  shall  take  such  steps  as  may  be 
necessary  at  any  time  to  put  or  keep  her  in  an  efficient  condition. 

(4)  He  shall  strictly  comply  with  such  rules  or  laws  as  may  be 
adopted  for  the  prevention  of  collisions  or  other  accidents,  both  on 
the  high  seas  and  in  inland  waters. 

(5)  He  shall  see  that  the  lights  required  by  law,  at  aea  and  in 
port,  are  kept  in  good  order  and  burning  brightly  during  the  night 
and  that  there  are  at  hand,  convenient  for  use,  means  for  relighting 
or  replacing  any  such  as  may  be  extinguished  or  otherwise  become 
inefficient. 

(6)  He  shall  personally  attend  to  the  stationing  of  the  crew  for 
emergency  drills  and  for  their  proper  exercise  at  such  stations. 

(7)  When  under  way  on  soundings,  or  when  nearing  land,  ap- 
proaching an  anchorage,  or  when  necessary  to  verify  the  ship's 
position,  he  shall  have  casts  of  the  lead  taken  frequently. 

(8)  He  shall  be  held  responsible  for  the  safe  conduct  of  the  ship, 
notwithstanding  the  presence  of  a  pilot,  and  also  for  accidents 
occurring  while  bringing  the  ship  to  piers  or  docks. 

(9)  He  shall  himself  take  the  bridge  in  thick  weather  and  when 
approaching  or  leaving  land  and  shall  keep  it  as  much  as  possible 
while  in  channels  or  crowded  waters,  especially  during  the  night. 

(10)  He  shall  enter  regularly  in  the  night  order  book  the  course 
to  be  steered  and  all  necessary  instructions  to  the  officer  on  duty, 
and  this  book  shall  be  initialed  every  night  by  the  officers  on  watch. 

(11)  He  shall  take  care  that  the  boats  of  all  kinds  are  constantly 
ready  for  service,  with  all  gear  in  them  properly  fitted  and  ready  for 
hoisting  out;  that  the  boats'  falls  are  kept  rove  and  the  lowering 
apparatus  ready  for  use. 

(12)  He  shall  see  that  the  crew  is  properly  organized  for  service 
in  the  boats  and  properly  exercised  in  getting  them  out  and  hand- 
ling them. 

(13)  He  shall  see  that  the  crew  is  properly  organized  and 
stationed  for  fire  service,  and  that  it  is  properly  drilled  in  the  use 
of  the  fire  appliances.  Before  sunset  each  day  he  shall  ascertain 
that  the  fire  apparatus  and  pumps  are  ready  for  immediate  service, 
with  hose  coupled  and  buckets  with  lanyards  at  hand  and  kept 
filled. 

(14)  He  shall  see  that  collisions,  groundings,  and  similar  occur- 
rences are  entered  in  the  ship's  log,  with  full  and  exact  particulars 
thereof. 

(15)  In  the  case  of  a  collision  or  other  occurrence  of  Hke  nature, 
he  shall  at  once  prepare  and  forward  a  written  report  signed  by 
him,  through  the  commanding  officer,  to  the  Navy  Department 
(Bureau  of  Navigation),  detailing  the  circumstances  in  connection 
with  the  occurrence.  If  he  is  not  on  deck  himself  at  the  time  of  the 
casualty,  he  shall,  for  the  purpose  of  making  his  report,  obtain 
from  witnesses  written  statements  of  all  the  facts. 
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(16)  He  shall  certify  to  the  correctness  of  the  quarterly  state- 
ment showing  the  total  number  of  rations  issued  to  the  civilian 
crew. 

2925.  The  first  officer  is  the  aid  to  the  master,  and,  subject  to 
his  instructions,  is  particularly  responsible  for  the  flood  order  and 
cleanliness  of  the  ship,  i  '  "d  efficiency  of  the  crew, 
and  for  the  serviceable  condition  of  all  navigation  and  deck 
appliances. 

2926.  (1)  The  chief  engineer  is  responsible  for  the  care  and  good 
management  of  all  steam  propelling,  pumping,  hydraulic,  refrig- 
erating, electrical,  auxiliary,  and  other  machinery  on  board,  and 
for  all  air,  water,  and  steam  pipes  for  sanitary,  ventilating,  heating, 
cooking,  and  other  purposes.  He  shall  use  all  the  resources  of  his 
department  to  keep  the  machinery  in  proper  working  order  and 
shall  make  the  required  reports  of  its  performance,  condition,  and 
necessary  repairs  to  the  master,  who  shall  forward  the  same  to  the 
Navy  Department.  He  shall  supervise  and  keep  himself  fully 
acquainted  with  all  repairs  and  alterations  made  in  port. 

(2)  He  shall  be  responsible  to  the  master  at  all  times  for  the 
general  supervision  and  conduct  of  his  department. 

(3)  He  shall  have  control,  under  the  master,  over  all  persons  in 
his  department,  and  shall  see  that  strict  discipline  and  efficiency 
are  maintained  at  all  times. 

The  Army  regulations  provide  as  follows: 

570.  On  over-sea  expeditions  hospital  ships  and  ships  for  patients 
may  both  be  required,  and  will  be  provided  by  the  War  Department. 

(a)  Hospital  ships  are  Medical  Department  organizations,  and 
will  be  used  solely  by  that  department.  In  addition  to  carrying 
ill  and  injured  between  ports  they  may  be  utilized  for  carrying 
Medical  Department  personnel  and  supplies  when  this  does  not 
interfere  with  their  primary  object.  Every  hospital  ship  (including 
every  hospital  ship  furnished  by  the  American  Red  Cross)  will  be 
commanded  by  a  medical  officer  of  the  Army.  Its  personnel  is 
fixed  (see  par.  588),  but  its  materiel  will  be  determined  according 
to  the  special  necessities  of  the  case. 

(M  Ships  for  patients  are  ordinary  transports  or  vessels  turned 
over  to  the  Medical  Department  for  temporary  use  in  emergencies 
when  the  necessary  hospital  ships  are  not  available.  During  such 
use  they  will  be  under  the  command  of  the  senior  medical  officer 
on  duty  thereon.  So  far  as  practicable  only  the  less  severe  cases 
will  be  carried  on  such  ships.  Insane  patients  and  cases  of  con- 
tagious disease  will  be  carried  on  them  only  under  exceptional 
circumstances.  Both  the  personnel  and  materiel  of  such  ships 
will  be  determined  by  the  Surgeon-General  according  to  the  special 
necessities  of  each  case. 

(c)  The  commanding  officer  of  a  hospital  ship  orship  for  patients 
will  render  the  required  reports  and  returns,  maintain  proper 
discipline  in  his  command,  and  be  held  responsible  for  any  deficiency 
of  supplies  or  equipment  due  to  his  failure  to  institute  timely 
measures  for  the  renewal  or  replenishment  thereof. 

(d)  So  far  as  possible  the  commanding  officer  of  a  hospital  ship 
or  a  ship  for  patients  will  notify  the  receiving  hospital,  in  advance, 
of  the  date  she  will  arrive  and  the  number  of  her  patients,  so  that 
suitable  preparation  for  receiving  the  patients  may  be  made. 

The  Ideal  Hospital  Ship. — Heretofore  hospital 
ships  have  been  converted  into  such  from  ships  of 
the  merchant  marine.  Cattle  ships  and  emigrant 
steamers  are,  however,  not  the  best  material  for 
hospital  purposes  any  more  than  a  stable  or  a  lodging 
house  is  adapted  for  this  purpose  ashore.  In  most 
instances  it  is  the  best  thing  available  involving  the 
least  time  and  expense  to  alter.  British,  German,  and 
American  naval  officers  have  recently  written  articles 
which  have  awakened  interest  in  each  of  these 
countries. 

Fleet  Surgeon  D.  J.  P.  McNabb  of  the  British 
Royal  Navy  considers  the  ideal  hospital  ship  to  be  a 
vessel  of  3,000  to  4,000  tons,  with  a  speed  of  about 
twelve  knots  per  hour,  and  accommodations  for 
some  240  sick  in  peace  and  340  in  war. 

The  German  view  as  expressed  by  Marine 
Oberstabsarzt  Dr.  zur  Verth  inclines  to  a  vessel  of 
5,000  tons  displacement,  124  meters  long,  15.3  meters 
beam,  and  coal  capacity  of  900  tons;  such  a  vessel 
designed  to  have  :i  total  capacity  of  270  beds,  twenty 
•  if  these  being  for  contagious  cases.  Dr.  zur  Verth  is 
of  the  opinion  that  two  ships  of  this  size  would  find 
a  greater  usefulness  than  one  ship  of  double  the 
capacity. 

In  February,  1912,  before  a  conference  of  medical 
officers  of  the  Atlantic  Fleet,  Guantanamo  Bay,  Cuba, 
Surgeon  E.  M.  Blackwell,  I".  S.  Navy,  read  a  paper 
on  the  hospital  ship.      He  incorporated  in  his  plans 
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many  new  ideas,  the  result  of  experience  with  ships 
of  this  character.  It  is  probable,  however,  that  the 
first  hospital  ship  for  our  Navy  will  be  an  oil  burner, 
with  a  large  steaming  radius,  and  have  accommoda- 
tions for  nearer  500  sick  than  250. 

Surgeon  Blackwell  describes  his  proposed  ship  as  fol- 
lows: In. I  line,  191  1  ,the  writer  submitted  to  the  Bureau 
of  Medicine  and  Surgery  plan  and  description  of  a 
hospital  ship  of  about  10,(MMi  tons,  500  beds  and  extra 
berthing  -pace  for  about  300  more  patients,  making 
a  total  of  S00  besides  the  crew.  These  plans  were 
made  with  a  view  to  having  the  Medical  Department 
fully  prepared  in  case  of  war.  The  Bureau  did  not 
consider  that  the  present  needs  of  the  service  required 
such  a  large  vessel,  and  suggested  that  a  ship  of  about 
200  beds  would  be  sufficient  for  some  years  to  come, 
in  time  of  peace.  Besides,  the  expense  of  building  so 
large  a  ship  would  be  greater  than  it  was  thought 
advisable  to  ask  for,  and  a  smaller  one  was  thought 
more  advisable  until  the  subject  of  hospital  ships  was 
more  fully  developed.  Acting  on  these  suggestions, 
the  writer  submitted  plans  in  September,  1911,  for  a 
smaller  ship  of  about  6,000  tons,  250  beds  and  extra 
berthing  space  for  150  more  patients,  making  400 
besides  the  crew.  It  would  not  be  advisable  to  have 
one  of  smaller  size  than  this  on  account  of  the  lack  of 
space  and  stability  that  it  would  necessarily  have. 
Stability  in  a  ship  is  one  of  the  greatest  factors  in  the 
care,  comfort,  and  treatment  of  patients  on  board, 
and  every  effort  should  be  made  to  obtain  it.  These 
plans  provide  for  a  ship  wdth  very  broad  beam  in 
proportion  to  her  length,  which  will  make  her  steady, 
comfortable,  and  roomy.  She  will  be  high  out  of 
the  water,  but  all  the  heavy  weights  will  be  low, 
which  will  give  her  the  required  stability. 

Feet. 

Length  over  all 352 

Length  water  line 340 

Breadth  molded 56 

Depth  molded 40 

Draft  water  line 22 

Displacement 6,000 


Complement: 

Naval 

Auxiliary    , 
Total. 


70 

115 

185 

Beds  for  sick 250 

Extra  berthing  space. .  .  . '. 150 

Total 400 

Triple  expansion  engines,  indicated  horsepower. .  .     6,000 

Twin  screws,  diameter,  feet 15 

Speed,  knots 12-16 


Boilers.  6  Scotch: 


Feet. 


Length 12 

Diameter 14 

Coal  capacity,  1,500  tons. 

There  are  seven  decks  to  this  ship,  including  boat 
deck  and  hold,  and  a  brief  description  of  each  is  here 
given.     (See  Plate  XXXVIII.) 

The  boat  deck  begins  at  frame  48  and  runs  aft  to 
frame  12.3.  On  it  is  a  deck  house  containing  the  pilot 
house,  on  top  of  which  is  the  bridge;  a  chart  room  and 
navigator's  storeroom;  the  master's  quarters,  and  the 
commanding  officer's  quarters.  The  fresh-water 
gravity  tanks  are  on  this  deck,  aft  of  the  smokestack. 
There  is  a  wide  gangway  around  the  deck  house 
extending  aft  to  the  end  of  the  deck.  There  are  ten 
large  boats  on  this  deck,  with  patent  davits  for 
hoisting  and  lowering,  viz.,  two  motor  boats,  two 
whaleboats,  and  six  cutters.  .  This  deck  is  thirty-four 
feet  above  the  water. 

The  forecastle  and  hurricane  deck  begins  at  the  bow 
and  extends  aft  to  frame  170.  It  has  a  deck  house 
beginning  at  frame  4S  and  ending  at  frame  123,  in 
which  are  located  the  following  compartments:  The 
main  operating  room,  with  sterilizing,  etherizing,  and 
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wash-rooms  attached;  ward-room,  with  eight  state- 
rooms, pantry,  and  toilet  for  medical  officers;  siek 
officers'  quarters,  consisting  of  mess  room  and 
pantry,  ten  staterooms,  and  three  toilets.  On  the 
after  part  of  this  deck,  between  frames  139  and  104, 
is  a  deck  house  containing  the  six  isolation  wards  wit  h 
a  combined  capacity  of  fifty-two  beds,  two  rooms  for 
nurses,  and  wash  and  sterilizing  rooms.  Each  ward 
has  its  own  toilet  and  is  a  separate  unit  in  itself. 
Laboratory  animals  are  kept  aft  of  this  deck  house. 
The  forecastle  extends  aft  to  the  forward  deck  house 
and  has  two  thirty-two-foot  steamers  on  the  after 
part  of  it.  It  affords  ample  space  for  exercise  and 
recreation  for  convalescent  patients.  A  companion- 
way  and  two  large  hatches  with  ladders  in  them  lead 
down  to  the  compartments  below,  making  communi- 
cation ample  and  easy.  The  hurricane  deck  runs 
along  the  sides  and  around  the  after  part  of  the  deck 
house  and  affords  an  excellent  place  for  exercise  and 
recreation  for  the  ship's  officers  and  sick  officers. 
Communication  is  had  with  the  decks  above  and  below 
by  stairways  and  ladders,  and  there  is  an  elevator  that 
leads  from  this  deck  clear  through  to  the  hold.  There 
is  a  wide  gangway  around  the  isolation  wards,  so  that 
contagious  cases  can  get  out  on  deck  and  get  fresh 
air  and  sunlight.  This  deck  is  twenty-six  feet  above 
the  water. 

The  upper  deck  extends  the  whole  length  of  the 
ship.  Forward  are  the  anchor  engines,  ship's  petty 
officers'  and  seamen's  toilets  and  wash  rooms,  aft 
of  which  conies  the  convalescents'  recreation  room, 
with  barber  shop  and  toilet  attached.  Just  aft  of 
this  room  the  sides  of  the  ship  are  cut  away  from  the 
forecastle  deck  down  to  this  deck,  and  a  six-foot  gang- 
way runs  down  each  side  of  the  ship  to  and  around  the 
stern.  From  forward,  aft,  the  following  compart- 
ments are  located  on  this  deck,  viz.,  a  venereal  ward 
of  forty  beds  with  dressing  room  and  toilet;  an  eye 
examining  room  with  dark  room,  toilet,  and  small 
ward  of  ten  beds  attached;  dispensary;  pharmacist's 
office  and  small  operating  room;  offices  for  executive 
officer,  officer  of  the  day,  and  officer  of  the  deck; 
bacteriological  and  chemical  laboratories;  i-ray  and 
photographic  rooms;  library;  board  and  reception 
room;  dental,  first  officer,  chief  engineer,  wireless, 
civil  clerk,  pay  offices,  wireless  operators,  and  pay 
clerk's  rooms.  There  are  four  galleys  and  a  bakery, 
centrally  located  and  very  accessible  to  all  parts  of 
the  ship,  with  dumb-waiter  and  ladders  leading  below, 
where  overhead  food  carriers  will  distribute  food  to 
the  main  wards  and  messes  of  the  ship.  The 
auxiliary  officers'  quarters,  consisting  of  mess  room, 
pantry,  and  toilet,  and  eight  staterooms,  come  aft  of 
the  galleys.  Then  comes  a  fourteen-foot  athwartship 
passage  with  a  large  hatch  in  the  center,  aft  of  which 
come  the  sick  quarters  of  the  junior  and  warrant 
officers,  consisting  of  mess  room,  pantry,  toilet  and 
nine  staterooms.  Aft  of  these  are  two  recreation 
rooms  for  the  hospital  corps,  aft  of  which  is  the  autopsy 
room.     This  deck  is  eighteen  feet  above  the  water. 

The  main  deck  has  storerooms  forward,  aft  of 
which  come  the  quarters  of  the  ship's  petty  officers, 
aft  of  which,  between  frames  22  and  78,  come  the 
main  wards  of  the  ship.  There  are  two  medical  and 
.  two  surgical  wards  with  dressing  rooms  and  toilets 
attached,  and  also  a  hydrotherapeutic  room.  There 
are  also  two  quiet  rooms  of  three  beds  each.  The 
total  capacity  of  these  wards  is  136  beds.  Just  aft 
of  the  wards  are  two  small  diet  kitchens  where  nurses 
can  prepare  special  food  and  diets  for  patients  at  all 
hours.  Between  frames  78  and  140  around  the 
fireroom  and  engineroom  uptakes  are  grouped  the 
quarters  of  some  of  the  engineer  officers,  hospital 
stewards,  commissary  and  mess  stewards,  mess  cooks 
and  boys,  machinists  and  oilers,  with  mess  rooms, 
mess  issue  rooms,  sculleries,  toilet,  and  wash  rooms. 
On  the  after  part  of  this  deck  are  the  canteen,  post 
office,    hospital,    apprentices'    quarters,    and    toilet. 


There  are  thirty  large,  square  ports  on  this  deck 
besides  smaller  ports,    which   give  excellent  light    and 

ventilation    to    the:    wards    and  other  living  spaces. 

This  deck  is  ten  feel   above  the  water. 

The  lower  or  b<  rth  deck  has  a  storeroom  and  seamen's 
quarten  forward,  aft  of  which,  between  frames  26 
and  71,  come  two  large  berthing  Bpaces  capable  of 
accommodating  about  150  convalescent  patients  when 
it  is  necessary  to  crowd  the  ship  to  its  fullest  capacity. 
Strongrooms  for  the  insane  and  two  bag  and  hammock 
rooms  open  into  the  after  one  of  these  compartments. 
Between  frames  71  and  110  around  the  fireroom 
hatch  are  most,  of  the  auxiliary  machinery,  utensil 
sterilizers    for    the    wards,    engineer    and    electrical 

storerooms,  machine  shop,  dynamo  room,  evaporators, 
and  firemen's  and  coal  passers'  wash  room  and  toilet. 
There  are  two  large  cargo  ports  on  each  side  of  this 
space,  which  open  into  handling  rooms,  with  large 
coaling  hatches  in  them.  These  handling  rooms  have 
water-tight  doors  in  the  inner  bulkheads,  so  Unit 
coaling  can  be  done  entirely  in  these  rooms  and  prac- 
tically outside  of  the  ship.  Between  frames  110  and 
132  on  either  side  of  the  engineroom  uptake  are  the 
firemen's  and  coal  passers'  quarters,  and  the  refrigera  I  - 
ing  machinery  is  aft  of  it.  The  laundry,  dry  room, 
clothes  locker,  and  laundrymen's  quarters  are  071  the 
port  side  in  the  after  part  of  this  deck,  and  the  car- 
penter shop  and  ship's  prisons  are  on  the  starboard 
side.  Between  these  are  the  main  sterilizing  and 
disinfecting  rooms.  The  steering  engine  room  is  in 
the  extreme  after  part  of  this  deck.  This  deck  is 
two  feet  above  the  water. 

The  orlop  or  storeroom  deck  has  the  ship's  storerooms 
forward,  aft  of  which  are  the  medical  storerooms. 
These  are  accessible  through  large  cargo  hatches, 
which  have  ladders  leading  up  and  down.  The 
elevator  and  a  stairway  also  run  down  to  the  medical 
storerooms  and  hold.  The  upper  parts  of  the  coal 
bunkers,  boiler  room,  and  engine  room  are  amidships, 
between  frames  65  and  126.  Aft  of  frame  126  come 
the  cold  storage  rooms,  eight  in  all,  and  the  com- 
missary storerooms,  seven  in  all.  A  large  hatch  with 
freight  elevator  and  ladder  runs  down  into  this  space, 
making  the  storerooms  very  accessible. 

There  are  three  holds,  one  forward  for  ship  and 
equipment  stores,  aft  of  which  is  one  for  medical 
stores.  Large  cargo  hatches  lead  down  into  these 
holds,  and  the  elevator  runs  down  to  the  one  for 
medical  stores.  The  coal  bunkers,  boiler  room,  and 
engine  room  occupy  all  the  space  between  frames  58 
and  126.  The  dead  room  comes  aft  of  the  engine 
room,  and  then  comes  the  after  hold  for  stowing 
coffins,  lumber,  and  other  heavy  material.  A  large 
cargo  hatch  with  freight  elevator  opens  into  this 
hold.  There  is  a  large  fresh-water  storage  tank  on  the 
outboard  side  of  each  shaft  alley. 

Attention  is  called  to  the  excellent  means  of 
communication  between  all  parts  of  the  ship.  There 
are  wide  passages  and  gangways  to  facilitate  com- 
munication between  the  various  parts  of  the  same 
deck  and  elevators,  stairways,  ladders,  and  hatches 
to  facilitate  communication  between  the  different 
decks.  None  of  the  wards  has  to  be  used  as  a 
passageway  or  gangway  to  get  from  one  part  of  the 
ship  to  another.  A  ward  should  never  have  to  be 
used  as  a  passageway  or  for  any  purpose  other  than 
caring  for  and  treating  the  sick.  The  forward  ele- 
vator and  stairway  adjacent  to  it  extend  from  the 
boat  deck  down  to  the  hold,  passing  from  the  com- 
manding officer's  quarters  through  the  spaces  oc- 
cupied by  the  medical  officers'  quarters  and  operating 
rooms,  the  administrative,  executive,  and  other 
offices,  laboratories,  dispensary,  x-ray  room,  wards, 
berthing  spaces,  medical  storerooms,  and  hold, 
giving  excellent  communication  between  all  these 
compartments.  The  galleys  are  centrally  located 
and  are  very  convenient  to  all  the  principal  messes. 
Movable  cots  should  be  installed,  so  that  they  could 
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be  put  out  of  the  way,  or  wards  could  be  cleared  of  all 
those  that  are  not  in  use  or  tilled  up  with  them  when 
there  is  a  big  influx  of  patients.  Dr.  Black  well  has 
designed  a  cot,  several  of  which  are  in  use  on  the 
U.  S.  S.  Solace,  which  meets  these  conditions  admirably. 
Conditions  can  never  be  ideal  on  board  a  hospital 
or  other  ship  on  account  of  the  lack  of  space  and 
consequent  crowding  and  congestion,  and  things 
have  to  be  adapted  to  meet  conditions  and  circum- 
stances as  they  exist.  Sometimes  good  ventilation 
and  sanitation  will  have  to  be  sacrificed  on  account 
of  convenience  and  lack  of  space,  and  vice  versa. 
It  will  require  excellent  judgment  to  determine  just 
what  features  should  be  sacrificed  for  other  features, 
in  order  that  the  ship  as  a  whole  may  be  best  adapted 
to  the  uses  for  which  it  is  intended. 

Richmond  C.  Holcomb. 


Hot     Lake 

Oregon. 

Post-office  .- 


Mineral     Spring. — Union     County, 

-Hot  Lake.     Sanatorium. 

Access. — Via  the  main  line  of  the  Oregon- Washing- 
ton Railroad  and  Navigation  Company.  Hot  Lake  is 
2,702  feet  above  sea-level,  an  elevation  specially  bene- 
ficial to  those  suffering  from  the  various  respiratory 
diseases  so  common  in  many  localities.  The  summers 
are  not  extremely  hot,  and  the  winters  are  not  uncom- 
fortably cold.  In  the  distance  across  the  beautiful 
Grande  Ronde  Valley  tower  the  snow-capped  peaks  of 
the  Eagle  range.  Every  afternoon  an  invigorating 
breeze  redolent  of  pine  and  fir,  comes  down  from  the 
forests  of  the  Blue  Mountains.  The  Hot  Lake  Min- 
eral Spring,  600  feet  from  the  railroad,  gushes  from  a 
rent  in  the  earth's  crust,  a  stream  of  boiling  water,  of 
crystal  clearness,  and  soft  and  velvety  to  the  touch. 
The  flow  has  been  estimated  to  be  nearly  3,000,000 
gallons  every  twenty-four  hours.  Not  far  from  the 
spring  is  a  semi-extinct  geyser  from  which  continually 
exudes  a  soft,  fine,  hot  mud.  This  is  the  mud  used  in 
the  mud  baths.  It  is  kept  clean  by  the  water  from  the 
spring  which  pours  over  it  forming  the  hot  lake.  In 
other  words,  the  mud  geyser  is  the  bottom  of  the  lake. 
The  mud,  fresh  for  each  individual,  is  carried  to  the 
bath-house,  and  is  then  carted  away.  The  supply  of 
this  medicated  mud  is  unlimited. 

The  water  from  the  great  spring  contains  in  per- 
fect solution  various  minerals  and  gases  of  medicinal 
value.  The  internal  use  of  the  water  causes  profuse 
perspiration. 

The  Hot  Lake  mineral  bath  is  distinctive.  It  has 
been  found  to  be  specially  beneficial  to  those  suffering 
from  diseases  of  the  kidneys,  stomach,  skin,  and  blood, 
as  well  as  the  various  forms  of  rheumatism  and  gout. 

The  mud  bath  is  far  reaching  in  its  effects,  and  is 
very  valuable  in  relieving  congestion  and  inflamma- 
tory troubles  of  the  lower  limbs  and  pelvic  organs. 

"In  the  vapor  bath,  the  vapor  from  the  natural  hot 
water  is  used.  This  bath  gives  great  relief  in  cases  of 
bronchitis,  and  catarrhal  affection  and  hypostatic  con- 
gestion of  the  lungs,  jaundice,  and  chronic  biliousness." 

The  salt  glow  is  also  given  in  connection  with  the 
medicated  baths.  The  mineral  water  appears  to  be 
highly  radioactive,  due  doubtless  to  the  passage  of 
the  tremendous  volume  of  minerally  charged  hot  water 
over  extensive  beds  of  pitchblende.  Such  deposits 
exist  very  near  to  the  spring. 

At  Hot  Lake  Sanatorium,  besides  the  affections 
already  mentioned,  the  liquor  and  drug  habits  are 
treated.     These    patients  are  completely  segregated. 

The  equipment  of  the  Hot  Lake  Sanatorium  is 
modern  in  all  respects.  The  building  is  solidly  con- 
structed of  brick,  stone,  and  wood.  It  is  three  stories 
high,  and  more  than  two  city  blocks  in  length.  The 
hospital  department  is  scientifically  complete,  both  in 
surgical  and  laboratory  equipment.  The  medical 
staff  is  most  efficient.  The  baths  and  sanatorium  are 
connected.     The  non-mineral  water  used  is  brought 
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from  a  pure  mountain  spring  well  up  in  the  timber  belt. 
There  is  a  modern  cafetaria;  also  a  fine  grill.  The 
mammoth  building  is  heated  throughout  with  hot 
water  from  the  mineral  spring.  Indoor  and  outdoor 
sports  offer  varied  recreations  to  the  guests.  At  this 
resort  one  can  enjoy  a  restful  vacation,  and  have 
at  the  same  time  the  advantage  of  the  baths  and 
mineral  water.  Emma  E.   Walker. 

Hot  Springs,  Arkansas. — 

Post-office.— Hot  Springs,  Garland  County.  Hotels: 
Arlington,  Eastman,  Pullman,  Park,  Majestic,  Jos- 
ephine, and  many  others.     Boarding  houses. 

Access. — Via  the  Iron  Mountain  Route  and  Little 
Rock  and  Hot  Springs  Western  Railroad.  Over 
these  lines  run  through  sleepers  from  Chicago  (via 
Chicago  and  Alton  Railroad),  a  solid  through  train 
from  St.  Louis,  through  sleepers  from  Memphis  and 
Kansas  City,  and  through  service  from  Texas  and 
Louisiana  points.  The  springs  are  about  sixty  miles 
southwest  of  Little  Rock,  the  State  capital.  The 
Hot  Springs  are  situated  on  the  Mountain  Creek  and 
in  the  valley  of  the  same  name.  They  issue  from  the 
western  slope  of  the  Hot  Springs  Mountain,  a  spur 
of  the  Ozarks,  at  an  elevation  of  1,000  feet  above  the 
Gulf  of  Mexico.  The  mountains  on  either  side 
attain  an  altitude  of  several  hundred  feet  higher. 
The  climate  in  this  region,  as  a  general  rule,  is  mild 
and  balmy  and  not  subject  to  extremes  of  either  heat 
or  cold.  Sunstroke  is  unknown,  and  the  summer 
nights  are  generally  cool  and  pleasant,  light  blankets, 
as  a  rule,  being  required  before  morning.  The  pure 
mountain  air  and  constant  southerly  breezes  unite  in 
forming  a  healthful  and  invigorating  climate. 

These  springs  have  been  known  and  utilized  as  a 
health  resort  since  early  in  the  last  century,  and  during 
that  time  they  have  acquired  an  extended  reputation 
in  the  treatment  of  certain  diseases.  A  city,  Hot 
Springs,  with  numerous  excellent  hotels,  sanatoriums, 
bathing-houses,  and  public  buildings  has  been  de- 
veloped about  them.  Some  of  the  handsomer  and 
more  commodius  bath-houses  were  erected  at  a  cost 
of  from  SI 5,000  to  $75,000.  Among  the  more  promi- 
nent of  these  are  the  Eastman,  Arlington,  Park, 
Alhambra,  Superior,  Palace,  Magnesia,  Ozark,  Horse- 
shoe, Rammelsberg,  Imperial,  Moody,  Lamar,  and 
Maurice  pavilions.  The  discharge  of  "water  from  the 
springs  amounts  to  1,000,000  gallons  per  day;  and  the 
average  temperature  of  the  waters  is  135°  F.  These 
waters  are  nearly  all  concentrated  in  large,  air-tight 
tanks,  built  by  the  I'nited  States  Government.  The 
United  States  Government  made  an  analysis  of  the 
forty-four  hot  springs  in  the  year  1903.  They  are 
all  very  similar,  and  below  is  given  that  of  the  Big 
Iron  Spring,  the  largest  of  the  group. 

The  following  statements  are  given  as  the  opinion 
of  twenty  physicians  of  long  experience  in  the  use  of 
the  waters:  "On  account  of  their  natural  heat,  their 
absolute  purity,  and  consequent  unparalleled  solvent 
and  eliminative  action,  together  with  the  presence 
of  a  combination  of  hydrogen  and  silicon,  and  of  free 
carbonic  acid  gas  in  large  quantities,  the  former  act- 
ing as  a  powerful  tonic  and  stimulant,  and  the  latter 
rendering  them  so  palatable  and  exhilarating  that  they 
can  be  drunk  ad  libitum,  at  a  temperature  at  which 
all  known  waters,  either  naturally  or  artificially  heated, 
would  be  nauseating,  all  soluble  medicines  can  be 
administered  and  tolerated  while  using  these  hot 
waters  in  much  larger  doses  than  elsewhere;  hence 
they  are  more  active  and  produce  beneficial  results  in 
less  time  and  with  greater  permanency." 

Persons  taking  the  baths  here  should  always  do  so 
under  the  supervision  of  one  of  the  local  physicians. 
Those  affected  with  organic  disease  of  the  heart  or 
recognizable  physical  signs  of  consumption  are  not 
allowed  to  bathe,  as  the  thermal  action  of  the  water 
is  liable  to  be  prejudicial  to  such  cases.     If  the  lungs 
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are  but  slightly  involved,  careful  bathing  may  be 
permitted.  Furthermore,  cases  of  simple  cardiac 
palpitation  are  not  excluded.  As  each  case  must  be 
treated  on  its  merits,  and  as  detailed  instructions  are 
given  by  the  local  physician,  it  is  unnecessary  here  to 
enter  into  a  minute  description  of  the  bathing  process 
at  Hot  Springs. 


Parts  per 
million. 


Per  cent,  of 
total  inor- 
ganic   mate- 
rial in  solu- 
tion. 


Silica 

Sulphuric  acid  radicle. 
Bicarbonic  acid  radicle 

Nitric  acid  radicle 

Nitrous  acid  radicle. . . 
Phosphoric  acid  radicle 
Arsenic  acid  radicle.  .  . 
Metaboric  acid  radicle 

Chlorine 

Bromine 

Iodine 

Fluorine 

Iron  and  Aluminum.  . 

Manganese 

Barium 

Strontium 

Calcium 

Magnesium 

Potassium 

Sodium 

Lithium 

Total 

Total  Solids 

Albuminoid  Ammonia 
Oxygen  required 


4.5.59 

7.84 
168. 10 

0.44 

0.0016 

0.05 
None 

1.29 

2.53 
Trace 
Trace 
None 

0.19 

0.34 
Trace 
Trace 
46.93 

5.10 

1.60 

4.76 
Trace 


10.00 
2.75 

59.02 
0.16 


0.02 


0.45 

II    sn 


284.7616 
198.50 
0.035 
0.55 


0.07 
0.12 


16.48 

1  79 
0.56 
1.67 


Amount   of 
water  used  for 
each    deter- 
mination. 


c.c. 

10,000 

4,000 

100 

100 

100 

8,000 

5,000 

6,750 

700 

8,000 

s.  III  III 

15,000 
8,000 
4,000 

15,000 
6,000 
4,000 
4,000 
4,000 
4,000 
4,000 


200 
500 
200 


Temperature,  147°  F.;  daily  flow,  201,600  gallons. 
Gases  (number  of  cubic  centimeters  per  liter  at  0°  C. 
and  760  mm.  pressure) — nitrogen,  8.80;  oxygen,  3.79; 
carbon  dioxide  (free),  6.92,  in  combination,  30.02; 
hydrogen  sulphide,  none. 

In  regard  to  ailments  benefited  and  cured  by  the 
aid  of  the  hot  waters,  the  following  is  taken  from  a 
circular  written  by  a  Surgeon-General  of  the  United 
States  Army:  "Relief  may  be  reasonably  expected 
at  the  Hot  Springs  in  the  following  conditions:  In 
the  various  forms  of  gout  and  rheumatism,  after  the 
acute  or  inflammatory  stage;  neuralgia,  especially 
when  depending- upon  gout,  rheumatism,  metallic  or 
malarial  poisoning,  paralysis  not  of  organic  origin; 
the  earlier  stages  of  locomotor  ataxia;  chronic  Bright's 
disease  (the  early  stages  only),  and  other  diseases  of 
the  urinary  organs;  functional  diseases  of  the  liver; 
gastric  dyspepsia,  not  of  organic  origin;  chronic 
diarrhea;  catarrhal  affections  of  the  digestive  and 
respiratory  tracts;  chronic  skin  diseases,  especially 
the  squamous  varieties,  and  chronic  conditions  due 
to  malarial  infection." 

The  city  of  Hot  Springs  itself  is  well  drained  and 
well  lighted,  and  has  ample  police  and  fire  protection. 
It  now  claims  a  permanent  population  of  20,000. 
About  150,000  persons  visit  the  place  annually,  and 
this  number  is  ever  on  the  increase.  The  United 
States  Government  Army  and  Navy  Hospital  erected 
here  receives  retired  and  active  soldiers  and  sailors  of 
the  army  and  navy.  The  government  has  spent  more 
than  a  million  dollars  on  this  hospital  and  the  grounds 
surrounding  it.  Among  other  mineral  springs  within 
the  limits  of  the  city  of  Hot  Springs,  or  in  the  neighbor- 
hood, are  the  following:  Allen's  Alterative  Spring, 
situated  on  Central  Avenue,  in  the  heart  of  the  city; 
Gillen's  White  Sulphur  Springs,  located  three  miles 
from  Hot  Springs;  Mountain  Valley  Springs,  situated 
twelve  miles  north  of  Hot  Springs  at  the  foot  of 
Blakely  Mountain,  in  a  beautiful  valley  extending  well 


up  into  the  mountain  range;  and  Potash  Sulphur 
Springs,  located  seven  miles  east  of  Hot  Springs  on  the 
Hot  Springs  Railroad,  one  mile  from  Lawrence  station. 
The  ownership  and  control  of  the  Hot  Springs  of 
Arkansas  by  the  I.' ni ted  States  ( lovernment  is  absolute. 
Congress,  after  due  investigation  took  possession  of  the 
springs  in  1S32,  and  retained  around  them  a  reserva- 
tion ample  to  protect  them  from  all  encroachments. 
It  was  the  firs!  national  park  reservation  of  the  coun- 
try. By  this  act  they  are  set  apart  as  "A  National 
Sanitarium  for  all  time,"  and  "dedicated  to  the  people 
of  the  United  States  to  be  forever  free  from  sale  or 
alienation."  In  the  year  1904  the  State  Legislature 
passed  an  act  granting  the  general  government  ex- 
clusive jurisdiction  and  sovereignty  over  the  reserva- 
tion. Since  then  the  government  has  made  rules  and 
restrictions  for  those  who  dispense  the  waters  and 
practice  in  connection  with  them,  the  results  of  which 
are  of  great  benefit  to  the  sick. 

Comfortable  accommodations  may  be  secured  at 
moderate  rates.  The  price  of  baths  and  attendants' 
fees    are   fixed    by   the    government.  Among    the 

numerous  improvements  made  by  the  governmenl  is 
the  system  of  driveways  and  walks  on  the  three  moun- 
tains comprising  the  reservation.  There  are  about 
fifteen  miles  of  drives  and  six  miles  of  walks. 

Amusements  are  varied. 

The  hotels  and  bath  houses  are  open  throughout 
the  year.  Emma  E.  Walker. 

Hot  Springs,  North  Carolina. — 

Post-office. — Hot  Springs,  Madison  County. 
Mountain  Park  Hotel  and  boarding-houses. 

Access. — From  the  north  and  east  by  through 
Pullman  cars  on  the  Pennsylvania  and  Southern 
Railroads;  from  the  west  and  northwest  via  Louisville, 
or  via  Cincinnati  by  the  Queen  and  Crescent  route. 
The  location  is  thirty-five  miles  west  of  Asheville. 
The  picturesque  little  village  of  Hot  Springs  is  situated 
on  the  western  boundary  of  North  Carolina,  only  three 
miles  from  the  Tennessee  line,  in  the  heart  of  Big 
Smoky  and  Blue  Ridge  Mountains,  on  the  banks  of 
the  beautiful  French  Broad  River.  The  location  is 
1,700  or  1.S00  feet  above  the  sea  level.  The  atmos- 
phere is  dry  and  invigorating  and  the  climate  mild 
and  equable,  there  being  a  very  large  proportion  of 
clear  days.  The  hotel,  thoroughly  modern,  is  sur- 
rounded by  a  beautiful  private  park  of  100  acres  on 
the  banks  of  the  French  Broad,  while  through  the 
grounds  runs  "Spring  Creek."  There  is  a  fine 
golf  course.  The  springs  have  long  been  popular  in 
the  South,  but  in  recent  years  they  have  come  into 
high  favor  with  Northern  visitors  also.  They  are 
about  twenty  in  number,  and  the  temperature  of  the 
waters  ranges  from  96°  to  110°  F.  They  form  one  of 
the  only  two  groups  of  hot  springs  east  of  the  Missis- 
sippi from  Canada  to  the  Gulf  of  Mexico.  The  follow- 
ing analysis  was  made  by  Professors  Chandler  and 
Pellew,  of  New  York: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride 1 .  08 

Potassium  chloride 0.62 

Potassium  sulphate 1 .  62 

Calcium  sulphate 20.04 

Magnesium  sulphate 7.20 

Ammonium  bicarbonate                       Traces. 

Calcium  bicarbonate.  . . .                                9.02 

Iron  bicarbonate 0.  10 

Sodium  phosphate Traces. 

Alumina 0.04 

Silica 3.14 

Organic  and  volatile  matter Traces. 


Total. 


42.86 


The  waters  are  quite  similar  to  those  of  the  Arkansas 
Hot  Springs.  Several  of  the  springs  have  been  encom- 
passed in  the  limits  of  a  fine,  large  bath-house,  which 
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is  divided  into  sixteen  separate  pools,  nine  feet  long 
by  six  feet  wide  and  three  to  six  feet  in  depth.  The 
water  pours  into  these  pools  directly  from  the  springs. 
The  visitor  will  find  here  .ill  of  the  modern  appliances 
and  improvements  which  go  to  make  up  a  first-class 
bathing  establishment  of  the  day.  These  waters 
have  been  found  to  be  very  useful  in  rheumatism,  gout, 
and  in  all  troubles  due  to  the  so-called  uric  aeid 
diathesis;  in  neurasthenia,  indigestion  of  various 
forms,  catarrhal  affections,  diseases  of  women,  and 
disorders  of  the  kidneys,  bladder,  and  liver.  Guests 
are  received  at  all  times  of  the  year.  With  its  lovely 
mountain  scenery,  its  exhilarating  climate,  its  thermal 
waters,  and  many  other  natural  attractions,  combined 
with  a  hospital  and  scientific  management,  this  resort 
is  well  deserving  of  the  wide  reputation  which  it  has 
obtained.  Emma  E.  Walker. 


Hot  Springs,  South  Dakota. — 

Post-office. — Hot    Springs,    Fall 


Numerous  hotels  and  cottages. 


River    County. 
Hoarding  houses. 


Access. — Via  the  Chicago  and  Northwestern,  or 
the  Chicago,  Burlington  and  Quincy  Railroad  direct 
to  Hot  Springs,  arriving  at  the  same  depot  by  either 
route.  This  magnificent  new  spa  is  located  in  the 
heart  of  the  Black  Hills  at  an  elevation  of  3,400  feet 
above  the  s,.a  level.  The  advantages  of  Hot  Springs 
as  a  health  resort  are  numerous.  First  as  to  the  topo- 
graphical features.  The  scenery  in  and  adjacent  to 
the  place  is  varied  and  delightful.  The  lofty  pine-clad 
hills,  grand  canyons,  rippling  streams,  and  beautiful 
falls  of  the  Miiinekahta  and  Cheyenne,  make  up  a 
group  of  attractions  difficult  to  excel. 

Second  as  to  climate.  By  reason  of  certain  peculiar 
circumstances  of  location  this  resort  is  favored  by  very 
mild,  equable  atmospheric  conditions.  Summer  days 
are  followed  by  evenings  of  delicious  coolness,  while 
the  autumns  are  unusually  pleasant.  Situated  in  the 
Minnekahta  valley  and  sheltered  on  all  sides  by 
heavily  timbered  hills,  cold  winds  and  sudden  changes 
of  temperature  are  practically  unknown.  The  winter 
temperature  in  the  valley  is  from  20°  to  25°  higher 
than  in  localities  only  a  dozen  miles  distant.  It  is 
said  that  the  protection  afforded  by  the  hills  is  supple- 
mented in  no  small  degree  by  the  millions  of  gallons 
of  hot  water  flowing  through  the  valley.  The  sun 
shines  332  days  each  year.  Dust  and  winds  are  almost 
unknown  here. 

The  accommodations  are  excellent.  The  largest 
hotel,  is  the  Evans.  Other  excellent  hotels  are  the 
Gillespie,  the  Hot  Springs,  the  Braun,  the  Iowa,  the 
Minnekahta,  the  Siloam,  the  Fall  River  House,  the 
Nicholson  Apartment,  the  Valley  House,  and  the 
Huebner.  Cottages  are  also  on  hand  for  those  who 
de-ire  them.  The  hills  afford  attractive  spots  for 
camping  out. 

Adjoining  the  Evans  House  is  the  Evans  Sanitarium 
containing  sixty  bath-rooms  and  embracing  all  vari- 
eties of  baths.  Among  the  most  valuable  institutions 
at  Hut  Springs  are  sanitariums  and  hospitals  at  which 
modern  and  scientific  methods  are  employed. 

This  resort  is  noted  for  its  magnificent  plunge  baths, 
receiving  warm  water  direct  from  the  springs  in  such 
immense  quantities  that  the  volume  is  changed  every 
ten  minutes.  Besides  the  plunges  there  are  excellent 
bath-houses.  The  water  is  at  a  natural  temperature 
of  96°  F.  the  year  round.  The  springs  at  this  resort 
are  eight  in  number.  The  "Minnekahta"  is  the 
name  given  to  a  great  Indian  spring,  the  word  being 
a  synonym  for  health,  pleasure,  and  recreation.  It 
is  said  that  the  waters  of  this  spring  were  in  use  by  the 
Sioux  and  other  tribes  long  before  the  approach  of 
civilization.  The  natural  temperature  of  this  spring 
is  98°  F.  It  furnishes  the  drinking  fountain  of  the 
Evans  House,  the  Evans  bath-house,  and  the  Minne- 
kahta bath-house.  An  analysis  by  Prof.  Charles  B. 
Gibson,  of  Chicago,  resulted  as  follows: 


One  United  States  Gallon  Contains: 

Solids.  Grains. 

Magnesium  sulphate.  4   32 

> iiliutji  Bulpbate  «-  -„ 

Pot assium  sulphate 

Iron  peroxide  Trace, 

Sodium  chloride  ...  07 

Pots  ■Men  -  blonde 

Calcium  sulphate  16.32 

Silica     2.64 

Total 62. 01 

These  waters  are  perfectly  transparent,  have  a  pro- 
nounced alkaline  reaction,  and  contain  no  organic 
matter.  Following  are  analyses  of  two  of  the  other 
springs: 

One  United  States  Gallon  Contains: 

Mammoth  Lakatah 

Solids.  Mineral   Spring.         Spring. 

Grains.  Grains. 


Sodium  sulphate 

Potassium  sulphate 

Calcium  9ulphate 

Calcium  chloride 

Ammonium  chloride 

Magnesium  chloride 

Calcium  phosphate 

Magnesium  nitrate 

Magnesium  phosphate 

Magnesium  carbonate 

Iron  eesquioxide 

Alumina 

Silica 

Organic  and  volatile  matter 

Total 


23.26 
5.63 

36    1  I 
5.59 

0  02 
4.11 

(K30 
0.10 
3.51 
0.15 
0.27 
1 .  55 
12.11 


92.71 


8.82 
3  33 
16  29 
8  50 
0.05 
3.14 
0.31 
0.15 

3.04 
0.26 
0.02 

1  .  83 
8.05 


53.79 


These  waters  are  of  the  sulphated-saline  and  calcic 
variety.  According  to  a  report  of  the  National 
Association  of  Railway  Surgeons,  that  visited  the 
resort  several  years  since,  "treatment  by  the  Hot 
Springs  water  may  be  said  to  stimulate  all  the  secre- 
tions and  organic  functions;  to  promote  digestion  and 
assimilation,  and  to  favor  tissue  metamorphosis  and 
excretion,  thereby  relieving  internal  congestions, 
stimulating  blood-making,  increasing  the  appetite, 
and  favoring  new  and  healthy  tissues  at  the  expense 
of  the  old  and  inactive."  This  treatment  may,  there- 
fore, be  recommended  in  "gout  and  rheumatism 
after  the  inflammatory  stage;  in  neuralgia,  especially 
when  depending  upon  gout;  in  metallic  or  malarial 
poisoning,  paralysis  not  of  organic  origin,  and 
neurasthenia;  in  the  early  stages  of  Bright  s  dis- 
ease; in  syphilis  and  functional  diseases  of  the  liver 
and  stomach;  in  catarrhal  affections  of  the  respiratory 
tract,  .  .  .  and  in  chronic  skin  diseases  especially 
of  the  squamous  variety." 

The  United  States  Government  has  chosen  Hot 
Springs  as  the  site  of  a  National  Sanitarium  for  dis- 
abled soldiers.  The  "Battle  Mountain  Sanitarium" 
comprising  a  group  of  beautiful  buildings  was  erected 
at  a  cost  of  nearly  $1,000,000  and  was  opened  in  1907. 
The  South  Dakota  State  Soldiers'  Home  is  also  lo- 
cated here. 

Hot  Springs  is  the  county  seat  of  Fall  River  County, 
and  is  located  about  seventy  miles  south  of  Deadwood. 
The  town  has  a  permanent  population  of  about  3,500. 
Its  proximity  to  extensive  pine  forests,  in  addition  to 
the  favorable  features  of  location  above  mentioned, 
assists  in  preserving  a  mild  and  agreeable  climate, 
and  has  brought  the  resort  into  much  favor  with 
persons  afflicted  with  hay  fever,  asthma,  and  incipient 
phthisis.  Emma  E.  Walker. 

Hot  Springs,  Utah. — Salt  Lake  County,  Utah. 

Post-office. — Salt  Lake  City.     Hotels. 

These  springs  are  located  at  the  northern  city  limits 
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anrl  can  be  reached  by  street  car.  Although  t  here  are 
nearby  accommodations,  most  visitors  make  their 
headquarters  at  various  hotels  in  Sail   Lake  City. 

The  following  extracts  are  taken  from  a  report  of  I  he 
Committee,  to  Salt  Lake  County  Medical  Society,  on 
the  climatic  conditions  of  Sail    Lake  City,   I'tali. 

Utah  is  richly  supplied  with  mineral  and  thermal 
springs  which  compare  favorably  with  the  waters  of 
such  celebrated  spas  as  Baden  Baden,  Wiesbaden, 
Carlsbad,  and  other  famous  resorts  of  Europe. 

An  analysis  of  the  water  from  the  hot  springs  three 
miles  north  of  Salt  Lake  City,  from  which  the  Salt 
Lake  Sanitarium  Company  derives  its  water  supply, 
shows  the  following  medicinal  ingredients: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride 248.375 

Potassium  chloride 2.125 

Calcium  chloride 10.432 

Magnesium  chloride 26.020 

Calcium  sulphate 36.070 

Potassium  sulphate 750 

Magnesium,  sulphate 16.875 

Sodium  sulphate 12.040 

Sodium  carbonate 7.875 

Iron  carbonate 925 

Calcium  carbonate 5.875 

Potassium  carbonate 1.020 

Magnesium  carbonate 25 

Silicon  oxides 2.070 

Aluminum  oxide 975 

371.452 

Numerous  tests  reveal  the  presence  of  iodine,  bro- 
mine, and  fluorine  in  appreciable  quantities. 

Specific  gravity 1.011 

Chemical  reaction Alkaline 

Gases .  3 .  250  volumes. 

Hydrogen  sulphide 1 .  875 

Carbonic  acid 1 .  375 

The  thermal  springs  in  the  vicinity  of  Salt  Lake 
City  are  rich  in  mineral  ingredients.  The  climate  is 
delightful.  Within  twelve  miles  of  the  city  is  Great 
Salt  Lake,  a  celebrated  bathing  resort,  the  waters  of 
which  are  very  invigorating.        Emma  E.   Walker. 


Hot  Springs,  Virginia. — This  resort  is  in  Bath 
County  on  the  Chesapeake  and  Ohio  Railroad,  2o0 
miles  southwest  of  Washington  and  near  the  West 
Virginia  border.  The  elevation  is  2,400  feet  with  the 
Blue  Ridge  mountains  rising  on  either  side  of  the  valley 
to  a  height  of  3,700  feet  above  sea  level.  In  the  same 
valley  are  Warm  Springs,  five  miles  distant,  and  Heal- 
ing Springs,  three  miles.  These  three  localities  have 
been  famous  for  about  150  years  for  their  thermal 
springs  which  range  in  temperature  from  98°  to  106°  F. 
The  Boiler  Spring  at  Hot  Springs  has  not  varied  from 
106°  F.  since  the  observations  published  over  100 
years  ago.  For  internal  use  at  Hot  Springs  there  are 
the  Magnesia  Spring  and  Sulphur  Springs.  They  are 
all  antacid,  diuretic  waters  and  aid  in  the  treatment  of 
rheumatism,  gout,  oxaluria,  catarrh  of  the  bladder, 
arthritis,  and  other  affections  of  that  class.  The  plan 
of  treatment  usually  adopted  consists  of  baths  in  the 
water  as  it  is  delivered  in  the  tubs  at  the  natural 
temperature  or  a  little  below  100°  to  104°  F.  The 
patient  may  or  may  not  be  rubbed  by  the  bather  in 
the  flowing  water.  Several  hundred  gallons  are  re- 
quired for  each  bath  as  it  flows  freely  over  the  sides  of 
the  tub  while  the  patient  lies  there.  After  the  tub 
bath  he  is  quickly  dried  in  hot  sheets,  laid  on  a  couch 
and  enveloped  in  blankets  and  while  in  the  hot  dry 
blanket  pack  perspiration  is  favored.  Following  this 
he  rises  and  is  washed  off  with  cooler  water  and  is 
dried  again  and  rubbed  down  thoroughly  with  alcohol. 
After  three  or  four  baths  he  rests  a  day  without  a  bath 
and  then  begins  a  series  of  baths  in  which  the  first 
measure  is  the  use  of  a  fixed  spout  or  jet  of  water  hav- 


ing b  temperature  of  101°  F.  and  a  pressure  of  twelve 
to  sixteen  pounds  to  the  square  inch  during  five  to 

eight  minutes,  and  as  lie  stands  under  it,  the  jet  is 
allowed  to  reach  the  trunk  and  limbs.  This  may  be 
reduced  in  pressure  for  sensitive  patients  or  omitted 
entirely  but  it  acts  as  a  decided  stimulant  and  is  of 
value  in  dispelling  exudates  and  promoting  the  elimi- 
nation, through  the  circulation,  of  morbid  products. 
The  use  of  a  fixed  jet  of  warm  mineral  water  at  an  un- 
varying natural  temperature  and  with  its  natural 
gases  is  not  found  elsewhere  as  far  as  we  know. 

The  Boiler  Spring  is  the  main  spring  from  which  the 
water  used  in  the  bath-house  Hows.  Its  temperature 
in  the  spring  is  106  degrees.  Its  analysis  shows  43.25 
grains  of  mineral  salts  per  gallon.  The  constituents 
and  proportions  of  these  salts  are: 

Calcium                                               22.  128 

Magnesium 5 .  402 

Sodium 2.759 

Potassium 1 .  366 

Alumina Trace 

Sulphuric  acid 22.875 

Chlorine (I    593 

Carbonic  acid .  37  .  000 

Water  of  combination 3  -  16 

Silica 4.500 

Combination  op  Acids  and  Gases. 

Magnesium  sulphate 8    176 

Magnesium  carbonate 3.018 

Calcium  sulphate 1 .  895 

Calcium  carbonate 23 .  076 

Sodium  sulphate 3. 664 

Potassium  sulphate 0.667 

Potassium  chloride 0,  539 

Silica 1.946 

The  carbonates  of 'calcium  and  magnesium  are  held 
in  solution  as  bicarbonates  by  the  excess  of  carbonic 
acid. 

The  Healing  Springs  water  is  the  principal  water 
used  internally  at  Hot  Springs.  Analysis  shows  the 
following  mineral  properties,  temperature  84°  F. 

Magnesium  carbonate   ...  3.  13867 

Calcium  carbonate.  .  20.70289 

Strontium   carbonate  0.09331 

Barium  carbonate 0.00699 

Iron  (ferrous)  carbonate 0.03033 

Manganous  carbonate 0.01225 

Zinc,  lead,  copper Trace 

Magnesium  sulphate.  .  5.73208 

Potassium ...  1 .82069 

Sodium 2 .95556 

Sodium  chloride O.CS232 

Sodium  bromide 0.00408 

Sodium  iodide 0.00017 

Carbon  dioxide  gas,  free. .  .  10.56  cu.  in. 

Sodium  phosphate 0.00933 

Lithium  chloride 0.05190 

Rubidium Trace 

Calcium  fluoride Trace 

Alumina  0  04316 

Silica 1.36697 

An  analysis,  chemical  and  bacteriological,  shows 
that  the  water  is  free  from  organic  matter  and  from 
bacteria. 

Fifteen  springs  at  Hot  Springs,  Warm  Springs,  and 
Healing  Springs  were  tested  for  radioactivity  in  July, 
1913,  by  Profs.  Ernest  Zueblin  and  J.  C.  Hemmeter 
of  the  University  of  Maryland.  The  results  are  given 
in  Mache  units. 

Octagon  Spring 25 

Soda  Spring 64 

Healing  Springs 86 

Swimming  Pool. .  .  109 

Warm  Springs .  .                         134 

Hot  Sulphur  Spring 157 

Boiler  Spring .  .  241 

Magnesia  Spring .  284 

These  results  place  Healing  Springs  water  in  radio- 
activity   between    Kreutznach    and    Baden    Baden; 
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Warm  Springs,  higher  than  Baden  Baden;  the  Hot 
Sulphur  Spring,  higher  than  Gastein;  and  the  Boiler 
Spring  and  Magnesia  Sp.-ing,  higher  than  Landeck  and 
Gastein.  These  estimates  were  made  directly  at  each 
spring  and  include  the  values  for  water  and  for  con- 
tained gas. 

In  1913  the  mean  average  temperature  at  Hot 
Springs  was  53°  F.;  the  maximum  91°  and  minimum  3°. 
The  rainfall  was  44.68  inches.  The  Virginia  Hot 
Springs  Company  operates  hotels  at  Hot  Springs, 
Warm  Springs,  and  Healing  Springs.  The  largest  of 
these,  The  Homestead  at  Hot  Springs,  has  a  capac- 
ity of  800  and  is  open  all  the  year.  Treatment  is  unin- 
terrupted at  all  seasons  as  the  baths  are  directly 
connected  with  the  hotel.  The  equipment  includes 
douche  tables,  electric  cabinets,  and  a  complete 
set  of  Zander  apparatus.  The  golf  links  comprise 
eighteen  holes  and  there  are  attractive  mountain  walks 
and  picturesque  drives.  One  of  the  mountain  walks 
has  a  uniform  ten  per  cent,  grade  and  is  marked  every 
tenth  of  a  mile  with  distance  and  elevation  so  that 
graded  exercises  are  possible.  Guy  Hinsdale. 


Hot  Sulphur  Springs.  —  Middle  Park,  Grand 
County,  Colorado. 

Post-office. — Hot  Sulphur  Springs.     Hotels. 

Access. — Via  the  Denver,  Northwestern  and  Pacific 
Railroad. 

These  springs  are  located  in  the  Middle  Park  on  the 
banks  of  the  Grand  River,  7,625  feet  above  the  sea 
level.  This  river  forms  the  only  drainage  outlet  to  the 
Middle  Park,  a  mountain  basin  ninety  by  fifty  miles 
in  extent.  The  inclosing  peaks  vary  in  height  from 
9,000  to  14,000  feet. 

Average  of  Five  Analyses  of  Waters  from  Different  Springs 
at  Hot  Sulphur  Springs,  Colorado. 


Name. 

Hypothetical  combinations 

Parts  per 
million 

Potassium  chloride 

121.07 

147   31 

188  46 

Ferrous  bicarbonate 

Calcium  bicarbonate 

Silica 

Manganese  oxide 

Magnesium    bicarbonate 
Sodium  bicarbonate 

IS.  72 

Aluminum 

06.92 

31.08 

2.59 

7.44 

Sodium 

1012.01 

The  prevailing  weather  in  this  section  is  clear,  with 
westerly  winds.  There  is  considerable  snow  in  winter, 
with  a  steady  range  of  temperature  of  about  32°  to  50° 
F.,  but  occasionally  dropping  to  20°  or  25°  below  zero. 
As  many  as  twenty-two  of  the  springs  are  well  situated 
for  improvement,  but,  according  to  the  latest  reports 
we  have  had,  the  baths  now  in  use  take  water  from 
only  three  or  four.  The  exact  flow  of  water  cannot 
be  stated,  but  it  is  believed  to  be  greater  than  that 
of  the  Arkansas  Hot  Springs.  A  strong  smell  of 
sulphureted  hydrogen  pervades  the  neighborhood  of 
the  springs,  and  with  a  favoring  wind  may  be  noticed 
for  a  considerable  distance  up  the  valley.  The  chan- 
nels through  which  the  waters  flow  are  lined  with  a 
soft  yellowish-white,  velvety  substance  having  the 
odor  of  sulphur  (probably  a  confervoid  growth 
known  .'is  sulfuraria).  This  substance  is  evidently 
not  a  sediment,  as  it  stands  up  like  the  pile  of  velvet 
or  plush,  and  is  not  deposited  in  layers,  while  the 
water  itself  is  as  clear  and  bright  as  that  of  any  moun- 
tain spring.      It  is  said  to  be  very  palatable  and  to 
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rest  well  on  delicate  stomachs.  The  following  anal- 
ysis is  an  average  of  five  analyses  of  the  waters  at  Hot 
Sulphur  Springs  made  recently  by  the  Colorado 
Geological  Survey.  The  average  is  fairly  representa- 
tive of  the  whole  group,  the  waters  being  very  similar. 
The  waters  are  recommended  in  cut  in.  on-,  hepatic, 
uterine,  neuralgic,  gouty,  and  rheumatic  disorders, 
and  for  the  manifestations  of  tertiary  syphilis.  As 
with  thermal  waters  generally,  they  are  contraindi- 
cated  in  most  acute  diseases,  in  tuberculosis  and  cancer, 
in  fatty  degeneration  of  any  important  structure,  in 
aneurysm  or  organic  heart  disease,  and  in  predisposi- 
tions to  cerebral,  gastric,  pulmonary,  or  intestinal 
hemorrhage.  There  are  several  hotels  at  the  Hot  Sul- 
phur Springs  and  several  private  houses  where  guests 
mav  obtain  accommodations.      Emma  E.   Walker. 


House-fly. — Musca  domestica  is  the  common  house- 
fly. It  carries  typhoid,  cholera,  dysentery.  Other  flies 
often  found  in  houses  are:  Drosophila  and  many  other 
infectious  diseases,  ampelophila,  the  fruit-fly;  Fannia 
t  annularis  andf.  brevis,  the  little  house-flies  ;Stomoxys 
calrilrans,  the  stable-fly;  Rhora  femorala;  Sarcophaga 
Irii'ialis,  the  flesh-fly;  S.  stercocaria,  the  dung  fly; 
l  'ulli  phora  erythriocephala,  the  blow-fly;  and  Aidhomyia 
radicum,  the  rooMlv.     See  Insects,  parasitic. 

\    S.  P. 


House  Sanitation. — The  primary  object  of  habi- 
tations is  to  secure  protection  from  the  influence  of 
heat  and  cold,  rain,  sunshine,  and  storms,  and  thus 
promote  the  health  and  happiness,  and  indirectly  also, 
the  morals  and  culture  of  the  human  race.  The 
influence  of  sanitary  houses  cannot  be  overestimated. 
Dr.  Villerm6,  in  an  investigation  in  France  from  1821 
to  1827,  found  that  of  the  inhabitants  of  arrondis- 
sements  containing  7  per  cent,  of  badly  constructed 
dwellings,  1  person  out  of  every  72  died;  of  inhabitants 
of  arrondissements  containing  22  per  cent,  of  badly 
constructed  dwellings  1  out  of  65  died;  while  of  the 
inhabitants  of  arrondissements  containing  38  per  cent, 
of  badly  constructed  dwellings  1  out  of  every  45  died. 
The  history  of  improved  dwellings  for  wage-earners 
shows  everywhere  a  lessened  death  rate. 

1.  Site. — One  of  the  first  requirements  of  a  sanitary 
home  is  a  salubrious  building  site  with  a  thorough 
exposure  to  air  and  sunlight;  the  top  of  a  small  eleva- 
tion is  always  to  be  preferred,  because  of  better  natural 
drainage,  purer  air,  freedom  from  dampness,  and 
greater  safety  from  inundations.  Hippocrates  and 
Yitruvius  have  referred  in  their  writings  to  elevation 
as  a  desirable  factor.  The  tops  of  the  highest  hills 
are  usually  too  much  exposed  to  the  wind,  and  when 
chosen  in  certain  climates  the  house  should  be  pro- 
tected  by  trees  on  the  windward  side;  next  to  the  top 
of  a  hill,  the  slopes  should  be  preferred  with  a  southern, 
southeastern,  or  southwestern  exposure,  on  account 
of  the  advantages  of  sunlight  and  greater  cheerfulness. 
Sites  located  in  depressions  which  receive  the  natural 
drainage  from  surrounding  slopes  should  be  avoided, 
as  they  are  not  only  damp,  but  likely  to  be  surrounded 
with  cold  air  and  chilling  mists.  It  is  scarcely  neces- 
sary to  insist  that  so-called  "made  soil"  and  close 
proximity  to  marshes  and  injurious  industrial  estab- 
lishments should  be  avoided. 

Next  to  the  topography  of  the  site  the  character  of 
the  soil  is  important  in  its  influence  upon  the  health- 
fulness  of  the  home.  In  a  general  way  a  gravelly, 
sandy,  or  chalk}'  soil  of  good  depth  on  a  slope  makes 
the  best  building  site,  provided  soil  pollution  has  not 
taken  place  and  the  deposit  is  not  upheld  by  some 
impermeable  stratum  of  clay  or  rock  near  the  surface. 
Clay,  marl,  peat,  and  made  soils  should  be  avoided, 
because  they  are  damp  and  the  presence  of  organic 
matter,  apart  from  favoring  the  proliferation  of  dis- 
ease germs,  also  tends  to  pollute  the  ground  air  which 
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is  in  constant  communication  and  interchangeable 
with  the  atmosphere.     See  article  on  Air  in  vol.   i. 

While  rock  affords  easy  facility  for  surface  drainage, 
Mr.  T.  M.  Clark  (Reference  Handbook,  first  edition, 
Vol.  III.,  p.  23)  regards  it  as  very  objectionable,  as 
the  ledges  are  full  of  seams  through  which  water 
usually  flows,  and  the  trenching  necessary  for  the  in- 
terception of  the  springs  formed  in  this  way  is  so  costly 
that  it  is  usually  neglected,  and  cellars  built  on  rock 
are  in  consequence  generally  damp. 

The  temperature  of  the  upper  layers  of  soil,  and 
hence  also  its  dryness,  depend  largely  upon  its  expo- 
sure to  the  sun;  but  it  is  well  known  that  heat  is  vari- 
ably absorbed  and  retained  in  different  soils  equally 
.shielded  or  unshielded  by  vegetation.  The  following 
table  by  Schubler  shows  the  capacity  of  different  soils 
of  absorbing  and  retaining  heat — 100  being  assumed 
as  the  standard: 


Land  with  some  lime.  100.0 

Pure  sand 95.6 

Light  clay 76.9 

Gypsum 72 . 2 

Heavy  clay 71.1 


Clayey  earth 68.4 

Pure  clay 66.7 

Fine  chalk 61  .8 

Humus 49.0 


It  will  be  seen,  therefore,  that  sandy  soils  are  warmer 
and  clayey  soils  are  not  only  damp  but  also  very  much 
colder. 

Unfortunately,  "ideal  building  sites"  are  within 
the  reach  only  of  comparatively  few,  and  steps  must 
therefore  be  taken  to  render  objectionable  sites  as 
sanitary  as  possible;  for  the  purpose  of  securing  dry- 
ness, attention  must  be  paid  to  the  prompt  removal  of 
surface  water  and  of  subsoil  water,  the  site  should  be 
drained  by  means  of  suitable  drains  four  to  six  feet 
below  the  floor  of  the  cellar  or  basement;  indeed  this 
precaution  should  not  be  neglected  even  in  compara- 
tively dry  soils  in  order  to  limit  the  fluctuations  of  the 
ground  water.  In  the  preparation  of  the  building  site 
it  is  always  desirable  to  excavate  sufficiently  deep  to 
get  rid  of  surface  pollution,  and  it  is  perhaps  needless 
to  insist  that  in  grading  no  soil  containing  the  rubbish 
and  wastes  of  human  life  and  occupation  should  be 
used.  In  isolated  buildings  the  surface  drainage 
should  be  directed  away  from  the  house  and  the  envi- 
ronments improved,  with  due  regard  to  light  and  air, 
by  either  favoring  the  growth  of  vegetation  or  by 
removal  and  pruning  of  excess  and  overproduction. 

2.  Building  Mali  rial. — The  most  common  materials 
used  in  the  construction  of  buildings  are  wood,  brick, 
sandstone,  limestone,  granite,  marble,  iron,  steel,  and 
other  metals,  glass,-  terra-cotta,  cement,  mortar, 
asphaltum,  and  concrete.  Of  these  materials,  iron, 
zinc,  copper,  cement,  slate,  vitrified  brick,  glazed 
terra-cotta,  and  granite  are  quite  impermeable,  while 
others  are  not,  depending  upon  the  degree  of  their 
porosity  and  hygroscopic  properties — according  to 
Lang — 
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A  wall  built  of  ordinary  brick  and  mortar  is  capable 
of  absorbing  large  quantities  of  water.     Pettenkofer 


has  calculated  that  10,000  gallons  are  incorporated  in 
a  house  built  of  100,000  ordinary  sized  bricks.      Bricks 

burned  from  clay  containing  much  saltpeter  and  sul- 
phate of  sodium  are  especially  objectionable,  as  a 
deposit  is  formed  on  the  Outside  of  the  walls  and  mois- 
ture is  attracted. 

Galton,  in  his  work  on  healthy  dwellings,  has  shown 
that  marble  and  limestone  conduct  more  heat  than  an 
equal  thickness  of  glass,  bricks,  plastering,  and  wains- 
coting. This  appears  to  prove  what  experience  has 
practically  demonstrated,  thai  frame  and  brick 
buildings  are  more  readily  warmed  than  marble  and 
limestone  structures  of  equal  size  and  thickness  of 
walls. 

The  hygienic  importance  of  the  properties  of  the 
building  material  cannot,  be  underrated.  Its  porosity 
largely  determines  the  interchange  of  air  through  the 
walls  and  the  temperature  of  the  rooms,  thus  greatly 
influencing  ventilation  and  heating.  The  pores,  as  in 
the  soil,  contain  either  air  or  moisture;  if  air,  the  heat  is 
conducted  slowly,  while  water  conducts  heat,  readily. 
The  hygroscopic  properties  of  the  material  influence 
capillary  attraction  and  diffusion  of  moisture,  and  con- 
sequently also  the  permeability  and  heat-conducting 
powers  of  the  walls.  Walls  saturated  with  moisture 
absorb  much  heat  and  render  transpiration  of  air 
impossible.  It  is  for  this  reason  that  a  house  with 
damp  walls  appears  much  cooler  to  the  inmates  in 
summer  than  a  dry  one;  but  damp  walls  are  de- 
cidedly objectionable,  because  they  not  only  render 
the  air  of  the  room  damp  and  impure  and  abstract 
more  heat  from  the  inmates,  but  also  favor  the 
growth  of  microorganisms. 

It.  will  be  readily  understood  that  the  application  of 
paint,  wall  paper,  and  even  calcimining  will  affect,  if 
not  completely  check,  the  transpiration  of  air  through 
the  walls.  For  hot  climates,  frame  and  other  forms 
of  wooden  buildings  possess  the  advantage  that  they 
cool  off  very  rapidly  after  the  sun  has  disappeared, 
but  because  of  their  inflammability,  short  duration  of 
life,  and  other  sanitary  disadvantages,  such  buildings 
cannot  be  recommended.  But,  as  long  as  they  are 
being  extensively  used  in  this  country,  special  pre- 
caution should  be  taken  in  planning  such  buildings 
to  prevent  the  entrance  of  cold  winds  at  the  junction 
of  the  wood  walls  and  the  stone  underpinning.  For 
this  purpose  Mr.  Clark  recommends  a  few  courses  of 
brick  in  mortar  to  be  laid  upon  the  cellar  wall  just 
behind  the  wooden  sill;  and  as  regards  the  exclusion  of 
cold  air  through  cracks  or  crevices  in  the  cornice,  he 
suggests  the  construction  of  a  four-inch  wall  of  brick 
and  mortar  on  top  of  the  plate  which  forms  the  top  of 
the  wall  and  supports  the  floor  of  the  rafters,  carry- 
ing it  up  until  it  meets  the  roof  boarding.  This  wall, 
besides  its  use  in  keeping  out  cold  winds,  is  also  of 
some  value  in  checking  the  spread  of  fire.  Frame 
houses  can  be  rendered  cooler  in  summer  and  warmer 
in  winter  by  double  plastering  inside  and  by  covering 
the  outside  walls  first  with  rough  boards  and  a  layer 
of  Cabot's  quilt  and  an  exterior  finish  of  clapboards 
or  shingles. 

Cement  stucco  on  wood  or  preferably  on  metal 
laths  makes  an  excellent  exterior  finish  for  a  frame 
house.  It  may  be  colored  any  agreeable  shade  and 
should  be  water-proofed  with  some  of  the  approved 
compounds  added  while  the  mortar  is  being  mixed. 
This  finish  has  the  advantage  of  being  non-combus- 
tible, quite  durable,  and  is  not  dependent  upon  paint. 

In  spite  of  certain  objections  to  brick,  they  are  on 
the  whole  the  most  desirable  material  for  ordinary 
dwellings;  they  resist  fire  better  than  any  other  mate- 
rial, and  a  hardstock  pressed  brick  of  a  light  color  is 
quite  impermeable  to  moisture  and  makes  a  pleasing 
and  hygienic  outer  wall.  Next  to  brick,  granite, 
marble,  lime,  and  sandstone  are  most  frequently  used, 
especially  in  connection  with  iron  and  steel  in  the 
construction  of  fireproof  buildings.  None  of  these 
rocks  can  resist  the  ravages  of  fire  as  well  as  brick. 
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Silicious  sandstone  stands  the  action  of  fire  better  than 
granite,  marble,  or  limestone,  as  these  rocks  when  sub- 
jected to  high  temperatures  and  a  stream  of  cold 
water  will  chip  and  crack. 

Terra-cotta  is  now  very  extensively  used  not  only 
for  floor  and  partition  construction  but  also  for  exte- 
rior facings.  For  the  latter  purpose  glazed  or  semi- 
glazed  terra-cotta  in  any  desired  color  and  design, 
plain  or  ornamental,  may  be  chosen.  The  material  is 
practically  impervious  to  moisture  and  is  also  a  good 
non-conductor  of  heat.  The  hollow  terra-cotta 
blocks  used  for  interior  partitions  have  recently  been 
successfully  employed  in  the  construction  of  suburban 
houses  as  a  substitute  for  brick  interior  and  exterior 
walls.  Such  exterior  walls  are  stuccoed  in  the  manner 
already  referred  to  and  offer  many  hygienic  advan- 
tages over  ordinary  frame  or  brick  construction  in  the 
matter  of  safety,  dryness  and  heat  conduction. 
Concrete  construction  for  the  entire  house  has  proven 
very  successful  and  is  not  only  fire,  rat,  and  vermin- 
proof,  but  also  practically  indestructible. 

Microorganisms  in  building  material  are  especially 
numerous  in  the  filler  for  ceiling  spaces,  which  is 
frequently  selected  without  regard  to  its  source,  old 
plaster  and  other  rubbish  being  used;  Emmerich  has 
isolated  the  pneumococcus  in  such  material,  and  Bon- 
ome  found  the  bacillus  of  tetanus  in  mortar. 

The  latter  being  a  mixture  of  sand  and  lime,  the 
inference  is  that  it  was  derived  from  sand,  and  that 
the  spores  were  not  destroyed  by  the  action  of  the  lime. 
Wall  papers,  unless  very  smooth,  harbor  a  large  number 
of  microorganisms;  we  also  know  the  dan- 
ger of  house  fungi,  especially  the  Mer- 
culius  lacrymans,  in  bringing  about  the 
"dry  rot"  in  pine  lumber,  as  well  as  the 
frequent  occurrence  of  moulds  in  dark  and 
damp  places. 

Construction  of  the  House. — Dryness  of 
the  foundation  and  walls,  as  already  in- 
dicated, must  be  secured  by  draining  the 
subsoil  four  to  six  feet  below  the  cellar  or 
basement  and  covering  the  entire  floor 
with  a  layer  of  cement  concrete  six  inches 
thick,  rammed  solid,  and  this  should  lie 
coated  with  one  inch  of  cement.  In  this 
way  not  only  dampness,  but  the  equally 
obnoxious  ground  air  are  excluded.  To 
prevent  the  dampness  of  the  soil  from  ris- 
ing in  the  walls  by  capillary  attraction, 
the  foundations  must  be  laid  in  concrete 
and  hydraulic  cement  and  a  horizontal 
course  of  slate  bedded  in  cement  should 
be  interposed  between  the  concrete  foot- 
ings and  wall,  and  another  course  of 
slate  just  as  the  foundation  walls  reach 
the  ground  level.  Since  these  slate 
courses  are  liable  to  fracture,  the  last  damp-proof 
course  should  consist  of  vitrified  hollow  brick,  which, 
moreover,  possess  the  advantage  of  securing  ventila- 
tion. Some  architects  recommend  damp-proof  courses 
of  tarred-felt  asphalt  or  sheet  lead  (Fig.  3249). 

The  exterior  walls  of  a  house,  whenever  practicable 
should  be  separated  from  the  ground  by  an  "open 
area,"  extending  from  the  foundation  upwrard;  but 
where  this  cannot  be  done,  a  "dry  area"  may  be 
formed  by  constructing  a  hollow  wall  to  the  ground 
level,  provided  with  the  usual  damp-proof  courses, 
and  if  springy,  also  with  a  subsoil  drain  at,  the  bottom, 
at  the  same  time  protecting  the  wall  in  contact  with 
the  ground  with  a  coat  of  slate  embedded  in  cement. 
Mr.  Clark  suggests  that  if  the  ground  is  springy,  a 
strip  of  tarred  roofing  felt,  a  little  wider  than  the  wall, 
should  be  laid  upon  the  footings  just  below  the  cellar 
floor,  and  the  stonework  continued  upon  it.  This,  he 
says,  "will  prevent  moisture  from  rising  in  the  walls 
by  capillar}  attraction  from  below,  and  with  the 
coal-tar  coat  on  the  outside,  a  cellar  with  walls  of 
porous  material  may  be  made  dry  and  wholesome  at 
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small  expense."  The  practice  bag  become  quite 
common  now  of  simply  pargeting  the  outside  of  the 

walls  below  grade  with  cement  and  sand  mixed  in  the 
proportion  of  1:2,  to  which  should  be  added  one  of  the 
approved  water-proofing  compounds  either  in  powder 
form  or  as  a  paste  dissolved  in  the  water  with  which  the 
mortar  is  made.  It  is  also  advisable  to  mix  water- 
proofing compounds  with  floor  and  footing  concrete 

In  localities  with  considerable  rainfall  it  will  be  well 
to  protect  the  side  or  rear  walls  of  a  rough  brick 
building  from  driving  rains  with  either  a  coat  of  cement, 
mineral  paint,  tar,  or  glazed  tiles.  Such  a  precaution 
is  unnecessary  when  hard-pressed  bricks  are  used. 
In  recent  years  the  application  of  a  coat  of  water- 
proof paint  under  the  plaster  on  the  inside  of  the 
exposed  wall  has  replaced  most  of  the  other  methods. 
Reference  has  already  been  made  to  the  fact  that  dur- 
ing the  construction  of  a  building  an  immense  amount 
of  water  is  incorporated  with  the  bricks,  mortar,  and 
plaster.  This  water  should  be  gotten  rid  of  before  the 
house  is  occupied,  by  thorough  airing  and  drying, 
but  not  too  rapidly,  as  a  rapid  evaporation  prevents 
the  carbonate  of  lime  from  becoming  crystallized  and 
the  mortar  loses  its  binding  qualities.  If  the  house 
has  not  been  properly  dried,  the  walls  are  ver3'  likely 
to  sweat,  which  is  in  part  due  to  their  own  moisture 
and  partly  to  the  condensation  of  the  respiratory 
vapors  on  the  damp  cold  walls.  Laveran  states  that 
a  building  is  not  fit  for  occupancy  as  long  as  the  wall 
plaster  contains  more  than  twenty-two  per  cent,  of 
moisture  (see  Examination,  p.  352). 


Fig.  3249. — Methods  of   Preventing    Dampness  of  Walls.     Letters   D  C  denote 
location  of  damp-proof  course.      (Munson.) 

Roof  and  Roofing. — A  good  dry  roof  is  another 
important  factor,  because  water  often  gets  to  the  walls 
through  a  defective  roof  and  the  whole  house  becomes 
damp.  Metallic  roofs  with  a  sufficient  pitch  are  most 
commonly  used  and  usually  secure  this  needed  pro- 
tection; but  as  they  heat  very  rapidly  a  tin  roof  should 
be  painted  white  and  a  good  non-conductor  should 
intervene.  For  this  purpose  a  double  course  of  boards 
with  a  layer  of  Cabot's  quilt,  corked  or  Florian  build- 
ing-paper may  be  used.  The  tin,  of  course,  is  properly 
secured  to  the  upper  sheathing  with  a  layer  of  felt  paper 
directly  beneath  the  tin.  In  any  event  there  should 
be  also  an  air  space  of  two  to  three  feet  between  the 
upper  ceiling  and  the  roof,  and  this  space  should  be 
ventilated  with  perforated  bricks  in  the  walls  and  cir- 
cular ventilators  at  the  highest  points  of  the  roof. 
It  is  also  a  good  plan,  in  order  to  prevent  rusting,  to 
cover  the  tin  with  a  coat  of  mineral  paint  on  the  under 
side.  All  tin  roofs  should  have  flat  soldered  seams  for 
a  distance  of  five  or  six  feet  back  from  the  gtitter,  so 
that,  if  the  gutter  is  stopped  up  the  water  cannot 
back  up  under  the  seams.     Slate,  cement,  slag,  and 
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tiled  roofs,  when  properly  constructed,  afford  protec- 
tion against  dampness,  fire,  and  heat.  In  rural  dis- 
tricts wooden  shingles  are  still  extensively  used,  and 
such  roofs  when  treated  with  creosote  and  covered  with 
rubber  or  metallic  paint  last  for  about  twenty  years. 
Whatever  kind  of  a  roof  is  used,  free  access  to  it  should 
be  provided  by  means  of  stairs  or  a  ladder  through  a 
suitable  opening,  which  in  summer  can  be  utilized  for 
the  escape  of  hot  air.  Special  attention  should  be 
paid  to  the  gutters  and  rain  leaders;  the  openings  of 
the  latter  should  be  protected  with  a  network  of  gal- 
vanized iron,  so  as  to  prevent  dead  leaves,  scraps  of 
paper,  mortar,  birds'  nests,  etc.,  from  passing  through 
and  clogging  the  conductors.  The  gutters  should  be 
periodically  cleaned  to  prevent  accumulation  of  rub- 
bish and  the  overflow  resulting  therefrom.  Sub- 
sequent leaks  and  defects  should  be  promptly  repaired. 
A  leaky  rain  spout  may  keep  the  entire  house  damp. 
Copper  or  galvanized  iron  should  be  chosen  instead  of 
tin  for  gutters  and  conductors. 

Floors. — Hygiene  demands  that  the  floors  should  be 
impervious  to  dirt,  moisture,  and  germs,  and  should 
therefore  be  well  seasoned,  tongued,  and  grooved,  and 
closely  matched;  veranda  or  exposed  floors  should  be 
laid  in  white  lead.  All  crevices  resulting  from  sub- 
sequent shrinkage  should  be  neatly  filled  with  strips 
of  wood,  putty,  paint,  or  wax.  There  should  be  a 
subfloor  of  rough  pine  with  a  double  layer  of  Florian 
building  paper  between;  the  top  floor  should  not  be 
laid  until  after  the  building  is  trimmed  out,  it  should 
then  be  planed  off  and  treated  with  a  mixture  prepared 
as  follows:  Dissolve  by  heat  one  pint  of  paraffin  pared 
into  shavings  in  two  pints  of  raw  linseed  oil.  To 
this  solution  add  two  pints  of  liquid  dryer  and  suffi- 
cient turpentine  to  thin  it  to  the  desired  consistency. 
This  will  give  a  gloss  finish.  If  a  dead  finish  be  de- 
sired, about  one-half  of  the  quantity  of  paraffin 
should  be  used;  apply  with  brush  the  same  as  varnish. 
If  a  high  degree  of  polish  be  desired,  rub  with  a  polish- 
ing brush.  One  gallon  of  this  mixture  will  cover  ap- 
proximately two  hundred  square  feet  of  floor  surface. 
Floors  may  also  be  first  treated  with  a  coat  of  shellac 
and  then  waxed.  Waxed  floors  unless  highly  polished 
are,  however,  far  from  sanitary,  since  the  dust  and 
germs  become  imbedded  in  the  wax,  for  similar  reasons 
carpets  are  objectionable;  "lignum  salvor"  a  creosote 
oil  preparation  for  both  floor  and  woodwork  finish  has 
been  highly  recommended.  While  none  of  the  vari- 
ous floor  varnishes  in  the  market  are  wholly  satis- 
factory, they  still  constitute  the  most  sanitary  floor 
finish. 

Oak  and  other  hard-wood  parquetry  floors  are  not 
only  attractive  but  also  offer  every  hygienic  advan- 
tage. In  warm  climates  cement  or  "granito"  floors 
may  be  advantageously  used.  The  latter  are  really 
nothing  more  than  cement  concrete  floor,  four  to  six 
inches  in  thickness,  with  chips  of  marble  and  granite 
of  various  colors  embedded  in  the  upper  layer  and 
polished.  They  are  practically  insect  and  vermin 
proof,  especially  desirable  for  kitchens,  pantries,  and 
bathrooms,  and  should  supersede  the  use  of  linoleum 
and  rubber  floor  coverings.  In  order  to  prevent 
cracks  in  "granito,"  expanded  metal  or  other  rein- 
forcement should  be  imbedded  in  the  concrete  base. 
Composition  floors  such  as  compressed  cork  or  "karbo- 
lith,"  etc.,  have  come  into  use;  the  latter  are  jointless, 
easy  to  walk  on,  and  can  be  applied  over  old  floors,  and 
when  used  for  hospitals  or  bathrooms  can  have  a  cove 
base  run  on  continuously  with  the  floor. 

Ceiling  Sparc. — As  a  filler  for  the  ceiling  space,  with 
a  view  of  deadening  sounds  and  as  a  protection  in  case 
of  fire,  special  hollow  bricks,  dry  cinders,  clean  dry 
mortar  and  peat,  impregnated  with  milk  of  lime,  have 
been  used.     Metallic  laths  are  preferable  to  wood. 

Stairs. — The  stairway  should  be  so  constructed  as 
to  afford  an  easy  ascent  with  risers  not  exceeding 
seven  inches  in  height  and  treads  from  ten  to  twelve 
inches  in  width.     For  public  buildings  and  tenement 


houses  iron  stairs  and  fire-escapes  are  demanded; 
indeed,  even  private  houses  would  be  better  off  with 
these  safeguards  in  case  of  fire. 

Halls. — The  halls  of  a  house  should  be  roomy,  well- 
lighted  by  direct  light,  if  possible,  and  susceptible  of 
ventilation.  In  a  modern  private  dwelling  the  hall 
on  the  first  floor  is  five  or  more  feet  in  width  and  leads 
into  the  reception  room,  from  which  proceeds  an  open 
stairway  to  the  upper  floors.  The  open  stairway 
should  be  lighted  and  ventilated  by  means  of  a 
skylight. 

Interior  Arrangements. — In  regard  to  the  size  of  the 
dwellings  it  is  always  best  if  they  arc  simply  large 
enough  to  accommodate  one  family.  Overcrowding 
should  be  avoided,  as  infectious  diseases  are  more 
liable  to  spread  in  consequence  of  aerial  infection  and 
the  more  intimate  contact  of  the  occupants.  Korosi, 
of  Budapest,  has  shown  that  out  of  every  one  hundred 
deaths  from  contagious  diseases,  there  were: 

20  deaths  in  dwellings  with  1  to  2  persons  in  each  room. 
29  deaths  in  dwellings  with  3  to  5  persons  in  eaeh  room. 
32  deaths  in  dwellings  with  6  to  10  persons  in  each  room. 
79  deaths  in  dwellings  with  over  10  persons  in  each  room. 

The  following  table,  prepared  by  Rohe\  shows  the 
relation  of  death  rate  to  density  of  population : 


City. 

Mean  number 

of  inhabitants  to 

each  house. 

Average  annual 

death  rate  per  1,000 

inhabitants. 

8 
32 
35 
52 
55 

24 

Berlin. . . 

25 

28 

41 

47 

It  would  be  unfair,  however,  to  attribute  this  in- 
creased death  rate  solely  to  overcrowding;  other 
factors  must  be  considered,  since,  as  well  expressed 
by  Ogle,  "The  more  crowded  a  community  the  greater, 
generally  speaking,  is  the  amount  of  abject  want,  of 
filth,  of  crime,  of  drunkenness,  and  of  other  excesses." 
Nevertheless,  these  mortality  statistics  demonstrate 
the  baneful  effects  of  tenement  houses.  With  the 
present  rapid-transit  facilities  in  every  city,  our  voice 
should  be  clearly  in  favor  of  individual  homes;  and 
when  this  is  impracticable,  we  should  insist  on  broad 
streets  and  deep  yards.  No  more  than  sixty-six  per 
cent,  of  the  lot  should  be  covered  by  the  house,  and  the 
height  of  the  building  should  never  exceed  the  width 
of  the  street. 

No  field  affords  better  opportunity  for  philanthropic 
work  than  the  removal  of  slums  and  erection  of  sani- 
tary houses  for  wage-earners  at  reasonable  rentals. 
Acting  upon  this,  the  Washington  Sanitary  Improve- 
ment Company  was  organized  in  1S97,  and  Surgeon- 
General  Sternberg  and  the  writer  prepared  plans  in 
which  no  detail  was  omitted  which  would  tend  to 
provide  the  best  accommodations  from  the  standpoint 
of  hygiene.  Each  house  has  a  frontage  of  seventeen 
and  one-half  feet  and  consists  of  two  independent  fiats, 
one  on  eaeh  floor,  the  special  feature  being  that  each 
flat  constitutes  a  complete  home,  having  a  separate 
entrance  and  exit,  separate  yard  and  cellar.  The 
entrance  to  the  flat  on  the  first  floor  opens  into  the 
front  or  sitting-room,  thirteen  feet  two  inches  by 
fourteen  feet;  back  of  this  room  is  a  hallway  leading 
to  the  bedrooms,  ten  by  thirteen  feet  two  inches; 
bathroom  five  feet  one  inch  by  six  feet  eleven  niches, 
and  kitchen  twelve  by  twelve  feet.  The  entrance  i 
the  flat  in  the  second  story  is  by  a  staircase  with 
access  through  a  doorway  on  a  level  with  the  one 
opening  into  the  flat  on  the  first  floor,  but  at  the  other 
end  of  the  front  of  the  house.  Each  flat  has  three 
large  closets,  and  the  kitchens  are  provided  with  a 
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range,  hot-water  boiler,  dressers,  and  sinks.  Every 
room  receives  direct  light  and  air,  and  the  plumbing  is 
the  best.  These  flats  rent  for  S12  per  month,  with  a 
rebate   of   one  month's  rent  every  year  to  tenants 


Fig.  3250  - 


■First-story  Plan  of  Sanitary  Houses  for  Wage-earners  in  the  City  of 
Washington. 


whose  apartments  have  not  required  repairs.  The 
company  has  paid  five-per-cent.  dividends  from  the 
beginning  and  accumulated  a  surplus  fund  at  the  rate 
of  two  per  cent,  per  annum.  No  officer  receives  any 
compensation,  and  this  pron 
the  philanthropic  aspect  of  the  en- 
terprise by  providing  the  very  best 
accommodation  from  the  standpoint 
of  hygiene,  and  as  to  comfort  the 
utmost  which  a  given  cost  will  pro- 
vide. The  company  was  awarded 
a  gold  medal  at  the  Paris  Exposi- 
tion in  1900,  the  only  company  in 
the  United  States  to  receive  that 
award. 

Basements  are  always  desirable, 
even  in  small  houses,  for  store- 
rooms, heating  plants,  and  kitchens; 
they  should  be  at  least  eight  feet 
from  floor  to  ceiling,  not  over  one- 
half  below  ground,  well  lighted,  and 
with  all  precautions  taken  to  pre- 
vent the  odors  of  the  kitchen  from 
passing  into  the  upper  stories.  This 
can  be  done  by  a  closed  stairway 
and  a  deep  hood  over  the  range, 
which  should  conduct  the  gases  into 
a  flue  located  next  to  the  smoke-flue. 
In  the  more  commodious  houses  the 
first  floor  usually  consists  of  three 
large  rooms,  parlor,  reception,  and 
dining-room,  to  which,  in  double 
houses,  a  library  may  be  added. 
When  practicable,  the  kitchen 
should  be  located  in  a  one-story 
wing  with  pantry  intervening  be- 
tween the  kitchen  and  dining-room. 
This  isolates  the  kitchen  and  odors 
from  the  main  house,  and  is  pref- 
erable in  many  respects. 

The  rooms  of  the  first  floor,  or 
parlor  floor,  should  be  from  ten  and 
one-half  to  eleven  feet  high  and 
liberally  supplied  with  windows, 
while  the  upper  stories  may  be  ten 
and  nine  and  one-half  feet  in  height. 
Living  and  sleeping  apartments  for 
obvious  reasons  should  not  be  toler- 
ated in  basements.  The  largest  and 
sunniest  apartment  in  the  house 
should  be  chosen  for  the  nursery 
and  living  room.  The  bedrooms 
should  also  be  bright  and  sunny, 
and  rooms  with  northern  exposure 
avoided  as  much  as  possible  for 
regular  bedrooms.  In  this  connec- 
tion the  stimulating  effects  of  sun- 
light upon  tissue  metamorphosis  and 
its  destructive  influence  on  micro- 
organisms should  be  remembered. 
No  room  should  have  a  borrowed 
light,  and  this  can  be  avoided  by 
the  construction  of  ample  air  and 
light  wells  in  city  houses  which  are 
three  or  four  rooms  deep.  The  win- 
dows should  be  made  to  open  at  top 
and  bottom.  Sleeping  porches  are 
being  rapidly  introduced  and  are 
generally  attached  to  the  upper 
stories  of  the  rear  of  the  house  ad- 
joining the  bedrooms;  some  archi- 
tects have  secured  good  results  in 
corner  houses  by  supplying  one  or 
more  rooms  with  an  abundance  of 
French  windows  opening  into  loggia. 
Interior  Finish  and  Decorations. — 
Hygiene  cannot  approve  of  deco- 
rations or  an  interior  finish  which 
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serve  as  dust  and  germ  traps.  In  all  houses  dust  is 
produced  by  the  wear  and  tear  of  domestic,  activities 
and  our  object  should  be  to  prevent  its  accumulation 
and  facilitate  its  removal.  Cornices  and  projections 
on  ceilings  and  walls,  the  mouldings  of  door  and  win- 
dow frames,  wardrobes,  carpet,  and  cumbersome 
draperies  all  tend  to  collect  dust  and  microorganisms; 
they  are  not  tolerated  in  hospitals  and  should  be 
abolished  in  sanitary  houses. 

When  the  floors  are  neatly  polished,  it  is  quite 
sufficient  to  have  a  few  small  rugs  which  can  be  easily 
taken  tip  and  shaken  and  the  floors  cleaned  with  a 
damp  duster.  Heavy  curtains 
and  draperies  should  give  way  to 
light,  airy  fabrics,  which  can  be 
easily  washed.  The  bedroom 
furniture  should  be  light,  simple, 
and  limited  to  the  most  necessary 
articles.  Every  bedroom  should 
be  provided  with  a  commodious 
closet,  supplied  with  clothes 
shelves,  hooks,  and  drawers,  and 
if  the  mirror  is  sunk  in  the  panel 
of  of  the  door,  wardrobes  and 
dressing-cases  could  be  conven- 
iently dispensed  with .  All  corners 
and  angles  of  the  inside  of  the 
house  should  be  rounded  to  facili- 
tate the  removal  of  dust. 

Wall  Decorations. — The  wall 
coverings  should  be  as  smooth  as 
possible,  since  rough  and  highly- 
embossed  paper  and  hangings  ac- 
cumulate an  enormous  quantity 
of  dust  and  germs.  On  the  whole, 
the  plain  kalsomined  or  painted 
walls  outrank  from  a  sanitary 
point  of  view  the  gorgeous  decora- 
tions of  the  palatial  homes.  Flat 
washable  paints  can  now  be  had 
in  all  tones  and  are  largely  re- 
placing paper  and  kalsomine. 
Green  paint  and  green-colored 
wall  papers  should  be  rejected; 
indeed,  since  arsenic  has  been 
found  in  various  colored  papers 
other  than  green,  no  paper  should 
be  used  unless  guaranteed  to  be 
free  from  arsenic,  as  much  harm 
may  be  done  b)r  arseniureted 
hydrogen,  which  tends  to  pro- 
duce a  chrome  form  of  arsenical 
poisoning,  characterized  by  con- 
junctivitis, cough,  nausea,  and 
diarrhea,  with  colic,  cramps,  and 
debility. 

The  air  of  habitations  differs 
from  the  exterior  air  in  this,  that 
unless  precautions  have  been 
taken,  it  may  contain  the  ele- 
ments of  ground  and  sewer  air; 
but  even  in  the  best-appointed 
houses  the  air  is  vitiated  by  the 
products  of  respiration,  combus- 
tion ,  and  decomposition  of  organic 
matter.  As  a  matter  of  fact  we 
always  find  an  excess  of  carbon 
dioxide  as  much  as  5.88  volumes 
per  10,000  having  been  determined 
in  basements,  4.59  on  the  first 
floor,  4.50  on  the  second  floor, 
and  4.19  on  the  third  floor.  We 
also  find  an  excess  of  organic  mat- 
ter, most  probably  derived  from 
the  lungs,  mouth,  and  skin  of  the 
occupants.  Some  authors  deny 
that  the  skin  and  lungs  in  perfect 
health  give  off  anything  impure, 
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but  experience  points  to  the  fact  that  even  the 
cleanest  and  healthiest  persons  exhale  an  organic 
substance  which    clings  to  bedding,  clothing,  carpets, 

and  walls,  and  imparts  that  peculiar  close  ami  offen- 
sive odor  to  bedrooms  and  other  inhabited  apart- 
ments. Indeed,  (Jffelmann  never  failed  to  find  am- 
monia nitrates  in  the  air  of  his  rooms,  amounting  to 

from  0.10S  to  0.072  tngin.  as  compared  with  0.025 
mgrri.  per  cubic  meter  in  the  outer  air. 

We  also  find  more  dust  and  germs  than  in  the  open 

air.  If  on  a  windstill  day  we  expose  two  glass  slides 
moistened  with  glycerin,  one  in  the  outer  air  and  the 
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other  indoors,  we  shall  find  at  the  expiration  of  twelve 
hours  that  the  slide  exposed  indoors  will  contain 
a  larger  amount  of  dust,  and  that  the  organic  con- 
stituents which  in  the  outer  air  amount  to  about 
thirty    per   cent,  are  present  to  the  extent  of  about 
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-First-story  Plan  of  a  Corner  House  Showing  Location  of  Pantry 
and  Dining-room. 


fifty -seven  per  cent.  It  has  also  been  shown  that 
when  the  exterior  air  contained  only  6.5  mgm.  of  dust 
per  cubic  meter,  the  air  of  even  well-ventilated  houses 
contains  an  average  of  16.8  mgm.  per  cubic  meter. 

The  number  of  microorganisms  in  the  air  of  even 
the  better  class  of  houses  is  invariably  greater  than 
in  the  open  air,  and  depends  largely  upon  whether  the 
dust  has  been  stirred  up  or  not.  Thus  Uffelmann 
found  the  outer  air  thirty-nine  inches  above  ground 
to  contain  250  germs  per  cubic  meter;  one  of  his 
rooms  during  a  perfect  calm  to  contain  7,500  per  cubic 
meter,  and  one,  after  shutting  two  of  the  doors  vehe- 
mently, 27,000  per  cubic  meter. 

Celiar  air  contains  usually 
more  organic  matter  and  C02, 
and  the  degree  of  humidity 
amounts  often  to  complete  sat- 
uration, but  the  number  of 
germs  is  less  than  in  other  parts 
of  the  house. 

The  relative  humidity  of  the 
air  of  habitations  when  not 
heated  is  usually  quite  constant. 
1 1  i-  of  course,  influenced  by  the 
exterior  air,  but  the  fluctuations 
are  never  so  marked  as  outdoors. 
This  is  probably  due  to  the  fact 
that  the  walls  and  furniture  ab- 
sorb moisture  and  give  it  off  to 
less  hygroscopic  substances. 

The  temperature  of  habita- 
tions, with  the  exception  of  the 
tipper  floor,  is  also  very  much 
more  constant  than  that  of  the 
open  air.  The  maximum  tem- 
perature in  summer  usually  oc- 
curs five  hours  later  than  in  the 
open  air;  for  this  reason  our 
houses  are  hotter  about  six 
o'clock  in  the  evening  than  at 
twelve  or  one  o'clock.  The 
thickness  and  construction  of  the  walls  determine  this 
to  a  great  extent.  Houses  constructed  with  walls  hav- 
ing a  four-inch  air  space  are  cooler  in  summer  and 
warmer  in  winter. 

Ventilation.    -When    we    consider    that    an    adult 
individual  exhales  on  an  average  14.4  cubic  feet  of 
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C02  during  twenty-four  hours,  and  recall  the  other 
polluting  factors,  such  as  the  products  of  combustion 
and  decomposition,  and  that  the  presence  of  individuals 
tends  to  vitiate  the  air  with  dust,  germs,  and  organic 
matter  from  the  skin,  mouth,  and  lungs,  while  the 
watery  vapor  eliminated  by  the  lungs 
and  skin,  amounting  to  about  550 
grains  per  hour,  is  sufficient  to  satu- 
rate ninety  cubic  feet  of  air  at  a 
temperature  of  60°  F.,  we  see  at 
once  the  necessity  for  the  renewal 
of  air  in  our  habitations.  Since  it 
would  be  neither  prudent  nor  expe- 
dient, to  wait  until  the  air  becomes 
literally  unfit  to  breathe,  it  is  self- 
evident  that  the  dilution  of  impure 
and  diffusion  of  pure  air  should  be 
constant  and  gradual.  The  next 
question  arises.  How  much  fresh 
air  is  required  to  renovate  the  viti- 
ated air?  It  has  been  found  by 
careful  observation  and  experi- 
ments that  no  appreciable  organic 
odors  are  perceived  in  the  air  of  in- 
habited rooms  until  the  volume  of 
( !( 1.  exceeds  six  volumes  per  10,000. 
"  When  the  carbonic  acid  amounts 
to  seven  volumes,  a  want  of  fresh- 
ness is  observed  on  entering.  When 
nine,  ten  or  more  volumes  are 
present,  the  organic  odor  becomes 
manifest"  (Smart).  We  know,  of  course,  that  this 
volume,  or  even  double  the  quantity,  of  carbon- 
dioxide  is  not  in  itself  harmful,  but  as  it  goes  hand- 
in-hand  with  an  increase  of  organic  matter,  it  is  an 
index  of  the  amount  of  organic  impurities,  and  its 
estimation,  according  to  Smart,  affords  the  best  means 
of  testing  the  efficiency  of  the  ventilation.  Our  object 
should  be,  therefore,  to  supply  a  sufficient  amount  of 
pure  air  so  that  the  volume  of  CO2  may  not  exceed 
six  volumes  per  10,000.  From  careful  calculations 
(see  Dr.  Smart's  excellent  treatise  on  Air,  p.  163,  vol. 
i.)  it  has  been  found  that  in  order  to  accomplish  this 
result,  an  average  adult  requires  about  3,000   cubic 
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feet  of  fresh  air  per  hour.  It  is  evident  that  the  supply 
of  fresh  air  can  be  introduced  only  by  a  movement  of 
the  air,  which  is  brought  about  either  by  a  diffusion 
of  the  gases  or  by  the  difference  in  weight  of  masses  of 
air  of  unequal  temperature  and  the  pressure  resulting 
therefrom.     It  is  well  known  that  gases  have  the  prop- 
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erty  of  penetrating  or  spreading  and  mingling  with 
others  in  every  direction,  and  this  diffusion  takes  place 
through  all  porous  substances,  even  a  dry  brick  or 
stone  wall.  If  it  were  not  for  this  power  of  diffusion, 
CO2,  by  reason  of  its  specific  gravity,  would  sink  to 
the  lower  part  of  the  room. 

An  unequal  temperature  produces  a  difference  in 
weight  of  masses  of  air.  When  air  is  heated  it  ex- 
pands; a  volume  of  hot  air  is  consequently  lighter  than 
the  same  volume  of  cold  air.  The  warm  air  rises,  and 
to  restore  the  equilibrium  the  cold  air  rushes  in  to 
occupy  its  place.  This  is  exactly  what  takes  place  in 
nature.  The  sun  supplies  the  heat,  and  the  currents 
of  air,  or  winds,  are  thus  produced,  which  in  turn 
serve  as  powerful  ventilating  agents  in  our  habita- 
tions. The  winds  act  chiefly  by  perflation,  i.e.  by 
setting  masses  of  air  in  motion,  driving  them  onward 
by  an  irresistible  vis  a  tergo;  they  also  exert  an  aspirat- 
ing effect,  for  when  passing  horizontally  over  chimneys 
or  tubes  placed  at  right  angles  to  their  course  they 
cause  a  diminution  of  pressure  within  them,  the  air 
being  practically  sucked  out,  other  air  from  below 
rushes  up  to  fill  the  vacuum,  and  thus  an  upward 
current  is  produced.  We  see,  therefore,  how  venti- 
lation, which  means  the  removal  and  dispersion  of  bad 
air  and  the  introduction  of  fresh  air,  may  be  brought 
about  by  all  these  factors  which  operate  to  a  greater 
or  less  degree  in  what  is  commonly  called  natural 
ventilation,  and  which  is  usually  sufficient  when  each 
occupant  has  1,000  feet  of  cubic  air  space  and  the 
walls  of  the  house  are  porous  or  contain  numerous 
crevices  near  the  doors  and  windows,  and  the  differ- 
ence between  the  inner  and  outer  door  temperature  is 
considerable  and  the  winds  strike  the  walls  directly  or 
pass  with  great  velocity  over  chimney  flues  and  other 
openings.-  Professor  Pettenkofer  has  shown  that  by 
these  natiiral  means  his  library,  having  a  capacity  of 
seventy-five  cubic  meters,  received  hourly  at  a  differ- 
ence of  temperature  of  20°  ninety-two  cubic  meters  of 
fresh  air,  of  19°  seventy-five  cubic  meters  of  fresh  air, 
and  of  4°  twenty-two  cubic  meters  of  fresh  air.  But 
as  we  cannot  control  the  direction  and  force  of  the 
winds,  and  the  other  factors  referred  to,  we  should  pro- 
vide additional  means  for  ventilation,  and  one  of  the 
simplest  and  most  efficient  plans  is  to  flush  the  room 
with  fresh  air  by  opening  windows  or  doors  on  oppo- 
site sides  of  the  room.  No  other  method  can  take  the 
place  of  this  periodical  airing  for  a  thorough  ventila- 
tion of  the  dead  corners  and  the  removal  of  an  im- 
mense amount  of  dust.  The  objection  to  this  method 
is  the  cold  draughts  in  winter,  and  it  should  there- 
fore be  relied  upon  chiefly  in  summer  or  during  the 
absence  of  the  occupants.  In  rooms  heated  with  di- 
rect radiation,  the  fresh  air  should  be  admitted  above 
the  heads  of  the  occupants,  either  by  means  of  a  regis- 
ter in  the  wall  or  by  the  insertion  of  a  louver  or  swing- 
ing window  pane  (Fig.  3255)  in  one  of  the  windows,  an 
upward  direction  being  given  to  the  air  so  that  it  may 
impinge  on  the  ceiling,  mix  with  and  be  warmed  by  the 
heated  air  in  this  situation,  fall  gently  into  all  parts  of 
the  room,  and  be  gradually  removed  by  means  of  the 
chimney  flue  or  any  other  outlet.  Another  simple 
plan  is  to  bore  standing  holes  in  the  bottom  rail  of  the 
•window  sash,  or  to  insert  a  "Pullman  ventilator"  in 
the  bottom  rail  of  the  lower  sash,  or  to  employ  the 
"Bury  ventilator,"  which  consists  of  a  wooden  block 
interposed  between  the  bottom  of  the  lower  sash  and 
the  frame.  The  air  passes  into  the  room  through  the 
openings  in  the  block  which,  as  in  the  "Pullman  ven- 
tilator," point  upward.  The  separation  of  the  sashes 
caused  by  the  block  also  adds  to  the  fresh-air  inlet. 
The  use  of  these  devices  practically  invades  the  do- 
main of  and  brings  us  to  the  consideration  of 

Artificial  Ventilation,  which  may  be  secured  by 
providing,  1.  Suitable  inlets  and  outlets:  2.  By  ex- 
traction by  heat,  or  the  creation  of  a  decided  difference 
between  the  inner  and  outer  temperature;  and  3.  By 
propulsion  and  aspiration. 


1.  Special  Inlets  and  Outlets. — For  the  admission  of 
air,  perforated  bricks  are  sometimes  built  into  walls 
and  concealed  behind  the  washboard.  When  un- 
warmed  air  is  to  be  admitted,  the  Sheringham  valve  is 
very  commonly  used.  In  this  apparatus  (Fig.  3256) 
the  air  passes  through  the  walls  by  means  of  a  per- 
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forated  iron  plate  and  is  then  directed  upward  by  a 
valved  plate  with  side  checks.  This  plate  being 
hinged  is  capable  of  being  more  or  less  completely 
closed  by  a  balanced  weight;  it  usually  measures  three 
by  nine  inches.  Watson's  tube  has  two  chambers 
placed  alongside  of  each  other,  one  serving  as  an  inlet 
and  the  other  as  an 
outlet  (Fig.  32.57). 
McKinnell  s  ventila- 
tor consists  of  two 
cylinders,  one  inside 
the  other,  and  of 
different  lengths ;  the 
longer  tube  projects 
above  and  below 
and  serves  to  con- 
duct the  impure  air, 
while  the  outer  cyl- 
inder having  a  larger 
sectional  area  serves 
as  the  inlet.  The 
outlet  is  protected 
on  the  top  with  a 
cowl ;  both  tubes  can 
be  regulated  by 
valves.  Thev  are 
especially  useful  for  the  ventilation  of  one-story  build- 
ings, churches,  theaters,  kitchens,  and  pavilion  hos- 
pitals. The  gas  burner  may  be  placed  immediately 
under  the  extracting   tube;   as  the  warm  air  escapes 

through  the  inner 
tube,  a  corres- 
ponding volume  is 
admitted  through 
the  interspace  be- 
tween the  two 
cylinders  (Fig. 
3258). 

The  Ridge  Ven- 
tilators consist 
(Fig.      3259)       of 
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Fig.  3255. — Swinging  Window  Sash. 
(Munson.) 
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Fid.     3256. — Sheringham    Valve.       Front 
and  sectional  view.      (Munson.) 
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Fig 


3257.— Watson's  Tube. 
(.Munson.) 


openings  through  the  ceiling  and  roof  of  one-story  build- 
ings, with  louvered  sides  and  ends  protected  with  a 
small  roof;  the  opening  of  the  air  shaft,  in  the  ceiling 
is  usually  provided  with  a  movable  shutter  to  regu- 
late the  outlet.  The  fresh  air  is  admitted  by 
inlets  running  underneath 
the  floor  between  the  joists 
and  discharging  through  a 
register  near  the  stove,  or 
it  may  be  admitted  by 
Sheringham's  valves.  Of 
the  various  methods  used 
in  artificial  ventilation 
which  contemplate  a 
change  of  the  weight  of  air 
without  heating,  attention 
again  directed  to  the 
1 1' tII  a  ting  and  aspirating 
effects  of  winds,  which  are 
so  extensively  utilized  in 
the  ventilation  of  ships, 
and  are  equally  applicable 
to  habitations.  Here  a 
large  cowl  is  placed  so  as 
to  face  the  wind  and  the  air  is  thus  driven  below 
through  a  large  pipe,  whilst  another  cowl  placed  to 
back  the  wind  acts  as  an  aspirator  to  draw  the  bad 
air  from  below.  A  great  many  contrivances  seen  in 
connection  with  house  ventilation,  some  with  rotating 
cowls,  others  with  fixed 
vanes,    are   based   on  /J^\ 

this     principle     (Figs.  I     u 

3260,  3261,  3262).  ^ 

2.  Extraction  by 
Heat. — The  simplest 
way  to  produce  a  dif- 
ference between  the 
temperature  of  the 
inner  and  that  of  the 
outer  air  is  by  heating 
the  room  by  means  of 
a  stove  or  open  tire- 
place,  both  of  which 
will  serve  to  extract 
the  foul  air  and  secure 
a  thorough  renewal  of 
air.  In  some  i  n  - 
stances,  the  outlet  can 
be  placed  in  a  separate 
flue  next  to  the  chim- 
ney flue;  the  latter  be- 
ing wanned  creates  an 
upward  current.  A  simple  and  effective  method  is 
to  let  the  iron  smoke  pipe  from  the  furnace  or  heater 
pass  through  a  brick  or  terra- 
cotta flue  and  connect  the  vent 
ducts  from  the  rooms  with  the 
space  between  the  smoke  pipe 
and  the  flue;  upon  this  principle 
the  Eckstrohm  ventilator  is 
used  for  carrying  off  the 
kitchen  fumes.  Gas  jets  and 
lamps,  or  a  steam  aspiration 
coil,  may  be  employed  in  con- 
nection with  shafts  used  for 
the  extraction  of  foul  air  by  heat 
(Fig.  3263). 

3.  Propulsion 
and  Aspiration. 
— Another  sys- 
tem especially 
ad  apted  for 
large  public 
buildings  is  to 
set  the  air  in 
motion  by  the 
use  of  fans  or 
air    propellers. 


Fig.  32.")S. — McKinnell's  Circular 
Ventilator.     (Munson.) 


Flo  3259.—  A,  Muir's 
Ventilator;  11,  transverse 
section  of  same. 


Fio.  32fi0.— Ro- 
tating Cowl  for 
Aspiration. 
(Munson.) 


In  other  words,  the  fresh  air  is  forced  into  and  distrib- 
uted throughout  the  building  while  another  fan  ex- 
hausts the  foul  air.      These  fans  are  set   in  motion  by 

water,  steam,  electricity,  or  other  motive  power.  This 
method  presents  several  advantages,  the  amount  of  air 
delivered  and  the  rate  of  movement  can  be  regulated 
with  nicety,  the  entering  air 
can  be  taken  from  any  desired 
[Hire  source  and  can  be  fil- 
tered, washed,  warmed,  or 
cooled.  The  Madison  Square 
Theater,  in  New  York  City, 
according  to  Dr.  D.  F.  Lincoln 
(Parkes1  "Hygiene,"  vol.  ii., 
p.  472),  was  one  of  the  best 
ventilated  buildings  of  its 
class.  The  air  was  taken  in  at 
a  lower  above  the  roof;  was  fil- 
tered through  a  conical  bag 
of  cheesecloth  forty  feet  long 
suspended  in  the  tower;  it  was 
heated  by  steam  in  winter  and 
cooled  in  summer  by  passing 
over  ice;  heating,  cooling,  and 
distributing  taking  place  in  the  basement.  One  fan  at 
the  foot  of  the  tower  forced  the  air  into  the  audience 
hall,  another  on  the  roof  exhausted  it.  The  doors  and 
windows  were  kept  closed.  The  air  was  introduced  by 
pipes  running  under  the  risers;  an  opening  in  the  riser 
at   each   seat  discharged   a   forward   current  with   a 


Fig.  3201. — Banner's  Ro- 
tating  Exhaust     Ventilator 

(  Munson.) 


Fig.  3262.— Star 
Ventilator. 


Fig.  3263.— Foul- 
air  Outlet. 


velocity  of  two  and  one-half  feet  per  second;  other  jets 
entered  at  the  front  of  the  footlights  and  below  the 
balconies;  the  exits  were  chiefly  under  the  balconies,  so 
that  there  was  a  general  movement  away  from  the 
stage.  For  large  buildings,  the  "  Wing  disc  fan  "  (Fig. 
3264)  is  usually  employed,  a  four-foot  fan  using  one- 


Fig.  3264. — Wing  Disc  Fan. 

horse  power  delivers  about  500,000  cubic  feet  of  air 
per  hour,  while  the  larger  sizes  of  the  "Blackman 
wheel,"  according  to  Munson,  are-said  to  give  about 
12,000  cubic  feet  of  air  per  minute  (Fig.  3265). 
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Fig.  32(35. — Blackman's  Wheel. 


Hydraulic  ventilators  are  extensively  used  during 
the  summer  months  in  Germany;  they  consist  of 
U-shaped  pipes  containing  spray  nozzles  under  high 
pressure;  the  air  is  sucked  in  and  propelled  by  the 
falling  spray,  the  water  collecting  at  the  bottom  and 

being  discharged  by  a 
drain  pipe.  According 
to  the  degree  of  temper- 
ature of  the  water,  the 
air  mav  also  be  cooled  by 
this  method  (Fig.  3266). 
Ventilation  is  also  ef- 
fected by  the  plenum  or 
pressure  method  or  by 
the  exhaust  method 
alone.  It  is  important 
that  the  toilet  rooms 
should  be  ventilated  in- 
dependent of  the  general 
system  of  the  building, 
which  is  best  accom- 
plished by  the  method 
referred  to  on  p.  347. 

General  Rules  to  be 
Observed  in  Ventilation. — 
1.  The  object  of  ventila- 
tion being  to  improve  the  air  of  the  house,  we  should 
be  sure  of  the  purity  of  the  incoming  air.  It  should 
not  be  brought  through  underground  ducts,  nor  from 
any  point  likely  to  be  contaminated  by  sewer  air  or 
other  noxious  gases.  The  indication  is  plainly  to 
select  the  safest  spot  for  inlets;  the  inlets  should  be 
provided  with  valves  to  regulate  the  amount  and 
protected  with  fine  wire  gauze  or  Hessian  jute  to 
exclude  vermin  and  dust.  Whenever  practicable  the 
air  should  not  only  be  filtered,  but  also  washed  by 
means  of  a  fine  spray  in  its  passage  through  the  inlet. 
If  the  fresh  air  is  too  cold,  it  should  preferably  be 
warmed  before  entering  the  apartments  by  means  of 
ventilating  stoves  or  grates,  or  a  central  system  of 
heating  by  furnace,  steam,  or  hot  water. 

2.  The  superficial  area  of  outlets  should  be  at 
least  as  large  as  that  of  the  inlets,  and  in  order  to 
insure  renovation  of  air  with  the  least  amount  of 
draught,  the  inlet  and  outlet  openings  should  not 
be  placed  directly  opposite 
but  diagonal  from  each 
other.  It  is  desirable  to 
place  the  inlets  about  the 
middle  height  of  the  rooms 
and  the  outlets  near  the 
ceilings;  they  should  be  sup- 
plied with  registers  to  regu- 
late the  amount. 

3.  Since  every  adult  re- 
quires 3,000  cubic  feet  of 
fresh  air,  it  must  be  our  aim 
to  see  that  this  amount  is 
supplied  without  discomfort 
to  the  occupants.  The  air 
of  a  room  cannot  be  changed 
oftener  than  three  times  in 
one  hour  in  winter  without 
causing  a  disagreeable 
draught;  hence  every  occu- 
pant should  have  a  cubic  air 
space  of  1,000  feet.  Finally 
this  air  space  must  not  be 
furnished  in  height  at  the 
expense  of  superficial  or 
floor  space,  for  the, reason 
that  organic  matters  are  not 
equally  diffused  but  tend  to 

accumulate  in  the  lower  strata;  consequently  excessive 
height  (i.e.  over  twelve  feet)  does  not  mean  a  corre- 
sponding dilution.  The  question  of  proper  air  space 
has  not  been  practically  settled;  while  1,000  feet  is 
doubtless   the   ideal    standard    it   is    not    always   at- 


Fin.  3260. — Water  Spray 
Ventilator.     (Munson.) 


tainable,  especially  in  the  homes  of  tin-  poor  and  in 
large  assembly  rooms,  theaters,  churches,  etc.  In 
the  latter  instances  tin-  air  space  is  often  less  than  300 
feet  per  capita,  but  the  exposure  is  of  a  comparatively 
short  duration.  Hygicnists  appear  to  be  sati  Bed 
that  for  all  practical  purposes  from  100  to  500  feet  of 
air  space  per  occupant  will  suffice  in  the  homes  of  the 
poor,  lodging  houses,  etc.,  provided  the  air  is  kept  in 
motion,  and  in  view  of  the  results  obtained  by  the 
"out-door"  treatment  the  danger  of  draughts  has  lost 
some  of  its  significance,  provided  the  sleeper  is  other- 
wise protected. 

In  conclusion,  it  should  be  distinctly  understood 
that  no  amount  of  artificial  ventilation  can  render 
thorough  and  frequent  house-cleaning  unnecessary, 
or  the  precautions  for  the  exclusion  of  contaminated 
air  superfluous,  nor  can  ventilation  in  winter  be 
maintained  without  the  expenditure  of  considerable 
fuel.  The  question  of  systematic  house-cleaning  is 
important.  We  have  learned  that  dust  and  germs 
are  coincident  hence  there  should  be  no  accumulation 
in  any  part  of  the  premises.  Vacuum  cleaners  are 
unquestionably  the  most  efficient  means  for  the 
thorough  removal  of  dirt  and  dust,  when  not  available 
it  is  a  good  plan  in  sweeping,  to  open  the  upper  sash 
and  close  the  doors  leading  to  the  interior  of  the  house, 
so  that  the  dust  may  not  be  wafted  into  other  parts  of 
the  house.  Dust  should  be  removed  by  means  of 
damp  cloths,  or  when  articles  are  liable  to  be  injured 
a  dry  dusting  cloth  should  be  chosen.  Feather 
dusters  are  useless  as  they   simply  displace  the  dust. 

Heating. — The  necessity  for  artificial  heat  whenever 
the  temperature  falls  below  70°  F.,  notwithstanding 
the  fact  that  a  healthy  adult  gives  off  hourly  eighty- 
eight  heat  units,  is  fully  recognized,  and  hygiene  re- 
quires that  this  artificial  heat  should  be  supplied  as  uni- 
formly as  possible,  and  that  the  air  of  habitations,  in- 
stead of  being  vitiated  by  the  products  of  combustion, 
should  be  improved  by  the  heating  apparatus. 

Fuel. — For  this  purpose  materials  containing  car- 
bon and  hydrogen,  one  gram  of  which  is  capable  of 
evolving  during  combustion  respectively  8,080  and 
34,462  small  calories,  are  used.  Putzey's  estimates  of 
the  heating  value  of  various  kinds  of  fuel  are  as  follows : 

Fuel.  Fuel  value  of  one 

kilogram. 

Dry  wood 3,600  calories. 

Lignite 4,180  calo 

Coke 6,000  calories 

Charcoal 7,000 

Bituminous  coal 7,500 

Anthracite 8,000 

Petroleum 17,176 

Illuminating  gas  per  cubic  meter 7,700 

Of  the  foregoing  fuels,  white  ash,  Lehigh  anthracite 
coal,  and  gas  unquestionably  permit  of  the  most  com- 
plete and  ready  oxida- 
tion of  the  carbon  and 
I       hydrogen,    which    ele- 
ments supply  the  heat. 
The      products      of 
combustion  are  chiefly 
carbonic    acid     and 
water,    although    sul- 
phurous    vapors    and 
arsenical    fumes    may 
be  evolved  in  the  com- 
bustion of  min- 
eral coal.     If  the 
amount  of  oxy- 
gen    is     insuffi- 
cient    for     free 
combustion,  car- 
bon     monoxide. 
line    particles   of 
carbon      in     the 
form     of      soot, 
tarry       matters, 


Fig.  3267. — Jackson's  Ventilating  Grate, 
Back  View.  The  outer  casing  is  cut  away 
to  show  space  and  surface  for  warming  the 
incoming  air. 
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and  carbureted  hydrogen  also  escape.  The  smoke 
under  such  circumstances  is  therefore  a  mixture  of 
C,  CO,  C02,  H.O,  C2H2  and  may  also  contain  sulphur- 
ous and  arsenical  vapors. 

Rooms  may  be  wanned  separately  by  stoves  or 
fireplaces;  this  is  called  local  heating  in  contradistinc- 
tion to  the  system  of  central  In  ating  in  which  the  heat 
is  supplied  to  a  number  of  rooms  or  the  entire  building 
from  a  central  plant.  The  latter  system  offers  so 
many  advantages  that  it  is  rapidly  superseding  every 
other  method,  at  least  in  cities.  The  majority  of 
houses  in  rural  districts,  however,  are  still  warmed  by 
open  fireplaces  and  stoves.  Fireplaces  are  niches  in 
the  chimney  supplied  with  grates  in  which  combustion 
may  be  maintained  and  the  products  are  rapidly 
carried  off  through  the  chimney.  The  room  in  this 
instance  is  warmed  by  radiant  heat,  which  means  the 
passage  of  heat  from  warm  bodies  to  cold  ones  without 
raising  the  temperature  of  the  intervening  air  directly ; 
the  latter  is  warmed  by  convection  from  heated  ob- 
jects. A  uniform  temperature  cannot  be  maintained 
by  the  exclusive  use  of  an  open  grate,  and  though  a 
t  excellent  ventilating  apparatus,  it  is  too  power- 
ful to  be  wholesome,  and  is  moreover  quite  wasteful, 
as  five-eighths  of  the  heat  generated  escapes  up  the 
chimney.  The  latter  objection  has  been  in  a  measure 
overcome  by  controlling  the  chimney  current  by  a 
damper,  and  by  a  proper  construction  of  the  grate 
and  (ire-back.  For  this  purpose  the  width  of  the  grate 
at  the  back  should  be  about  one-third  the  width  in 
front  facing  the  room;  the  side  walls  of  the  fireplace 
should  join  the  back  at  an  angle  of  45°,  so  as  to  throw 
as  many  heat  rays  into  the  room  as  possible,  and  for 
similar  reasons  the  whole  fireplace  should  be  brought 
well  forward  into  the  room.  To  minimize  these  de- 
fects, an  attempt  has  been  made  to  surround  the 
back  and  sides  with  a  space  through  which  air  can 
pass  and  be  warmed  by  the  heat  that  would  be  other- 
wise wasted.  An  opening  below  admits  fresh  air  into 
the  chamber  where  it  is  warmed  and  escapes  through 
an  opening  into  the  room  above  the  mantle.  The 
Galton,  Jackson,  and  Joly  ventilating  grates  are  all 
constructed  on  this  principle  and  are  therefore  a 
combination  of  hot  air  and  fireplace  heating  (Fig.  3267). 

Stoves. — There  are  an  endless  variety  of  stoves  in 
which  either  wood,  coal,  gas,  or  petroleum  is  burned, 
and  in  which  from  seventy-five  to  eighty  per  cent,  of 
the  fuel  is  utilized.  The  great  distinction  between 
these  and  open  fireplaces  is,  that  the  air  which  comes 
in  contact  with  the  heated  surface  is  wrarmed,  expands 
and  rises,  and  its  place  is  taken  by  a  cold  air;  the  cur- 
rents of  warm  air  circulate  through  the  room  and  thus 
every  part  is  equally  heated.  It  is  essentially  heating 
by  convection,  although  a  very  hot  stove  also  supplies 
radiant  heat.  Stoves  are  made  of  wrought  or  cast 
iron,  terra-eotta,  porcelain,  and  soapstone;  some  are 
ordinary  closed  stoves,  while  in  others  provisions  are 
made  for  the  admission  of  fresh  air  from  without, 
which  is  made  to  circulate  through  the  stove  without 
coming  in  contact  with  the  products  of  combustion, 
and  after  being  thus  heated  passes  into  the  same  room 
or  the  room  above,  as  in  our  latrobes,  ventilating 
grates,  or  the  "Cortland  Howe"  ventilating  stove 
(Fig.  3208).  The  principle  of  introducing  fresh  air 
can  be  applied  by  running  a  fresh-air  inlet  from  the 
outer  air  to  near  the  stove  and  surrounding  the  latter 
with  a  jacket  of  sheet  iron.  The  inlet  and  correspond- 
ing outlets  should  be  provided  with  registers.  This  is 
a  very  simple  and  effective  method  of  heating  and 
ventilating  rural  school-houses,  etc. 

Since  gas,  both  natural  and  artificial,  and  coal  oil  are 
being  extensively  used  in  this  country  for  both  heating 
and  cooking  purposes,  it  may  be  stated  on  the  author- 
ity of  Notter  and  Firth  that  when  the  combustion  is 
complete  and  the  ventilation  is  sufficient  for  the  ordi- 
nary effects  of  respiration,  their  use  is  not  fraught  with 
danger,  especially  when  the  more  improved  patterns 
are  used;  but  the  larger  oil  stoves  or  gas  stoves  which 
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burn  more  than  five  feel  of  gas  per  hour  should  be 
provided  with  a  flue  to  carry  the  products  of  combus- 
tion to  the  outer  air.  The  ordinary  gas  logs  set  in 
fireplaces  or  the  "Backus  portable  steam  radiator" 
for  use  with  gas  should  be  preferred. 

Heating  by  electricity  possesses  many  hygienic 
advantages,  but  the  excessive  cost  has  so  far  pre\  ented 
its  general  use. 

Central  lit  ating  (Furnace). — A  very  common  way  to 
heat  a  modern  dwelling  is  by  the  use  of  a  hot-air 
furnace.  In  such  a  case  a  furnace  of  wrought  or  cast 
iron,  brick,  or  soapstone  is  placed  in  the  basement; 
the  fresh  air  is  admitted  from  a  pure  source  into  the 
air  chamber  of  the  furnace  where  it  is  heated  and 
conducted  in  suitable-sized  flues  to  the  different  rooms 
and  stories  of  the  house.  According  to  Mr.  Edward 
S.  Philbrick  ("Man.  of  Pract.  Hygiene,"  Parkes, 
vol.  ii.,  p.  466)  a  house  of  more  than  three  large  rooms 
on  the  floor,  however,  with  one  or  two  stories  of  rooms 


-    - 


Fig.  32GS. — Cortland  Howe  Ventilating  Stove. 

above,  cannot  be  properly  heated  by  only  one  furnace, 
as  it  is  almost  impossible  to  conduct  heated  air  more 
than  six  feet  in  a  horizontal  direction  from  the  furnace. 
The  combination  of  a  hot-air  furnace  and  open  fire- 
places is  believed  to  be  a  very  sanitary  way  of  heating 
a  house,  because  provision  is  thus  made  for  both  inlets 
and  outlets;  the  latter  are  often  neglected.  An  open 
fireplace  is  very  useful  in  drawing  the  furnace  air  down 
to  its  own  level,  even  when  there  is  no  fire  actually 
burning  in  it.  All  this  is  important,  for  apart  from 
the  fact  that  outlets  should  exist  for  the  extraction  of 
foul  air,  a  windward  room  cannot  be  warmed  because 
the  furnace  air  refuses  to  enter  it,  and  the  remedy  for 
this  is  the  open  fireplace,  or  the  opening  of  a  chimney 
flue  in  the  room.  Flues  from  furnaces  supplying 
different  rooms  sometimes  draw  against  each  other, 
especially  when  the  supply  from  below  is  not  sufficient 
for  all,  either  because  the  fresh-air  inlet  to  the  furnace 
is  too  small  or  because  after  it  has  been  closed  in  a 
high  wind  some  one  has  neglected  to  open  it  (Lincoln). 
The  objection  to  cast-iron  furnaces  and  stoves  is 
that  carbon  monoxide  is  believed  to  escape  through 
invisible  fissures  in  the  plates  and  joints,  while  the 
heaters  are  red  hot,  hence  they  should  be  lined  with 
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fire  clay;  this  precaution  may  not  be  necessary  for 
the  escape  of  CO,  but  it  will  improve  at  least  the 
quality  of  the  heat.  Soapstone  furnaces  are  highly 
praised  for  the  quality  of  the  air.  Since  all  heaters 
are  liable  to  render  the  air  too  hot  and  dry,  they  should 
be  provided  with  evaporating  pans,  or,  what  is  even 
preferable,  a  larger  heater  should  be  chosen  which 
will  not  have  to  be  raised  to  red  heat  and  at  the  same 
time  furnishes  a  larger  volume  of  warmed  air.  If  the 
air  is  superheated  it  acquires  a  peculiar  odor,  prob- 
ably due  to  charring  of  organic  dust;  it  also  becomes 
very  dry  and  irritating  owing  to  the  rapid  evaporation 
of  moisture  from  the  skin  and  mucous  surfaces  of  the 
inmates  and  in  consequence  is  apt  to  produce  ca- 
tarrhal affections,  conditions  which  do  not  prevail 
when  the  temperature  of  the  air  delivered  does  not 
exceed  90°.  There  is  also  economy  in  running  a  stove 
or  furnace  at  a  moderate  rate,  and  a  reserve  should 
be  on  hand  for  colder  weather.  Dampers  in  the 
smoke  flues  of  heaters  are  always  objectionable;  the 
joints  of  the  draft  doors  should  be  so  good  that  open- 
ing and  closing  of  the  lower  door  or  slides  is  sufficient, 
but  as  long  as  these  joints  are  imperfect,  dampers 
are  a  necessary  evil. 

Heating  by 
Hot  Water  is 
now  extensively 
employed  in 
modern  homes 
and  even  larger 
buildings  and 
while  more  ex- 
pensive than  the 
first  cost  of  hot- 
air  furnaces  and 
a  steam-heating 
plant,  the  ad- 
vantages are 
economy  in  fuel 
and  repairs;  the 
temperature  is 
more  agreeable 
and  the  heat 
can  be  conduct- 
ed to  any  de- 
sired point.  In 
the  low-pressure 
system  the  pipes 
are  connected  (^|'  "f"'JJm 
with  a  boiler  so 
as  to  provide  a 
complete  circu- 
lation. The  ex- 
act size  of  the 
pipes  depends 
upon  the 
amount  of  ra- 
diation necessary;  one  square  inch  of  area  in  the 
mains  supplies  100  square  feet  of  radiation  provided 
the  length  of  the  run  does  not  exceed  100  lineal  feet. 
The  water  after  being  heated  circulates  through  the 
pipes  and  radiators,  parts  with  more  or  less  of  its  heat 
to  the  air,  i.e.  heating  by  convection,  and  returns  to 
the  boiler.  At  the  highest  point  of  the  system  an  ex- 
pansion tank  is  placed,  and  a  small  escape  pipe  is 
carried  into  the  outer  air  to  give  vent  to  steam  and 
hot  air.  The  water  rarely  ever  attains  a  higher  tem- 
perature at  any  part  of  the  system  than  200°  F. 
(Fig.  3269). 

In  the  high-pressure  system  the  pipes  are  smaller, 
about  one  inch  in  diameter,  but  sufficiently  strong  to 
withstand  the  pressure  incident  to  a  very  high  tem- 
perature, as  from  one-tenth  to  one-sixteenth  of  the 
coils  are  exposed  directly  to  the  heat  of  the  fire.  The 
water  being  completely  enclosed  from  the  outer  air, 
attains  usually  a  temperature  of  300"  F.  and  circu- 
lates more  rapidly;  provision  is  made  for  expansion 
by  larger  pipes  at  the  top  of  the  system.     With  the 


Flo.  3269. — Diagram   of  Low-pressure  Hot- 
water  System.      (Munson.) 


low-pressure  system  thirty-three  square  feet  of  radiat- 
ing surface  for  every  1,000  cubic  feet  are  required  to 
raise  the  temperature  of  the  room  to  70°  F.  at  zero 
weather,  while  with  the  high-pre>.sure  system  aboul 
twelve  square  feet  are  sufficient.  The  volume  of 
water  in  the  high-pressure  system  is  very  much  less 
and  is  heated  therefore  more,  quickly  than  in  the  low- 
pressure  system,  but  it  will  also  cool  more  quickly, 
and  on  the  whole  the  advantages  are  in  favor  of  the 
low-pressure  system,  because  the  temperature  is  more 
uniform  and  there  is  no  danger  from  explosions  or 
superheated  pipes. 

Strum  Healing  is  employed  in  many  public  and  pri- 
vate dwellings  and  the  waste  steam  of  locomotives 
is  utilized  in  the  warming  of  cars,  ships,  and  factories. 
The  methods  have  been  perfected  and  the  danger  from 
explosions  reduced  to  a  minimum;  nevertheless  steam 
plants,  as  well  as  other  central  heating  apparatuses, 
require  careful  planning  and  intelligent  supervision. 
Steam  heat,  like  furnace  heat,  is  apt  to  be  excessive 
in  mild  weather,  but  the  temperature  can  be  regulated 
by  arranging  multiple  coils  or  radiators,  which  can  be 
shut  off  in  sections.  In  every  case  the  caliber  of  the 
radiator  should  be  larger  than  the  supply  pipes  so  as 
to  favor  condensation  and  consequent  liberation  of 
latent  heat.  Provision  must  also  be  made  for  the 
rapid  return  of  the  condensed  vapor  to  the  boiler  by 
means  of  return  pipes,  since  any  obstruction  to  the 
flow  of  the  return  steam  interferes  with  a  free  and  rapid 
circulation  and  causes  not  only  defective  heating  but 
also  a  most  disagreeable  thumping  noise. 

In  connection  with  either  hot  water  or  steam  heat- 
ing, we  recognize  three  methods:  (1)  the  direct;  (2) 
the  indirect;  and  (3)  the  direct-indirect.  In  the  direct 
system,  the  radiators  are  placed  in  the  room  without 
any  special  provisions  for  ventilation;  in  the  indirect 
system,  the  coils  or  radiators  are  placed  in  a  suitable 
chamber  in  the  basement  into  which  fresh  air  is  ad- 
mitted and  from  which  the  heated  air  is  distributed 
to  the  different  rooms  by  suitable  inlets  and  outlets. 
This  plan  answers  very  well  for  ordinary  dwellings, 
but  for  larger  buildings  arrangements  must  be  made 
to  force  the  heated  air  where  wanted,  and  this  is  accom- 
plished by  the  exhaust  system,  or  the  plenum  system. 
In  the  former,  the  air  is  exhausted  by  suction  and 
the  pressure  of  the  atmosphere  is  relied  upon  to  re- 
plenish the  fresh  air,  while  in  the  plenum  system  the 
air  is  forced  into  the  room  by  special  fans,  and  is 
preferable  because  the  purity  and  volume  of  the  air 
can  be  regulated  in  the  manner  already  referred  to 
under  Ventilation.  In  the  direct-indirect  system,  the 
radiators  are  placed  under  the  windows  and  the 
fresh  air  is  admitted  from  behind  them  and  is  warmed 
by  its  passage  over  the  radiators.  The  fresh-air 
inlets  are  controlled  by  a  key  in  the  room  connected 
with  a  register  outside  in  order  to  regulate  the  amount, 
of  fresh  air,  while  the  foul  air  is  discharged  by  suitable 
outlets.  The  air  in  steam-  and  hot-water-heated 
apartments  may  also  become  excessively  dry  and 
evaporating  pans  are  almost  as  essential  as  with  furnace 
heat.  With  automatic  thermoregulators,  it  is  possi- 
ble to  maintain  a  uniform  temperature,  and  on  the 
whole  we  may  conclude  that  the  indirect  and  direct- 
indirect  systems — combining,  as  they  do,  a  central 
system  of  heating  with  proper  ventilation — are  the 
most  sanitary.  The  use  of  steam  gives  perhaps  more 
satisfactory  results  in  cold  climates  than  the  hot  water, 
but  either  method  is  preferable  to  hot-air  furnaces. 

Vacuum  or  Vapor  Healing  is  gaining  favor  of  late. 
It  possesses  some  advantages  over  either  steam  or  hot 
water,  in  that  it  operates  at  practically  hot-water 
temperatures  while  free  from  the  danger  of  leaks  and 
freezing.  The  valves  employed  are  so  constructed  as 
to  permit  regulating  the  amount  of  heat  by  turning 
on  one  or  more  parts,  making  the  control  almost  per- 
fect. This  system  requires  hot-water  radiators  and 
proportionately  large  pipes.  In  all  systems,  the  boiler 
should  have  a  capacity  fifty  per  cent,  in  excess  of  the 
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total  radiating  surface,  to  provide  for  exposed  piping 
and  other  losses.  All  main  and  return  pipes  should 
be  insulated  with  asbestos  sectional  covering.  The 
casings  of  indirect  radiators  should  be  so  constructed 
as  to  give  access  for  cleaning  purposes.  Floor  registers 
should  be  avoided  as  they  act  as  dust  and  germ  traps. 
All  radiating  surfaces  should  be  freed  from  dust  from 
time  to  time. 

Lighting. — Apart  from  the  hygienic  importance  of 
sunlight  on  metabolism  and  its  destructive  effect 
on  germ  life,  every  room,  whether  used  for  dwellings, 
workshops,  schools,  etc.,  should  be  so  well  lighted 
by  windows  that  the  eyes  need  not  be  strained  even 
on  a  cloudy  day. 

Natural  Lighting. — The  area  of  windows,  exclusive 
of  sasli  frames,  should  be  at  least  one-sixth  or  prefer- 
ably one-fifth  of  the  floor  space,  and  in  order  that  the 
light  may  penetrate  the  deeper  portions  of  the  room,  the 
windows  should  almost  reach  to  the  ceil- 
ing. After  providing  the  windows  we 
should,  of  course,  not  shut  out  ninety 
per  cent,  of  the  light  by  blinds  and 
draperies;  but  if  the  light  is  too  glar- 
ing it  may  be  softened  by  white,  cream, 
or  light  gray  shades;  the  color  of  the 
window  panes  should  always  be  per- 
fectly transparent;  plate  glass  possesses 
the  advantage  of  warmth  and  dura- 
bility. The  difficulty  of  securing  a 
sufficient  amount  of  daylight  in  build- 
ings located  on  narrow  streets  sur- 
rounded by  tall  buildings  has  been 
partly  overcome  by  glass  building  blocks 
8X0X2J  inches,  with  an  air  chamber 
in  the  center,  used,  instead  of  brick  or 
stone,  in   connection  with    steel  frame 

Fig.  3270. construction,  but  more  particularly  by 

Welsbach  Burner,  the   introduction  of  prisms,   which  re- 
fract and  diffuse  the  light  throughout 
a   room    that    would    otherwise    be    illuminated   but 
partially  or  not  at  all. 

Artificial  light,  no  matter  how  obtained,  differs  from 
daylight  in  this,  that  it  does  not  furnish  a  pure  white 
light;  the  prevailing  rays  are  red,  yellow,  or  violet, 
and  the  effects  of  a  yellowish-red  or  violet-blue  are 
produced.  Whatever  difference  of  opinion  there  may 
be  as  to  the  color  best  suited  to  our  eyes,  we  knowr  that 
our  vision  is  most  perfect  under  the  influence  of  a 
white  light,  and  this  ought  to  be  a  good  criterion.  One 
of  the  disadvantages  of  all  low-power  illuminants  is 
that  the  light  is  never  as  bright  as  daylight,  involving 
therefore  closer  application  of  the  eyes  and  consequent 
strain  of  the  muscles  of  the  eyeball.  These  remarks 
are  hardly  applicable  to  the  electric  arc-light  and  the 
Welsbach  gas-burner,  the  rays  of  which,  like  the 
direct  solar  rays,  may  indeed  be  so  glaring  as  to  cause 
undue  irritation  of  the  retina.  Another  harmful 
effect  of  artificial  illumination  is  the  unsteady  or  flicker- 
ing character  especially  seen  in  the  electric  arc-light,  and 


which  on  account  of  the  abrupt  changes  is  likely  to  irri- 
tate the  retina;  another  disadvantage  is  that  the  ordin- 
ary illuminants,  except  the  electric  light,  tend  to  vitiate 
the  air  by  the  products  of  combustion  and  also  affect 
the  temperature  and  humidity  of  the  air  by  the  heat 
evolved.  The  requirements  of  a  hygienic  light  an' that 
it  should  be  as  near  as  possible  the  color  of  sunlight 
sufficiently  ample,  but  not  too  glaring  it  should  be 
steady  and  instead  of  deteriorating  the  air,  it  should 
as  far  as  practical  ile  be  utilized  to  improve  the  air;  nor 
should  the  heat  evolved  be  sufficiently  intense  to  be  a 
source  of  discomfort  to  the  inmates  in  warm  weather. 
From  this  table  we  conclude  that  the  electric  arc- 
light  is  the  most  suitable  for  lighting  of  streets  and 
squares,  the  electric  incandescent  light  is  best  suited 
for  public  and  private  habitations,  including  also 
steamers,  powder  works,  and  mines.  The  modern 
tendency  is  toward  the  use  of  tungsten  filament 
incandescent  lamps  even  for  street  lighting;  indeed 
the  tungsten  filaments  have  practically  superseded 
those  made  of  carbon  for  all  purposes,  possessing  a 
far  greater  efficiency  and  life.  Frosted  globes  have 
done  much  to  promote  eye  comfort  and  refracting 
shades  help  not  only  in  this  respect,  but  where  general 
lighting  is  the  object,  they  vastly  increase  the  effi- 
ciency. Indirect  lighting  in  which  lamps  are  practi- 
cally out  of  sight  is  now  being  installed  in  modern 
buildings.  Nothing  can  be  said  in 
favor  of  the  mercurial  vapor  lamps. 
Electric  light  is  in  every  way 
superior  to  gas  and  other  illumi- 
nants, because  there  is  no  danger 
from  fire,  there  are  no  products  of 
combustion,  hence  no  pollution  of 
the  air,  nor  are  the  temperature 
and  humidity  of  the  rooms  affected 
X --..  X  t°  an.v  perceptible  extent.     These 

advantages  over  gas  are  of  special 
importance     to    the    inmates    of 
buildings  where    the   question   of 
F  J  fresh  air  and  temperature  play  an 

important  role;  hence  we  can 
readily  appreciate  that  banks  and 
other  institutions  find  it  profitable 
to  install  electric  lighting  and  save  time  and  money 
by  the  prevention  of  sickness  among  their  employees. 
Next  to  electric  light,  gas,  especially  in  connection 
with  a  Welsbach  or  Siemens  burner,  offers  the 
next  best  choice;  in  the  absence  of  either,  kerosene 
with  a  high  flashing  point  should  be  preferred  over 
other  illuminants.  The  flashing  point  of  refined 
kerosene  is  defined  as  the  temperature  at  which  a 
sample  of  the  oil  commences  to  give  off  sensible 
quantities  of  inflammable  vapor;  it  should  not  be  less 
than  100°  F.  and  a  higher  temperature  is  preferable. 
Explosions  may  occur  in  lamps  when  from  any  cause 
the  vapor  over  the  oil  in  the  reservoir  is  lighted  by  a 
spark,  as  for  instance  when  the  wick  is  extinguished 
by  blowing  over  the  chimney  and  is  then  depressed  in 


Fig.     3271.— Burner 
for  Acetylene  Gas. 


Summary  of  the  Most  Important  Characteristics  of  Illcmin'ating  Agents. 
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a  smouldering  condition,  or  when  the  chimney  of  the 
lamp  is  broken.  The  Duplex  and  Rochester  burners 
and  many  other  safety  lamps  have  reduced  these 
dangers  to  a  minimum.  The  dangers  from  the  inhala- 
tion of  carbon  monoxide  from  leaky  gas  fixtures  and 
pipes  are  especially  great  when  water  gas  is  used,  on 
account  of  the  total  absence  of  odor.  Of  the  various 
gas  burners,  the  Welsbach,  Siemens,  and  the  Argand 
Burner  enclosed  with  a  chimney  give  the  best  results. 
Wherever  practica- 
b  1  e,  provisions 
should  be  made  to 
cany  the  products  of 
combustion  to  the 
outer  air,  and  there- 
by aid  in  ventilation. 

Acetylene  gas  has 
come  into  deserved 
prominence,  and  as 
it  can  be  generated 
for  individual  house- 
holds at  a  compara- 
tively slight  expense, 
and  has  many  excel- 
lent qualities,  it  is 
likely  to  grow  in 
favor.  It  is  a  color- 
less gas  (C2H>)  with 
a  characteristic  un- 
pleasant odor,  and  is 
generated  by  the  ac- 
tion of  water  on  cal- 
cium carbide  in  a 
special  apparatus, 
suited  to  the  needs  of 
the  respective  house- 
hold or  building. 
Munson  states  that 
"a  generator  capable  of  thoroughly  lighting  a  company 
barrack  or  post  hospital  need  not  be  greater  in  bulk 
than  a  hogshead,  while  one  capable  of  illuminating 
a  field  hospital  of  one  hundred  beds  is  not  larger  than 
a  pork  barrel."  The  gas  requires  a  special  tip  and 
combustion  is  usually  complete  (Figs.  3271  and  3272). 

Gasolene  gas. — Gas  may  also  be  made  from  gasolene 
for  isolated  lighting  systems,  and  since  it  can  be  used 
for  cooking  purposes  by  means  of  an  ordinary  gas 


Fig.  3272. — Large  Size  Acetyleni 
Generator.      (Munson.) 


Fig.  3273. — The  Langham  Water  Closet.     Flush  valve  concealed 
in  the  bowl;  no  flush  tank  necessary. 

range,  it  is  specially  adapted  for  country  homes,  sin- 
gle houses,  or  even  groups  of  houses.  The  gas  is  a 
mixture  of  gasolene  vapor  and  air,  generated  and  forced 
through  the  system  by  means  of  a  special  apparatus  re- 
quiring no  expert  skill  but  simply  ordinary  precautions 
as  the  gas  is  very  inflammable. 

Water  Supply! — In  cities  furnished  with   a  general 
water   supply,   every   floor  should    be  provided  with 


water  taps,  not  only  for  convenience,  but  also  for 
greater  safety  in  case  of  lire.  In  isolated  lion  •  ■■  and 
villages  without  a  general  supply  or  a  good  spring  in 
the  vicinity,  our  choice  will  be  between  artesian, 
cistern,  and  well  water.  On  general  principles  pref- 
erence should  be  given  to  artesian  water.  (See  article 
on  Water.) 


Fig.  3274. — The  Torrent. i  Water  Closet;  Bhowing  in  Bections  the 
syphon-action  wash-down  bowl. 

There  are  a  number  of  pneumatic  water-supply 
systems  run  by  hand,  gasolene,  or  other  power,  which 
pump  the  water  either  directly  from  the  source  of 
supply  to  the  fixtures,  or  to  a  roof-tank  from  which 
the  water  gravitates  to  all  parts  of  the  house.  The 
hydraulic  ram  is  a  simple  and  efficient  device,  where 
water  is  taken  from  a  stream  with  sufficient  fall  to 


"3T 


BBIfiSl 


Flo.    3275. — The  Beekman  Water  Closet;  showing  siphon-jet 
bowl  with  push-button  and  low-down  vitreous  flushing  tank. 

generate  the  necessary  power.  These  together  with 
a  proper  system  of  sewage  disposal  make  modern 
plumbing  fixtures  available  even  in  the  most  isolated 
localities. 

Hous<  Drainage  and  Plumbing. — The  object  of  the 
sanitarian  is  to  remove  as  rapidly  as  possible  all 
excreta  and  refuse  from  habitations,  so  that  the  air, 
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water,  and  soil  shall  not  be  made  impure.  In  any 
event  the  accumulation  must  in  no  case  extend  so  far 
as  to  render  putrefactive  changes  evident  to  our 
sense  of  smell.  The  various  methods  for  the  disposal 
of  sewage  will  be  discussed  in  a  separate  article,  and 
for  the  present  suffice  it  to  say  that  the  most  sanitary 
disposal  of  the  flow  from  the  water-closets  and  house 
drains  is  a  well-devised  system  of  sewerage,  which  will 
convey  the  flow  on  to  farm  lands  or  into  the  sea,  but, 
not  into  watercourses  used  for  drinking  purposes. 
Since  this  system  begins  in  the  habitations,  we  shall 
point  out  the  requisites  for  proper  house  drainage, 
which  consist  of: 


Fig.  3276. — Diagram  Illustrating  Sewage  Plumbing  of  a  House 

1.  Water-closets  and  urinals,  wash  basins,  bath 
and  laundry  tubs,  and  kitchen  and  slop  sinks; 

2.  A  perpendicular  system  of  piping  known  as  the 
soil  and  vent  pipes  with  which  the  foregoing  fixtures 
are  connected;  and 

3.  The  house  drain,  which  is  a  nearly  horizontal 
pipe,  and  connects  the  system  with  the  sewer  or 
cesspool. 

Water-closets  consist  of  an  apparatus  for  the  recep- 
tion of  excreta  connected  with  the  soil  pipe  by  means 
of  a  suitable  trap,  and  in  which  water  is  used  to  dilute 
and  carry  away  the  excrement  deposited  therein. 
They  are  classified  tinder  two  heads,  viz.,  those 
having  a  trap  integral  in  the  ware  and  a  water  surface 
for  the  reception  of  excreta  and  those  without  the 
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trap  and  having  no  water  surface.  Under  the  first 
head  are  included  the  "wash-out,"  "wash-down,"  and 
"siphon-jet"  types  of  water-closet  bowls.  Coder 
the  second  head  are  embraced  the  plain  or  "dry" 
hoppers.  The  pan,  valve,  and  plunger  closets  are 
now  obsolete.  The  plain  or  dry  hoppers  are  used  only 
where  subject  to  freezing  and  are  unsanitary  for 
indoor  use.  The  wash-out  bowls  and  trapless  hoppers 
are  prohibited  in  modern  plumbing  regulations.  The 
siphon  action  wash-down  and  siphon-jet  bowls  are 
now  generally  used;  the  latter  being  more  sanitary, 
because  its  construction  allows  a  larger  water  surface, 
deeper  water  seal,  and  also  quicker  removal  of  the 
contents  of  the  bowl  when  flushed. 
The  wash-down  bowls  have  a 
smaller  water  area  and  having  no 
jet  are  sluggish  in  operation.  Vit- 
reous glazed  earthenware  is  the 
material  of  which  almost  all  water- 
closet  bowls  are  now  made.  Enam- 
eled iron  closet  bowls  are  prohib- 
ited for  interior  use  by  the  plumb- 
ing regulations  of  almost  every 
municipality.  These  fixtures  are 
designed  to  give  a  quick  and  power- 
ful Hush  of  five  or  six  gallons  of 
water  from  a  tank,  the  siphon  of 
which  is  set  in  action  by  pulling 
a  chain  or  lever  or  by  a  push-but- 
ton  device.  Flush  \  alves  of  a  lever 
or  push-button  type,  which  operate 
directly  from  the  water  supply 
without  the  use  of  flush  tanks,  are 
also  in  use.  The  low  type  of  tank 
has  replaced  the  high  pattern  and 
vitreous  earthenware  material  is 
used  in  lieu  of  the  copper-lined 
wood  or  enameled  iron  tanks.  The 
connection  between  the  closet  bowl 
and  the  waste  pipe  at  the  floor  is 
important.  The  putty  joint  or 
common  rubber  gasket  are  unsafe 
isfactory  on  account  of  their  liabil- 
ity to  leak  and  should  give  way  to 
screw-joint  connections.  The 
manufacturers  of  plumbing  fixtures, 
notably-  the  J.  L.  Mottlron  Works 
of  New  York  City,  have  made 
great  progress  in  this  field  and  have 
produced  a  variety  of  styles  which 
are  verv  satisfactorv.  (Figs.  3273, 
3274,  3275,  also  Figs.  3276  and 
3277.) 

Where  the  closet  is  to  be  used  by- 
servants,  children,  and  others  likely 
to  neglect  the  flushing,  the  water 
supply  should  be  made  automatic 
and  metered  by  a  waste-saving  ap- 
paratus.   The  weight  of  the  person 
on  the  seat  is  thus  made  to  lift  the 
valve  in  the   bottom  of  the  tank 
and  when  the  weight  is  removed 
this  valve    closes    and   the  lower 
one  opens,   discharging  an  ample  and  definite  quan- 
tity of  water  with  a  sudden  dash,   which  expels  all 
the  contents  of  the  hopper  below.     For  public  build- 
ings,   copious    flushes    discharged    at  regular    inter- 
vals from  automatic  flush  tanks  are  to  be  preferred. 
No     system     should     be    tolerated     which    provides 
for  the  flushing  of  the  hoppers  by  faucets,  for  even 
if  allowed  to  run  for  half  the  time  with  the  conse- 
quent waste  of  water,  it  does  not  flush  the  system  like 
the  sudden  dash  of  five  or  six  gallons  of  water.    De- 
vices such  as  the  "  Flushonette, "  or  the  closet  illus- 
trated in  Fig.  3273   are  not  open  to  this  objection 
if  the  flush  pipes  are  of  sufficient  size  and  operate 
either  with  the  full  pressure  in  the  street  mains  or 
from  a  tank  at  the  top  of  the  house,  arranged  to  fill 
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Fig.  3277. — Bathroom  "Plaza.1 
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Fig.    3278. 


automatically.      These   de- 
vices can  be  set  to  flush  with 
any     desired     quantity    of 
water. 

Water-closets  whenever 
practicable  should  be  locat- 
ed in  a  separate  rejoin  from 
the  bath-room,  and  prefer 
ably  in  a  special  projection 
connected  with  the  house 
by  a  well-ventilated  lobbj  ; 
the  compartment  should  be 
provided  with  a  window  and 
other  outlets,  so  that  the 
air  may  find  a  ready  exit 
without  contaminating  t ho 
air  of  adjoining  rooms.  The 
exhaust  flue  already  referred 
to  (Fig.  3203),  and  heated 
by  either  an  aspiration  coil 
gas  jet  or  lamp,  is  especi- 
ally indicated  in  rooms  used 
for  water-closets.  Each 
floor  of  the  house,  if  great 
convenience  is  desired, 
should  have  such  a  room 
and  an  adjoining  room  large 
enough  for  the  bathtub, 
lavatories,  slop  sinks,  etc. 
(See  plans  on  page  338.) 

Simplicity  of  the  drain 
age  system  is  of  the  utmost 
importance ;  hence  all  the  fix- 
tures necessary  for  the  com- 
fort of  the  inmates  of  the  house  should  be  placed  in  close 
proximity  to  the  soil  pipe,  drained  and  trapped  sepa- 
rately into  the  soil  pipe.  An  error  frequently  made  is 
to  connect  a  wash  bowl  waste  with  a  water-cioset  trap 
several  feet  distant  by  a  pipe  under  the  floor,  difficult 
of  access  and  so  nearly  horizontal  as  to  insure  its  being 
soon  filled  with  a  deposit  of  slimy  filth.  This,  like  the 
scattering  of  fixtures  all  over  the  house,  is  very  objec- 
tionable. When  it  becomes  necessary  by  reason  of 
inability  to  place  the  required  number  of  fittings  in  the 
soil  pipe  at  any  point,  the  fixture  should  be  so  located  as 
to  insure  a  short  run  and  ample  fall  for  the  waste  pipes. 
The  lead  bends  connecting  water-closets  with  the  "soil 
stack"  should  weigh  not  less  than  eight  pounds  per 
lineal  foot.  A  well-planned,  moderate-sized  house  will 
show  all  the  bath-rooms,  water-closets,  pantry,  kitchen, 
and  laundry  fixtures  directly  above  one  another  and 
in  close  proximity  to  the  soil  pipe;  that  is  to  say,  the 
rooms  used  for  servants'  bath-room  and  laundry  in 
the  basement  should  correspond  with  the  kitchen  and 
pantry  on  the  first  floor,  and  the  toilet  rooms  and 
water-closets  on  the  upper  floors.  (See  the  diagram 
shown  in  Fig.  3276.)  All  the  plumbing  should  be 
exposed,  and  since  the  introduction  of  nickel-plated 
pipes,  the  various  fixtures  present  a  very  attractive 
appearance.  Copper-lined  wooden  bathtubs  and 
encased  wash  bowls  and  water-closets  have  given  way 
to  open  elegant  and  durable  fixtures  of  porcelain  or 
enameled  iron.  The  ordinary  water-closet  with 
hinged  seat  can  be  used  for  a  urinal.  Bathtubs  built 
one  inch  into  the  floor  and  into  rear  end  and  side 
walls  are  the  most  sanitary  type  and  are  coming  into 
general  use,  since  they  obviate  the  spaces  under  and 
around  the  tub  in  which  dirt  is  liable  to  accumulate. 
The  tendency  in  the  production  of  plumbing  fixtures 
is  also  to  minimize,  as  far  as  practicable,  the  amount 
of  nickel  and  brass  piping.  See  illustration  (Fig. 
3277)  of  a  bath-room  as  provided  throughout  the 
Plaza  Hotel,  New  York  City.  The  bathrooms  and 
other  rooms  containing  plumbing  should  have  an 
impermeable  floor,  such  as  the  "granito"  floor  al- 
ready referred  to,  while  tile  or  adamant  walls  are  also 
desirable. 

Urinals   should  always  be  of  some  non-corrosive 
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material,  such  as  china,  toneware,  or  slate;  public 
urinals  should  be  provided  with  automatic  Hushing 
tanks  or  a  "flush-down  pray"  (Fig.  3278)  and  an 
impermeable  floor  -loping  toward  a  gutter  which 
discharges  into  a  siphon  trap  connected  with  the  soil 
pipe. 

Kitchen,  pantry,  slop  sinks,  and  laundry  tubs  are 
usually  made  of  earthenware,  porcelain,  slate,  soap- 
stone,  or  iron — galvanized  or  enameled,  and  are  pro- 
tected with  a  strainer  to  keep  the  large  foreign  bodies 
from  obstructing  the  pipes.  Whenever  the  kitchen 
and  pantry  drains  cannot  be  provided  with  a  very 
rapid  fall,' the  congealing  of  the  grease  is  likely  to 
form  a  deposit  on  the  inside  of  the  pipe  which  often 
obstructs  it  entirely.  To  remedy  this  condition, 
which  will  arise  no  matter  how  large  the'  drain  pipe, 
tin-  drain  should  be  Hushed  with  a  hot  four-per-cent. 
solution  of  caustic  potash  or  soda  several  times  a  week, 
or  what  is  far  better,  so-called  ''grease  interceptors" 
are  placed  as  near  the  sinks  as  possible.  These  devices 
consist  of  cast-iron  fixtures  holding  several  gallons  of 
water  which  is  cooled  by  an  integral  outer  chamber 
through  which  the  cold  water  supply  to  the  sink  passes. 
The  grease  congeals  in  these  traps,  which  have  easily 
removable  covers  so  that  the  accumulations  may  be 
readily  extracted.     (See  Fig.  3279.) 

SoilPipes. — The  soil  pipe  forms  a  vertical  stack  inside 
of  the  building,  extending  from  the  house  drain 
through  the  roof  where  it  should  terminate  ten  feet 
away  from  all  windows  and  chimneys.  The  soil  pipe 
receives  the  sewage  from  the  water-closets  and  the 
waste  water  from  all  other  fixtures;  it  should  never  be 
less  than  four  inches  in  diameter,  made  of  wrought 
or  cast  iron  and  painted  with  a  coat  of  tar  within  and 
without.  Special  rules  are  laid  down  for  the  con- 
struction of  the  joints  between  the  different  lengths; 
they  may  be  screwed  together,  or  what  is  more  com- 
mon caulked  with  oakum  and  lead  and  Spence's 
metal.  Screw  joints  are  preferable.  In  any  event 
they  must  be  air-  and  water-tight  and  free  from  all 
defects.     It  is  important  to  see  that  the  soil  pipe, 


Flo.   3279. — Cam  Section  of  the  Tricker  Improved  Grease  Trap. 

where  it  connects  with  the  house  drain,  has  a  sub- 
stantial brick  or  cement  foundation  and  is  properly 
staved,  for  if  not  properly  secured  it  may,  during  the 
settlement  of  the  walls,  strain  one  or  more  of  the  con- 
necting  joints  and  produce  mischief  by  leakage.  The 
connection  between  the  soil  pipe  and  house  drain 
should  be  made  by  means  of  a  rounded  elbow  and  not 
by  an  abrupt  right  angle  (Fig.  3280).  At  this  junction 
a  screw  plug  should  be  inserted  for  inspection  and 
cleaning,  as  obstructions  are  most  likely  to  occur  at 
this  point. 

Trap*   iiml   Ventilation    of  Sail  Pijirs. — It  will   be 
readily   understood   that  if  the  fixtures  were  simply 
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Fig.  .(280. —  Method  of  Conn* 
Soil  Pipe  with  House  Drain. 


Fia.  32S1. — Ven- 
ted Trap. 


connected  by  means  of  ordinary  drain  pipes  to  the  soil 
pipe,  the  air  of  the  house  would  certainly  be  contami- 
nated by  sewer  air  and  the  more  objectionable  emana- 
tions from  the  soil  and  house  drains, 
which  are  constantly  coated  with  a 
slimy  putrescible  mass,  giving  rise 
to  dangerous  and  offensive  ga  i 

When  houses  are  artificially  heated, 
this  tendency  is  increased  by  the  di- 
minished density  of  the  air  within  the 
house,  causing  slight 
inward  pressure 
through  all  existing 
openings  and  fis 
sures.  The  remedy 
consists,  first,  in  the 
use  of  traps  which 
are  certain  appli- 
ances so  constructed  as  to  form  a  water  seal  of  at  least 
three-quarters  of  an  inch,  standing  above  the  highest 
level  of  water  in  the  curve  of  the  trap.  This  water 
seal  prevents  the  back  flow  of  gases.  There  are  an 
endless  variety  of  traps  in  the  mar- 
ket, such  as  the  siphon,  "Sanitas," 
midfeather  trap,  bell  traps,  etc. 
3281  to  3287),  but  of  these  Figs.  3281, 
3282,  and  3285  are  the  simplest  and 
best,  because  there  are  no  corners  or 
angles  for  the  accumulation  of  filth 
and  the  whole  curve  is  always  full  of 
water.  The  water  seal  may  be  broken 
by  evaporation  when  the  fixture  is 
not  in  constant  use;  this  in  warm 
weather  may  occur  within  a  few  days, 
and  to  reduce  the  danger  to  a  mini- 
mum Mr.  Putman  invented  the  "San- 
itas trap"  which  has  given  excellent  results.  Evap- 
oration may  also  be  prevented  in  unoccupied  houses 
by  ]iouring  a  little  oil  into  the  fixtures.  It  is  desir- 
able, however,  upon  reoccupying  a  vacated  house,  to 
flush  all  the  fixtures  with 
water  and  air  the  rooms, 
as  sewer  air  may  have  en- 
tered. Traps  may  also 
be  emptied  by  reason  of 
capillary  attraction,  which 
is  liable  to  occur  if  bits  of 
rags  and  strings  have 
found  access  to  the  trap, 
and  one  end  passes  over 
the  further  bend  while  the 
other  remains  immersed 
in  the  water  seal.  The 
water  seal  may  also  be 
broken  by  a  heavy  rush 
of  water  through  it  from 
its  own  fixture  ("siphonage  by  momentum")  or  by  a 
rush  down  the  soil  pipe  from  a  fixture  on  a  higher 
level,  "siphonage  by  suction."  As  an  additional  pre- 
caution against  the  entrance  of  sewer  air  and  the  un- 
sealing of  traps  by  sipho- 
Bw  ,^a  BrM^^fc^  nage,  the  soil  pipe  and 
m^^^fil  iF«Ja$§j§te  traps  should  lie  venti- 
^^^r  IfcaaF^r       lated.      For  this  purpose 

the  soil  pipe  is  carried 
above  the  roof,  the  top 
being  left  open  or  pro- 
tected with  wire  gauze 
or  a  ventilating  cap,  and 
fresh  air  is  freely  admit- 
ted to  the  drain  at  its 
lower  end  on  the  house 
side  of  the  trap  which 
connects  the  system  with 
the  sewer.  The  fresh-air 
inlet  terminates  above 
the  ground  and  must  be  protected  by  a  perforated 
iron  plate  to  prevent  obstruction,  and  as  the  air  of 


Fig.  3282. — "Sanitas"    Non- 
vented  Trap. 
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Fia.  32S3. — A,  Running  trap 
B,  S-trap;  C,  three-quarter  S-trap 
D,  half  S-trap. 
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Fia.  3284.— 
Bower's  Trap. 


the  house  is  generally  warmer,  a  constant  upward 
current  is  thus  secured,  except  when  the  closet  is 
used,  when  the  current  is  reversed  on  account  of  the 
sudden  rush  of  water  downward 
through  the  pipe.  For  this  latter 
reason  and  on  account  of  the  frequent 
obstructions  placed  in  the  fresh-air 
inlet  by  playing  children  and  the  ob- 
structions found  in  the  running  trap, 
there  has  been  a  disposition  to  aban- 
don the  fresh-air  inlet  and  running 
trap  altogether.  If  the  houses  are 
constructed  of  uniform  height,  as  is 
usually  the  case  in  modern  city  blocks, 
or  if  they  are  isolated  from  each 
other  as  in  suburban  localities,  ema- 
nations from  the  soil  pipe  openings 
cannot  injuriously  affect  the  occu- 
pants of  neighboring  premises. 

That  even  more  radical  opinions  than  those  here 
expressed  are  entertained  by  eminent  sanitary  au- 
thorities is  evidenced  in  a  report  of  the  Sewerage 
Commission  of  the  City  of  Baltimore,  rendered  in 
November,  1896,  by  Messrs.  Rud. 
Hering  and  Samuel  M.  Gray, 
who  say: 

"The  problem  of  sewer  ven- 
tilation resolves  itself  into  a  pro- 
vision for  maintaining  a  direct 
communication  between  the  air 
in  the  sewers  and  the  atmos- 
phere and  in  causing  the  entrance 
of  pure  air  and  its  circulation 
through  the  sewers  to  be  as  free 
as  practicable. 

"The  most  perfect  way  of  ac- 
complishing the  above  conditions 
is  to  ventilate  public  sewers 
through  the  house  drains  and 
soil  pipes  of  the  buildings,  to  omit  the  main  trap 
along  the  house  sewer  which  also  acts  as  a  retainer 
of  foul  matter,  and  to  have  perforations  in  the  man- 
hole covers  of  the  public  sewers. 

"In  this  way  an  abundance  of  air  can  enter  the 
system  not  only  from  the 
outfall,  but  through  the 
manhole  covers  and  circu- 
late through  the  sewers 
and.  out  through  every 
premise  sewer  to  above 
the  roof  of  the  buildings. 

"Such  a  method  of 
ventilation,  however,  re- 
quires that  the  entire 
plumbing  in  the  house  is 
planned  and  constructed 
by  responsible  parties,  so 
that  the  work  will  be  first 

class.  It  is  also  necessary  to  have  the  house  pipes 
tested  after  the  plumbing  is  finished  so  as  to  be  as- 
sured of  tight  joints.  This  method  has  been  tried 
in  several  cities  in  our  country  and  is  the  common 
one  on   the   continent  of  Europe,  but  it  is  not  the 

usual  one  in  our  country, 
for  there  is  in  the  minds  of 
many  a  fear  that  if  the 
public  sewer  should  be 
ventilated  through  the 
soil  pipe  of  their  house, 
some  danger  might  arise 
through  a  leak  in  their 
own  pipes  of  contracting 
a  disease,  the  germs  of 
which    are     supposed    to 


Fia.  3285.—  D-Trap. 
(After  Notter  and 
Firth.) 


Fig.  3286.— Mid-feather 

Trap.     (Notter  and  Firth.)  . 


Fia.  3287.— Bell  Trap. 
(Munson.) 


come  from  the  public  sewer. 

"From  experience  in  our  country  and  in  Europe, 
these  fears  are  not  well  grounded  and  there  are  no 
facts  on  record  to  justify  them.     On  the  other  hand, 


the  advantages  of  a  thorough  draft  through  the  house 
pipes  is  considerable  and  keeps  them  much  cleaner 
than  where  a  trap  is  placed  I iet ween  the  house  and  the 
sewer,  thus  disconnecting  the  two. 

"It  lias  been  said  that  air  coining  out  of  soil  pipes 
below  windows  of  adjoining  houses  might  cause  of- 
fence. Hut  offence  could  also  be  caused  if  there  were 
a  main  trap  and  the  house  pipes  were  fouled,  which 
they  generally  are  not  when  used  for  ventilating  the 
public  sewers." 

There  is  much  to  be  said  in  favor  of  both  sides  of 
the  question  although  the  plumbing  regulations  of 
many  cities  now  make  the  use  of  the  running  trap 
optional. 

The  need  of  draft  through  every  part  of  the  house 
drainage  is  not  the  only  reason,  for,  as  pointed  out  by 
Mr.  Philbriek,  it  is  impossible  to  retain  the  water  seal 
in  the  best  forms  of  traps,  unless  the  atmospheric 
pressure  is  freely  admitted  just  below  the  water  seal. 


MM 


Fia.  3288. —  Main  Trap  and  Air-hole  for  House  Drain. 

The  partial  vacuum  that  follows  a  charge  of  water  as  it 
descends  a  vertical  line  of  pipe  is  such  that  without  a 
free  admission  of  air  below  every  trap,  the  pressure 
on  the  house  side  of  the  trap  would  force  the  water 
through  them  and  leave  them  unsealed.  It  becomes 
necessary,  therefore,  to  apply  branch  vents  to  each 
separate  trap,  for  waste  pipes  more  than  eight  feet  in 
length  and  less  than  four  inches  in  diameter.  These 
vents  should  be  extended  from  the  drain  below  and 
above  the  roof  or  at  least  be  extended  and  connected 
to  the  main  soil  pipe  above  the  highest,  fixture.  Mr. 
Putnam  and  others  insist  that  trap  venting  does  not 
cure  siphonage  and  simply  favors  evaporation  and 
necessarily  increases  the  cost  of  plumbing,  and  to 
overcome  this  fault  and  still  prevent  the  danger  of 
siphonage,  he  prefers  the  "Sanitas  trap." 

Down  spouts  from  the  roof  should  never  be  used  as 
soil  pipes  or  ventilators,  for  apart  from  the  danger  of 
frost  in  certain  climates,  during  heavy  rains,  when 
generally  it  is  most  necessary  to  give  a  safe  exit  on 
account  of  sewer  air  pressure,  they  will  be  absolutely 
useless  as  ventilators  and  foul  air  may  be  forced  into 
the  houses. 

The  house  drain  receives  the  discharge  from  all 
waste  and  soil  pipes  and  conducts  it  to  the  sewer; 
formerly  they  were  made  of  terra-cotta  in  four-feet 
lengths  and  laid  in  cement,  but  owing  to  so  many 
fractures  caused  by  the  settlement  and  weight  of  the 
walls,  the  insinuation  of  roots  of  trees  between  the 
joints,  rat  burrows,  etc.,  the  building  regulations  very 
properly  require  that  they  also  shall  be  made  of  cast 
iron,  well-jointed,  the  diameter  depending  upon  the 
number  of  soil  pipes  and  rapidity  of  the  fall.  The  fall 
for  a  four-inch  drain  should  if  possible  be  not  less  than 
one  in  forty,  of  a  six-inch  drain  one  in  sixty,  and  of  a 
nine-inch  drain  one  in  ninety  feet;  this  will  insure  a 
velocity  of  flow  in  each  case  of  between  three  and  four 
feet  per  second.  A  direct  line  from  the  house  to  the 
sewer  should  always  be  chosen;  if  a  bend  is  necessary  a 
suitable  curve  should  be  described;  the  place  where 
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the  drain  emerges  from  the  house  must  be  well  ce- 
mented to  exclude  rats  from  the  sewer.  All  branch 
drains  should  be  made  to  connect  with  a  Y,  so  that 
the  branch  current  may  be  flowing  as  nearly  as  pos- 
sible in  the  direction  of  the  main  current;  these 
branches,  if  the  plumbing  is  properly  planned,  will  be 
necessary  only  for  large  houses.  The  water  from  the 
rain  leaders  should  when  practicable  discharge  at  the 
head  of  the  house  drain,  so  that  the  drain  may  be 
thoroughly  scoured  during  each  rain  storm.  When 
drains  discharge  into  a  sewer  liable  to  flooding,  it  is 
necessary  to  provide  a  tide  valve  between  the  sewer 
and  drain,  and  for  house  drains  with  insufficient  fall 
it  is  advisable  to  place  an  automatic  flush  tank  at  the 
head  of  the  drain. 

General  Considerations. — It  is  perhaps  needless  to 
insist  that  sanitary  plumbing  involves  a  carefully 
planned  system,  good  material  and  workmanship, 
simplicity  and  exposure  of  the  work.  Even  the  soil 
and  drain  pipes  should  be  exposed  when  practicable, 
or  at  least  should  be  accessible  by  panel  work  and  cov- 
ered channels  in  the  basement.  No  soil  pipe  should 
be  carried  on  the  outside  of  the  building  in  climates 
subject  to  frost,  and  to  render  a  house  safe  from  the 
contamination  of  sewer  air  it  is  necessary,  first,  that 
the  soil  pipe  and  all  traps  be  ventilated;  second,  that 
the  water  seal  in  the  traps  be  maintained,  and  third, 
that  the  entire  system  be  free  from  leaks  or  defects. 

Ti  sling  of  Plumbing. — Soil  pipes  and  the  general 
plumbing  should  be  tested  for  leaks  before  the  house 
is  occupied.  This  may  be  done  by  pouring  into  the 
highest  point  one  ounce  of  oil  of  peppermint  in  a 
bucket  of  hot  water.  Another  person  who  has  not 
come  into  previous  contact  with  the  oil  should  inspect 
the  respective  floors  after  a  lapse  of  ten  minutes,  when 
the  leak  will  be  discovered  by  the  presence  of  the  vola- 
tile oil.  The  man  who  handles  the  peppermint  must 
remain  on  the  spot  until  the  investigation  has  been 
made  below;  it  requires  extreme  caution,  as  a  single 
drop  emitted  elsewhere  will  destroy  the  value  of  the 
test.  Special  glass  grenades  charged  with  the  oil  of 
peppermint  or  other  pungent  chemicals  have  been 
prepared  for  use  of  sanitary  inspectors.  The  system 
may  also  be  tested  before  the  -water-closets  are  con- 
nected by  soldering  over  the  apertures  where  the  traps 
are  connected  with  the  soil  pipes  and  then  filling  the 
pipes  with  water.  This  is  a  severe  test,  but  very 
certain,  as  any  subsidence  in  the  level  of  the  water 
indicates  a  leak  which  can  be  searched  for  as  long  as 
the  "stack"  of  soil  pipes  and  drain  is  exposed  to  view. 

Sometimes  the  "smoke  test"  is  applied  from  below; 
the  smoke,  being  forced  up  the  pipes  by  means  of  a 
small  bellows  or  smoke  rockets,  will  be  emitted  through 
the  leaks  and  thus  lead  to  the  discovery  of  the  defects. 
Of  course  all  openings  known  to  exist  must  first  be 
closed  and  the  smoke  test  should  be  connected  with 
the  lowest  possible  point.  This  test  is  not  so  reliable 
as  the  others  named.  It  is  desirable  to  test  the  plumb- 
ing system  every  year  or  two  as  settlement  of  the  house 
often  causes  joints  to  open  and  lead  bends  to  crack 
that  would  otherwise  go  unnoticed. 

The  gas  pipes  should  also  be  tested  before  lathing 
and  plastering  is  begun,  otherwise  great  damage  may 
be  done.  For  this  purpose  all  the  outlets  are  capped 
except  one,  to  which  is  attached  a  tube  connected  with 
an  air  pump  and  mercury  gauge.  Air  is  pumped  into 
the  whole  system  and  the  stopcock  turned,  and  if  after 
working  the  pump  for  some  time  and  stopping  it  the 
gauge  shows  in  the  course  of  thirty  minutes  no  signs  of 
sinking,  the  pipes  may  be  taken  as  in  a  safe  condition; 
but  if  the  mercury  in  the  gauge  falls,  owing  to  the 
escape  of  air  from  the  gas  pipes,  there  is  a  leak  some- 
where, which  may  be  discovered  by  pouring  a  little 
ether  into  the  pipes  near  the  gauge  and  recommencing 
pumping,  while  another  person  searches  for  the  leak 
at  the  various  joints  or  outlets.  Very  minute  holes 
may  be  detected  by  lathering  the  pipes  with  soap  and 
water  and  making  use  of  the  pipe  and  pump  to  create 
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snap  bubbles.  Similar  tests  are  applied  after  the  gas 
fixtures  have  been  connected,  so  as  to  detect  the  pres- 
ence of  defective  joints  and  keys;  in  this  instance 
every  burner  is  turned  off  except  one  to  which  is 
attached  a  tube  connected  with  the  air  pump  and 
gauge. 

Sewage  Disposal  for  Villages  and  Isolated  Houses. — 
When  we  consider  the  fact  that  over  seventy  per  cent, 
of  our  population  reside  in  rural  district  and  occupy 
homes  without,  sewer  connections,  we  see  at  once  why 
wells  and  outhouses  are  often  dangerous  neighbors. 
Mr.  Philbrick,  of  Boston,  has  described  a  system  of 
sewage  disposal  by  irrigation  which  must  commend 
itself  as  safe  and  practicable  for  all  small  villages 
and  isolated  houses,  where  the  land  has  sufficient 
slope  to  afford  the  requisite  Tgrade.  The  requisites 
for  this  system,  as  stated  by  him  in  Parkes'  "Man- 
ual of  Practical  Hygiene,"  vol.  if,  p.  484,  are  as 
follows: 

"  First,  land  adapted  to  grass  nearly  level  or  gently 
sloping  at  the  rate  of  one-fourth  of  an  acre  for  a  sin- 
gle family,  or  an  acre  for  a  combination  of  eight  to 
ten  families,  if  provided  with  a  constant  water  sup- 
ply under  pressure.  If  the  water  supply  is  limited  to 
what  may  be  pumped  by  hand  one-half  of  the  above 
area  will  be  ample. 

"Second,  the  highest  part  of  the  land  devoted  to 
this  purpose  should  be  at  least  five  feet  below  the  level 
of  the  top  of  the  drain  where  it  leaves  the  house. 

"Third,  the  soil  should  be  thoroughly  under- 
drained,  if  not  resting  on  a  dry  and  porous  subsoil  by 
nature.  Under-drains  are  often  needed  in  clayey  or 
retentive  soils  and  should  be  laid  at  least  four  or  five 
feet  below  the  surface,  at  intervals  of  about  twelve 
feet,  with  a  free  outfall. 

"Fourth,  the  land  should  be  graded,  unless  toler- 
ably smooth  beforehand,  so  as  to  avoid  sudden  in- 
equalities. A  surface  that  Ls  adapted  to  smooth 
mowing  by  hand  is  good  enough  for  this  purpose. 

"Fifth,  the  soil  must  be  entirely  free  from  roots  of 
trees  and  shrubs.  These  would  choke  the  pipes  in  a 
few  weeks." 

If  house  drainage  is  conducted  directly  into  porous 
tiles  laid  under  the  surface,  the  fluid  part  will  escape 
at  every  joint  while  the  solid  matter  is  apt  to  cling  to 
the  interior  and  gradually  fill  them,  so  as  to  render 
them  practically  useless,  hence  arrangements  should  be 
made  to  discharge  the  sewage  by  means  of  properly 
trapped  and  ventilated  drains  into  a  water-tight 
cesspool,  where  it  wall  macerate  and  liquefy,  and  to 
discharge  the  contents  periodically  with  such  a  rush 
as  to  fill  the  whole  system  of  distributing  pipes  at 
once  and  brush  away  slight  obstructions  which  may 
have  been  left  by  former  discharges.  This  can  be 
accomplished  by  providing  a  stopgate  in  the  outlet  pipe 
where  it  leaves  the  tank  to  be  opened  by  hand  when 
the  tank  is  full  and  closed  again  when  empty,  or  by 
providing  a  siphon  or  float  to  discharge  the  tank 
automatically  whenever  filled. 

Mr.  Philbrick  has  modified  Field's  siphon  to  be  used 
in  connection  with  these  sewage  tanks.  One  of  the 
objections  to  this  plan  of  subsoil  irrigation,  while  ex- 
cellent in  principle,  is  the  possibility  of  the  roots 
entering  the  porous  tiles  and  choking  them;  there  is 
also  danger  from  frost,  and  if  laid  deeper  than  one 
foot  the  vegetation  cannot  assimilate  the  very  matter 
we  wish  to  dispose  of;  for  these  reasons  the  writer 
favors  the  disposal  by  surface  irrigation  along  the 
furrows  of  growing  vegetation  or  in  winter  on  the 
same  garden  spot. 

Fig.  3289  shows  such  a  method  which  Mr.  Philbrick 
says  has  been  in  use  for  several  summers  at  a  house 
used  only  as  a  summer  resort,  and  has  been  attended 
with  complete  success.  There  is  an  overflow  pipe 
from  the  cesspool  which  is  perfectly  tight,  indicating 
when  it  is  full.  The  gate  in  the  outlet  pipe  is  then 
opened,  and  the  whole  contents  are  distributed  on  the 
kitchen  garden  in  ten  minutes.     If   an  opportunity 
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is  selected  when  the  wind  is  blowing  from  the  house  to 
the  garden,  no  offensive  odors  are  perceived  and  the 
growing  crops  soon  absorb  the  fluid,  much  to  their 
advantage. 

When  a  proper  slope  cannot  be  had,  we  must  of 
necessity  fall  back  upon  either  the  earth  closet, 
tonneau,  or  pail  system  for  the  collection  of  excreta, 
while  the  kitchen  slops  and  refuse  waters  from  the 
house  should  be  conducted  to  some  garden  spot  if 
practicable  and  disposed  of  by  irrigation  or  carried 
into  a  dry  well.  The  ordinary  privy  pits  and  open- 
box  privies  should  never  be  tolerated;  the  undue 
prevalence  of  typhoid  fever  in  rural 
districts  is  largely  due  to  the  use  of 
these  makeshifts  and  neglect  in  the 
disinfection  of  the  excreta.  The  his- 
tory of  every  sewered   city  shows  a 
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lessening  of  the  typhoid  death  rate  subsequent  to  the 
construction  of  the  sewers  and  that  the  typhoid  rate  is 
always  higher  in  sections  supplied  with  privy  pits  and 
open  receptacles.  The  only  reasonable  explanation  for 
this  is,  that  sewers  carry  away  the  filth  and  germs  that 
otherwise  would  contaminate  the  soil  and  ground  water. 
But  even  if  there  were  no  wells  these  makeshifts  are  still 
a  source  of  danger,  in  so  far  as  they  favor  the  transmis- 
sion of  the  infection  by  means  of  flies;  nor  can  the 
possibility  be  ignored  that  the  germs  in  leaky  or  over- 
flowing boxes  may  reach  the  upper  layer  of  the  soil  and 
with  the  pulverized  dust  gain  access  to  the  system. 
These  conclusions  were  enunciated  by  the  writer  in 
1895,  and  appear  to  have  found  ample  support  in  the 
experience  of  the  late  Spanish-American  war. 

Miscellaneous  Sanitary  Requisites. — A  consideration 
of  modern  house  sanitation  would  scarcely  be  complete 
without  reference  to  sanitary  refrigerators  lined  either 
with  glass  or  porcelain-enameled  iron,  provided  with 
air  circulation  and  trapped  outlets.  The  waste 
water  or  drip  pipe  should  not  be  connected  directly 
with  the  soil  pipe,  but  should  drain  into  a  sink  or 
open  fixture.  The  end  of  the  drip  pipe  should  be 
immersed  in  a  cup  of  water  to  prevent  bad  odors  or 
vermin  from  getting  into  the  refrigerator,  and  it  is 
needless  to  emphasize  that  refrigerators  require  fre- 
quent cleaning,  which  should  be  done  as  recom- 
mended for  kitchen  sink  wastes.  Fly  screens  for 
windows  and  doors  are  a  necessity  to  prevent  insect- 
borne  diseases,  but  carelessness  in  their  handling 
often  renders  them  useless.  The  wire  mesh  should  be 
sufficiently  fine  to  exclude  mosquitos,  not  less  than 
fourteen  meshes  to  the  inch,  and  care  should  be  exer- 
cised that  no  openings  are  left  between  the  screens, 
windows,  and  doors  to  admit  insects.  Metal  weather 
straps  aid  materially  in  keeping  the  cold  air  out  in 
winter  and  in  excluding  much  street  dust.  Lightning 
rods  can  scarcely  be  classed  as  a  sanitary  device, 
but  they  are  a  safety  device  and  the  recommendations 
of  the  U.  S.  Weather  Bureau  have  done  much  to  over- 
come the  prejudice  against,  their  use.  In  isolated 
houses  or  in  small  communities  where  there  is  no 
public  garbage  collection,  it  may  be  fed  to  poultry 
or  live  stock,  or  used  as  a  fertilizer  or  for  fuel.  For 
the  latter  purpose  the  fluids  are  first  drained  off  and 
the  refuse  is  then  placed  in  a  perforated  receptacle 
and  dried  in  a  special,  hot-air  chamber  connected  with 
the  lower  part  of  the  kitchen  stove  pipe.  If  economy 
need  not  be  considered,  a  special  "incinerator"  or 
"destructor"  can  be  installed. 

House  Diseases. — Special  reference  should  be  made  to 
some  of  the  insanitary  factors  likely  to  produce  disease. 


Dampness  of  the  basement  and  walls  is  certain  to 
render  the  air  of  the  house  damp;  this  not  only  leads 
to  undue  abstraction  of  animal  heat,  but  also  influ- 
ences the  cutaneous  functions  and  favors  the  develop- 
ment of  microorganisms.  The  air  of  habitations 
may  be  vitiated  not  only  by  the  products  of  respira- 
tion and  by  exhalations  of  the  skin  and  mouth,  but 
also  by  the  products  of  combustion,  by  putrid  gases 
from  decomposition  of  organic  matter  (more  especially 

sewer  air),  and  last,  but  nut  least,  by  the  household 
dust..  Drs.  Charles  Smart  and  R.  J.  E.  Scott  in  their 
able  article  on  air,  pp.  158-168,  vol.  i.,  have  fully  set 
forth  the  nature  and  effects  of  these  impurities.  Severe 
outbreaks  of  acute  tonsillitis,  marked  by  great  in- 
flammatory swelling  of  the  tonsils,  foul  tongue,  gastric 
derangement,  severe  headache,  intense  depression 
and  high  temperature,  have  been  attributed  by  some 
authorities  to  the  entrance  of  sewer  polluted  air  into 
the  habitations.  Cases  of  typhoid  fever,  gastro- 
*  enteritis,  diarrhea,  and  dysentery  have  been  attrib- 
uted to  the  same  cause,  and  Parkes  tells  us  that  in 
general  and  lying-in  hospitals  in  which  the  air  of 
wards  was  liable  to  pollution  from  drains,  surgical 
fever,  erysipelas,  pyemia,  septicemia  and  puerperal 
fever  were  quite  prevalent  and  fatal.  Since  sewers 
"'  receive  the  excreta  of  patients  suffering  from  intesti- 
nal infections  and  also  the  wash-water  and  secretions 
from  persons  and  clothing  of  other  infectious  disea  e 
it  may  be  presumed  that  they  contain  the  carriers  of 
many  diseases,  but  it  is  not  so  easy  to  explain  the 
liberation  of  microorganisms  from  the  sewage.  Some 
believe  that  there  is  always  a  possiblity  of  particles 
of  sewage  becoming  dried  and  as  particles  of  dust 
gaining  access  to  the  air,  while  others  contend  that  dur- 
ing evaporation  or  from  the  bursting  of  bubbles  of  gas 
when  the  sewage  is  putrefying,  the  germs  may  be 
projected  from  the  liquids  into  the  sewer  air,  and  may 
then  in  consequence  of  defective  traps  or  joints  in  the 
drains  be  blown  into  the  house.  While  there  is  ample 
room  for  speculation  on  the  subject,  in  the  present 
state  of  our  knowledge  we  may  conclude  at  least  that 
whether  sewer  air  contains  specific  organisms  or  not, 
its  constant  inhalation  cannot  fail  to  lower  the  power 
of  the  system  to  resist  the  invasion  and  effects  of 
pathogenic  germs,  and  that  the  emanations  from 
choked  house  drains  are  more  injurious  than  those 
from  sewers.  The  inhalations  of  household  dust, 
apart  from  the  mechanical  irritation  of  the  mucous 
membranes  produced  thereby,  may  also  be  the  means 
of  carrying  infection;  since  the  tubercle  and  influenza 
bacilli  and  the  pneumococcus  are  doubtless  often 
conveyed  from  dried  and  pulverized  sputum  or  mucus 
deposited  in  the  room.  When  we  recall  the  bad 
effects  of  deficient  sunlight,  of  dampness,  impure  air, 
and  excessive  summer  heat,  we  can  appreciate  why 
some  of  these  factors  should  be  especially  potent  in 
unsanitary  dwellings  in  the  production  of  certain 
typical  house  diseases. 

Scrofula,  or  more  correctly  speaking  a  chronic  form 
of  tuberculosis  of  the  glandular  system,  is  especially 
common  among  children  brought  up  in  dark,  gloomy, 
and  damp  habitations.  These  children  are  anemic 
and  as  puny  as  plants  reared  without  the  stimulating 
effects  of  sunlight.  Add  to  this  fact  that  dampness 
favors  the  development  of  catarrhal  conditions  which 
render  the  system  more  vulnerable  to  tuberculous 
infection,  and  we  have  a  reasonable  explanation  why 
this  disease,  as  well  as  pulmonary  tuberculosis,  prevails 
especially  among  inmates  of  damp  and  dark  basements 
and  back-to-back  houses.  The  death  rate  is  often 
double  and  treble  that  of  other  localities,  and  while 
there  are  doubtless  other  factors  which  determine 
this  frightful  mortality,  none  are  more  potent  than 
deficient  sunlight  and  ventilation,  especially  in  view 
of  the  fact  that  the  ubiquitous  tubercle  bacillus  cling- 
ing to  floors  and  walls  in  carelessly  expectorated  spu- 
tum, may  retain  its  vitality  and  even  proliferate  in 
damp  and  badly  lighted  rooms.     For  similar  reasons 
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diphtheria  and  cerebro,  pinal  meningitis  are  also  more 
frequent  in  unsanitary  dwellings.  Acute  and  chronic 
rheumatism  and  bronchial  affections  are  likewise  of 
more  common  occurrence  in  damp  houses,  and  in 
recently  constructed  hou  les  which  have  not  been 
sufficiently  dried  and  aired.  Here  again  the  continued 
abstraction  of  animal  heat  lowers  the  vitality  of  the 
inmates  and  favors  the  development  of  these  affections 
and  a  bronchial  catarrh  thus  produced  may  render  the 
mucosa    vulnerable   to   the    invasion   of   the   tubercle 

bacillus. 

Infantile  diarrhea  is  more  frequent  and  fatal  among 
the  inmates  of  the  upper  stories;  this  is  doubtless  due 
to  the  enervating  effects  of  heat  and  the  more  spi 
decomposition  of  food,  especially  the  milk,  in  the 
heated  atmosphere;  at  all  events,  Meinert  has  shown 
that  the  mortality  from  cholera  infantum,  at  Dresden, 
was  1 1.27  per  cent,  in  the  top  stories  as  compared  with 
9.13  on  the  second  and  3.98  on  the  first  floors.  Similar 
observations  have  been  made  at  Berlin,  which  also 
developed  the  fact  that  still-births  occur  in  a  larger 
proportion  among  the  occupants  of  the  upper  stories 
of  houses.  Whether  this  condition  is  due  to  the  causes 
already  mentioned,  to  sociological  conditions,  or  to 
stair-climbing,  remains  to  be  determined. 

Sanitary  Inspection  of  Buildings. — The  eradication 
of  preventable  diseases  is  the  highest  aim  of  scientific 
medicine,  and  the  time  may  come  when  the  public  is 
willing  to  compensate  the  physician  "to  prevent  by 
watchful  foresight  so  far  as  is  consistent  with  the 
progress  of  human  knowledge"  the  outbreak  and 
extension  of  such  diseases.  Indeed  even  now  it  is 
the  duty  of  health  officers  and  medical  officers  of  the 
public  services  to  examine  into  the  cause  of  outbreaks 
of  contagious  and  infectious  diseases,  and  it  is  there- 
fore desirable  to  point  out  some  of  the  subjects  to 
which  an  intelligent  sanitary  inspector  pays  special 
attention.  Such  an  examination  should  include  the 
character  of  the  site  and  soil,  the  building  plans, 
material  and  construction,  ventilation,  heating, 
lighting,  plumbing,  water  supply,  and  the  collection 
and  disposal  of  refuse,  and  presupposes  a  knowledge 
of  the  causes  of  propagation  and  best  methods  of 
prevention  of  infectious  diseases;  also  a  knowledge  of 
sanitary  chemistry,  microscopy,  and  bacteriology  in 
order  to  determine  the  impurities  in  air,  water,  soil, 
food,  etc.,  the  prompt  and  accurate  diagnosis  of  disease 
and  the  efficient  use  of  disinfectants; — in  fact,  a  good 
sanitary  inspector  must  possess  a  general  knowledge 
of  the  subject  under  discussion,  good  common  sense, 
the  habit  of  accurately  observing  facts,  and  the  power 
for  reasoning  from  causes  to  effects  and  by  way  of 
exclusion. 

Before  beginning  the  examination  of  a  building  or 
locality  proper  it  will  be  well  to  gather  all  the  informa- 
tion possible  from  all  persons  likely  to  throw  light  on 
the  subject  of  bad  water,  offensive  odors,  and  many 
other  details,  for,  as  remarked  by  Mr.  Frederick  N. 
Owen,  "he  will  often  find  that  this  testimony  will  be 
uniform  in  a  certain  direction  and  will  save  him  much 
time  and  labor  in  the  investigation  he  is  about  to 
make,  by  directing  his  attention  to  some  one  point  as 
the  probable  cause  of  the  trouble."  There  are 
thousands  of  houses,  clean  and  well-kept  inside, 
which  are  steeped  in  the  foul  exhalations  rising  from 
cesspools  and  vaults  in  the  immediate  vicinity;  if, 
therefore,  offensive  odors  are  noticed  only  when  the 
wind  is  from  certain  directions,  the  inspector  would  do 
well  to  look  for  the  nuisance  in  that  direction.  The 
inspector  should  be  systematic  in  his  methods  and  all 
the  observed  facts  should  be  carefully  noted  in  a 
memorandum  book. 

1.  The  examination  of  the  site  should  include  its 
relations  to  sources  of  soil,  water,  and  air  pollution, 
such  as  proximity  to  marshes,  factories,  and  other 
nuisances,  the  presence  of  ponds  and  stagnant  pools 
with  special  reference  to  mosquitos  as  carriers  of 
malaria.     Attention  should  be  paid  to  the  elevation 
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of  the  site  and  its  relation  to.  adjoining  lands  as  regards 
drainage;  to  the  amount  and  duration  of  sunlight, 
prevailing  wind-,  and  the  character  and  amount  of 
dust;  and  to  the  influence  of  vine       u  ivy,  etc  , 

on  t  he  walls,  or  of  tree-  close  to  the  house,  in  causing 
dampness  by  shutting  off  sunlight  and  air.  The 
examination  should  also  l,e  directed  to  the  cleanliness 
of  the  yards,  outhouses,  and  the  character  of  the 
diseases  in  the  neighborhood.  The  writer  in  1895 
recorded    a    number    of    house    epidi  !    typhoid 

fe\  er  in  which  the  infection  was  doubtless  carried  from 
privies  to  the  food  supply  of  neighboring  houses  by 
the  agency  of  Hies. 

2.  The  examination  of  the  soil  on  which  the  house 
stands,  with  special  reference  to  dip  of  strata,  porosity, 
and  soil  pollution,  height  and  fluctuations  of  the 
ground  water  as  determined  by  the  water  level  in 
neighboring  wells.  A  porous  soil  like  sand,  unless 
upheld  by  a  stratum  of  clay,  is  usually  dry  and  salu- 
brious; clay  and  rock  are  impervious  to  moisture,  and 
the  water  usually  flows  alone  the  surface  to  some  lower 
point;  situations  at  the  base  of  a  hill  are  especially 
objectionable,  as  the  ground  water  from  higher  levels 
generally  comes  here  near  the  surface  and  renders  the 
soil  and  air  by  capillary  attraction  and  evaporation 
more  moist  than  at  any  other  point,  and  this  damp- 
ness may  extend  to  the  walls  of  the  house  unless 
special  precautions  have  been  taken  in  the  manner 
described  on  page  334  ("Construction  of  the 
House"). 

3.  The  examination  of  the  plans,  number  of  stories, 
construction  and  interior  arrangement  of  the  house 
should  include  the  permeability  and  hygroscopic 
properties  of  the  building  material.  Our  general 
knowledge  of  the  relative  permeability  of  different 
kinds  of  building  material  will  enable  us  to  form  an 
opinion,  but  for  exact  determinations  the  use  of  a 
poroskop,  or  gasometer  and  manometer  becomes 
necessary.  The  capillary  attraction  may  be  deter- 
mined by  drying  a  suitable  piece  of  the  material, 
placing  the  lower  end  in  water,  and  noting  the  height 
to  which  the  moisture  ascends.  The  effective  humid- 
it}'  of  certain  building  materials  is  determined  by 
weighing  a  certain  sample  and  after  drying  it  at  a 
temperature  of  100°  C.  to  weigh  it  again.  The  loss 
in  weight  indicates  the  amount  of  moisture.  The 
relative  capacity  of  certain  building  materials  for 
parting  with  their  moisture  can  be  determined  by 
placing  two  equal-sized  pieces  in  water  until  com- 
pletely saturated,  and  then,  after  wiping  them  off 
rapidly,  exposing  them  to  a  uniform  current  of  per- 
fectly dry  air.  From  the  length  of  the  time  consumed 
in  drying,  the  capacity  for  evaporating  moisture  may 
be  calculated.  The  material,  character,  and  condi- 
tion of  the  roof,  gutters,  and  rain  leaders  should  receive 
careful  attention. 

4.  The  examination  of  the  air  in  the  interior  is  im- 
portant. Here  we  should  remember  that  whenever 
the  volume  of  CO?  amounts  to  seven  volumes  per 
10,000,  with  a  proportionate  increase  of  organic 
impurities,  a  want  of  freshness  is  observed,  and  when 
nine  or  more  volumes  are  present  the  organic  odor 
becomes  quite  perceptible  although,  as  pointed  out  by 
Dr.  Smart  (see  Air  in  Vol.  i.),  the  continued  occupancy 
of  an  apartment  may  give  rise  to  organic  odors, 
clinging  to  the  walls  and  other  surfaces,  when  CO2 
may  not  be  present  in  large  quantity.  Before  enter- 
ing into  a  systematic  examination  of  the  air  for  the 
determination  of  its  impurities  as  regards  carbonic  acid, 
organic  matter,  ammonia,  hydrogen  sulphide,  carbon 
monoxide,  micro-organisms,  and  humidity,  and  for  the 
determination  of  cubic  air  space  for  the  occupants,  it 
will  be  well  to  note  the  character  and  habits  of  the 
inmates  as  regards  cleanliness,  the  amount  of  household 
dirt  and  dust  wrhich  has  accumulated  on  the  walls, 
floors,  and  furniture,  and  to  examine  the  closets,  slop- 
pails,  garbage,  and  ash  receptacle,  as  well  as  the  condi- 
tion of  the  water-closets.     The  latter  are  often  found 
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with  no  connection  with  the  outer  uir,  being  located  in 
the  mil  idle  of  the  house.  Most  of  the  private  dwellings 
have  no  other  way  of  changing  the  air  than  through 
doorways,  windows,  transoms,  and  the  seams  of  imper- 
fect workmanship. 

5.  We  should  study  the  arrangement  of  rooms,  their 
length,  breadth  and  height,  floor  and  cubic  Mir  spine 
for  each  occupant,  distribution  of  light,  number  of 
doors,  transoms,  and  windows,  sufficiency  of  ventila- 
tion, the  size  of  fresh-air  inlets  and  outlets,  their 
cleanliness  and  freedom  from  obstructions.  We  should 
also  test  the  humidity  of  the  air  in  different  stories  by 
means  of  a  reliable  hygrometer,  remembering  thata 
humidity  of  00°,  saturation  being  100,  is  the  limit  for 
healthy  dwellings  in  this  country.  If  the  house  is 
found  to  be  noticeably  damp,  we  may  find  the  cause 
in  imperfect  cementing  of  cellars  or  basements,  in  the 
absence  of  damp-proof  courses  in  the  walls  to  prevent 
capillary  attraction,  in  leaking  down-spouts,  house 
drains  or  water-pipes,  in  ash  heaps  piled  against  the 
wall,  absorbing  and  retaining  moisture,  in  obstructions 
to  air  and  sunlight,  etc. 

6.  The  methods  of  heating,  as  by  stoves,  open 
fire-places,  steam,  hot  water,  or  hot-air  furnaces.  If 
the  house  is  heated  by  a  furnace,  the  position  of  the 
fresh-air  inlet  with  reference  to  sewer  drains,  under- 
ground ducts,  and  other  impure  sources  should  be 
noted.  The  very  place  which  should  be  well  cemented 
to  exclude  ground  air — namely,  right  under  the  fur- 
nace— is  frequently  neglected.  Basements  and  cellars 
must  be  cemented  to  exclude  not  only  dampness  but 
the  equally  objectionable  ground  air  with  its  excess 
of  CO?  and  other  impurities.  We  should  also  note  the 
character  of  fuel,  the  provision  of  dampers  and  pres- 
ence of  coal  gas,  the  amount  of  heat  obtained  and  the 
quality  of  the  air. 

7.  The  question  of  natural  and  artificial  light  should 
receive  consideration,  and  the  average  amount  and 
duration  of  sunshine  should  be  noted.  Thus,  for 
example,  the  proportion  of  window  to  floor  space 
should  be  one-sixth  or  one-fifth,  and  in  temperate 
climates  direct  sunshine  should  reach,  when  practi- 
cable, all  parts  of  the  room.  The  sufficiency  of  arti- 
ficial lighting  may  be  approximately  determined  by 
observation,  and  quite  accurately  by  the  employment 
of  Bunsen's  photometer.  In  this  country,  the  unit 
adopted  for  the  measurement  and  comparison  of 
lights  is  a  No.  6  sperm  candle,  burning  eight  grams 
per  hour  and  giving  out  a  light  known  as  "one- 
candle-power."  Such  a  candle,  according  to  Munson, 
contains,  on  analysis,  carbon  eighty  per  cent.,  hydro- 
gen thirteen  per  cent.,  oxygen  six  per  cent.  The 
quality  of  the  air  and  the  temperature  of  the  room 
lighted  with  ordinary  illuminants  should  also  receive 
attention. 

8.  The  inspection  of  the  plumbing  is  one  of  the 
most  important  features  of  a  sanitary  inspection. 
If  an  offensive  odor  is  perceived  in  the  basement  it 
will  suggest  the  possibility  of  a  leaking  drain  pipe; 
and  if  inquiry  reveals  the  frequent  presence  of  rats, 
we  may  infer  that  the  house  drain  is  in  direct  com- 
munication with  sewer  and  that  the  traps  and  lead 
bends  are  likely  to  be  gnawed  and  leaky.  Unfortu- 
nately, in  most  buildings  the  pipes  are  hidden  behind 
woodwork  and  underneath  floors,  and  the  owner  never 
appreciates  the  importance  of  exposed  work  until  the 
workmen  have  to  tear  up  floors  and  walls  to  permit 
of  the  necessary  inspection  and  repairs.  Of  course 
this  should  not  be  done  until  a  general  examination 
and  the  tests  for  plumbing  already  referred  to  indi- 
cate defective  work.  Very  often,  too,  the  owner  has 
not  the  faintest  idea  of  the  location  of  the  house  drains 
and  soil  pipes,  and  this  suggests  the  necessity  of  a 
law  compelling  every  householder  to  preserve  a  set 
of  drawings  showing  the  location  of  drains  and  vertical 
soil  pipes. 

The  inspection  of  plumbing  should  begin  with  the 
main  drain  and  proceed  upward  to  all  the  ramifica- 
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tions,  special  attention  being  paid  to  imperfect  caulk- 
ing of  joints,  open  connections,  putt)  joints,  holes 
plugged  with  corks,  rag-patchi  pol  '.1  corro  ion, 
lead  pipes  gnawed  open  bj  ra1     etc 

The  fixtures  should  in-  carefullj  examined  and  their 
trap    or  watei     eal     te  ted   in  ordei    to  learn  their 
efficiency    again  1    the   entrance   of    sewer    air;    thi 
mi  ealing,  unless  special  precautions  have  been  taken, 

is  sure  to  occur  if  the  fixtures  remain  unused  for  a  C61 

tain  time  and  the  water  in  the  traps  ha  evaporated. 
To  make  this  test,  Mr.  (»wcn  suggests  that  "all  the 
basins,  baths,  and  other  fixtures  above  the  traps  to 

be  tested  and  on  the  same  line  of  piping  should  1 10 
filled  with  water  and  then  discharged  simultaneously, 
care  being  taken  that  all  the  pipes  are  free  from  ob- 
struction. The  fixtures  below  the  trap  should  then 
!»■  Ailed  and  discharged  in  the  same  way.  If  the  trap 
retain  its  seal  under  the  e  tests,  it  is  safe  to  assume 
that  it  is  tin  effectual  barrier  to  the  entrance  of  sewer 
air."  For  the  detection  of  pin  holes  in  the  pipes, 
etc.,  which  cannot  be  seen  by  the  naked  eye,  the 
"peppermint,"  "smoke  test,"  or  some  other  pungent 
chemicals  should  he  emplo)  ed  in  the  manner  described 
on  page  350. 

The  following  list  of  defects  in  plumbing  and  drain- 
age have  been  encountered  h\  Mr  (twin,  and  numer- 
ous specimens  illustrating  these  defects  have  been 
observed  by  the  writer  in  the  Museum  of  Hygiene, 
in  the  City  of  Washington: 

1.  Earthen-pipe  drains,  cither  broken  or  with 
leaky  joints,  laid  under  the  cellar  Hour,  saturating 
earth  with  sewage.  2.  Section  of  earthen  pipe  drains 
completely  obstructed  by  the  insinuation  and  growth 
of  the  roots  of  trees.  3.  Pipe  drains  without  sufficient 
grade  or  with  the  fall  in  the  wrong  direction.  4. 
Drains  without  running  traps  admitting  sewer  air 
from  sewer  or  cesspools  to  the  pipes  in  the  house. 
5.  Drains  without  a  free  current  of  air.  6.  Rat 
burrows  from  sewers  and  along  drains  undermining 
floors  and  admitting  foul  air  to  the  house.  7.  Section 
of  soil  pipe,  the  lumen  of  which  was  completely  ob- 
structed by  urinary  deposits,  because  of  the  exposure 
of  the  soil  pipe  on  the  outside  walls  of  the  house  in 
cold  climates.  8.  Soil  or  waste  pipes  without  any 
or  sufficient  ventilation.  Defective  connections  be- 
tween fixtures  and  waste  pipes.  !».  Lead  pipes  and 
traps  gnawed  by  rats.  10.  Water-closets,  cistern 
with  overflow  joined  to  soil  pipe  or  drain.  11.  Safes 
under  closets  or  basins  connected  to  soil  pipe  or  drain. 

12.  Two  or  more  fixtures  with  unventilated  traps  on 
the  same  line  of  pipe,  siphoning  each  other  when  used. 

13.  Sink  overflow  pipes  joined  to  soil  pipes  untrapped 
or  with  trap  liable  to  siphon.  14.  Overflow  from 
fixtures  connected  with  waste  pipe  on  sewer  side  of 
trap  admitting  foul  gases  to  rooms.  15.  Faulty 
traps  and  fixtures  without  traps.  Hi.  Water  supplies 
to  sinks  taken  from  water-closet  or  other  contami- 
nated tanks  and  used  for  drinking  purposes.  17. 
Rain  leaders  used  as  soil  pipes  or  ventilators  to  drains, 
delivering  foul  air  to  bedroom  windows  or  under  eaves 
or  roofs.  18.  Ash  pits  near  larders  and  pantries, 
or  liable  to  soak  moisture  to  walls.  19.  Defect  of 
drainage  and  rat  burrows  from  neighboring  houses, 
especially  from  those  located  on  a  higher  level.  20. 
Cesspools  near  houses,  wells,  or  cisterns,  polluting 
the  drinking-water. 

If  an  outbreak  of  contagious  or  infectious  disease 
is  being  studied,  and  up  to  this  point  the  inspector 
has  not  reached  any  conclusion,  it  is  desirable  to  con- 
sider the  possibility  of  the  germs  being  carried  by 
flies,  mosquitos,  and  other  insects.  Our  investigation 
should,  of  course,  extend  to  the  water  supply,  milk, 
food,  and  even  the  ice  supply. 

The  general  principles  set  forth  in  the  foregoing 
pages  are  equally  applicable  to  the  inspection  of 
public  buildings,  schools,  hospitals,  prisons,  barracks, 
asylums,  etc.  (For  inspection  of  dairies,  etc.,  see 
Milk-Borne  Diseases.)  George  M.  Kober. 
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Hufeland,  Christoph  Wilhelm. — Born  at  Lang- 
ensalza,  Germany,  August  12,  1762.  He  began  the 
study  of  medicine  in  1780  at  the  University  of  Jena. 
In  1781  he  went  to  Goettingen,  and  in  1783  received 
from  that  university  the  degree  of  Doctor  of  Medicine. 
Ten  years  later  (1793)  he  was  called  to  fill  the  Chair 
of  Medicine  at  Jena,  and  at  the  same  time  the  dig- 
nities of  Court  Physician  and  Councillor  at  Weimar, 
the  capital  of  the  Orand-Duchy  of  Saxe- Weimar- 
Eisenach,    were   conferred   upon    him.     In    1798    he 


Fig.  3290. — Christoph  Wilhelm  Hufeland. 

removed  to  Berlin  and  was  made  the  head  of  the  med- 
ical college  in  that  city.  After  the  founding  of  the 
University  of  Berlin  in  1809  he  was  chosen  Professor 
of  Pathology  and  Therapeutics  in  that  institution. 
His  death  occurred  August  25,  1836. 

Hufeland's  "Art  of  Prolonging  Human  Life" 
(Makrobiotik,  oder  die  Kunst,  das  menschliehe  Leben 
zu  verliingern),  which  was  published  in  1796  and  was 
translated  into  many  languages,  made  him  famous 
all  over  the  world.  The  book  is  full  of  ideas  and  in- 
struction of  a  thoroughly  practical  nature.  Another 
of  his  published  writings  is  that  entitled:  "System 
der  praktischen  Heilkunde"  (1818-1828),  said  to  be 
the  most  elaborate  of  all  his  works.  A.  H.  B. 


Huguier,  Pierre  Charles. — Born  at  Sezanne, 
France,  in  1804.  He  was  appointed  an  interne  in  the 
hospitals  of  Paris  in  1828,  and  in  1830  he  won  the 
prize,  a  gold  medal,  offered  by  the  hospitals,  which 
enabled  him  to  remain  two  years  longer.  During 
this  same  year  he  became  Assistant  in  Anatomy  in  the 
Faculty  of  the  University  of  Paris.  He  received  his 
medical  degree  in  1834,  and  in  1837  was  appointed 
surgeon  to  the  hospitals.  In  1848  he  w^as  made  a 
member  of  the  Academy  of  Medicine.  He  was  one  of 
the  founders  and  one  time  president  of  the  Surgical 
Society  of  Paris,  and  an  officer  of  the  Legion  of  Honor. 
In  1863  he  received  the  professorship  of  the  Chair  of 
Anatomy  in  the  Ecole  des  Beaux-Arts,  which  appoint- 
ment he  held  until  his  death  on  January  12,  1873. 

Huguier  became  a  well-known  gynecologist  of  Paris, 
and  was  about  the  first  to  differentiate  between  hyper- 
trophic elongation  of  the  cervix  uteri  and  prolapsus 
uteri,  offering  as  a  remedy  amputation  of  the  neck 
of  the  uterus.  This  operation  he  performed  most 
successfully.  He  also  made  a  clear,  scientific  study 
of  the  glands  in  the  vaginal  region.  "Huguier's 
canal,"  a  canal  in  the  temporal  bone  which  transmits 
the  chorda  tympani  nerve,  was  discovered  by  him. 

The  following  are  among  the  most  important  of  his 
writings:  Sur  ^existence  du  virus  syphilitique,  1831; 
Memoire  sur  Ie  diagnostic,  1833;  Syphilis  des  Traite- 
ment  des  constrictions  de  l'extremite  inferieure  du 
vagin,    1834;  Syphilis   des  femmes  encientes  et  des 

354 


enfants,   1840;  Maladies  de  la  glande  vulvovaginale 

et  des  divers  appareils  s6cr6teurs,  1850;  Ankyloses 
du  maxillaire  inferieur;  Operation  de  la  hernie  etran- 
glee;  <  (Derations  sur  l'organe  de  la  vision. 

A.  H.  B. 

Humboldt  Artesian  Mineral  Spring. — 

Post-office. — Eureka,  California. 

The  water  of  this  mineral  spring,  or  rather  artesian 
well,  is  an  article  of  commerce,  and  is  called  Humboldt 
Mineral  Water.     The  following  analysis  is  given: 

Sodium  chloride 32.91 

Calcium  carbonate         15.37 

Magnesium 10.63 

Sodium 2.45 

Silica 1    :'.-' 

Alumina 0.20 

Iron  oxide 0 .  06 

The  spring  is  within  the  city  limits  of  Eureka,  about 
a  quarter  of  a  mile  from  the  street  car  line. 

Emma  E.  Walker. 


Humulus. — Hops.  The  carefully  dried  strobiles 
of  Humulus  lu-pulus  L.  (fam.  Moracece  ["  Urticacece," 
I ' .  S.  P.]),  bearing  the  whole  of  their  natural  glandular 
coating.  The  hop  vine  is  a  twining  perennial,  with 
a  thick-branched  root,  from  which  several  long, 
slender,  herbaceous,  but  tough  and  rough  hairy  cylin- 
drical stems  arise. 


Fig.  3291— Hop  Plant  in  Fruit.      (Baillon.) 

The  hop  is  a  native  of  the  temperate  parts  of  the 
Old  World — Europe  and  Asia — and  grows  in  many 
places  in  the  United  States  apparently  wild,  but  prob- 
ably introduced.  It  has  been  cultivated  since  the 
middle  ages  in  Europe,  and  is  now  grown  in  nearly  all 
temperate  countries.  England  and  the  United  States 
produce  it  abundantly,  and  of  excellent  quality. 

Description. — Ovoid-cylindrical,  about  three  cen- 
timeters (a  little  more  than  an  inch)  long,  consisting  of 
a  thin,  hairy,  flexuous  rachis  and  many  obliquely  ovate, 
blunt,  membranaceous,  rigid,  glandular  scales,  which 
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are  parallel-veined  below,  reticulately  veined  above 
and  each  bearing  a  globoidal  akene  near  the  base; 
color  of  scales  yellowish-green  to  greenish  pale-brown, 
free  from  reddish  or  brown  spots;  odor  strongly  ami 
peculiarly  aromatic;  taste  bitter,  pungently  aromatic, 
slightly  astringent. 

Since  the  glandular  coating  {Lupulin)  referred  to  in 
the  definition  contains  the  most  of  the  active  constitu- 
ents, it  should  be  present  in  normal  amount,  but  much 
of  the  hops  of  the  market  have  been  deprived  of  a  part 
of  it  by  abrasion.  Such  hops  are  apt  to  be  much  bro- 
ken, and  are  commonly  pressed  into  cakes  to  conceal 
this  appearance. 

Good  hops  should  be  not  much  broken,  and  fresh. 
They  are  then  of  a  rich,  slightly  yellowish  or  brownish 
green.  When  distinctly  brown  and  dull,  and  especi- 
ally shrivelled,  they  are  stale  and  their  composition  is 
not  the  same. 

The  medicinal  consumption  of  hops  is  compara- 
tively small,  and  an  unimportant  item  of  the  immense 
demand  for  them,  mainly  for  flavoring  ales  and  beers, 
which   consumes  many  millions  of   pounds  annually. 

Composition. — The  entire  hop,  that  is,  inclusive  of 
the  lupulin,  contains  the  following  substances :  Nearly 
one  per  cent,  of  volatile  oil,  of  a  greenish-yellow  color, 


Fia.  3292. — Hop  Plant,     a,  Cone;  b,  fructiferous  bracelet; 
enlarged;   </,   the  same  in  longitudinal  section. 


fruit 


becoming  brownish  with  age,  and  of  a  specific  gravity 
of  0.855  to  0.880.  It  becomes  at  least  partly  con- 
verted into  isovaleric  acid.  A  very  small  amount  of 
the  intensely  bitter  lupamaric  acid  (C26H360.|),  which 
is  soluble  in  alcohol  or  a  mixture  of  alcohol  and  water. 
Resin,  up  to  fifteen  or  eighteen  per  cent.;  tannin 
two  to  four  per  cent.  Small  amounts  of  asparagin  and 
cholin.  Not  more  than  ten  per  cent,  of  ash  is  allow- 
able upon  incineration.  According  to  their  staleness, 
more  or  less  phlobaphene  may  be  present,  at  the 
expense  of  the  disappearing  tannin. 

Action  and  Use. — Although  used  in  many  diseases 
with  asserted  benefit,  but  little  can  be  said  of  hops 
more  than  that  they  are  a  mild  bitter  tonic  and 
(especially  lupulin)  a  feeble  hypnotic  and  antispas- 
modic. In  infusion  they  allay  the  pain  and  spasm  of 
vesical  catarrh,  and  improve  the  appetite  .and  diges- 
tion. As  an  ingredient  of  beers  they  add  a  tonic,  and 
perhaps  diuretic,  effect  to  that  of  the  alcohol  in  those 
beverages.  The  dose  is  gr.  xv.-lx.  (1.0-4.0).  The 
Pharmacopoeia  provides,  besides  lupulin  (g.v.)  and  its 
preparations,  a  twenty  per  cent,  tincture,  the  dose  of 


which  is  fl   5    i-ij-  (4.0-8.0),   and   which    is  probably 
the  best  form  of  administration. 

Henry  II.  Rusnv. 


Hunter,  John. — Born  February  13,  1728,  at  Long 
Calderwood,  Lanarkshire,  England.  He  was  the 
youngest  of  ten  children,  and,  partly  for  this  reason 
and  partly  because  he  was  very  fond  of  country 
amusements  and  averse  to  restraints  of  all  kinds,  he 
received  little  or  no  school  training.  At  the  age  of 
twenty  he  asked  permission  of  his  brother  William, 
who  was  conducting  at  that  time  the  most  celebrated 
anatomical  school  in  London,  to  aid  in  making  dis- 
sections. His  request  was  granted  and  he  was  set 
to  work  dissecting  the  muscles  of  an  arm.  He  did 
the  work  to  his  brother's  satisfaction.  Then  William 
gave  him  the  more  difficult  task  of  dissecting  similar 


Fig.  3293.— John  Hunter. 

parts  in  a  cadaver  the  blood-vessels  of  which  had  been 
injected;  and  here  again  the  dissection  was  so  well 
performed  that  William  predicted  that  his  brother 
would  become  a  good  anatomist.  From  this  time 
onward  the  latter  advanced  so  rapidly  in  his  acquisi- 
tion of  anatomical  knowledge  that  already  during  the 
following  year  it  was  decided  that  he  might  be  entrust- 
ed with  the  charge  of  his  brother's  practical  class.  In 
1749-1750,  he  attended  the  lectures  and  operations  of 
William  Cheselden  at  the  Chelsea  Military  Hospital; 
in  1751,  he  became  a  surgeon's  pupil  at  St.  Bartholo- 
mew's Hospital;  in  1754,  he  occupied  the  same  posi- 
tion in  St.  George's  Hospital;  and  in  1756  he  was  ap- 
pointed House-Surgeon  in  the  latter  institution.  In 
1759,  symptoms  of  pulmonary  tuberculosis  haying 
manifested  themselves,  he  applied  for  and  obtained 
(in  1760)  the  appointment  of  staff-surgeon  in  Hodgson 
and  KeppePs  expedition  to  Belle-Ile-en-Mer,  off  the 
coast  of  Brittany.  In  1762,  he  served  with  the 
English  forces  on  the  frontier  of  Portugal.  Upon 
his  return  to  England  in  1763  he  took  a  house  in  Lon- 
don and  began  the  career  of  a  practising  surgeon.  All 
through  this  early  period  of  his  professional  life 
(1748-1763)  John"  Hunter  was  constantly  carrying 
on  investigations  of  one  kind  or  another  in  human 
and  comparative  anatomy,  in  physiology,  in  em- 
bryology, in  surgical  pathology,  etc.;  and  he  con- 
tinued making  such  investigations,  but  with  still 
greater  zeal,  during  the  remainder  of  his  life.  In 
many  of  these  researches  his  chief  object  was  to  throw 
additional  light  upon  certain  surgical  procedures  or 
upon  certain  pathological  phenomena  observed  by 
him  in  the  course  of  his  surgical  practice;  in  short,  a 
large  part  of  this  work,  which  apparently  was  of  a 
purely  scientific  character,  had  a  thoroughly  practical 
purpose. 

In  1786,  Hunter  became  Deputy  Surgeon-General 
to  the  Army,  and  in  1790  he  was  appointed  Surgeon- 
General  to  the  Army,  as  well  as  Inspector-General  of 
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Hospitals.  After  the  death  of  Pott,  in  December, 
1788,  Hunter  was  universallj  admitted  to  be  the 
first  surgeon  in  England.  His  death  occurred  Oc- 
tober   16,    1793.     His    remains   resl    in    Westminster 

Abbey. 

Of'John  Hunter's  published  writings  that  entitled 
"A  Treatise  oti  the  Blood,  Inflammation,  and  Gun- 
shot Wounds"  is  undoubtedly  his  masterpiece.  The 
application  of  physiology  to  practice  is  especially 
noticeable  in  this  treatise.  To  his  museum  Hunter 
gave  a  very  large  share  of  his  attention.  It  is  to-day 
housed  in  a  suitable  building  in  Portugal  Street, 
London,  under  the  care  of  the  Royal  College  of 
Surgeons.  A.    H.    B. 


Hunter,  William. — Born  at  East  Kilbride,  Lanark- 
shire, England,  May  23,  1718.  He  was  an  elder 
brother  of  John  Hunter.  At  the  age  of  fourteen  he 
was  sent  to  the  University  of  Glasgow,  where  he 
studied  for  five  years.  On  the  advice  of  Dr.  William 
Cullen  he  resolved  to  devote  himself  to  physic.  From 
1737  to  1740  he  resided  with  Cullen  at  Hamilton,  and 
then  spent  the  winter  of  1740-1741  at  Edinburgh. 
From  this  city  lie  went  to  London  and  entered  as  a 
surgeon's    pupil    at    St.    George's  Hospital.     He  also 
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Fig.  3294. — William  Hunter. 

received  instruction  in  anatomy  from  Frank  Nicholls. 
In  1746  he  undertook  the  delivery,  for  a  society  of 
naval  practitioners,  of  a  series  of  lectures  on  operative 
surgery;  and  these  proved  so  satisfactory  that  he  was 
requested  to  include  anatomy  in  his  course.  In  1748, 
having  renounced  surgical  for  obstetric  practice,  in 
which  he  excelled,  he  was  appointed  a  Surgeon-Ac- 
coucheur at  the  Middlesex  Hospital,  and  in  1749  at  the 
British  Lying-in  Hospital.  The  degree  of  M.  D.  was 
conferred  upon  him  by  the  University  of  Glasgow  in 
1750.  In  1762  he  was  made  Physician  Extraordinary 
to  her  Majesty,  Queen  Charlotte.  He  died  March  30, 
1783. 

Hunter's  great  work,  "The  Anatomy  of  the  Gravid 
Uterus,  exhibited  in  Figures,"  was  published  in  1774. 

A.   H.   B. 


Hunter's  Hot  Springs. — Park  County,  Montana. 

Post-ofpice. — Springdale.     Hotels  and  sanatorium. 

Access. — Via  Northern  Pacific  Railroad  to  Spring- 
dale,  where  autostages  connect  with  the  springs,  two 
miles  distant,  the  road  crossing  a  magnificent  iron 
bridge  on  the  Yellowstone  River.  Hunters'  Springs 
itual  ed  at  the  base  of  the  foothills  of  what  is  known 
as  the  Crazj  Range  of  mountains.  The  location  is 
1,000  miles  west  of  St.  Paul  and  920  miles  east  of  Port- 
land, t  rregon,  and  has  an  altitude  of  1,480  feet  above 
the  sea  level.  The  surrounding  scenery  is  of  the  grand 
and    romantic    character    commonly    found    in    the 

356 


Rocky  Mountains.  The  climate  is  dry  and  salubri- 
ou  and  severe  storms  are  unknown.  The  thermom- 
etei    eldom  r<  ac  i  high  as  98°  F.  in  summer  or  as 

low  as  zero  in  winter.  The  springe  boil  up  from  a 
rocky  ledge  in  the  bottom  of  a  little  valley  or  basin 
inclosed  by  gently  undulating  hills.  They  are  t  wenty- 
seven  in  number  and  are  arranged  in  three  principal 
groups,  varying  in  lieal  from  1  18'  I",  to  168'  P.,  with 
a  combined  outpour  of  about  '.10,000  gallons  per  hour. 
The  water  is  clear  and  sparkling  and  remarkably  soft. 
The  baths  for  women  and  men  are  in  separate  depart- 
ments, each  fitted  wit  h  a  plunge,  tub,  and  vapor  baths, 
and  heated  by  the  hot  waters.  About  eighty  rods 
from  the  bath-house  is  an  outdoor  summer  bath, 
about  one  hundred  and  five  feel  square  and  from  four 
to  six  feet  deep,  supplied  with  water  from  the  lower 
group.  This  is  said  to  be  the  largest  bath  of  hot 
mineral  water  in  the  United  States.  The  sanatorium 
connected  with  the  springs  has  recently  been  erdarged 
and  is  adequately  prepared  for  the  reception  of  various 
classes  of  patients. 

The  springs  are  known  as  the  LTpper,  Lower,  and 
Hidden  Springs.  The  Upper  and  Lower  Springs  are 
each  protected  by  picturesque  kiosks,  or  spring- 
houses,  for  the  shelter  of  those  who  come  to  drink  the 
waters.  The  following  is  the  analysis  of  the  water 
of  the  Upper  Spring,  temperature  148°  F.  made  by 
Prof.  W.  M.  Cobleigh,  of  the  Montana  State  College 
of  Agriculture  and  Mechanic  Arts. 

Hypothetical  form  of  combination: 


Pts.  permillion. 

Grains  per  U.  S. 
gallon. 

0.713 

0.36 

1.5 
10.8 
Trace 

0.4 

60.4 

208.8 

1.9 
Truce 

5.2 

0.6 
60.2 

5.50 

0.04 

0.02 

0.09 

0.62 

0.02 

Sodium  carbonate 

Sodium  bicarbonate 

3.52 

12.17 
0.11 

0.30 

0.03 

Silica 

3.50 

0.32 

Total 

356.373 

2(1.74 

According  to  Peale's  classification  of  mineral  waters, 
this  is  a  thermal,  sodic  carbonated,  and  bicarbonated 
alkaline  lithie  sulphureted  water. 

While  the  waters  at  Hunter's  are  delightful  for  baths 
alone,  it  is  their  medicinal  value  that  renders  them 
specially  desirable  and  valuable.  They  are  very  use- 
ful in  the  treatment  of  rheumatism,  gout,  asthma, 
catarrhal  conditions  of  the  pharynx,  larynx,  and 
bronchi,  diseases  of  the  kidneys,  liver,  stomach, 
nerves  and  skin,  uterine  diseases,  chronic  metallic 
poisoning,  and  syphilis.  There  are  two  hotels  at 
Hunter's.  The  new  hotel  is  modern  in  all  of  its 
appointments,  capable  of  accommodating  300  guests. 
An  independent  water  system  provides  good  fire  pro- 
tection. There  is  a  large  and  very  fine  plunge,  or 
swimming  pool,  100  by  50  feet  in  size  with  all  modern 
accessories,  including  a  gymnasium.  Hard  by  the 
baths  is  the  solarium  of  sixty  feet  radius.  The 
cuisine  is  excellent,  the  table  being  largely  supplied 
by  the  hotel's  farm  and  ranch.  There  is  a  fine  golf 
course.  And  the  region  about  the  springs  is  a  famous 
hunting  and  fishing  resort,  Emma  E.  Walker. 


Hunyadi  Janos. — A  mineral  spring  at  Ofen,  Hun- 
gary, a  part  of  Budapest.  The  active  ingredients  are 
the  sulphates  of  sodium  and  magnesium.     The  follow- 
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ing  table  shows  the  proportions  in  which  they  occur 
in  the  various  Hungarian  waters. 

One  Liter  of  Water  Contains: 


Sodium  sulphate. 
Grama. 

Magnesium  sulphate. 
Grams. 

Hunyadi  Janos 

Franz-Josef 

Apenta 

22 .  55 

23.  IS 
15.40 

9.59 
6.05 
5.80 

22.35 
24.78 

24.40 
10.85 

Friedrichshall 

Kisaingen  Bitterquelle. 

5   1  ■". 
5.00 

The  following  is  an  analysis  of  the  Hunyadi  Janos 
water  by  Professor  Bunsen.  One  pint  contains: 
Sodium  carbonate,  gr.  13.20;  ferrous  (oxide)  carbonate, 
gr.  0.08;  calcium  carbonate,  gr.  6.04;  strontium 
carbonate,  gr.  0.19;  sodium  chloride,  gr.  11.54;  potas- 
sium sulphate,  gr.  1.67;  sodium  sulphate,  gr.  12S.97; 
magnesium  sulphate,  gr.  137.98;  silicious  earth,  gr. 
0.09.  Total,  299.76  grains.  Free  and  partly  com- 
bined carbonic  acid,  8.06  cubic  inches. 

Other  well-known  waters  of  like  character  are  those 
of  the  Rubinat  Condal,  Rubinat  Serre,  and  llubinat 
Llorach  Springs  in  Spain. 

The  taste  of  these  waters  is  disagreeably  bitter, 
much  like  a  solution  of  "Epsom  salts,"  although  it 
is  said  to  be  somewhat  modified  by  the  presence  of 
free  carbonic  acid  and  the  other  salts;  at  best,  however, 
they  are  not  a  pleasant  drink. 

These  sulphated  bitter  waters  are  much  employed 
either  as  an  occasional  aperient,  or  in  habitual  con- 
stipation and  in  dyspepsia  accompanied  by  constipa- 
tion. They  are  also  a  serviceable  laxative  in  small 
doses  in  pregnancy,  arteriosclerosis,  cardiac  disease, 
and  other  morbid  conditions  in  which  an  unstimulat- 
ing  laxative  is  desired.  In  large  doses  they  are  indi- 
cated where  a  rapid,  full  evacuation  of  the  bowels  is 
the  end  in  view.  In  brief,  in  all  the  innumerable 
conditions  in  which  a  "dose  of  salts"  is  indicated, 
these  bitter  waters,  which  are  practically  a  solution 
of  salts,  can  be  used.  The  usual  dose  of  the  strong 
bitter  waters  is  from  a  half  to  one  wineglassful  taken 
on  an  empty  stomach.  In  emergency  cases  a  larger 
dose  can  be  taken — from  three-quarters  to  one 
tumblerful.  Edward  O.  Otis. 


Huschke,  Emil  H. — Born  at  Weimar,  Germany, 
December  14,  1797.  He  received  his  preliminary 
education  in  his  native  city,  but  studied  medicine  in 
Jena,  under  Oken,  and  obtained  his  degree  in  181S. 
Later  he  went  to  Paris  to  study,  returning  to  Jena, 
however,  to  establish  a  practice.  In  1824. he  was 
made  Professor  Extraordinary,  and  in  1827,  upon  the 
death  of  Loder,  he  received  the  appointment  of 
Professor  of  Anatomy  in  the  University  of  Jena, 
which  he  held  until  his  death  on  June  19,  1858. 

Huschke  became  a  well-known  anatomist  and  em- 
bryologist,  and  contributed  much  to  the  knowledge 
of  these  subjects  through  his  discoveries,  the  chief  of 
which  are:  The  development  of  the  thyroid  gland; 
the  invagination  of  the  crystalline  lens;  the  so-called 
"Huschke's  teeth  "in  the  cochlea,  and  a  cartilage  in 
the  nose;  a  crystalline  form  of  otoliths;  "Huschke's 
foramen"  a  perforation  found  in  the  tympanal  plate 
due  to  arrest  of  development;  "Huschke's  ligament,  " 
a  peritoneal  fold  found  on  the  upper  portion  of  the 
smaller  curvature  of  the  stomach  and  extending  to 
the  anterior  surface  of  the  pancreas,  also  " Huschke's 
valve,"  plica  lacrimalis. 

His  writings  are  the  following:  "De  embryologia 
hominis,"  1820;  "EingeweidelehreundSinnesorgane," 
1844;  "Ueber  die  Umbildung  des  Darmeanales  und 
der  Kiemen  bei  den  Froschquappen, "  1825;  "Ueber 
die  Kiemenbogen  und  die   Kiemengefasse  beim  be- 


bruteten  Hiihnchen,"  1828;  "Programma  de  pul- 
iiiiiiiiini  quadruplicitate, "  1823;  "Ueber  die  Textur 
der  Nieren,"  1828;  "  lober  die  Sinne,"  1824;  "C'ranio- 
sklerosis  totalis  rhachilica, "  1858.  E.  L.  J. 


Hutchinson,  Sir  Jonathan. — Born  at  Selby, 
Yorkshire,  England,  July  2:'.,  1S2M.  He  received  his 
early  education  at  his  native  town  ami  was  then 
apprenticed,  in  accordance  with  the  custom  of  tin: 
day,  to  a  practitioner  in  York,  Mr.  Caleb  William-, 
who  lectured  on  materia  medica  and  therapeutics  ai 
the  York  School  of  Medicine.  In  1S47  he  entered 
Si.    Bartholomew's    Hospital    and    qualified    in    1850 

in  the  usual  manner  by  taking  the  Membership  of 
the  Royal  College  of  Surgeons  of  England  and  the 
License  of  the  Society  of  Apothecaries  of  London. 
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Fig.  3295. — Sir  Jonathan  Hutchinson. 

Shortly  alter  this  he  was  appointed  assistant  physi- 
cian to  the  City  of  London  Hospital  for  Diseases  of  the 
Chest,  and  later  surgeon  to  the  Metropolitan  Free 
Hospital,  to  the  Royal  London  Ophthalmic  Hospital, 
and  to  the  Blackfriar  Hospital  for  Diseases  of  the 
Skin.  In  1S59  he  was  appointed  surgeon  to  the 
London  Hospital,  and  from  1862  was  lecturer  on 
surgery  in  the  Medical  College,  taking  the  additional 
subject  of  ophthalmology  the  following  year.  In 
1873  he  became  senior  surgeon,  and  in  1883  retired 
from  active  work  on  the  hospital  staff.  From  1S79  to 
18S3  he  was  Hunterian  Professor  of  Surgery  and 
Pathology  at  the  Royal  College  of  Surgeons.  He 
served  on  the  Royal  Commission  appointed  in  1881 
to  inquire  into  the  condition  of  the  London  hospitals 
for  smallpox  and  fever  eases,  and  into  the  means  of 
preventing  the  spread  of  infection,  and  later  on  the 
Royal  Commission  on  Vaccination  (1S90-96).  In 
1882  he  was  elected  Fellow  of  the  Royal  Society,  and 

in    1908  received  the   honor   of   knighth 1    for   his 

distinguished  services  to  medicine.  He  received 
honorary  degrees  from  the  universities  of  Glasgow 
(1887),  ( lambridge  (1S90),  Edinburgh,  Oxford,  Dublin, 
and  Leeds.  He  was  a  corresponding  member  of  the 
Surgical  Society  of  Paris,  and  an  honorary  member  of 
many  other  European  and  American  societies.  He 
died'at  Haslemere,  June  23,  1913. 

While  a  stranger  to  no  branch  of  medical  knowledge, 
Hutchinson  was  especially  famous  as  a  surgeon, 
dermatologist,  ophthalmologist,  and  syphilographer. 
He  was  also  an  earnesi  teacher  and  advocate  of 
post-graduate  study  and  was  an  enthusiastic  believer 
in  t  lie  value  of  objective  teaching  by  means  of  museum 
collections.  He  established  a  medical  museum  first 
in  his  own  house,  where  he  gave  lectures  at  certain 
times  to  all  medical  men  who  chose  to  attend,  and 
later  transferred  the  collection  to  the  London  Poly- 
clinic which  he  and  others  had  established.  He  also 
founded  local  museums  for  the  study  of  natural  history 
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at  Haslemere,  where  was  his  country  home,  and  at 
Selby,  his  birthplace.  To  a  number  of  conditions  and 
symptoms  whicli  he  observed  and  first  described  his 
name  has  been  permanently  attached.  For  example, 
the  facial  expression  of  ophthalmoplegia  is  known  as 
Hutchinson's  facies,  the  mask-like  appearance  in  tabes 
dorsalis  as  Hutchinson's  mask,  the  unequal  size  of  the 
pupils  in  meningeal  hemorrhage  as  Hutchinson's 
pupils,  the  notching  of  the  teeth  in  hereditary  syphilis 
as  Hutchinson's  teeth,  while  the  combination  of  inter- 
stit  ial  keratitis,  labyrinthine  disease,  and  notched  teeth 
has  received  the  name  of  Hutchinson's  triad. 

For  many  years  he  was  an  energetic  advocate  of  the 
theory  of  the  influence  of  diet  in  the  causation  of  lep- 
rosy. He  did  not  deny  the  influence  of  contagion,  but 
maintained  to  the  end  of  his  life  that  the  leprous  soil 
was  prepared  by  the  eating  of  long  kept  or  partly 
decomposed  fish,  and  he  even  traveled  to  India  and 
South  Africa  to  find  material  to  support  this  theory. 

Hutchinson  was  a  voluminous  writer.  He  always 
kept  full  notes  of  his  cases  and  for  ten  years  published 
the  most  interesting  of  them,  with  comments,  in  the 
"Archives  of  Surgery,"  a  quarterly  of  which  he  was  both 
publisher  and  editor,  and  to  which  he  was  the  sole 
contributor.  He  wrote  a  manual  on  Syphilis  and 
contributed  the  articles  on  Constitutional  Syphilis  in 
Reynold's  "System  of  Medicine,"  on  Hereditary 
Syphilis  in  the  "Twentieth  Century  Practice  of  Medi- 
cine," on  the  Surgical  Diseases  of  Women  in  Holmes's 
"System  of  Surgery,"  and  on  Syphiloderma  and  Drug 
Eruptions  in  Allbutt  and  Rolleston's  "System  of 
Medicine."  He  also  published  in  1863  "A  Clinical 
Memoir  on  Certain  Diseases  of  the  Eye  and  Ear  con- 
sequent on  Inherited  Syphilis,"  in  1884  a  work  on 
"The  Pedigree  of  Disease,"  and  in  1900  one  on  "Lep- 
rosy and  Fish-eating."  T.  L.  S. 

Huxham,  John. — Born  in  Devonshire,  England, 
in  1692.  He  studied  medicine  in  Leyden  under 
Boerhaave,  and  later  in  Rheims,  and  on  returning  to 
England  established  himself  in  practice  in  Plymouth. 
Here  he  soon  acquired  fame  and  a  large  practice. 
He  was  elected  a  Fellow  of  the  Royal  Society  in 
1739,  and  in  1755  was  awarded  the  Copley  medal  for 
an  essay  entitled  "  Medical  and  Chymieal  Observa- 
tions upon  Antimony."     He  made  a  special  study  of 
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Fig.  3290.— John  Huxham. 

epidemic  diseases  and  of  their  supposed  relation  to 
meteorological  conditions,  publishing  a  work  on  the 
subject,  entitled  "Observationes  de  aere  et  morbis 
epidemicis."  His  two  best  known  works  are  an 
"Essay  on  Fevers,"  London,  1739-1769,  in  which  he 
advocated  the  use  of  the  compound  tincture  of 
cinchona,  thereafter  known  as  Huxham's  tincture; 
and  "Dissertation  on  the  Malignant  Ulcerous  Sore- 
throat,"  London,  1750-I757,in  which  he  first  gave  an 
accurate  description  of  diphtheria.  Huxham  rlied 
August   12,  1768.  T.  L.  S. 


Huxley,  Thomas  Henry. — Born  at  Ealing, 
Middlesex,  England,  May  4,  1825.  He  studied  medi- 
cine at  the  Charing  Cross  Hospital,  London.  In 
1845  he  published,  at  the  suggestion  of  his  instructor, 
Wharton  Junes,  his  first  scientific  paper,  demonstrat- 
ing the  existence  of  a  hitherto  unrecognized  layer  in 
the  inner  sheath  of  hairs,  a  layer  that  has  been  known 
since  as  "Huxley's  layer."  In  December,  1846, 
having  taken  service  in  the  British  Navy,  he  left 
England  as  surgeon  to  the  "Rattlesnake,"  a  vessel 
which  had  been  despatched  for  surveying  work  in 
Torres  Strait,  to  the  north  of  Australia.  He  returned 
to  England  in  November,  1850.  During  this  voyage 
Huxley  "gathered  a  magnificent  harvest  in  the  almost 
unreaped  field  (tropical  marine  surface-life),  and  the 
conclusions  he  drew  from  it  were  the  beginning  of  the 
revolution  in  zoological  science  which  he  lived  to  see." 
(Encyclo.  Brit.)  From  this  time  forward,  if  he  had  con- 
tinued to  retain  the  position  of  surgeon  in  the  Navy, 
he  would  have  been  obliged  to  perform  all  the  pre- 
scribed duties  of  the  office;  and  this  was  certainly 
not  the  kind  of  work  for  which  Huxley  was  fitted. 
He  therefore  resigned  from  the  Navy,  and  gave  him- 
self up  wholly  to  those  biological  studies  which  were 
soon  to  make  his  name  famous  throughout  the  world 
of  science.  The  story  of  this  remarkable  career  is 
well  told  in  the  "Life  and  Letters  of  Thomas  Henry 
Huxlev,"  bv  his  son  Leonard  Huxley  (2  vols.,  1900). 

A.  H.  B. 


Hyalin. — This  is  the  chief  organic  constituent  of 
the  walls  of  hydatid  cysts,  and  is  related  chemically 
to  chitin.  The  walls  of  the  older  transparent  cysts 
are  composed  of  pure  ash-free  hyalin;  thoes  of  the 
younger  cloudy  cysts  are  albuminous  and  contain 
various  salts.  Hyalin  has  been  found  only  in  echino- 
coecus  cysts.  From  the  older  cysts  walls  it  is  obtained 
in  water  solution  under  high  pressure.  This  body 
should  not  be  confused  with  pathological  hyalin  or 
hyalin  degeneration.  The  latter  does  not  represent 
a  definite  chemical  entity  but  is  applied  to  a  variety 
of  albuminous  substances  that  are  transparent, 
homogeneous  and  structureless,  and  do  not  give  the 
specific  amyloid  reactions. 

Pure  hyalin  is  opalescent,  transparent,  insoluble  in 
cold  water,  alcohol,  and  ether,  but  soluble  in  over- 
heated water  (150°  C).  It  is  not  soluble  in  acetic 
acid,  and  only  slightly  in  cold  hydrochloric  and  nitric 
acids,  but  dissolves  completely  in  hot  solutions  of  the 
latter  two.  In  concentrated  potassium  and  sodium 
hydroxides  it  is  slowly  and  incompletely  dissolved. 
According  to  Liicke  its  composition  is  as  follows; 
C.  44.1-45.3,  H.  6.5-6.7,  N.  4.5-5.2,  O.  43-44.7 
per  cent.  From  the  water  solution  it  is  precipitated 
by  alcohol,  acetate  of  lead,  and  mercuric  nitrate,  but 
not  by  acetic  acid  and  potassium  fei-rocyanide  or 
mercuric  chloride.  By  the  latter  reactions  it  is 
distinguished  from  albumin.  Neither  tannic  acid 
nor  chlorine  water  precipitates  it.  If  the  water 
solution  is  boiled  with  dilute  sulphuric  acid  reducing 
substances  are  formed,  which  with  yeast  yield  alcohol 
and  carbonic  acid,  and  are  strongly  dextrorotatory, 
proving  to  be  grape-sugar  It  has  been  estimated  that 
the  older  cyst  walls  yield  fifty  per  cent,  of  their  weight 
of  this  substance.  From  chitin,  to  which  it  is  most 
closely  related,  hyalin  is  distinguished  by  its  solubility 
in  water  at  150°  C.  Aldred  Scott  Warthix. 


Hyaline  Degeneration. — F/nder  this  head  there  is 
classed  by  various  writers  a  large  nunber  of  patho- 
logical processes  of  widely  differing  origin  and  nature, 
characterized  in  common  by  the  production  of  a 
clear,  homogeneous,  refractive  material  to  which  the 
name  hyalin  is  applied.  The  most  comprehensive 
use  of  this  term  is  that  employed  by  von  Reckling- 
hausen  who   defines   hyalin   as  a   homogeneous,    re- 
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fractivc,  albuminous  body,  staining  woll  with  eosin, 
carmine,  picrocarmine,  and  acid  fuchsin,  resistant 
to  water,  alcohol,  acids,  and  ammonia;  in  these 
respects  resembling  amyloid,  but  giving  none  of  the 
specific  amyloid  reactions  with  iodine  or  the  aniline 
stains.  In  accordance  with  this  definition,  he  classes 
as  hyaline  substances  epithelial  colloid  and  kera- 
tohyalin  {epithelial  hyalin),  the  hyaline  products  of 
connective-tissue  cells  and  intercellular  substance 
(connective-tissue  or  conjunctival  hyalin),  hyaline  prod- 
ucts of  coagulation  (blood  hyalin),  hyaline  inflamma- 
tory exudations  on  surfaces,  into  tissues,  urinary 
tubules,  etc.  (exudation  hyalin),  and  tissue  necroses 
presenting  a  hyaline  appearance  (hyaline  necrosis). 
Further,  the  hyalin  formed  in  connective  tissues  is  to 
be  divided  into  two  classes :  that  formed  by  a  secretory 
process  on  the  part  of  the  connective-tissue  cells,  and 
that  resulting  from  a  degeneration  or  infiltration  of 
the  interstitial  substance.  Since  these  various  sub- 
stances are  of  different  origin  and  are  not  chemic- 
ally identical,  as  shown  by  their  great  difference  in 
staining,  the  above  classification,  resting  as  it  does 
only  upon  a  common  physical  property,  has  not  been 
accepted  by  the  majority  of  pathologists,  who  class 
the  greater  part  of  these  processes  under  other 
heads  than  that  of  hyalin,  and  restrict  the  term 
hyaline  degeneration  almost  entirely  to  epithelial 
hyalin  (colloid)  and  to  the  hyaline  changes  occurring  in 
connective  tissue. 

Epithelial  Hyalin. — (See  Colloid.) 

Hyaline  Degeneration  of  Connective  Tissue. — The 
group  of  changes  occurring  in  connective  tissue,  in 
which  the  fibrous  basic  substance  becomes  structure- 
less and  homogeneous,  is  at  the  present  time  usually 
understood  by  pathologists  when  the  term  hyaline 
degeneration  is  used.  In  the  earlier  stages  of  this 
degeneration  the  connective-tissue  fibrillse  become 
swollen  and  are  gradually  transformed  into  coarse, 
irregular  hyaline  strands  or  even  into  nodular  masses; 
in  other  cases  they  may  become  confluent,  forming 
uniformly  homogeneous  masses;  or  masses  of  hyaline 
substance  may  be  formed  between  the  fibrillae, 
the  latter  gradually  disappearing.  Neither  the  hyaline 
material  into  which  connective  tissue  may  be  trans- 
formed nor  that  by  which  it  may  be  replaced  has  yet 
been  shown  to  be  a  distinct  chemical  entity.  In 
both  cases  the  substance  closely  resembles  amyloid, 
but  differs  from  it  in  that  it  has  no  specific  reactions 
with  iodine  and  the  aniline  dyes.  There  are,  how- 
ever, reasons  for  believing  that  the  chemical  relation- 
ship of  these  substances  is  very  close,  inasmuch  as  it 
has  been  shown  that  the  two  are  frequently  found  in 
combination  and  that  under  certain  conditions  amy- 
loid may  lose  its  specific  reactions  and  become  changed 
into  hyalin.  The  formation  of  hyalin,  similar  to 
that  of  amyloid,  in  many  cases  partakes  more  of  the 
nature  of  a  deposit  than  a  true  degeneration. 

The  most  characteristic  staining  reaction  of  con- 
nective-tissue hyalin  is  with  acid  fuchsin.  This  is 
best  brought  out  by  the  methods  of  Van  Gieson  and 
Pianese.  By  means  of  this  reaction  it  may  be  dis- 
tinguished from  amyloid,  colloid,  mucin,  though  its 
behavior  with  this  stain  is  not  always  constant. 
The  staining  variations  are,  however,  largely  depend- 
ent upon  the  age  and  density  of  the  hyaline  sub- 
stance, and  the  ease  with  which  it  is  penetrated  by  the 
staining  fluid.  Recently  formed  hyalin  stains  light 
rose-red;  old  hyalin  a  very  deep  red  when  penetrated 
by  the  stain,  but  with  Van  Gieson's  method  it  often 
stains  yellowish,  the  acid  fuchsin  not  having  pene- 
trated. It  is  very  probable,  however,  that  the  hyaline 
changes  in  connective  tissue  are  not  identical,  but 
represent  a  class  of  closely  related  conditions. 

As  in  the  case  of  amyloid,  connective-tissue  hyalin 
is  most  frequently  found  in  the  walls  of  blood-vessels, 
but  differs  from' the  former  in  being  found  in  con- 
nective tissue  without  showing  any  relation  to  the 


vessels,  particularly  in  the  case  of  glandular  stroma. 
1  ■  1 1  \  ioliigical  hyalin  occurs  in  large  masses  in  ovarian 
corpora  fibrosa,  where  it  constitutes  a  normal  forma- 
tion in  the  process  of  obliteration  of  the  corpus 
luteum.  The  formation  of  hyalin  in  the  blood- 
vessels in  old  age  is  also  to  be  regarded  as  of  t  he  nature 

Of  a  physiological  process.  Under  normal  conditions 
the  blood-vessels  of  the  ovary  arc  the  first  to  show  this 
change,  and  this  organ  at  I  be  menopause  shows  exten- 
sive hyaline  change  in  the  walls  of  its  arterioles.  A 
similar  change  is  found  at  this  time  in  the  uterine 
vessels. 

The  pathological  formation  of  hyalin  may  occur  in 
apparently  normal  connective-tissue,  or  in  that  al- 
tered by  pathological  processes,  in  newly  formed  con- 
nective tissue  following  inflammatory  processes  or 
that  developing  in  tumors.  Hyaline  degeneration 
occurs  most  frequently  in  the  walls  of  the  blood- 
vessels, heart  valves,  endocardium,  kidney  glomeruli, 
lymph  glands,  splenic  follicles,  connective  tissue  of  the 
thyroid,  parotid,  lacrymal  and  mammary  glands, 
tunics  of  the  testis,  periosteum,  bursae  and  tendon 
sheaths.  In  the  connective  tissue  of  tumors  it  is  of 
very  frequent  occurrence,  particularly  in  the  case  of 
the  endotheliomata  of  the  serous  glands  and  men- 
inges. The  reticulum  of  tubercles  is  often  hyaline 
in  character,  and  hyaline  connective  tissue  is  not 
infrequently  formed  about  old  tubercles,  in  old  scars, 
granulomata,  etc. 

Hyaline  change  is  rarely  massive  enough  to  be  visible 
to  the  naked  eye.  When  present  to  such  an  extent  it 
is  manifested  by  whitish,  semitranslucent,  hard  and 
dense  areas  resembling  scar  tissue,  replacing  the 
normal  structure.  It  is  usually  whiter  and  less  trans- 
lucent than  amyloid.  In  blood-vessels  showing  much 
change  the  walls  may  be  thickened,  stiffened,  and  the 
lumen  partially  or  wholly  blocked.  From  the  hard 
and  dense  character  of  the  process  hyaline  degenera- 
tion is  usually  spoken  of  as  sclerosis;  in  blood-vessels, 
either  arterio-  or  phlebosclerosis. 

Sclerosis  of  veins  is  not  nearly  so  common  as  that  of 
arteries,  but  is  of  quite  constant  occurrence  in  organs 
and  tissues  affected  by  chronic  inflammatory  processes. 
The  sclerosis  of  arteries  may  be  considered  patho- 
logical when  it  occurs  at  an  early  age  or  to  an  excessive 
degree.  The  small  arterioles  of  the  splenic  follicles, 
kidney  glomeruli,  brain  and  spinal  cord,  and  the  intima 
of  the  larger  arteries  are  particularly  subject  to  hyaline 
change.  In  many  cases  the  hyaline  substance  is 
formed  immediately  beneath  the  endothelium  in  a 
manner  similar  to  that  of  amyloid;  in  other  cases 
there  is  first  a  proliferation  of  connective  tissue 
beneath  the  endothelium,  the  new  tissue  gradually 
losing  its  nuclei  and  becoming  converted  into  hyalin. 
Not  infrequently  the  formation  of  hyalin  takes  place 
only  in  the  outer  coat  of  the  vessel.  The  small 
arterioles  of  the  splenic  follicles  and  the  kidney 
glomeruli  are  often  the  first  vessels  in  the  body  to 
show  sclerotic  change.  The  extent  and  location  of 
this  change  are,  however,  very  variable;  in  some  cases 
it  may  be  confined  to  the  coronary  arteries,  while  in 
others  the  small  arterioles  of  the  central  nervous 
system  may  alone  be  affected. 

The  connective  tissue  of  fibromyomata  very  often 
undergoes  hyaline  change.  Similar  processes  occur 
in  the  endothelial  tumors  of  the  brain,  meninges,  and 
serous  glands.  In  these  tumors  the  chief  part  of  the 
growth  may  sometimes  consist  of  hyaline  material. 
When  formed  into  cylinders  or  columns  about  the 
vessels  the  tumor  is  designed  a  cylindroma.  In  the 
mixed  endothelial  tumors  of  the  serous  glands  hyaline 
material  is  formed  after  the  manner  of  a  secretion  on 
the  part  of  the  endothelial  cells  lining  the  lymph 
spaces.  A  similar  formation  of  hyalin  at  the  expense 
of  the  interstitial  cells  occurs  in  the  connective  tissue 
of  the  conjunctiva  and  thyroid.  In  the  latter  the 
formation  of  hyalin  in  large  amounts  causes  atrophy 
and  compression  of  the  glandular  elements,  so  that  not 
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infrequently  there  is  but  little  functionating  gland 
structure  left,  the  entire  organ  becoming  changed  into 
a  hyaline  mass  in  which  the  glandular  remains  are 
with  difficulty  made  out.  The  basemenl  membrane 
oi  Bowman's  capsule  and  of  the  acini  of  the  mammarj 
gland,  as  well  as  that  of  the  tubules  of  kidney  and 
testis  under  certain  conditions,  becomes  hyaline. 
Atrophy  of  the  parenchyma  usually  follows  this 
change.  Hyaline  glomerular  scars  (obliterated  glo- 
meruli) are  almosl  constantly  found  in  the  kidneys  as 
the  result  of  the  destruction  of  the  glomerular  par- 
enchyma; a  similar  sclerosis  of  the  areas  of  Langer- 
hans  in  the  pancreas  may  occur  in  association  with 
advanced  general  arteriosclerosis. 

Fibrinous  exudates  upon  serous  membranes  may 
become  organized  and  the  newly  formed  connective 
d me  change.  Such  hyaline  formations 
are  no1  infrequently  seen  upon  the  surface  of  the 
spleen,  liver,  pericardium  (so-called  soldier  or  milk 
spots),  and  pleura.  Old  pleuritic  and  pericardial 
adhesions  may  be  entirely  composed  of  hyaline 
material,  all  cells  having  disappeared.  The  hyaline 
bodies  called  rice  bodies  or  corpus.cula  oryzoidea 
found  in  pathological  condil  ions  of  the  tendon  sheat  lis 
and  bursas  are  for  the  greater  part  composed  of  loos- 
ened masses  of  organized  fibrin  which  have  undergone 
hyaline  change.  In  cirrhosis  of  the  liver  and  in 
chronic  nephritis  the  new  connective  tissue  frequently 
is  hyaline  in  character.  Old  infarct  scars  show-  a  like 
change.  Alter  complete  organization  of  obturating 
thrombi,  blood-vessels  may  become  replaced  by  hy- 
aline cords.  Similarly  in  chronic  obliterative  appen- 
dicitis the  appendix  may  become  changed  into  a 
hyaline  cylinder  in  which  even  all  traces  of  the 
muscle  coats  may  have.disappeared. 

In  lymphatic  glands  large  masses  of  hyalin  are  fre- 
quently found,  particularly  in  the  atrophic  glands  of 
old  age,  or  in  association  with  chronic  inflammatory 
processes.  Here  the  change  seems  to  be  more  of  the 
nature  of  a  deposit  or  infiltration.  Large  deposits  of 
hyalin  occur  also  in  the  hemolymph  glands.  Rarely. 
a  progressive  hyaline  degeneration  of  many  organs 
occurs — heart,  vessels,  serous  membranes,  spleen, 
lymph  glands,  intestinal  wall,  etc. — involving  these 
either  simultaneously  or  one  after  the  other.  In  these 
cases  portions  of  the  hyaline  substance  may  give  an 
amyloid  reaction.  From  this  it  may  be  inferred  that 
there  is  a  form  of  hyaline  degeneration  which  is  closely 
related  to  amyloid. 

Of  the  nature  of  connective-tissue  hyalin  practi- 
cally nothing  is  known.  The  disappearance  of  the 
nuclei,  the  subsequent  retrograde  changes  in  the 
hyaline  substance,  and  its  sequestration  from  normal 
tissue  stamp  the  process  as  being  essentially  de- 
generative in  character.  The  causes  of  the  thickening 
and  homogenous  transformation  are  entirely  obscure. 
It  has  been  believed  by  some  writers  to  be  due  to  a 
coagulation  of  proteid  material  after  the  death  of  the 
cells,  or  that  it  is  due  to  a  local  disturbance  of  metabol- 
ism. According  to  the  latter  theory  the  cells  are  un- 
able to  make  use  of  the  proteid  material  brought  to 
them;  this  becomes  precipitated  or  infiltrated  into  the 
interstitial  substance.  The  cells  are  thus  pushed 
apart,  and  gradually  atrophy.  In  many  cases  the 
formation  of  hyalin  just  beneath  the  endothelium  of 
the  blood-vessels  points,  as  in  the  case  of  amyloid,  to  a 
secretory  action  on  the  part  of  these  cells  in  removing 
certain  substances  from  the  blood.  In  the  cylindroma 
and  also  in  the  mixed  endotheliomata  of  the  parotid, 
the  formation  of  hyalin  appears  to  be  due  partly  to  a 
secretorj  action  on  the  part  of  the  tumor  cells  and 
partly  to  a  degeneration  of  these  cells.  In  the  case  of 
the  lymphatic  glands  the  appearances  more  often 
suggest  a  deposit  than  a  degenerative  process.  While 
not  bearing  the  same  relation  to  tuberculosis,  chronic 
suppurations,  etc.,  that  amyloid  does,  hyaline  de- 
generation is  most  frequently  associated  with  chronic 
intoxications.     Syphilis,    lead    poisoning,  alcoholism, 
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overeating,  etc.,  are  conditions  favoring  or  leading 
directly  to  hyaline  change-  in  the  blood- vessels.  It  is 
probable  that    hyaline  material   can   be  reconverted 

absorbed,    or    removed.      The    corpora    fibrosa    of    the 

ovary  undergo  contraction  and  decrease  of  size  until 
they  come  to  consist  of  a  narrow  line  of  hyalin  only. 
I  miher,  hyalin  is  very  unstable,  being  frequently 
calcified,  converted  into  myxomatous  tissue,  or  under- 
goes complete  disintegration.  The  hyalin  of  sclerotic 
vessels  frequently  suffers  a  fatty  change  with  later 
formation  of  cholesterin.  The  effects  of  hyaline 
change  upon  the  tissues  are  similar  to  those  of  amyloid. 

Hyalint  Bodies. — In  this  connection  should  be  con- 
sidered also  the  so-called  hyaline  bodies  (fuchsinophile 
bodies,  Russell's  bodies,  etc.)  which  are  frequently 
found  in  normal  tissues  as  well  as  in  a  great  \  arief 
pathological  processes.  They  are  globular,  hyaline 
bodies  of  varying  size,  often  occurring  in  mulberry- 
like conglomerations.  They  may  be  found  both  within 
ci  II  and  free  in  the  stroma.  With  acid  fuchsin  they 
red,  and  with  Weigert's  fibrin-stain  .,  deep  blue. 
They  are  found  particularly  in  glandular  proliferations 
of  the  stomach  mucosa,  chronic  inflammatory  proc- 
esses, lymphadenoid  tissue,  and  in  malignant  tumors. 
They  may  occur  in  either  epithelial  or  mesobls 
cells.  Their  frequent  presence  in  malignant  tumors 
has  led  them  to  be  regarded  as  parasites,  either 
blastomycetes  or  protozoa.  They  are  almost  con- 
stantly present  in  the  hemolymph  glands  where  they 
undoubtedly  represent  products  of  the  disintegration 
of  red  blood  cells.  In  pernicious  anemia  phagocytes 
filled  with  these  bodies  are  found  in  large  numbers  in 
these  glands.  Many  of  the  bodies  give  an  iron  re- 
action.  In  other  cases  the  granules  may  arise  from 
the  oxyphile  and  basophile  granules,  the  process 
partaking  of  the  nature  of  a  coagulation.  The  exact 
chemical  nature  of  hyaline  bodies  is  not  known. 

The  hyaline  bodies  found  in  the  central  nervous 
in  are  more  closely  related  to  colloid  and  the 
corpora  amylacea.  Under  certain  conditions  in  glio- 
mata  arising  from  the  spinal  cord  glistening  hyaline 
masses  are  formed  from  degenerating  glia  cells.  The 
condition  is  known  as  degeneralio  micans.  In  other 
varieties  of  tumors  arising  from  the  central  nervous 
system,  hyaline  masses  staining  red  with  fuchsin  are 
frequently  found.  In  the  majority  of  cases  they  are 
probably  obliterated  blood-vessels  that  have  become 
hyaline.  Aldred  Scott  Warthix. 

Hyalitis. — See  V ,t,,  ous  Body. 

Hyalomma. — A  genus  of  ticks,  Ixodince,  in  which 
eyes  are  present,  the  rostrum  is  long,  and  the  male 
bears  twro  pairs  of  ventral  shields.  H .  wgyptium  some- 
times attacks  man  but  appears  to  do  no  serious  harm. 

See  Arachnida. 


Hyaloserositis. — Definition. — An  inflammatory 
affection  of  the  serous  membranes,  of  chronic,  and 
progressive  development,  characterized  by  a  peculiar 
overgrowth  of  fibrous  tissue  with  hyaline  metamor- 
phosis. 

This  disease  is  a  very  remarkable  one,  and,  judging 
from  published  cases,  -not  often  recognized.  Ex- 
amples have  been  recorded  in  Germany  and  Austria 
chiefly  by  Hamboursin,1  Weiss,2  Curschmann,3  Yier- 
ordt,4  Riedel,6  Rumpf,7  Pick,8  Schupfer,9  Siegert,1" 
Schmaltz  and  Weber,11  Rose,12  Strajesko:14  in  England 
by  Hale  White5;  in  America  by  Nicholls,16  A.  O.  J. 
Kelly,16  and  Herrick.17 

It  is  probable,  however,  that  the  affection  is  nor  so 
uncommon  as  the  paucity  of  recorded  cases  would 
lead  one  to  suppose,  for  the  existence  of  the  condition 
has  not  yet  been  impressed  upon  the  minds  of  the 
general  run  of  the  profession,  and  the  unwary  would 
be  easily  led  into  errors  of  diagnosis. 

The  affection  may  begin  in  various  ways,  so  that 
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differing  clinical  types  are  produced.  Sometimes 
the  capsule  of  the  liver  is  chiefly  affected,  and  it  is  to 
this  class  of  cases  that  the  terms  "diffuse  chronic 
hyperplastic  perihepatitis,"  "chronic  deforming  peri- 
hepatitis," Zuckergussleber,"  have  been  applied, 
In  other  cases  it  is  the  pericardium  or  the  pleura  that 
is  first  involved.  Nevertheless,  in  whatsoever  way 
the  disease  may  begin,  or  in  whatever  part  it  may 
attain  its  greatest  intensity,  it  is  to  be  noted  that,  the 
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Fig.  3297. — Section  of  Liver,  Showing  well  the  Glisson's  Cap- 
sule Thrown  into  Folds  with  the  Deposit  of  Hyaline  Fibrous  Tissue 
upon  the  Surface.  (Nicholls.)  (Winckel  objective  No.  5,  without 
eyepiece.) 

process  is  everywhere  essentially  the  same,  since  il 
becomes  diffuse  and  involves  one  serous  membrane 
after  another  in  a  steady  progression.  Consequently 
the  term  multiple  progressive  hyaloserositis,  denoting 
as  it  does  an  inflammatory  process  at  once  chronic 
and  continuous,  and  emphasizing  the  peculiar  hyaline 
change  which  is  so  striking  an  element  in  the  anatom- 
ical picture,  is  perhaps  the  most  suitable  term  to  em- 
ploy. 

Distribution. — The  disease  appears  to  be  widely 
disseminated,  being  found  in  all  countries  and  all 
climes;  sex  appears  to  have  but  little  importance;  the 
cases  hitherto  recorded  have  been  chiefly  in  males. 
With  regard  to  age,  the  youngest  patient  affected  was 
aged  four,  the  oldest  eighty  years;  those  below  middle 
age  are  probably  the  most  likely  to  be  affected. 

Morbid  Anatomy. — Two  types  of  the  affection  have 
been  described,  the  sporadic  and  the  diffuse.  Except 
for  peculiarities  in  localization  and  extent,  these  forms 
are,  anatomically  speaking,  essentially  the  same.  The 
characteristic  lesion  is  the  formation  of  isolated 
nodules  or  continuous  sheets  upon  the  serosae  of  a 
pearly  white,  material  having  a  dense,  cartilaginous 
consistency.  This  substance  has  been  compared  to 
the  sugar  upon  a  cake  (Zuckerguss)  and  to  porcelain. 
When  forming  a  definite  membrane  it  varies  in  thick- 
ness from  a  few  millimeters  to  from  one  to  five  centi- 
meters, and  can  be  readily  stripped  off  the  subjacent 
organs  without  injury  to  their  substance.  On  section 
this  membrane  has  a  semitranslucent,  bluish-white 
almost  gristly  appearance. 

In  the  sporadic  form  the  material  usually  forms 
flattened  plaques,  but  may  occur  in  elevated  or  even 
polypoid  nodules.  The  favorite  sites  of  localization 
are  the  capsules  of  the  spleen  and  liver,  the  diaphragm, 
and  the  pleurae. 

With  regard  to  the  diffuse  form,  in  the  majority 
of  cases  the  capsules  of  the  liver  and  spleen,  the  peri- 
cardium and  the  lower  portions  of  the  pleurse  are  in- 
volved. It  is  the  rule  also  for  more  or  less  implication 
of  the  general  peritoneum  to  occur.  This  results  in 
induration  and  contraction  of  the  great  omentum  and 


the  mesentery;  tl menturo  is  frequentlj    converted 

into  an  irregular  tumor-like  mass  or  a  thick  fibrous 

cord  crossing  the;  abdomen  Iran  ver  ely.  The  con- 
traction of  the  mesenterj  Lead  to  di  Location  of  the 
Lnte  tine  o  that  thej  Lie  bunched  up  along  the  spinal 
column.  Bands  of  adhesions,  fibroid  and  velament- 
ous  in  character,  are  found  connecting  adjacent  struc- 
ture  and  are  likelj  to  be  met  with  between  the  Livei 

and  spleen  and  the;  diaphragm  and  between  the;  coils 
of  intestines.  While  all  or  mo  I  Oi  the  serous  mem- 
branes are  involved  in  the  process,  they  do  not  all 
present  the  same  grade  of  affed  ion.  Thus,  while  one 
membrane  presents  the  typical  "icing"  appearance, 
the  other  serous  sacs  nia\  be  obliterated  by  simple 
fibroid  adhesions  or  traversed  by  bands,  or  in  other 
ca  es  may  contain  a  serofibrinous  or  fibrinopurulent 

exudation.    When  affecting,  as  I  he  process  usuall\  di 

more  than  one  serous  sac,  do  order  of  involvement  is  ab- 
solute, and  combinations  are  numerous. 

In  the  perihepatic  form,  where  the  brunt  of  the  dis- 
ease falls  upon  the  liver  and  diaphragm,  the  Liver  is  usu 
ally  diminished  in  size  and  much  altered  in  shape,  be 
coming  somewhat  globular;  the  edges  are  rounded  and 
the  anterior  border  is  of  ten  rolled  back  upon  the  upper 
surface.     The  gall-bladder  is  usually  con  tract  eel  and  en 
closed  in  a  dense  mass  of   hyperplastic   tissue.     The 
surface  of   the   liver,  after  the  investing  crust    is  re- 
moved, which  may  readily  be  done,  is  smooth  eir  at 
most  slightly  uneven.     On  section  the  organ  usually 


Fig.  329S. — Section  of  Peritoneal  Membrane  in  the  "Zucker- 
guss" condition.  Showing  Perivascular  Leucocytosis  and  Hyaline 
Degeneration  of  the  Superficial  Fibrous  Tissue.  (Xicholls.) 
(Camera  lucida  drawing;  Reichert  objective  Xo.  3.) 

shows  brown  atrophy,  fatty  degeneration,  with  some 
passive  congestion.  Cirrhosis  of  the  organ  does  not 
occur  as  a  rule;  at  most  there  is  a  slight  thicken- 
ing of  the  septa  passing  in  from  the  capsule.  The 
spleen  is  often  enlarged,  generally  covered  with  the 
"icing"  membrane,  and  deformed.  With  regard  to 
the  pleura1,  the  right  is  as  a  rule  more  seriously  in- 
volved than  the  left;  the  bases  of  the  sacs  are-  the  sites 
of  election  for  the  process.  The  lungs  are'  usually 
atrophied  and  partially  collapsed.  Chronic  adhesive 
pericarditis,  or  more  correctly,  mediastinopericarditis, 
is  frequently  found.  More  rarely  an  acute-  exuda 
pericarditis  is  present,  and  more  rarely  still  the  peri- 
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cardium  may  be  normal.  <  Occasionally  the  pericardial 
sac  is  only  partially  obliterated,  and  then  the  adhe- 
sions are  denser  on  the  right  side  toward  the  dia- 
phragmatic surface.  Calcareous  deposits  are  some- 
times met  with  in  the  adhesions.  The  heart  is  often 
small  and  may  show  the  results  of  pericardial  adhe- 
sion, namely,  dilatation  and  insufficiency  of  the 
valves. 

The  kidneys  in  most  instances  show  no  special 
abnormality  except  possibly  congestion.  In  a  few 
cases  interstitial  fibrosis  has  been  found.  The  di- 
gestive tract  shows  but  little  disturbance;  the  stomach 
and  colon  may  be  found  adherent  to  adjacent  parts. 
A  duodenal  ulcer  was  found  in  one  case.  Icterus  is 
never  present,  unless  the  case  is  complicated  by 
cirrhosis  of  the  liver  or  by  obstruction  to  the  common 
bile  duct.  As  complicating  conditions  which  hasten 
the  fatal  termination,  acute  pneumonia,  pericarditis, 
pleurisy,  peritonitis,  and  osteomalacia  ma.y  be  men- 
tioned. A  striking  feature  of  the  diffuse  form  is 
ascites,  which  is  usually  extreme.  The  ascitic  fluid 
is  of  pale  straw  color,  high  specific  gravity,  containing 
flakes  of  fibrin,  and  has  all  the  appearances  of  an 
inflammatory  exudate.  Anasarca  is  usually  not 
marked  until  toward  the  end. 

In  addition  to  the  form  just  described  it  should  be 
stated  that  an  increasing  number  of  cases  of  serositis 
of  this  hyperplastic  type  are  being  reported  as  due 
to  tuberculosis.  It  is  beginning  to  be  recognized 
that  tuberculosis  is  not  necessarily  destructive,  but, 
on  the  contrary,   may  be    constructive — instead    of 


Fig.  3299. — Tuberculous  Perihepatitis.     The  illustration  shows  the 
membrane  produced  in  the  chronic  hyperplastic  type. 

extensive  caseation  and  softening  we  may  have  the 
formation  of  a  hyperplastic  hyaline  membrane  with 
little  or  no  caseation.  In  many  cases  it  is  only  the 
discovery  of  the  specific  bacillus  which  will  reveal 
the  true  nature  of  the  process.  It  used  to  be  thought 
that  cases  of  the  perihepatic  or  "Zuckergussleber" 
type,  to  which  Curschmann  first  drew  attention  in 
his  classical  paper,  were  never  due  to  tuberculosis; 
but  that  is  certainly  incorrect.  Strajesko14  and  James 
B.  Herrick17  have  recorded  typical  cases  undoubtedly 
of  tuberculous  origin,  and  the  writer  has  observed 
similar  instances. 

Hyperplastic  tuberculosis  of  the  serous  membranes 
is  in  my  experience  not  very  uncommon,  but  it  is 
certainly  rare  for  it  to  attack 'the  capsule  of  the  liver, 
the  pericardium,  and  the  right  pleura  in  such  a  way 
as  to  simulate  Curschmann's  "icing"  liver  and  atro- 
phic cirrhosis.  The  lesions  produced  are  not  unlike 
those  of  the  simple  or  non-tuberculous  form,  the  main 
difference  being  that  the  process  is  not  so  liable  to  be 
concentrated  on  any  special  organ,  but  is  more  gen- 
eralized over  the  serosa.  Again,  ascites  is  usually 
less  marked  and  fibroid  adhesions  are  more  numerous. 
The  membrane  produced  is  rarely  smooth  and  glis- 
tening, but  is  covered  with  fibrin  and  shaggy  adhesions. 
A  hypertrophic  fibro-hyaline  membrane  may  be  pro- 
duced also  in  this  form,  but  in  it  caseous  masses  can 
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generally  be  made  out,  disclosing  the  etiology  ,,f  the 
case;  the  caseation  may,  however,  be  very  trifling. 

Microscopically  the  membrane  in  the  simple  form 
is  composed  of  parallel  lamina;  of  connective  tissue 
showing  marked  hyaline  thickening  of  the  fibrilla'. 
In  the  deeper  portions  newly  formed  capillaries  can  bo 
made  out  with  some  perivascular  leucocytosis,  and 
"Mastzellen"  are  numerous.  Macroscopically  the 
membrane  has  all  the  appearance  of  an  organizing 
deposit  upon  the  serosa? — a  deposit  in  which  hyaline 
degeneration  constitutes  the  most  striking  feature. 
In  the  tuberculous  form  the  connective-tissue  fibrillar 
interlace  freely,  and  there  are  usually  multiple  areas  of 
caseation  with  numerous  giant  cells.  Hyaline  degen- 
eration is  also  present,  but  is  rarely  so  marked  as  in 
the  simple  form.  Tubercle  bacilli  can  usually  be 
demonstrated  readily  on  making  smears  from  the 
deposit. 

In  the  tuberculous  form,  unlike  the  first  variety, 
the  liver  is  usually  enlarged  and  often  shows  signs  of 
miliary  tuberculosis  with  slight  interstitial  fibrosis. 
Old  tuberculous  foci  are  usually  found  in  the  lungs, 
pleura?,  and  peribronchial  glands.  The  case  often 
terminates  with  a  generalized  miliary  infection. 

Etiology  and  Pathogenesis. — Several  views  have 
been  advanced  as  to  the  causation  of  the  disease. 
The  first  is  that  of  Pick,  who  regards  the  primary  con- 
dition as  an  adhesive  pericarditis  wrhich  leads  to  portal 
obstruction  and  the  so-called  "cardiac"  cirrhosis  of 
the  liver,  eventually  resulting  in  ascites  and  thickening 
of  the  liver  capsule.  For  this 
condition  he  has  proposed  the 
somewhat  clumsy  title,  "  Peri- 
cardiac pseudocirrhosis  of  the 
liver."  The  obj  ec  t io ns  to 
Pick's  view  briefly  are,  that 
cases  occur  in  which  pericar- 
dial adhesion  is  absent,  there 
is  usually  no  cirrhosis,  and  in 
most  of  the  recorded  cases  it 
has  been  shown  that  portal 
stasis  was  not  present;  nor, 
again,  does  the  development 
of  the  physical  signs  accord 
with  what  should  occur  were 
Pick's  view  correct.  Pick 
himself  has  admitted  that 
there  is  no  true  cirrhosis  of 
the  liver. 

Hale  White  lays  stress  on 
the  influence  of  nephritis  in  the  etiology.  It  must  be 
said  that  the  vast  majority  of  those  who  have  carefully 
studied  the  question  are  agreed  that  the  overgrowth  of 
fibrous  tissue  and  the  ascites  are  due  to  an  inflam- 
matory process  involving  the  various  serosae.  Most 
cases  give  a  history  of  some  previous  acute  inflam- 
matory disease,  and  the  development  of  the  lesions 
can  usually  be  traced  from  one  serous  membrane  to 
another.  Cases  have  been  known  to  follow  acute 
rheumatism,  endocarditis,  typhoid  fever,  whooping- 
cough,  measles,  malaria,  and  perityphlitis.  The 
transmission  of  the  infective  agents  from  one  serous 
sac  to  another  takes  place  by  means  of  the  lymphatics. 
In  the  tuberculous  form,  which  is  anatomically  com- 
parable to  the  simple  type,  the  true  character  of  the 
disease  is  of  course  obvious.  With  regard  to  the 
ultimate  nature  of  the  process  in  the  simple  form, 
some  little  doubt  must  still  exist;  but  it  is  probable 
that  microorganisms  of  low  virulence  are  at  work. 
We  cannot  take  the  extreme  position  of  Piccini, 
Hager,  and  Concato,  that  all  eases  of  subacute  and 
chronic  polyserositis  are  due  to  tuberculosis. 

The  writer  has  noticed  that  the  form  characterized 
by  the  production  of  isolated  nodules  on  the  surface 
of  the  spleen  or  liver  appears  to  be  specially  asso- 
ciated with  passive  congestion  of  these  organs.  This 
suggests  the  possibility  that  obstructive  cardiac  dis- 


thick  hyaline  and  caseous 
(Nicholls.) 
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ease  of  valvular  origin  might  be  an  etiological  factor 
in  the  diffuse  disease.  No  instance  of  this  had  been 
observed  at  the  time  of  the  publication  of  his  original 
monograph,  but  some  few  years  later  he  had  an 
opportunity  of  observing  a  case  that  illustrated  this 
etiology.  A  middle-aged  woman,  suffering  from 
mitral  stenosis,  ascites,  anasarca,  and  all  the  signs  of 
deficient  compensation,  was  under  observation  at 
varying  periods  for  ten  years.  The  valvular  process 
progressively  involved  the  aortic  and  tricuspid  orifices 
and  the  ascites  necessitated  frequent  tapping.  When 
she  died  there  was  typical  hyaloserositis  of  the  liver, 
spleen,  omentum,  and  peritoneal  serosa,  and  of  both 
pleural  cavities.  Here  it  is  barely  possible  that 
through  frequent  tapping  the  abdominal  cavity  had 
become  infected  and  thus  given  a  starting  point  for 
an  inflammation  gradually  involving  other  cavities, 
yet  undoubtedly  the  infective  nature  of  the  pro- 
gressive valvular  affection  would  be  sufficient  to 
account  for  it.  The  role  played  by  passive  congestion 
is  exhaustively  discussed  by  Hess  in  an  admirable 
monograph.18 

The  inflammatory  process  usually  begins  in  the  per- 
itoneal cavity  in  the  form  of  a  hepatitis  or  perihepat  it  is, 
or,  more  rarely,  about  the  stomach  and  duodenum;  it 
extends  to  the  right  pleura  and  eventually  to  the  peri- 
cardium. Next  in  frequency,  the  primary  lesion  is  a 
pericarditis  with  adhesion  extending  to  the  right 
pleura  and  thence  to  the  peritoneum;  more  rarely  still, 
chronic  pleurisy  may  extend  to  the  liver  capsule. 
The  process  is  accompanied  by  an  exudation  of  sero- 
fibrinous fluid  into  the  abdominal  cavity,  which  fluid 
tends  to  be  abundant  owing  to  the  involvement  of  the 
absorptive  surface  of  the  peritoneum  by  the  dense 
fibrous  deposit,  and  also  from  the  fact  that  the  con- 
tracting fibrous  masses  sometimes  lead  to  pressure 
upon  the  inferior  vena  cava  and  portal  vein.  Many 
cases,  however,  present  no  evidences  of  portal  obstruc- 
tion. The  liver  gradually  diminishes  in  size,  and  the 
spleen  becomes  enlarged  in  the  later  stages  when 
passive  congestion  becomes  marked.  Gout  and 
alcoholism  appear  to  have  little  to  do  with  the  process. 
Syphilis  has  been  known  to  produce  chronic  adhesive 
and  membranous  peritonitis  (Lancereaux),  but  as  yet 
no  case  of  multiple  hyaloserositis  has  been  recorded 
as  due  to  this  cause. 

If  we  accept,  as  I  think  we  must,  that  multiple 
progressive  hyaloserositis  is  an  inflammation  of  serous 
membranes  of  an  infective  origin  and  progressive 
character — a  view  that  is  supported  by  analogy,  by  the 
available  anatomical  evidence,  and  the  clinical  course, 
this  brings  the  affection  into  line  with  the  acute  and 
subacute  forms  of  serous  inflammation.  Acute 
polyserositis  has  been  much  studied  and  a  considerable 
literature  has  gathered  about  the  subject.  It.  is 
variously  known  as,  acute  polyserositis,  acute  multi- 
serositis,  acute  polyseritis,  polyorrhomenitis  (a  bar- 
barous term),  Concato's  disease,  and  Bamberger's 
disease.  Undoubtedly,  acute  inflammation  beginning 
in  one  serous  cavity  may  spread  to  other  serous 
membranes,  becoming  in  time  subacute  and  chronic, 
finally  leading  to  fibrous  adhesion  and  notable  changes 
in  the  organs  involved.  This  inflammation,  however, 
need  not  come  to  an  end  but  may  be  progressive  and 
characterized  by  the  appearance  at.  intervals  of  fresh 
exudation.  Occasionally,  the  fibrinous  deposits  be- 
come hyaline,  henco  'hyaloserositis."  On  the  other 
hand,  hyaloserositis  may  be  so  insidious  in  its  onset 
that  it  is  hard  to  assign  its  incidence  to  any  particular 
time  or  to  any  primary  localized  process.  Conse- 
quently, while  multiple  progressive  hyaloserositis 
must  be  regarded,  etiologically  and  pathogenetically, 
as  of  the  same  order  as  the  acute  forms  of  poly- 
serositis, yet  its  anatomical  features  and  clinical 
course  are  so  remarkable  and  distinctive  as  to  merit 
a  separate  description  and  almost  constitute  it  a  dis- 
ease siti  generis. 

Clinical  Course. — The  sporadic  form,  being  entirely 


of  pathological  interest,  and  giving  rise  to  no  character- 
istic symptoms,  ma\  he  dismissed  from  consideration. 
In  the  diffuse  variety,  the  most  striking  clinical 
features  are  those  to  which  Curschmann  first  drew 
attention,  namely,  shortness  of  breath,  slight  general 
wcil.  nc  ,  and  a  gradually  increasing  and  refractory 
ascites.  The  resemblance  to  atrophic  cirrhosis  of  the 
liver  is  striking.  Most,  cases  begin  insidiously  and 
give  a  history  of  indefinite  disturbance  from  the  B]  t, 
such  as  anorexia,  dyspnea,  and  epigastric  pain.  In 
other   cases    the    disease    begins   acutely    with    fever, 

rigors,  and  epigastric  pain,  during  which  time  the  liver 

legion  becomes  lender  and  swollen.  The  affection 
ultimately  becomes  chronic  and  periods  of  latency 
alternating  with  exacerbations  are  the  rule. 

According  to  the  manner  of  onset  we  can  recognize 
two  main  types:  first,  the  perihepatic,  and  second,  the 
itiiiliusl  i  ni)  pericardial. 

In  the  first,  after  more  or  less  evidence  of  involve- 
ment of  the  liver  capsule,  such  as  pain  and  tenderness 
in  the  right  hypochondrium,  with  or  without  fever, 
ascites  develops  and  the  liver  is  found  to  be  enlarged. 
It  is  frequently  observed  later  that  one  or  both  of  the 
pleural  cavities  contain  fluid,  or  the  mobility  of  the 
lungs  is  impaired  by  adhesions.  Finally,  in  most 
cases,  although  exceptions  occur,  there  develop 
evidences  of  adhesion  of  the  pericardium,  and  dilata- 
tion of  the  veins  of  the  neck,  chest,  and  arms  may  be 
noted.  As  the  disease  becomes  well  established  the 
liver  becomes  smooth,  hard,  and  gradually  contracts, 
while  the  spleen  steadily  enlarges  and  may  become 
palpable.  Anasarca  appears  only  in  the  later 
stages. 

In  the  second  type,  the  earliest  signs  are  referable  to 
an  indurative  mediastinopericarditis,  namely,  pain  in 
the  chest,  cough,  palpitation  of  the  heart,  dyspnea, 
cardiac  dilatation,  and  possibly  the  pulsus  paradoxus 
and  systolic  retraction  of  the  chest  wall.  Signs  of 
pleural  effusion  or  adhesion  appear  and  the  process 
eventually  spreads  to  the  liver  capsule.  As  before, 
the  liver  is  large  and  smooth,  but  contrary  to  what 
occurs  in  the  perihepatic  form,  anasarca  is  an  early, 
though  it  may  be  a  transient  sign.  As  time  goes 
on  the  liver  decreases  in  size  and  ascites  makes  its 
appearance. 

In  all  forms,  eventually,  paracentesis  becomes 
necessary  and  must  be  repeated  at  gradually  dimin- 
ishing intervals.  The  condition  of  the  liver  and  spleen 
can  be  made  out  only  after  free  tapping.  Digestive 
disturbances  when  present  are  trifling,  such  as  ano- 
rexia, constipation,  or  diarrhea;  jaundice  does  not  occur 
in  uncomplicated  cases.  Albuminuria  is  found 
occasionally  and  is  attributable  to  passive  congestion 
of  the  kidneys.  Fever  is  usually  absent  except  dur- 
ing an  exacerbation  or  complication.  The  disease 
is  essentially  chronic,  lasting  for  from  two  to  sixteen 
years.  The  sufferers  may  not  be  seriously  incapaci- 
tated for  work  for  long  periods,  but  the  condition 
proves  singularly  refractory  to  treatment  and  re- 
lapses are  frequent.  Death  occurs  usually  from  some 
acute  complication,  lobar  pneumonia,  or  peritonitis. 

The  tuberculous  form  of  the  disease,  as  the  cases  of 
Strajesko  and  Herrick  have  shown,  may  occasionally 
present  almost  exactly  the  clinical  picture  of  the 
"icing"  liver  of  Curschmann's  description.  Little 
is  known  of  this  form  as  yet,  but,  so  far  as  my  expe- 
rience goes,  the  only  differences  between  the  simple  or 
non-tuberculous  and  the  tuberculous  forms  are,  that 
in  the  latter  the  liver  remains  enlarged  to  the  end, 
fever  is  more  constant,  and  the  disease  tends  to  run 
a  more  rapid  course.  In  fact,  most  cases  of  tuber- 
culous origin  run  a  course  very  similar  to  that  of 
chronic  tuberculous  peritonitis,  with  the  addition  of 
evidence  of  the  involvement  of  the  other  serous  mem- 
branes. There  is  little  in  the  physical  signs  to  suggest 
a  chronic  hyperplastic  lesion  rather  than  an  exudative 
one  in  these  cases,  unless  the  liver  capsule  is  chiefly 
involved.  Unlike  what  takes  place  in  the  non- 
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dilation  of  the  abdominal  fluid  is  more  likely  to  occur. 
Usually,  too,  the  di  ease  begins  with  signs  of  tuber- 
culous involvement  of  the  lungs,  pleura,  peribronchial 
glands,  or,  in  the  female,  the  tubes  and  ovaries. 

Diagnosis  and  Prognosis. — The  diagnosis  lies  be- 
tween chronic  hyperplastic  perihepatitis,  atrophic 
cirrhosis  of  the  lb  er,  and  carcinoma  of  the  peritoneum, 
for  in  all  there  ma\  be  ascites,  more  or  less  abdominal 
pain,  and,  in  most,  induration  of  the  great  omentum. 
The  combination  of  extreme  ascites  with  relatively 
little  anasarca,  an  adhesive  pericarditis,  pleural  exu- 
dation, or  adhesion,  particularly  if  on  the  right  side, 
should  always  arouse  a  suspicion  of  multiple  progressive 
hyaloserositis,  and  especially  perihepatitis. 


ii-nt  form  the  main  points  characterizing  the  various 
infections  likely  to  be  confu  ed.  Diagnosis  may, 
however,  be  very  difficult  and  perhaps  impossible. 

The  prognosis  should  be  guarded;  the  di 
essentiallj  chronic  and  may  last  for  years  without 
iusly  incommoding  the  patient.  The  simple 
form  is  steadily  progressive  and  invariably  fatal. 
The  tuberculous  form  is  also  practically  always  fatal, 
but  may  possibly  heal  after  suitable  interference 
Tuberculous  cases  and  those  complicated  with  adher- 
ent pericardium  run  a  more  rapid  course  than  the 
othi  i  I  lie  special  risk  to  life  arises  from  some  inter- 

current complication. 

Treatment. — No  specific  medication  has  been  de- 
vised.     The  chief  point  is  to  meet  the  symptoms  as 
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present  is  slight. 

sent- 
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Trifling 

Apt  to  be  troublesome. 
Fairly  common 
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Often marked. 
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Relatively  slight 
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Liver 
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Nothing  special. 
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Perihepatitis  is  differentiated  from  atrophic  cirrhosis 
by  the  fact  that  portal  congestion  does  not  occur 
except  much  later  on  and  is  never  marked;  secondly, 
severe  digestive  disturbances,  such  as  dyspepsia, 
vomiting,  hematemesis,  and  melena,  are  not  present. 
Jaundice  does  not  occur  except  in  the  rare  event  of 
a  mixed  cirrhosis  accompanying  perihepatitis,  a  case 
of  which  has  been  recorded  by  Rose.12  The  liver 
ii  never  warty;  signs  due  to  cholemia  do  not  occur. 
Further,  the  great  omentum  is  nodular  and  contracted, 
while  in  cirrhosis  it  never  is. 

In  carcinoma  of  the  peritoneum, 'when  the  liver  is 
enlarged,  jaundice  is  often  present,  the  course  is 
fairly  rapid.,  cachexia  and  digestive  disturbances  are 
marked.  There  is  usually  some  evidence  of  cancer 
of  the  stomach,  mamma  or  ovaries. 

Having  diagnosed  the  presence  of  chronic  peri- 
hepatitis, it  is  next  necessary  to  determine  if  it  be 
tuberculous  or  not.  In  the  tuberculous  form  ascites 
i<  rarely  so  extreme;  abdominal  pain  and  tenderness 
are  apt  to  be  more  marked  and  the  liver  is  enlarged 
throughout.  Careful  examination  of  the  lungs, 
lymphatic  glands,  te  tes,  en  aries,  and  Fallopian  tubes, 
as  well  as  of  the  urine,  feces,  an(J  sputum,  should  be 
made.  In  suitable  cases  tuberculin  injections  should 
be  tried.     The  preceding  table  presents  in  a  conven- 
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they  arise.  Pain  may  be  relieved  by  hot  fomentations 
and  opium.  To  relieve  the  ascites,  diuretics  have  been 
recommended,  notably  caffeine  in  doses  of  0.1  to 
0.15  gram  six  to  ten  times  daily;  digitalis  and  diuretin 
may  be  tried.  When  ascites  is  extreme,  tapping  must 
be  resorted  to.  Some  cases,  especially  the  tubercu- 
lous forms,  may  be  benefited  by  laparotomy.  Xeed- 
less  to  say,  the  patients  must  be  kept  under  the  best 
hygienic  surroundings. 

Albert  George   Xicholi.s. 
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Hydramnion,  Hydramnios. — The  normal  quan- 
tity of  amniotic  fluid  at  full  term  is  from  400  to  1,000 
c.c.  An  excessive  accumulation  of  this  fluid  is  known 
as  hydramnion;  ten  to  fifteen  times  the  normal  amount 
may  be  present.  As  much  as  thirty  liters  (quarts)  has 
been  seen.  A  slight  excess  is  probably  of  frequent  oc- 
currence, and  passes  unnoticed,  but  an  increase  over 
two  liters  is  very  likely  to  give  rise  to  symptoms.  In 
the  majority  of  cases  the  formation  of  the  fluid  is  slow 
at  first,  but  toward  the  end  of  pregnancy  it  increases  at 
a  more  rapid  rate.  Occasionally  the  fluid  may  accumu- 
late very  rapidly,  giving  rise  to  serious  symptoms  from 
the  sudden  distention  of  the  uterus  (acute  hydramnion). 
The  condition  is  said  to  occur  in  one  of  every  100  cases  of 
pregnancy.  It  usually  develops  in  the  fourth  to  sixth 
month.  Hydramnion  in  itself  is  not  a  disease,  but  is 
to  be  regarded  as  a  secondary  condition  to  many  widely 
differing  processes,  of  both  the  fetus  and  of  the  mother. 

No  constant  pathological  changes  in  the  amnion 
itself  have  been  found  in  this  condition;  Assuring  of 
the  epithelial  layer,  fatty  degeneration  of  the  epithe- 
lial cells,  etc.,  have  been  described.  Hypertrophy 
of  the  decidua  and  hyperplasia  of  the  chorionic  villi 
have  also  been  found  in  cases  of  hydramnion,  but  the 
connection  between  these  conditions  has  not  been 
proved.  Neither  physiological  nor  chemical  inves- 
tigations as  to  the  composition  of  the  fluid  have 
yielded  positive  information  as  to  its  source.  The  fluid 
is  usually  described  as  identical  in  appearance  and 
composition  with  normal  amniotic  fluid,  although 
some  writers  claim  that  the  urea  content  is  sometimes 
increased.  According  to  Opitz,  the  fluid  of  hydram- 
nion contains  a  lymphagogue  substance  that  is  nor- 
mally absent.  That  the  fluid  is  not  always  derived 
from  the  fetal  kidneys  is  shown  by  the  fact  that 
hydramnion  may  occur  in  cases  in  which  the  passage 
of  urine  from  the  fetus  is  impossible. 

The  etiology  of  hydramnion  is  in  many  cases 
obscure.  Inasmuch  as  the  question  of  the  origin  of 
the  normal  amniotic  fluid  remains  unsettled,  we  are 
not  yet  in  a  position  to  solve  the  more  complic 
problem  of  the  manner  of  formation  of  the  fluid  under 
pathological  conditions.  The  view  most  generally 
held  at  the  present  time  thai  the  normal  fluid  is  the 
product  of  both  fetal  and  maternal  structures  is 
borne  out  by  the  fact  that   hydramnion  is  produced 


by  or  at   leasl   accompanies  pathological  changes  in 

both  mot  Iter  and  I'd  us.  We  may  therefore  ' list  Lngui  h 
two  classes  of  hydramnion,  one  of  fetal  origin,  the 
oi  her  ni  maternal. 

Hydramnion  of  Maternal  Origin.  Bydramnion 
due  to  pathological  conditions  of  the  mother  is  of 
much  less  frequenl  occurrence  than  that  associated 
with  disease  processes  of  t lie  fetus.  It  occurs  par- 
ticularly in  anemic,  dropsical,  tuberculous,  leukemic, 
and  syphilitic  women.  In  pneumonia,  hepatic  cir- 
rhosis, failure  of  compensation  in  valvular  lesions,  and 
all  other  conditions  leading  to  venous  stagnation  in 
the  maternal  body,  hydramnion  maj  occur.  In  such 
cases  the  condition  is  usually  chronic,  but  acute  heart 
failure  with  sudden  development1  of  ascites  "t"  general 
edema  may  lead  to  an  acute  hydramnion.  Loss 
of  tone  of  the  uterine  wall  is  also  said  to  favor  the  pro- 
duction of  an  excessive  amount  of  amniotic  fluid. 
Il\  dramnion  is  very  likely  to  recur  in  successive  preg- 
nancies of  the  same  individual. 

Hydramnion  of  Fetal  Origin. — Hydramnion  occurs 
frequently  in  connection  with  ascites  and  general 
edema  of  the  fetus  caused  by  cardiac  ami  renal  disease, 
anil  syphilis  of  the  lungs  and  liver;  less  commonly 
in  cases  of  obstruction  of  I  he  ductus  Botalli,  stenosis 
of  the  umbilical  vein,  twisting  of  the  cord,  velamentous 
insertion  of  the  cord,  fetal  tumors  interfering  with 
the  circulation,  tumors  of  the  placenta,  placental 
hypertrophy,  hydrocephalus,  anencephalus,  etc.  In 
general,  any  condition  raising  the  blood  pressure  in 
the  umbilical  vein  and  placenta  may  give  rise  to 
hydramnion.  The  association  of  hydramnion  with 
fetal  abnormalities  is  very  striking;  about  fifty 
per  cent,  of  cases  show  some  serious  malformation, 
such  as  harelip,  club-foot,  spina  bifida,  etc.,  in  addition 
to  those  mentioned  above. 

Hydramnion  has  also  been  explained  as  being  due 
to  a  persistence  of  the  vasa  propria  of  Jungbluth, 
but  the  presence  of  these  vessels  in  the  late  stages  of 
pregnancy  is  considered  by  some  writers  to  be  second- 
ary to  an  increase  of  blood  pressure  in  the  umbilical 
vein.  Excessive  urinary  secretion  in  fetal  diabetes 
and  cardiac  hypertrophy,  increased  activity  of  the 
fetal  skin,  serous  inflammations  of  the  amnion,  de- 
ficient absorption  of  the  amniotic  fluid,  and  increased 
activity  of  the  chorion  are  other  causes  assigned  by 
various  authors.  Both  fetus  and  mother  may  under 
rare  conditions  contribute  to  the  formation  of  the 
increased  amount  of  fluid.  This  occurs  most  fre- 
quently in  cases  of  syphilis  of  both  mother  and  child 
when  both  are  dropsical. 

A  more  recent  theory  for  the  explanation  of 
hydramnion  is  based  upon  the  hypothesis  that  there 
is  in  the  fetal  blood  a  substance  which  causes  an 
increased  passage  of  fluid  from  the  maternal  vessels 
to  those  of  the  chorion,  so  that  the  fetus  becomes 
plethoric.  As  a  result  of  the  plethora  the  heart's 
action  is  increased,  and  this  in  turn  leads  to  increased 
urinary  secretion.  The  lymph-forming  substance, 
being  excreted  in  the  urine,  passes  into  the  amniotic 
fluid.  When  the  latter  is  swallowed  by  the  fetus 
the  substance  is  again  absorbed  into  the  fetal  blood 
and  a  vicious  circle  is  thus  set  .up.  This  hypotheti- 
cal substance  in  the  end  produces  toxic  effects  upon 
the  liver  and  kidneys  leading  to  fetal  dropsy. 

Hydramnion  is  not  infrequently  associated  with 
unioval  twin  pregnancy,  in  that  in  the  case  of  one  fetus 
there  is  a  normal  or  lessened  amount  of  amniotic  fluid 
while  in  the  case  of  the  other  there  is  hydramnion 
and  hypertrophy  of  the  fetal  organs.  This  has  been 
explained  in  various  ways,  but  hone  of  the  theories 
presented  is  adequate.  According  to  Kiistner  one  of 
the  twins  receives  more  abundant  nourishment  than 
the  other,  and  this  overnutrition  leads  to  increased 
heart  action  and  resulting  cardiac  hypertrophy. 
Increased  urinary  secretion  into  the  amniotic  sac  con- 
sequently follows  and  causes  an  increase  in  the 
amniotic  fluid.      Ultimately  insufficiency  of  the  heart 
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occurs  with  venous  stasis  and  liver  cirrhosis,  both  of 
which  factors  add  to  the  hydramnion  already  exist- 
ing. According  to  Schatz  one  fetus  transfuses  more 
blood  into  the  circulation  of  its  twin  than  the  latter 
gives  back  to  it,  whereby  the  heart  of  the  latter  be- 
comes hypertrophic  and  increased  urinary  secretion 
follows.  Against  both  of  these  theories  may  be  raised 
the  objection  that  in  the  circulation  of  the  twins  a 
condition  of  equilibrium  must  ultimately  be  reached 
so  that  in  one  case  blood  must  transfuse  from  the 
circulation  of  the  stronger  to  that  of  the  weaker; 
and  in  the  other,  as  soon  as  the  hypertrophic  heart 
becomes  insufficient,  the  normal  heart  of  the  weaker 
fetus  must  act  relatively  with  much  greater  strength 
than  the  insufficient  hypertrophic  one.  In  the  case 
of  twins  arising  from  two  ova  either  one  or  both  sacs 
may  become  hydramniotic. 

Symptoms. — In  acute  hydramnion  the  sudden 
distention  of  the  uterus  causes  intense  pain,  and  there 
are  extreme  dyspnea,  cyanosis,  frequent  and  severe 
vomiting,  and  fever.  In  chronic  hydramnion  the 
symptoms  are  very  much  like  those  of  cystic  ovarian 
tumors.  As  the  uterus  becomes  more  and  more  dis- 
tended it  may  give  rise  to  pressure  symptoms,  dyspnea, 
pain  in  the  sides,  edema  of  legs  and  genitals,  varices, 
etc.  In  cases  of  very  gradual  development  the  uterus 
may  attain  a  very  large  size  without  causing  much 
discomfort. 

Diagnosis. — Hydramnios  must  be  differentiated 
from  ascites,  ovarian  cystomas,  distended  bladder,  and 
multiple  pregnancy.  Palpation  and  percussion  are 
usually  successful  in  establishing  the  presence  of  a 
readily  ballottable  fetus  in  the  distended  uterus. 
Fetal  heart  sounds  are  indistinct. 

Prognosis. — The  pressure  symptoms  may  be  so 
severe  as  to  endanger  life,  but  inasmuch  as  the  process 
may  be  controlled  by  the  production  of  abortion  the 
prognosis,  in  so  far  as  the  mother  is  concerned,  is  a 
favorable  one.  In  the  majority  of  cases  the  fetus  is 
either  underdeveloped  or  malformed,  only  about 
one-third  of  the  children  surviving.  Hydramnion  of 
moderate  degree  may  produce  no  symptoms  and  does 
not  endanger  either  fetus  or  mother. 

Treatment. — Against  the  formation  of  hydramnion 
there  are  no  therapeutic  measures  of  avail.  When  the 
fluid  accumulates  in  such  large  quantity  or  so  rapidly 
as  to  produce  serious  symptoms,  relief  by  evacuation 
is  indicated.  This  is  accomplished  by  rupturing  or 
puncturing  the  membranes  and  allowing  the  amniotic 
fluid  to  escape.  Premature  labor  usually  follows  this 
procedure  and  the  fetus,  in  case  it  has  not  reached  a 
viable  age,  is  lost.  Premature  labor  usually  occurs 
spontaneously  if  the  patient  is  left  alone  and  the 
children  are  usually  poorly  developed,  so  that  the 
termination  of  pregnancy  is  indicated  at  whatever 
stage  the  condition  presents  itself.  Mild  chronic 
cases  may  be  treated  by  enforced  rest  of  the  mother, 
and  by  the  use  of  a  binder.  In  the  mild  cases  no 
treatment  is  necessary,  but  it  is  to  be  remembered 
that  in  such  cases  abnormal  presentations  of  the 
fetus  are  of  frequent  occurrence. 

Aldred  Scott  Warthin. 


Hydrangea. —  'Seven  Barks."  The  dried  root  of 
Hydrangea  arborescens  L.  (fam.  Saxifragacece).  This 
is  a  medium-sized  shrub  with  softish  stems,  opposite, 
glabrous,  ovate,  serrate,  bright  green  leaves,  and  flat- 
fish cymes  of  greenish  flowers.  It  is  a  native  of  the 
middle,  and  especially  of  the  southern  United  States. 
The  root  is  very  much  and  crookedly  branched,  from  a 
knotty  crown  an  inch  or  two  in  diameter,  and  is  usu- 
ally cut  into  pieces  from  one  to  several  inches  in  length 
before  marketing.  The  largest  of  these  roots  are 
usually  of  about  the  thickness  of  the  little  finger.  The 
color  is  a  very  pale  grayish-yellow,  with  rusty  yellow 
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patches  and  streaks,  but  the  bark  has  a  great  tendency 
to  peel  otf,  leaving  the  nearly  white,  verj  smooth 
wood  exposed.  The  wood  is  light,  tough,  and  splint- 
ery, and  is  tasteless  and  inactive.  The  bark  is  first 
sweetish  and  feebly  aromatic,  then  slightly  acrid. 

It  contains  starch,  a  little  resin,  saponin,  and  a 
crystalline  glucoside  (hydrangin,  -fV  per  cent.).  It  has 
had  some  employment  in  urinary  disorders,  especially 
those  accompanying  "gravelly  deposits,  "  and  is  mildly 
diuretic.     Dose  gr.  xxx.  to  3  i-  (2.0-4.0). 

Henry  H.  Rusby. 


Hydrargyrum. — I.  General  Medicinal  Prop- 
erties of  Compounds  of  Mercury. — All  mercurials 
capable  of  gaining  entrance  into  the  circulation  are 
competent  for  a  certain  peculiar  influence  over  nutri- 
tion, as  follows:  In  small  dosage  the  tendency  is,  as 
in  the  case  of  iron,  to  increase  the  quantity  of  hemo- 
globin present  in  the  blood — an  effect  trifling  in  the 
case  of  a  person  in  good  health,  but  distinctly  marked 
in  an  anemic  syphilitic  patient.  In  the  syphilitic, 
furthermore,  mercury  tends  to  shorten  the  course  and 
lessen  the  severity  of  the  eruptions  and  inflammations 
due  to  the  disease.  In  large  dosage,  or  in  too  rapidly 
pushed  small  dosage,  the  effects  become  deleterious. 
The  albumin  and  fibrin  of  the  blood  are  lessened  in 
amount,  coagulability  is  impaired,  and  degeneration 
and  absorption  of  tissue,  and  inflammation  of  certain 
glands  and  other  structures  follow.  These  phenom- 
ena, constituting  general  mercurial  poisoning,  may 
lead  to  long-continued  impairment  of  health,  or  even 
to  death.  In  the  medicinal  induction  of  the  con- 
stitutional mercurial  influence,  or  mercurialization,  as 
it  is  commonly  called,  it  may  be  necessary,  for  the 
gaining  of  the  full  therapeutic  benefit,  to  push  the 
dosage  until  the  verge  of  poisoning  be  reached,  but 
never  further.  The  symptoms  of  incipient  mercurial 
poisoning  thus  become  ofj  clinical  importance,  and 
are  as  follows,  taking  their  character  from  the  fact  that 
the  salivary  glands  and  buccal  structures  are  peculiarly 
obnoxious  to  the  poison :  Subjectively,  there  are  noticed 
a  metallic  taste  in  the  mouth,  and  a  little  soreness  in 
the  sockets  of  the  teeth  on  bringing  the  jaws  sharply 
together.  Objectively,  the  gums  are  observed  to  suffer 
from  a  slight  inflammation,  of  which  the  signs  are, 
first,  but  very  transiently  (often  escaping  notice  alto- 
gether), an  unnaturally  white  appearance  from  unduly 
rapid  proliferation  of  epithelium.  This  aspect  soon 
gives  way  to  the  classical  picture  of  red,  swollen,  and 
spongy  gums,  and  along  with  the  development  of  this 
condition  begin  an  increased  flow  of  saliva  and  a  little 
tenderness,  perhaps  even  swelling,  of  the  parotid 
glands.  Simultaneously,  there  may  be  a  deranged 
stomach,  relaxed  bowels,  and  general  mild  malaise 
with  a  trifle  of  fever,  and  unnatural  susceptibility  to 
"catching  cold."  All  these  symptoms  disappear 
readily  and  completely  on  stopping  the  medication. 
Beyond  them,  the  effects  belong  wholly  to  the  cate- 
gory of  the  poisonous,  for  the  discussion  of  which  see 
the  following  article. 

An  important  point  of  obvious  clinical  bearing  is 
that  in  childhood  ages — and  the  younger  the  more 
marked — the  symptoms  of  incipient  poisoning  differ 
from  the  picture  just  given  in  that  the  salivary  appa- 
ratus is  comparatively  insensible  to  the  mercurial 
irritation.  In  other  words,  children  are  not  easily 
salivated  in  the  strict  etymological  meaning  of  the 
word.  But  while  this  is  literally  so,  it  does  not  follow, 
and  in  point  of  fact  is  not  true,  that  children  are  not 
proportionately  as  much  blood-poisoned  by  mercury 
as  are  adults.  Rash  over-mercurializing  of  children, 
because  of  the  false  security  drawn  from  the  non- 
appearance of  salivation,  may  therefore  lead  to  dis- 
astrous effects. 

The  deranging  effect  of  mercury,  as  thus  sketched, 
upon  the  human  organism,  is  but  a  single  exemplifica- 
tion of  a  general  tendency  which  the  metal  has   to 


REFERENCE   II  AN  I  )!',(>(  >k  OF  THE   MEDICAL  SCIENCES 


ii  )    lr:irL'\  ril  In 


poison  all  living  things,  animal  or  vegetable,  high  or 
low  in  the  organic  scale,  alike.  Few  poisons,  indeed, 
are  so  universally  and  so  intensely  obnoxious  to  life 
generally  as  is  mercury.  To  the  low  organisms  espe- 
cially, that  are  associated  with  the  processes  of  putre- 
faction and  fermentation,  mercury  is  powerfully 
poisonous,  and  the  soluble  mercurial  preparations  are 
therefore  highly  antiseptic. 

For  discussion  of  the  absorption  and  elimination  of 
mercury,  see  article  on  Hydrargyrum,  Poisonmgby. 

As  regards  local  effects  there  is  great  difference 
among  the  individual  mercurials.  In  general  the 
mercuric  compounds  are  more  or  less  decidedly  irritant , 
though  not  astringent;  while  the  mercurous  compounds 
and  the  preparations  containing  mercury  in  the  metal- 
lic state,  are  either  quite  bland  or  only  mildly  irritant. 
In  the  alimentary  canal,  all  mercurials  show  a  de- 
cided tendency  to  relax  the  bowels,  which,  with  the 
large  doses  possible  with  the  milder  mercurials,  may 
develop  into  full  purging.  In  such  case  the  stools  are 
mucous  in  quality,  and  are  notable  for  the  consider- 
able amount  of  bile  which  they  contain.  By  the  very 
virtue  of  this  purgative  effect  a  mercurial  purgative 
dose  is  itself  hurried  along  the  intestines  and  dis- 
charged per  anum  before  time  has  sufficed  for 
absorption.  The  mild  insoluble  mercurials  are  thus 
possible  of  application  as  simple  laxatives  or  ca- 
thartics. The  irritant  mercurials,  taken  internally, 
even  in  small  medicinal  dosage,  have  an  annoying 
tendency  to  irritate  the  stomach  as  well  as  the  bowels, 
and  loss  of  appetite,  with  epigastric  uneasiness  and  ten- 
derness, and  perhaps  nausea,  often  follow  so  quickly 
the  beginning  of  a  course  of  a  mercuric  salt  that  the 
medication  has  to  be  discontinued  or  changed.  In 
large  doses  the  mercuric  compounds  are  powerful 
irritant  poisons — the  more  soluble  ones,  such  as  corro- 
sive sublimate,  even  intensely  so.  Death  may  follow 
in  the  case  of  poisoning  by  the  latter  compound,  by 
sheer  irritation,  before  the  mineral  has  time  to  work 
any  specific  constitutional  mercurial  effect  (see 
article  Hydrargyrum,  Poisoning  by). 

Therapeutically,  mercurials  are  of  manifold  applica- 
tion. Constitutionally,  general  mercurialization  is 
wellnigh  universally  applied  in  the  treatment  of 
syphilis,  and  in  older  times,  more  than  now,  was  used 
in  the  treatment  of  other  cachexias  also.  Locally,  in 
the  alimentary  canal  mercurials  are  used  to  check 
vomiting,  to  purge  and  to  correct  digestive  disorders, 
even  of  incongruous  kinds.  Externally,  parasites, 
vegetable  and  animal,  can  be  destroyed,  ulcers  and 
sores  coaxed  to  healing,  and  eruptions  (especially  if 
syphilitic)  to  disappearance,  and  wounds  successfully 
treated  on  so-called  "antiseptic"  or  "aseptic "prin- 
ciples. 

II.  The  Preparations  of  Mercury  Used  in  Medi- 
cine.— The  compounds  of  mercury  affording  mercuria- 
medicines,  official  in  the  United  States  Pharmacopoeia, 
are  as  follows: 

1.  Mercury  Uncomoined. — Hydrargyrum,  metallic 
mercury,  in  bulk ;  metallic  mercury,  in  fine  subdivision, 
by  trituration  with  an  exeipient. 

2.  Mercurous  Compounds.  Chloride  (Mild  Chloride, 
Subchlori.de,  Protochloride,  Calomel) ;  Iodide  (Protoiodide , 
Yellow  Iodide,  Green  Iodide). 

3.  Mercuric  Compounds,  Oxide,  (Red  Oxide,  Bin- 
oxide,  Peroxide,  Red  Precipitate);  Oxide,  (Yellow  Oxide, 
Binoxide,  Peroxide);  Chloride  (Bichloride,  Perchloride, 
Corrosive  Chloride,  Corrosive  Sublimate,  Sublimate) ; 
Iodide  (Red  Todide,  Biniodide,  Periodide);  Nitrate; 
Oleate. 

Mercury  Uncombined. — Hydrargyrum,  Mercury,  or 
Quicksilver.  Mercury  in  bulk  is  ordinarily  not 
affected  by  any  of  the  fluids  of  the  skin  or  digestive 
tract,  and  so  is  without  medicinal  effect.  It  is  seldom 
or  never  used  in  this  form  now;  formerly  it  was  occa- 
sionally employed  to  overcome  mechanically  an  in- 
testinal obstruction,  which  in  some  cases  it  succeeded 


in  doing.     For  such  purpose,  from  a  few  ounces  U,  a 
[» H  n  id  or  two  of  the  metal  were  swallowed  at  a  draught. 
Rarely,  constitutional  effects  followed  such  admini 
tration,    but    generally   the   metal    passed    down     the 

alimentary  canal  unchanged. 

Mercury  in  fine  subdivision — "extinguished" — by 
thorough  trituration  with  some  exeipient,  arts,  gener- 
ally, like  t  lie  mercurous  compounds,  producing  specific 
mercurial  effects,  local  and  constitutional.  Un- 
doubtedly, therefore,  the  metal  in  these  trituration 
preparations  is  changed  into  some  soluble  mercurial 
salt  by  the  juices  of  the  part  to  which  it  is  applied, 
but  the  nature  of  the  reaction  is  very  obscure.  The 
trituration  preparations  of  the  United  States  Phar- 
macopoeia are  as  follows: 

Massa  Hydrargyri:  Mass  of  Mercury,  "  Blue  Mass," 
"Blue  Pill."  Metallic  mercury  is  triturated  with 
honey  of  rose  and  glycerin  until  "extinguished"; 
liquorice  and  marshmallow  roots  in  due  proportion 
are  then  added,  and  the  whole  is  again  subjected  to 
trituration  "until  globules  of  mercury  are  no  longer 
visible  under  a  lens  magnifying  at  least  ten  diameters." 
(U.  S.  P.)  The  product  is  a  dull  indigo-colored  pill 
mass,  containing  thirty-three  per  cent,  of  mercury. 
No  weight  of  individual  pills,  be  it  observed,  is  directed 
by  the  United  States  Pharmacopoeia.  Blue  mass  is 
used  only  for  internal  medication,  and  behaves  like 
calomel  in  milder  degree.  In  single  large  dose  it  is 
mildly  laxative,  producing  bilious  stools;  in  small  re- 
peated dose  it  affects  the  system  at  large,  mercurializ- 
ing promptly  and  efficiently,  but  yet  with  a  tendency 
to  relax  the  bowels.  Therapeutically,  blue  mass  is 
applied  to  correct  disorders  of  the  alimentary  appara- 
tus, or  to  mercurialize  generally,  in  treatment  of  syph- 
ilis. For  the  former  purpose  a  single  dose  is  given, 
generally  at  night,  ranging  from  0.30  to  1  or  even 
1.50  gm.  (from  gr.  v.-xv.  or  xx.).  If  the  smaller  of 
these  quantities  be  prescribed,  a  brisk  purge  is  com- 
monly ordered  to  be  taken  the  following  morning  on 
rising,  to  insure  the  discharge  of  the  mercurial  from 
the  bowel;  but  if  the  larger  doses  be  given,  the  blue 
mass  may  "work  itself  off"  by  its  laxative  power  in 
such  quantities.  To  mercurialize  by  means  of  blue 
mass,  from  0.30  to  0.60  gm.  (gr.  v.-x.)  of  the  medicine 
should  be  a  day's  allowance,  broken  up  into  at  least 
three  doses,  equidistant  in  time;  the  administration 
being  continued  either  until  the  therapeutic  point  is 
gained,  or  until  the  forerunning  symptoms  of  saliva- 
tion warn  to  stop.  Should  the  bowels  become  un- 
duly relaxed,  0.01  gm.  (gr.  j)  of  opium  should  be  added 
to  each  pill.  Blue  mass  is  prescribed  in  pill  form, 
three  grains  to  each  pill,  ordinarily. 

Hydrargyrum  cum  Cretd,  Mercury  with  Chalk,  "Gray 
Powder."  Mercury  is  shaken  with  clarified  honey, 
in  a  strong  bottle,  until  globules  of  mercury  are  no 
longer  visible  under  a  magnifying  power  of  four 
diameters.  The  product  is  then  triturated  with  a 
thick  cream  of  prepared  chalk  rubbed  with  water, 
and  the  whole  then  dried  and  reduced  to  a  uniform 
powder.  The  resulting  preparation  is  a  smooth, 
light  gray  powder  containing  thirty-eight  per  cent,  of 
mercury.  Being  practically  all  metallic  mercury  and 
chalk,  it  is  insoluble  in  water.  Mercury  with  chalk 
is  naturally  very  mild,  yet  in  some  samples  causes 
irritation,  an  effect  that  may  possibly  be  due  to  con- 
tamination with  arsenic  or  antimony,  but  which  prob- 
ably is  more  commonly  caused  by  the  slow  conversion 
of  a  portion  of  the  mercury  into  mercuric  oxide. 
This  contamination  with  mercuric  oxide  may  be 
detected  by  treating  a  portion  of  powder  with  dilute 
hydrochloric  acid,  and  adding  stannous 'chloride  to 
the  resulting  clear  solution.  If  mercuric  oxide  be 
present  a  black  precipitate  falls.  And  for  safety's 
sake,  if  a  sample  of  mercury  with  chalk  be  kept  for 
any  time,  this  test  should  occasionally  be  applied. 

The  action  of  mercury  with  chalk  is  substantially 
that  of  blue  mass,  but  weaker,  and  with  less  tendency 
to  relax  the  bowels.     The  influence  of  chalk,  indeed, 
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is  tu  constipate,  and  so  ii  comes  about  that  in  the 
average  dose  little  laxative  effect  is  produced  by  gray 
powder.  Constitutionally,  despite  its  mildness,  the 
preparation  is  competent  to  mercurialize,  and  for  the 
very  reason  of  its  mildness  is  particularly  serviceable 
when  the  object  is  to  maintain  a  gentle  mercurial 
influence  steadily  for  a  considerable  time,  as  in  certain 
methods  of  treating  syphilis.  For  such  purpose  two  or 
three  centigrams  (from  gr.i  to1,  should  be  prescribed 
three  times  daily.  If  rapid  and  sharp  mercurialization 
is  called  for,  a  more  active  preparation  must  be  selected 
But  the  commonest  application  of  mercury  with 
chalk  is  for  the  correction  of  disorders  of  the  ali- 
mentary apparatus,  particularly  those,  so  common  in 
children,  when'  the  prominent  symptoms  are  malas- 
similation  of  the  food  with  fermentation  and  diarrhea, 
or  where  clay-colored  stools  occur,  whether  with 
diarrhea  or  with  constipation.  In  such  affections 
gray  powder  may  be  given,  best  in  quite  small  but 
frequently  repeated  dosage,  such  as  a  centigram  or 
two  tone-sixth  to  one-third  of  a  grain)  every  hour  for 
a  day,  unless  improvement  be  sooner  effected.  Such 
medication  should  not  be  persisted  in  beyond  a  day 
or  so,  else  mercurialization  will  ensue.  The  medicine 
can  be  taken  char,  as  a  powder,  since  it  has  little 
taste,  or  it  may  be  put  into  any  convenient  mixture. 
The  pill  form  is  bad  for  gray  powder,  since  by  too 
much  pressure  the  globules  of  mercury  in  the  prepara- 
tion are  apt  to  run  together. 

Hydrargyrum  Ammoniatum,  Ammoniated  Mercury, 
HgNHjCl,  contains  between  seventy-eight  and 
eighty  per  cent,  of  metallic  mercury.  It  is  also 
known  as  White  Precipitate.  It  occurs  in  "white, 
pulverulent  pieces,  or  a  white  amorphous  powder, 
without  odor,  and  having  an  earthy,  afterward 
styptic  and  metallic  taste;  permanent  in  the  air, 
insoluble  in  water  or  in  alcohol."      (U.  S.  P.) 

Unguentum  Hydrargyri  Ammoniati,  Ointment  of 
Ammoniated  Mercury  contains  ten  per  cent,  of 
ammoniated  mercury.  It  is  sometimes  called  White 
Precipitate  Ointment. 

Unguentum  Hydrargyri,  Mercurial  Ointment,  form- 
erly also  known  as  "Blue  Ointment."  It  contains 
fifty  per  cent,  of  mercury. 

Unguentum  Hydrargyri  Dilutum,  Blue  Ointment, 
contains  sixty-seven  per  cent,  of  the  Unguentum 
Hydrargyri.  The  prescriber  should  note  that  "Blue 
Ointment"  now  means  the  diluted  mercurial  oint- 
ment, and  not  (as  formerly)  mercurial  ointment. 

.Mercurial  ointment  is  of  analogous  color  to  mer- 
curial pill  mass — a  dull  indigo  slowly  darkening  with 
time.  By  far  the  greater  quantity  of  the  mercury 
contained  in  this  ointment  is  in  simple  mechanical 
subdivision,  but  yet  a  certain  small  proportion  has 
probably  become  converted  into  mercurous  oxide, 
and  this  in  turn  has  reacted  upon  the  lard,  or  upon 
certain  products  of  the  decomposition  thereof.  And 
to  these  undetermined  secondary  compounds  some 
are  disposed  to  ascribe  the  medicinal  activity  of  the 
ointm 

Mercurial  ointments  do  not  irritate  the  sound  skin 
unless  rubbed  in,  and  that,  too,  repeatedly  at  the 
same  spot.  Medicinally,  they  fulfil,  mildly,  the  local 
therapeutics  of  mercurials,  and  also — their  most 
valuable  property — when  applied  by  inunction,  gain 
entrance  in  some  way  to  the  general  circulation  and 
mercurialize  the  whole  system  rapidly,  thoroughly, 
and,  because  of  the  avenue  of  access,  with  a  minimum 
of  disturbance  of  stomach  and  bowels.  Just  how 
and  in  what  chemical  combination  the  mercury  enters 
the  blood  in  such  case  has  been  a  subject  of  much 
speculation  and  theory,  but  the  matter  is  still  unsettled 
and  is  one  of  no  practical  bearing.  The  uses  of 
mercurial  ointments  are  for  the  purely  local  purposes 
of  mercurial  applications  generally,  to  destroy  para- 
ites,  or  to  set  up  healthy  action  in  sores,  eruptions, 
or  glandular  indurations  not  far  below  the  skin 
surface,  and  also  to  mercurialize  in  syphilis,  especially 
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when  speedy  and  thorough  action  is  wanted.  For 
simply  local  effects,  the  ointment  i-  applied  in  the 
common  way.  but  to  mercurialize  b!  m  at  large 

cial  procedure  is  requisite,  of  which  the  point  is 
that  the  preparation  is  to  be  rubbed  thorough!}  into 
the  skin,  until  absorption  of  the  mercury  take-  place 
through  the  tissue  of  the  same,  To  in  an 
absorption,  the  application  is  made  where  the  skin  is 
thin  and  without  much  underlying  fat,  as  is  the  case 
on  the  inner  aspect  of  the  upper  arm  or  the  thigh 
and   on   the  sides   of   the   trunk.       At    least   four,   and, 

better,  six  sites  should  l»-  used  in  succession,  in  order 
to  save  the  irritation  that  follows  too  frequent 
inunction  upon  one  spot.  The  proceeding  is  as 
follows:  At  night  the  selected  site  is  well  cleansed  with 
soap  and  water,  and  dried.  Then,  preferably  before 
a  fire,  weather  and  circumstances  favoring,  the 
quantity  of  from  two  to  four  grams  (3ss.-i.),  accord- 
ing to  the  urgency  of  the  case,  is  rubbed  in  until  the 
ointment  has  apparently  disappeared.  The  part  is 
then  bound  up  in  flannel,  and  is  not  washed  until  the 
following  morning.  This  maneuver  is  repeated  nightly, 
or,  possibly,  even  twice  a  day,  until  either  the  desired 
therapeutic  effect  is  obtained,  or  until  beginning  of 
soreness  of  the  gums  enforces  discontinuance.  One 
or  the  other  result  is  commonly  attained  inside  of  a 
week.  If  the  patient  require  to  have  the  inunction 
done  by  somebody  else,  the  hand  of  the  rubber  must 
be  protected  by  a  glove  of  caoutchouc  or  other  device 
to  guard  against  self-mercurialization.  In  the  case 
of  infants  a  piece  of  the  ointment  of  the  size  of  a  pea 
may  simply  be  smeared  upon  the  skin  of  the  axilla, 
or  of  the  popliteal  space.  The  ceaseless  natural 
motions  of  the  child  then  suffice  for  the  rubbing. 

Emplaslrum  Hydrargyri,  Mercurial  Plaster.  Metal- 
lic mercury  is  triturated  to  extinguishment  with  a 
small  quantity  of  the  pharmaeopceial  oleate  of  mercury 
and  the  product  then  mixed  thoroughly  with  melted 
lead  plaster.  The  resulting  plaster  contains  thirty 
per  cent,  of  mercury,  and  possesses  to  a  slight  degree 
the  local  specific  virtue  of  mercurials,  in  addition  to 
the  usual  properties  of  plasters. 

Mercurous  Compounds. — The  series  of  mercurous 
salts  which  come  next  for  discussion  are  all  insoluble 
in  water  and,  accordingly,  are  locally  bland.  Inter- 
nally, in  single  full  dose,  they  are  purgative;  in  small 
repeated  dose  they  mercurialize  rapidly,  with  especial 
tendency  to  produce  the  specific  features  of  saliva- 
tion, in  the  restricted  sense  of  the  word. 

Mercurous  Chloride,  HgCl. — Mercurous  Chloride 
is  official  in  the  United  States  Pharmacopoeia  under  the 
title  Hydrargyri  Chloridum  Mile,  Mild  Mercurous 
Chloride.  It  is  also  known,  in  the  terms  of  a  former 
chemical  nomenclature,  as  subchloride  or  protochloride 
of  mercury,  and,  more  commonly  yet,  in  the  vernacu- 
lar, as  calomel.  Calomel  is  bought  by  the  dispensing 
pharmacist  from  the  large-scale  manufacturer,  its 
preparation — to  be  done  well — requiring  special  appa- 
ratus. The  principle  of  the  process  ordinarily  followed 
is  to  subject  to  sublimation  a  mixture  of  mercury, 
mercuric  sulphate,  and  sodium  chloride.  By  a  pre- 
liminary trituration  of  the  mercury  and  mercuric 
sulphate  mercurous  sulphate  forms,  and,  upon  heating, 
this  mercurous  sulphate  exchanges  acid  radicals  with 
the  sodium  chloride,  with  the  forming  of  mercurous 
chloride  and  sodium  sulphate.  The  calomel  sublimes, 
and,  according  to  different  methods  of  preparing, 
condenses  either  in  a  crystalline  cake  or  as  an  impal- 
pable fine  powder.  If  obtained  in  cake,  this  requires 
pulverization  in  order  to  submit  the  calomel  to  a  thor- 
ough washing  with  water,  for  the  removal  of  traces 
of  mercuric  chloride  that  form  along  with  the  calomel. 
If  condensed  as  powder,  it  is  through  the  agency  of 
steam  (Jewell's  or  Howard's  process),  which,  as  it 
determines  condensation,  also  very  thoroughly  ac- 
complishes the  necessary  washing.  Calomel  made  by 
the  latter  process  is  the  most  esteemed,  and  can  be 
distinguished  by  its  snowy  whiteness,  as  compared 
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with  the  yellowish  tint  of  calomel  obtained  by  the 
other  method. 

Calomel  is  a  white,  impalpable  powder,  permanent 
in  the  air,  odorless  and  tasteless,  and  insoluble  in 
water,  alcohol,  or  ether.  When  strongly  heated,  it 
is  wholly  volatilized,  without  melting.  The  mosl 
dangerous  impurity  to  which  calomel  is  liable  is 
corrosive  sublimate  (mercuric  chloride),  for  which  the 
test  is  to  wash  the  calomel  with  warm  distilled  water, 
and  then  add  to  the  washings  some  water  of  ammonia. 
If  any  corrosive  sublimate  have  been  dissolved  by  the 
washing,  a  white  precipitate  (ammonio-chloride)  "ill 
now  fall.  Also,  there  may  be  contamination  with  this 
same  ammonio-chloride.  To  detect  this,  shake  the 
calomel  with  acetic  acid,  filter,  and  treat  the  filtrate 
with  hydrogen  sulphide,  and  with  solution  of  silver 
nitrate.  Coloration  by  the  one  and  the  forming  of  a 
white  precipitate  with  the  other  indicate  the  presence 
of  the  ammonio-chloride.  Other  likely  impurities 
are  not  dangerous. 

The  reactions  of  calomel  that  have  a  bearing,  real 
or  fancied,  upon  its  medicinal  employment,  are  first, 
that  free  bases  decompose  the  compound  with  the 
formation  of  mercurous  oxide,  and  secondly,  that 
ammonium  chloride,  and  to  lesser  degree  potassium 
and  sodium  chloride,  in  sufficient  concentration  and 
at  a  proper  elevation  of  temperature,  tend  gradually 
to  convert  the  mercurous  into  the  mercuric  chloride — 
to  change,  that  is,  calomel  into  corrosive  sublimate. 
Great  stress  has  been  laid  upon  the  latter  reaction. 
It  has  been  made  to  do  duty  in  accounting  for  all  the 
medicinal  activity  of  calomel,  the  same  being  ascribed 
to  the  corrosive  sublimate  into  which  the  calomel  is 
assumed  to  be  changed  by  the  alkaline  chlorides  pres- 
ent in  the  contents  of  stomach  or  bowels;  and  for  fear 
of  undue  rapidity  and  completeness  of  such  conver- 
sion, the  taking  of  common  salt  during  a  course  of 
calomel  medication  has  often  been  proscribed.  On  the 
other  hand,  it  is  asserted  that  the  degree  of  concen- 
tration of  the  alkaline  chlorides  commonly  occurring  in 
the  alimentary  canal,  and  the  temperature  therein,  are 
inadequate  to  any  but  a  trivial  production  of  the  re- 
action in  question.  Pending  the  definite  settlement  of 
the  question,  it  is  just  as  well  to  avoid  the  joint  taking, 
in  any  marked  quantity,  of  calomel  and  ammonium 
chloride,  or  even  of  calomel  and  either  potassium  or 
sodium  chloride.  Other  substances  alleged  to  have 
the  power  of  converting  calomel  into  corrosive  sub- 
limate, are  hydrocyanic  acid,  citric  acid,  and  sugars. 
Of  these  substances  the  first  never  needs  to  be  pre- 
scribed with  calomel,  and  the  averred  potency  of  the 
other  two  is  far  from  established. 

Locally  the  action  of  calomel  is  absolutely  bland,  so 
long  as  the  salt  preserves  its  integrity,  but,  after 
swallowing,  effects,  local  or  constitutional  according 
to  circumstances  of  administration,  declare  them- 
selves— which  effects,  because  of  the  great  insolubility 
of  calomel,  must  be  ascribed  to  some  as  yet  undeter- 
mined compound  into  which  calomel  is  changed  in  its 
course  along  the  alimentary  canal.  The  effects  differ 
profoundly,  according  to  whether  the  medicine  is 
taken  in  single  full  dose,  or  in  small  repeated  doses 
continued  for  some  days.  In  the  former  case,  with 
or  without  nausea,  according  to  size  of  dose  and  sen- 
sitiveness of  the  stomach,  and  with  or  without  griping, 
as  the  case  may  be,  there  follows,  in  about  eight  hours 
or  so,  a  call  to  stool,  and  mvicous  passages,  brown, 
yellow,  or  even  green  in  color,  result — green  stools 
being  particularly  common  in  the  case  of  children. 
Such  purging,  if  free,  commonly  constitutes  the  whole 
outcome  of  the  dose;  but  if  not  free,  constitutional 
symptoms,  showing  absorption  of  the  mineral,  may 
follow.  The  marked  coloring  of  calomel'  stools  has 
for  years  been  held  to  be  due  to  an  unusual  proportion 
of  bile  therein  contained,  and  though  this  has  been 
denied,  yet  some  chemical  analyses,  as  well  as  many 
clinical  considerations,  make  it  strongly  probable  that 
the  venerable  assumption  is  correct.     In  explanation 
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of  the  considerable  charge  of  bile  in  calomel  evacua- 
tions, many  theories  have  been  propounded.  The 
oldest  i-.  thai  excess  of  bile  < xcrt /.</  must  mean  i  •-<  ■ 

secreted,  and  therefore  it  rrm-l  be  taken  for  granted 
that  calomel  in  purgative  dose  in  some  way  stimulate! 
the  liver  to  increased  secretion  ot  bile.     But  against 

tliis  th y   is  arrayed  an   observation   thai    on   dosing 

with  calomel  animals  upon  whom  a  biliary  fistula  had 

been  established,  there  was  no  increase  in  the  amounl 

of  bile  discharged  through  the  fistula.  In  rebuttal, 
however,  it  is  pointed  out  that  the  very  fact  of  the 
establishment  ol  a  biliary  fistula  so  changes  the  ordi- 
nary condition  of  things  in  re  liver,  bile,  and  bile's 
normal   intestinal   Career,   that    the  experiments  go  for 

nothing.     Apart  from  this  conl roversy,  another theoi  y 

of  the  biliary  stools  following  a  calomel  purge  is  that 
they  result  as  a  natural  consequence  of  an  assumed 
action  of  calomel  in  rushing  down,  as  it  were,  the  con- 
tents of  the  duodenum,  and  so  preventing  that  re- 
al isorpt  ion  of  a  considerable  port  ion  of  the  bile  present 
in  the  intestinal  contents  which  is  claimed  to  be  a 
normal  occurrence.  The  latter  theory  certainly  ac- 
counts more  readily  than  tin'  former  for  the  well- 
known  corrective  effects  of  calomel  purging  in  so- 
called  biliousness;  but  both  theories  are  theories  yet. 
and  neither  is  essential  to  the  intelligent  clinical  use 
of  calomel  in  the  condition  in  question.  Another 
theory  of  calomel  stools  accepts  the  fistula  experimen- 
tation as  proving  that  there  i-  no  increased  flow  of 
bile,  and  accounts  for  the  bile  coloration  by  assuming 
that  the  mercurial  prevents  the  normal  development 
of  the  microbes  that  ordinarily  determine  decomposi- 
tion of  the  bile  pigment  in  the  intestine. 

In  small  repeated  dose  calomel  mercurializes  speed- 
ily, but  in  so  doing  is  especially  prone  to  salivate,  and 
also,  even  in  small  dosage,  to  relax  the  bowels. 

Calomel  may  quell  vomiting,  and  has  the  advantage 
for  such  purpose  that,  once  swallowed  in  the  condition 
of  powder,  it  is  difficult  to  dislodge,  and  so  may  con- 
tinue its  action  despite  an  occurrence  of  vomiting 
shortly  after  the  taking.  Calomel  may,  and  com- 
monly does,  dissipate  readily  the  symptoms  of  that 
digestive  disorder  called,  rather  vaguely,  "bilious- 
ness," particularly  when  constipation  is  associated 
with  clay-colored  stools.  It  may  also  prove  an  effi- 
cient anthelmintic.  Locally,  calomel  is  among  the 
standard  remedies  for  the  relief  of  itching. 

The  therapeutics  of  calomel  consist  in  the  above- 
described  applications.  As  a  purge,  the  dose  for  an 
adult  is  from  0.30  to  0.60  gram  (from  about  gr.  v.-x.), 
given  at  night,  and  followed  in  the  morning,  if  purging 
do  not  sooner  occur,  by  some  brisk  cathartic,  such  as  a 
dose  of  salts.  Very  often,  instead  of  being  given  alone, 
calomel  is  associated  with  some  other  purgative  such 
as  jalap,  in  which  case  its  dose  must  be  reduced  pro- 
portionally. As  a  corrective  in  bowel  disorders  not 
requiring  purging,  calomel  may  be  given  in  centigram 
doses  (one-sixth  of  a  grain),  or  less,  hourly  throughout 
a  single  day;  yet  it  may  be  noted  that  sometimes  this 
method  of  dosage  results  in  free  purging — as  free  as 
if  a  full  cathartic  dose  had  been  taken.  For  anthel- 
mintic purposes,  full  purgative  doses  are  to  be  given. 
To  mercurialize,  from  0.10  to  0.20  gram  (about  gr.  iij.) 
should  be  prescribed  to  be  consumed  daily,  divided 
into  at  least  four  doses,  and  the  laxative  tendency 
neutralized  by  a  trifle  of  opium  with  each  dose.  Care- 
ful watch  should  be  kept  for  possible  salivation,  and 
the  medication  discontinued,  or  the  dose  reduced,  at 
the  first  signs  of  soreness  of  the  glims.  Calomel  may 
be  administered  in  powder  or  pill.  Externally,  for 
the  relief  of  itching,  calomel  is  best  prescribed  in  ex- 
temporaneous ointment,  of  ten-per-cent.  strength. 

A  special  application  of  calomel  is  to  mercurialize 
by  the  process  of  fumigation,  so  called.  This  process  is 
based  on  the  fact  that  calomel  sublimes  without 
change,  and  that  when  so  sublimed  and  allowed  to 
condense  on  the  naked  moist  skin,  in  some  way  it 
rapidly  gains  access  to  the  general  circulation,  and  so 
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mercurializes  with  greal  promptness  and  certainty. 
At  the  same  time,  because  of  the  avenue  of  intro- 
duction, the  digestive  organs  are  not  deranged. 
Under  circumstances,  therefore,  where  there  is  a  call 
for  both  a  prompt  and  powerful  mercurial  impression, 
as  in  some  sudden  and  severe  syphilitic  inflammation, 
the  method  by  fumigation  is  a  thoroughly  reliable  one. 
The  objections  to  the  method  are  its  troublesome- 
ness,  and  the  exposure  of  the  patient  to  detection  of 
his  malady — objections  which,  while  often  annoying, 
should  not  condemn  the  use  of  the  method  if  the  neces- 
sity  be  serious.  The  process  is  as  follows:  By  any 
convenient  arrangement — as  by  laying  upon  a  liit 
of  sheet  metal  properly  supported — the  quantity  of 
from  two  to  four  grams  (from  gr.xxx.~5  i.)  of  calo- 
mel is  exposed  to  the  heat  of  an  alcohol  lamp,  while 
at  the  same  time  a  small  vessel  of  water,  such  as 
the  tin  cup  of  a  nursery  lamp,  is  set  to  boil  alongside. 
These  contrivances  are  arranged  under  a  chair,  and 
upon  this  chair  the  patient  is  seated,  naked,  and 
covered,  all  but  the  head,  by  a  blanket  reaching 
to  the  ground.  The  blanket  is  to  be  clasped  tightly 
about  the  neck  to  prevent  the  mercurial  fumes  from 
rising  about  the  face,  in  which  case  they  might  be 
inhaled.  By  this  arrangement  a  small  confined 
chamber  is  made,  within  which  all  the  patient's  body, 
excepting  i  he  head,  is  exposed  to  the  combined  action 
of  steam  and  subliming  calomel.  Free  perspiration 
is  soon  induced,  and  in  the  moist,  relaxed  condition  of 
the  skin  thus  brought  about,  the  calomel,  condensing 
upon  the  surface,  finds  easy  access  to  the  circulation. 
The  sitting  lasts  from  ten  to  twenty  minutes,  or  until 
all  the  calomel  has  disappeared  from  the  metal  plate, 
and  then  the  patient,  donning  his  night-dress  without 
washing,  gets  into  a  warm  bed  for  the  night.  In  the 
morning  a  bath  may  be  taken.  Such  fumigations  may 
be  made  every  other  day,  or,  in  urgent  eases,  daily, 
until  the  gums  begin  to  show  signs  of  soreness. 

Calomel  is  an  ingredient  of  the  pharmaeopoeial  com- 
pound cathartic  }>ills  (see  Colocynth). 

Mercurous  Iodide,  Hgl. — Mercurous  iodide,  the 
subiodide  or  protoiodide  of  the  old  chemistry,  is  official 
in  the  United  States  Pharmacopoeia  under  the  title 
Hydrargyri  Iodidum  Flavum,  Yellow  Mercurous 
Iodide.  The  salt  is  formed  by  double  decomposition, 
by  adding  a  solution,  in  water,  of  potassium  iodide  to 
one  of  mercurous  nitrate.  Prepared  in  this  way, 
mercurous  iodide  appears  as  a  bright  yellow  powder. 
It  is  without  odor  or  taste;  is  nearly  insoluble  in  water 
and  wholly  so  in  alcohol  or  ether.  It  was  formerly 
prepared  by  direct  union  of  its  elements,  and  then  was 
of  a  greenish-yellow  color  and  was  known  as  the 
"green"  iodide.  Mercurous  iodide  is  slowdy  decom- 
posed, by  light,  into  metallic  mercury  and  mercuric 
iodide,  and  accordingly  should  be  kept  in  dark  amber- 
colored  vials,  and  away  from  light. 

The  action  of  mercurous  iodide  is  closely  similar  to 
that  of  calomel,  and  in  the  doses  of  it  possible  in  medi- 
cine, the  iodine  it  contains  is  in  too  small  proportion  to 
exert  any  appreciable  degree  of  its  peculiar  influence. 
Mercurous  iodide,  therefore,  like  most  of  the  iodides  of 
the  heavy  metals,  is  practically  but  a  representative 
of  the  medicinal  virtues  of  the  metal.  Mercurous 
iodide  is  used  exclusively-  as  a  means  of  mercurializing 
by  the  mouth,  and  is  a  favorite  preparation  with  many 
practitioners  in  the  mercurial  treatment  of  syphilis. 
The  quantity  of  from  0.06  to  0.20  gram  is  to  be  given 
daily,  in  divided  doses,  with  due  watch  kept  on  the 
gums.  The  medicine  is  most  conveniently  given  in 
pill,  and  the  important  incompatibility  must  be  re- 
membered that  potassium  iodide  decomposes  this  salt, 
producing  metallic  mercury,  ancl  the  far  more  potent 
mercuric  iodide. 

Mercuric  Compounds. — Mercuric  Oxide,  HgO.  Mer- 
curic oxide  is  obtainable  in  two  ways,  namely,  by 
decomposing  a  nitrate  of  mercury  by  strong  heat,  or 
by  precipitating  a  solution  of  mercuric  chloride  by 
solution  of  soda.     The  respective  products  of  these 


two   processes,   though    identical   chemically,   differ  in 

their  physical  features,  and  both  are  official  in  the 
United  Slates  I'harmacopu  ia  under  distinctive  names, 
as  follow  s: 

Hydrargyri  Oxidum   Hiihrum,   Red    Men-uric  Oj 
"Red    Precipitate."      This   is   the   Oxide    made   by   the 

former  of  the  pro cei  et  described  above.  The  prepa- 
ration is  nearly  pure  oxide,  but  with  a  trace  of  unde- 
composed  nitrate  still  present.  It  appears  a-  a  heavy 
crystalline  powder  of  a  brilliant,  orange-red  color, 
which  becomes  more  yellowish  the  finer  the  powder 
is  divided.  It  is  permanent  in  the  air,  odorless  and 
i.i  fceless,  insoluble  in  water  or  alcohol,  but  wholly 
soluble  in  nitric  or  hydrochloric  acid.  By  heating,  it 
is  decomposed  into  oxygen  and  metallic  mercury,  and 
finally  volatilizes  without  residue. 

Hydrargyri  Oxidum Flavum,  Yellow  Mercuric  Oxide. 
The  oxide  obtained  by  precipitation  as  described 
above.  This  form  of  mercuric  oxide  is  a  fine,  amor- 
phous powder,  of  a  light  orange-yellow  color,  darken- 
ing on  exposure  to  light.  Its  solubilities  are  the  same 
as  in  the  case  of  the  red  oxide.  On  heating,  it  first 
turns  red  and  then  behaves  the  same  as  the  red  oxide. 

Both  varieties  of  mercuric  oxide  should  be  kept  in 
well-stoppered  bottles,  away  from  exposure  to  light. 

Mercuric  oxide,  despite  its  insolubility,  is,  like  all 
the  mercuric  compounds,  decidedly  irritant,  enough 
so  to  produce  dangerous  irritant  poisoning  if  swal- 
lowed in  overdose.  Yet,  compared  with  the  other 
mercuric  compounds  used  in  medicine,  it  is  less  harsh 
than  the  majority.  Of  the  two  forms  of  this  oxide, 
the  red  is  the  more  irritating  because  of  the  mechanical 
action  of  the  sharp-edged  crystalline  grains  of  which 
it  is  composed. 

Mercuric  oxide  is  used  exclusively  as  a  local  medi- 
cine, to  obtain  the  specific  mercurial  irritant  influence 
in  affections  of  the  skin  or  of  exposed  mucous  mem- 
branes. It  is  most  commonly  employed  in  one  or 
other  of  the  two  official  ointments:  Unguenlum 
Hydrargyri  Oxidi  Rubri,  Ointment  of  Red  Mercuric 
Oxide,  and  Unguentum  Hydrargyri  Oxidi  Flari,  Oint- 
ment of  Yellow  Mercuric  Oxide.  Both  ointments  are 
of  similar  composition — ten  per  cent,  of  the  mercurial 
thoroughly  incorporated  with  hydrous  wool  fat  and 
petrolatum.  The  yellow  oxide  is  also  much  used  in 
the  form  of  lotion,  consisting  of  the  compound  sus- 
pended in  water.  This  unofficial  lotion  is  commonly 
called  yellow  wash,  and  is  obtained  by  mixing  together 
two  grams  (gr.  xxx.)  of  mercuric  chloride  and  500  grams 
(1  pint)  of  lime  water.  As  in  the  case  of  the  so-called 
black  wash  made  from  calomel,  the  mercurial  chloride 
is  decomposed  by  the  lime  and  the  oxide  precipitated. 
Yellow  wash  is  more  irritant  than  black  wash. 

Mercuric  Chloride,  HgCl2.  Mercuric  chloride,  for- 
merly known  as  bichloride  or  perchloride  of  mercury, 
is  official  in  the  United  States  Pharmacopoeia  under 
the  title  Hydrargyri  Chloridum  Corrosivum,  Corrosive 
Mercuric  Chloride,  and  is  universally  known  by  the 
familiar  name  corrosive  sublimate,  or  simply  sublimate. 
The  salt  is  made  on  the  large  scale  by  subliming  a 
mixture  of  mercuric  sulphate  and  sodium  chloride, 
and  is  bought  by  the  pharmacist  from  the  manufac- 
turer. Mercuric  chloride  is  a  colorless  salt,  permanent 
in  the  air,  and  occurring  in  rhombic  crystals  or  crystal- 
line masses.  It  is  odorless,  but  has  an  acrid  and  per- 
sistent metallic  taste.  It  dissolves  in  16  parts  of 
water  at  ordinary  temperatures  and  in  2  parts  of 
boiling  water;  in  3  parts  of  cold  alcohol  and  in  1.2 
parts  of  boiling  alcohol;  in  4  parts  of  ether  and  in 
about  14  parts  of  glycerin.  On  heating,  it  fuses, 
first,  to  a  colorless  liquid  and  finally  volatilizes  in 
dense,  white  fumes  and  leaves  no  residue.  The  most 
important  contamination  of  corrosive  sublimate  is  by 
arsenic,  a  test  for  which  is  the  following,  quoted  from 
the  United  States  Pharmacopoeia  of  1SS0:  "If  1  gm. 
of  the  salt  be  dissolved  in  boiling  water,  then  mixed 
with  5  c.c.  of  strong  solution  of  soda  (sp.  gr.  about 
1.260)  in  a  long  test-tube,  and  about  0.5  gm.  of  fine 
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aluminum  wire,  cut  into  small  pieces,  he  added  (a  loose 
plug  of  cotton  being  pushed  a  short  distance  down  the 
tube,  the  generated  gas  should  not  impart  any  tint 
to  paper  wet  with  test  solution  of  nitrate  of  silver,' 
and  kept  over  the  mouth  of  the  test-tube  for  half  an 
hour  (absence  of  arsenic)."  Calomel  may  be  another 
adulteration,  easily  detected  bj  its  non-solubility  in 
water  or  alcohol;  and  all  other  likely  contaminating 
substances  will  reveal  themselves  by  non-volatilit  \ 
on  subjecting  the  suspected  sample  of  mercuric  chlo- 
ride to  sublimation.  Corrosive  sublimate  should  be 
kept  in  well-stoppered  bottles. 

The  reactions  of  corrosive  sublimate  that  are  im- 
portant to  the  prescriber  are  as  follows:  The  salt 
forms  double  salts  with  ammonium  and  with  sodium 
chlorides,  which  double  salts  are  of  the  same  physio- 
logical potency  as  the  simple  sublimate,  but,  differing 
from  the  simple  salt,  dissolve  very  freely  indeed  in 
water.  Practically,  therefore,  any  desired  concen- 
tration of  aqueous  solution  of  corrosive  Sublimate  can 
be  effected  by  simply  adding  sal  ammoniac  or  common 
salt  to  such  aqueous  mixture.  Next,  corrosive  sub- 
limate in  aqueous  solution  decomposes  by  the  following 
agencies:  Simple  keeping  under  exposure  to  light, 
whereupon  calomel  and  hydrochloric  acid  separate 
out;  or  the  addition  to  the  solution  of  any  of  1  lie  fol- 
lowing substances,  viz.,  alkalies  or  their  carbonates, 
the  alkaline  earths,  soap,  tartar  emetic,  silver  nitrate, 
lead  acetates,  potassic  or  sodic  sulphides,  sulphy- 
drates,  soluble  iodides,  and  many  animal  and  vegetable 
substances.  Mercuric  chloride,  thus,  has  a  w  ide 
range  of  incompatibility. 

In  its  action,  mercuric  chloride  is  intensely  inimical 
to  life  of  all  varieties  and  grades,  and  so  operates  as  a 
powerful  antiseptic.  Tissues  immersed  in  a  sublimate 
solution  become  tough  and  shrunken,  wdiitish  in  color, 
and  proof  against  putrefaction.  On  the  living  human 
system  the  salt  combines  the  properties  of  an  active 
mercurial  with  those  of  an  intense  irritant.  In  con- 
centrated application  it  is  even  caustic,  but  it  is  not 
astringent.  Taken  internally  in  small,  repeated  dos- 
age, corrosive  sublimate  mercurializes,  and  with  a 
minimum  of  salivation.  But  it  is  very  prone  to  dis- 
order the  stomach,  producing  epigastric  uneasiness 
and  soreness,  with  loss  of  appetite  and  even  nausea. 
In  comparatively  small  overdose,  the  salt  is  a  danger- 
ous poison,  and  is  one  of  the  things  most  commonly 
used  for  poisoning  purposes.  (For  Toxicology,  see 
next  article.) 

Medicinally,  corrosive  sublimate  is  used  both  ex- 
ternally and  internally.  Externally,  it  is  applied 
most  commonly  in  solution,  for  the  destruction  of  para- 
sites, or  for  the  specific  influence  of  mercury,  when  a 
sharp  impression  is  wanted  upon  skin  eruptions,  or, 
again,  as  an  antiseptic  in  the  treatment  of  wounds. 
Sublimate  lotions  may  be  aqueous  or  alcoholic,  but 
should  not  exceed  the  strength  of  one-half  of  one  per 
cent,  of  the  mercurial  in  solution,  lest  undue  irritation, 
or  even,  in  extensive  application,  absorption  and  pois- 
oning result.  As  an  antiseptic,  mercuric  chloride  is 
unrivalled  in  power,  experimental  research  showing 
that  1  part  in  20,000  is  the  germicidal  peer  of  1  part 
in  833  of  the  next  most  potent  agent.  This  potency 
makes  the  salt  available  for  efficient  antisepsis  in  the 
treatment  of  wounds,  in  solutions  of  non-irritant  and 
non-poisonous  strength.  A  solution  of  one-tenth  per 
cent,  is  used  for  the  wetting  of  sponges,  compresses, 
and  absorbent  dressings,  a  strength  of  one-quarter  per 
cent,  for  the  gauze,  and  a  strength  of  one  per  cent, 
for  silk  sutures  or  catgut.  Internally,  frequently 
repeated  minute  doses  of  corrosive  sublimate,  such  as 
0.001  gm.  (about  gr.  fa)  are  often  of  happiest  effect  in 
bowel  derangements  with  fermentation  of  the  food. 
Such  small  doses  are  commonly  given  in  simple 
aqueous  solution.  To  mercurialize,  the  average  dose 
is  0.00-1  gm.  (gr.  fa)  three  times  a  day,  in  solution  or 
in  pill  with  crumb  of  bread — the  pill  mass  to  be  made 

•Five-per-cent.  solution  in  distilled  water. 


up  with  particularly  thorough  trituration.  Mercurial- 
ization  thus  induced  is  not  very  speedy, and, since  the 

drug  i  t""  poisonous  ever  to  lie  pushed,  it  i:-  net  an 
eligible    mercurial     in    cases    calling    for    haste.      And 

under  any  circumstances,  the  tendency  to  irritate  the 
stomach  is  so  great  that,  for  constitutional  mercurial- 
izing, corrosive  sublimate  is  distinctly  not  desirable. 

The  sail  has  also  been  given  by  hypodermat  ie  inject  ion 

for   treatment   of  syphilis,  about   0.005  gm.   (gr 

being    injected    every   other  day    in   aqueous   solution. 

But  the  procedure  is  objectionable  becavise  sevi 
painful. 

Mercuric  Iodide,  Hgls.  Mercuric  iodide — "bin- 
iodide,"  "periodide"  i^  official  in  the  United  Stat' 
Pharmacopoeia  under  Hie  title  Hydrargyri  lodidum 
Rub-rum,  Red  Mercuric  Iodide.  The  sail  forms  by 
double  decomposition  on  mixing,  in  solution,  mercuric 
chloride  and  potassium  iodide,  and  falls  as  a  scarlet 
precipitate.  Collected  and  dried,  it  appears  as  an 
amorphous  powder,  permanent  in  the  air;  of  a  bright 
cai  let  color;  odorless,  tasteless,  and  insoluble  in  water. 
It  dissolves  in  130  parts  of  cold  alcohol  ami  in  1  "i  parts 
of  boiling  alcohol;  also  in  solution  of  potassium  iod ich- 
or of  mercuric  chloride.  On  heating  it  turns  yellow, 
then  fuses,  and  finally  volatilizes  without  residue.  It 
should  be  kept  in  well-stoppered  bottles,  away  from 
light.  Mercuric  iodide  may  be  contaminated  by  a 
little  undecomposed  mercuric  chloride  or  potassium 
iodide,  whose  presence  can  be  detected  by  washing 
the  sample  with  water,  filtering,  .and  testing  the  fil- 
trate with  a  five-per-cent.  aqueous  solution  of  silver 
nitrate.  Any  soluble  iodide  or  chloride  will  then  pre- 
cipitate the  silver.  The  most  important  reaction  of 
mercuric  iodide  is  that  it  forms  double  salts  with  the 
iodides  of  the  alkalies,  which  salts  dissolve  freely  in 
water,  yielding  colorless  solutions.  This  reaction  will 
take  place  in  the  official  process  for  making  mercuric 
iodide,  if  the  potassium  iodide  be  taken  in  excess,  the 
scarlet  precipitate  that  falls  on  adding  the  solution 
of  mercuric  chloride  instantly  redissolving  on  slight 
agitation,  giving,  in  colorless  solution,  the  potassium 
double  salt.  This  same  potassio-mercuric  iodide, 
under  the  name  of  iodohydrargyrate  of  potassium,  has 
been  used  in  medicine,  with  the  claim  for  it  of  remark- 
able powers,  but  its  effects  are  substantially  those  of 
the  simple  mercuric  iodide — just  as  a  solution  of  the 
salt  itself  is  substantially  but  a  solution  of  mercuric 
iodide  in  excess  of  potassium  iodide.  The  physio- 
logical properties  of  mercuric  iodide  are  practically 
identical  with  those  of  the  chloride — locally  irritant 
even  to  corrosiveness,  constitutionally  mercurializing 
in  the  manner  just  detailed  under  mercuric  chloride. 
The  salt  is  not  much  used,  yet  some  practitioners  are 
partial  to  it  for  the  purposes  of  a  constitutional  mer- 
curial, the  administration  being  in  doses  and  with  ob- 
servances identical  with  those  employed  in  the  giving 
of  mercuric  chloride.  The  iodide  may  be  given  in 
pill,  or  in  solution  of  potassium  iodide.  If  wanted 
in  the  latter  way,  it  may  be  obtained  by  prescribing 
an  equivalent  quantity  of  mercuric  chloride  to  be 
added  to  a  solution  of  potassium  iodide.  By  reaction 
red  iodide  then  forms  and  remains  in  solution  as  double 
salt,  in  the  manner  set  forth  above. 

Mercuric  iodide  is  an  ingredient  of  the  official  prepa- 
ration entitled  Liquor  Arsenii  et  Hydrargyri  lodidi, 
for  whose  discussion  see  under  Arsenic. 

Mercuric  Nitrate,  Hg(N03):>. — Mercuric  nitrate  is 
used  medicinally  only  in  the  two  following  pharma- 
ceutical preparations: 

Liquor  Hydrargyri  Xitratis,  Solution  of  Mercuric 
Xitrate  "Acid  Nitrate  of  Mercury."  lied  mercuric 
oxide  is  dissolved  in  excess  of  dilute  nitric  acid,  whence 
results  a  dense,  clear,  nearly  colorless,  strongly  acid 
liquid,  of  specific  gravity  2.100,  and  containing  in 
solution  about  sixty  per  cent,  of  mercuric  nitrate  to- 
gether with  about  eleven  percent,  of  free  nitric  acid. 
This  liquid  is  highly  corrosive,  and  is  used  solely  as  a 
searching  caustic.     It  is  applied  to  the  part   in  full 
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strength,  and  should  be  used  only  when  a  rather  spread- 
ing action  is  allowable  or  desirable. 

Unguenlum  Hydrargyri  Nilratis,  Ointment  of  Mer- 
curic Nitrate,  Citrine  Ointment.  This  contains 
seven  per  cent,  of  mercury;  and  is  a  yellow  ointment, 
decidedly  irritant,  and  exerting  powerfully  the  local 
specific  medicinal  powers  of  the  mercuric  compounds. 
Citrine  ointment  is  thus  available  to  destroy  para- 
sites, or  to  excite  a  healing  action  in  indolent  ulcers 
or  eruptions.  Unless  a  strong  effect  is  needed,  the 
ointment  should  be  diluted  with  lard  in  equal  parts. 

Mercuric Oleate. — Formula  of  normal  oleate,  Hg(<  V- 
H:i,i*)2)2.  The  only  condition  in  wdiich  an  oleate  of 
mercury  is  official  in  the  United  States  Pharmacopoeia 
is  in  the  preparation  entitled  Oleatum  Hydrargyri, 
Oleate  of  Mercury.  The  quantity  of  twenty-five 
per  cent,  of  dried  yellow  mercuric  oxide  is  dissolved 
in  oleic  acid.  If  made  with  oleic  acid  of  standard 
quality  the  product  is  a  transparent,  yellowish,  oily 
liquid ;  but  if  an  impure  commercial  acid  be  the  basis, 
it  is  a  soft  semisolid.  The  preparation  is  liable  to 
undergo  slow  change  with  deposition  of  metallic  mer- 
cury, but  the  better  the  quality  of  the  oleic  acid  used 
in  the  making,  the  slower  the  decomposition.  Its 
properties  are  those  of  a  moderately  irritant  mercuric 
salt,  made  highly  diffusible  by  the  peculiar  attributes 
of  oleic  acid.  Rubbed  into  the  skin,  the  mercurial 
is  absorbed  as  in  the  similar  application  of  mercurial 
sintment,  but  more  rapidly  and  thoroughly.  Con- 
otitutional  mercurialization  is  thus  easily  procurable. 
Lightly  brushed  upon  a  part,  the  preparation  produces 
the  local  mercurial  effects,  and,  because  of  its  diffu- 
sibility,  acts  more  thoroughly  than  do  ordinary  oint- 
ments or  aqueous  lotions.  For  destroying  the  vitality 
of  the  ova  of  lice,  or  of  vegetable  parasitic  organisms, 
the  preparation  is  unsurpassed.  To  produce  con- 
stitutional mercurialization,  the  oleate  is  used  in  the 
same  way  as  mercurial  ointment.  For  such  appli- 
cation the  oleate  is  superior  to  the  latter  preparation 
in  speed,  effectiveness,  and  cleanliness;  but  being 
more  irritant,  it  is  liable  to  make  the  skin  sore  or  even 
to  raise  an  eruption.  To  neutralize  this  tendency 
so  far  as  possible,  a  good  plan  is  to  order  one  per  cent. 
of  morphine — the  pure  alkaloid — to  be  dissolved  by 
gentle  heat  in  the  oleate.  For  local  effects  the  oleate 
of  mercury  is  lightly  applied  to  the  part  by  a  camel's- 
hair  brush,  and,  if  the  skin  be  tender,  morphine  may 
In  added,  as  just  described.  Oleate  of  mercury  is 
contained  in  Unguentum  Hydrargyri  and  Emplastrum 
Hydrargyri. 

Besides  the  foregoing  official  preparations,  numer- 
ous others  have  been  proposed,  of  which  the  more  im- 
portant are  the  following: 

Mercwous  Tannate. — This  salt  forms  by  the  action 
of  tannic  acid  upon  mercurous  nitrate.  It  is  of  a 
greenish  color,  and  resembles  calomel  in  being  insol- 
uble in  water  or  alcohol,  and,  accordingly,  odorless, 
tasteless,  and  bland  in  local  action.  Its  peculiarity  is 
that  it  is  easily  decomposed  by  alkalies,  however 
weak,  and  in  such  decomposition  yields  metallic 
mercury  in  exquisitely  fine  subdivision.  Accordingly, 
when  swallowed,  it  is  decomposed  by  the  alkaline  con- 
tents of  the  duodenum,  and  offers  mercury  in  a  condi- 
tion ready  for  absorption  but  yet  not  irritating.  The 
tannate,  therefore,  is  a  possible  bland  mercurial  for 
constitutional  use,  and  may  be  prescribed  as  an  anti- 
syphilitic  in  doses  of  0.06  gram  (gr.  i.),  in  pill. 
The  salt  is  incompatible  with  even  the  weakest  of  alka- 
lies. Also,  potassium  iodide  should  not  be  given  in 
conjunction. 

Mercurous  Bromide  is  a  white,  insoluble  compound, 
for  practical  purposes  a  duplicate  of  calomel. 

Mercuric  Bromide  is  similarly  a  duplicate  of  corro- 
sive sublimate.  The  bromides  may  be  used  in  the 
same  way  as  the  corresponding  chlorides,  but  present 
do  advantages. 

Mercuric  Salicylate  is  a  mercury  preparation  of  sali- 
cylic acid  in  which  one  atom  of  mercury  has  combined 


with  one  molecule  of  salicylic  acid,  it  is  an  amorphous, 
white  powder,  insoluble  in  water  or  alcohol,  and  ac- 
cordingly without  odor  or  taste.  It  dissolves  in  solu- 
tion of  any  of  the  alkaline  chlorides,  bromides,  or 
iodides,  such  as,  for  instance,  common  salt.  The  -alt 
has  been  proposed  for  internal  giving  as  a  constitu- 
tional mercurial,  on  the  ground  of  being  effective  while 

but  little  disturbing  to  the  digestive  organs,     it  may 

be  given  in  doses  of  0.01  gram    (gr.  ,',),  in  pill.      Also  it 

has  been  used  as  an  antisyphilitic,  by  injection,  hypo- 
dermatic or  intramuscular,  the  powder  being  sus- 
pended in  mucilage  or  paraffin  oil.  The  mixture 
must  be  well  shaken  before  use,  and  0.01  gram  (gr.  Jj 
may  be  given  at  each  injection. 

Calomelol,  or  colloidal  calomel,  is  used  in  much  the 
same  way  as  calomel,  which  it  resembles  in  action. 
The  colloidal  action  is  said  to  make  it  less  irritant 
and  less  toxic  than  calomel. 

Mercuric  Oxycyanidc  has  been  suggested  as  a  sub- 
stitute for  cdrrosive  sublimate;  it  is  claimed  that  the 
oxycyanide  is  less  irritating  and  more  antiseptic  than 
the  bichloride.  It  does  not  corrode  steel  instru- 
ments. 

Mercuric  Succinimide  has  the  action  of  mercurial 
salts  in  general,  but  is  said  to  be  non-irritating.  It 
is  used  in  cases  of  syphilis. 

Mercurol  or  mercury  nucleinate  is  an  organic  com- 
pound of  mercury  with  nucleinic  acid,  and  contains 
ten  per  cent,  of  metallic  mercury.  It  is  used  as  an 
antisyphilitic. 

Sublamine  is  mercuric  sulphate  ethylene  diamine; 
if  is  a  disinfectant,  similar  to  corrosive  sublimate 
but  less  irritating  and  more  penetrating  and  soluble. 
It  is  used  as  a  disinfectant  for  the  hands,  and  also 
in  gynecology,  and  eye  and  ear  work. 

Other  preparations,  proposed  especially  for  hypo- 
dermatic use  in  syphilis,  are  as  follows: 

Mercuric  Formamidate. — A  salt  soluble  in  water, 
neutral  in  reaction,  non-coagulating  to  albumin,  and 
giving  but  little  pain  on  injection.  Dose  for  injection, 
from  ten  to  twenty  drops  of  a  one-per-cent.  aqueous 
solution. 

Mercuric  Benzoate. — A  white,  crystalline  salt,  with- 
out odor  or  taste.  Sparingly  soluble  in  cold  water, 
but  soluble  in  hot  water,  in  alcohol,  and  in  an  aqueous 
solution  of  common  salt.  Three  parts  of  the  benzoate 
and  one  part  of  common  salt  may  be  dissolved  to- 
gether in  four  hundred  parts  of  water,  and  of  this 
solution  one  (hypodermatic)  syringeful  may  be  injected 
daily. 

Mercury  Amidopropionate  or  Alanale. — A  white, 
crystalline  powder,  soluble  in  water.  From  0.005  to 
0.01  gram  (gr.  -jV~i)  may  be  given  at  each  injection, 
in  aqueous  solution. 

Mercury  Sozoiodol. — A  fine,  yellow  powder,  sparingly 
soluble,  only,  in  water  (1  part  in  500)  but  soluble  in 
solution  of  common  salt.  Dose  for  hypodermatic 
injection,  0.06  gram  (gr.  i.).  In  strong  solution,  the 
compound  is  irritating.  It  is  also  employable  locally, 
as  a  dusting  powder,  or  in  ointment  of  one  or  two  per 
cent,  strength. 

Mercury  I midosuccinate,  or  Asparaginate. — A  white, 
crystalline  powder,  soluble  in  25  parts  of  water  and  in 
300  parts  of  alcohol.  Dose,  bv  injection,  0.01  gram 
(gr.  I). 

For  local  use,  the  following  have  been  proposed: 

Mercury  Pyroborate. — An  amorphous,  insoluble 
brown  powder.  Used  in  ointment  (two-per-cent. 
strength)  as  a  dressing  for  syphilitic  or  other  sores. 

Mercury  Stearate. — A  white,  unctuous  powder,  for 
use  as  a  dressing  in  place  of  ointment  preparations. 

Mercury-zinc  Cyanide. — A  white  powder,  insoluble 
in  water.  Recommended  by  Lister  for  use  in  anti- 
septic dressings.  Its  insolubility  saves  it  from  irri- 
tating and  poisoning. 

Compounds  of  mercury  formerly  official  in  the 
United  States  Pharmacopoeia,  and  still  occasionally 
used,  are  as  follows : 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES 


Hydrargyrum 


Mercurous  Oxide,  Hg20. — This  is  the  compound 
commonly  called  black  oxide  of  mercury.  It  is  a  dingy, 
dark  olive  powder,  insoluble  in  water  or  alcohol.  Its 
only  use  is  in  the  so-called  black  wash,  a  mild  mercurial 
lotion  for  syphilitic  sores.  This  wash  is  practically 
mercurous  oxide  diffused  through  water.  To  obtain 
it,  calomel  is  mixed  with  lime  water,  generally  in  the 
proportion  of  four  grams  (5  i.)  of  the  former  to  500 
grams  (O  i.)  of  the  latter.  Reaction  occurs,  1  he  lime 
abstracting  the  chlorine  from  the  calomel  to  form  cal- 
cium chloride,  which  remains  in  solution,  and  giving 
oxygen  in  exchange,  so  that  the  white  powder  of  the 
mercurous  chloride  changes  to  the  dusky  one  of  the 
oxide.  On  standing,  the  precipitate  of  the  oxide 
rapidly  settles  to  the  bottom  of  the  vessel  containing 
the  wash,  so  that  the  mixture  needs  to  be  shaken  well 
before  using. 

Mercuric  Sulphide,  HgS.  This  is  the  well-known 
substance  cinnabar,  which,  finely  powdered,  makes  the 
pigment  vermilion.  It  is  a  bright  red  substance, 
permanent,  odorless  and  tasteless  and  insoluble  in 
water  or  alcohol.  It  was  formerly  used  for  mercurial 
fumigation,  by  the  plan  of  throwing  about  two  grams 
(gr.  xxx.)  on  hot  coals  so  placed  that  the  resulting  fumes 
should  bathe  the  naked  body  of  the  patient,  under  an 
enveloping  blanket.  But  the  procedure  develops 
sulphur  dioxide  gas  which  is  highly  irritating. 

Cinnabar,  accordingly,  is  now  discarded,  for  use  in 
fumigation,  in  favor  of  calomel. 

Mercurous  Sulphide,  Hg2S.  This  compound,  long 
since  abandoned  as  a  medicine,  needs  mention  only  as 
being  the  mercurial  formerly  called  the  black  sulphide, 
or  Ethiops  mineral, 

III.  General  Therapeutics  of  Mercury  Com- 
pounds.— As  has  appeared  in  the  discussion  of  the  sev- 
eral compounds  of  mercury,  the  therapeutic  uses  of  the 
mineral  are  many  and  incongruous.  Some  of  these 
are  fulfilled  by  a  single  preparation  only,  but  others, 
and  the  majority,  are  possible  for  several  of  the  com- 
pounds. Concerning  these  latter  some  practical  points 
present  themselves  for  consideration. 

Constitutional  Mercurialization. — This  procedure  was 
formerly  resorted  to,  in  a  routine  way,  in  all  cases 
of  acute  inflammations,  especially  of  serous  mem- 
branes, generally  also  in  the  continued  fevers,  and,  in 
mild  grade,  in  the  various  cachexia;.  Nowadays, 
however,  it  has  fallen  into  disuse,  except  in  the  treat- 
ment of  the  single  disease  syphilis.  In  this  affection 
its  avail  is  most  important,  as  will  be  found  discussed 
in  the  article  on  Syphilis.  General  mercurialization 
can  be  effected  by  giving  mercurials  by  the  mouth,  by 
inunction,  by  fumigation,  and  by  hypodermatic  in- 
jection. In  general  concerning  these  methods,  the 
points  may  be  noted  that  administration  by  the  mouth 
is  most  convenient,  is  reasonably  prompt  and  effi- 
cient, except  in  cases  of  most  urgent  haste,  but  sub- 
jects the  digestive  organs  to  a  maximum  of  derange- 
ment. The  inunction  method  is  rapid  and  potent, 
peculiarly  applicable  therefore  to  urgent  cases;  saves 
the  digestive  organs,  but  is  troublesome,  dirty,  and 
exposes  the  patient  to  detection  of  his  malady.  The 
fumigation  process  has  all  the  features  of  the  inunction 
method,  with  an  extreme  of  troublesomeness.  The 
hypodermatic  procedure  also  is  prompt,  powerful,  and 
saving  to  the  digestive  organs,  but,  with  the  prepara- 
tion hitherto  most  used  for  the  injection,  corrosive 
sublimate,  has  the  profound  objection  of  being  painful, 
and  liable  to  produce  abscess.  To  mercurialize  by 
the  mouth,  if  the  object  be  a  long-continued,  gentle 
impression,  mercury  with  chalk  or  blue  mass,  or  small 
doses  of  the  yellow  iodide,  are  commonly  selected 
from  among  the  mild  mercurials.  For  a  less  con- 
tinuous action,  but  one  still  short  of  full  therapeutic 
saturation,  the  mercuric  compounds,  chloride,  or 
iodide,  may  be  employed.  Between  the  respective 
action  of  the  two  groups,  the  important  points  of 
difference  are  that  the  mild  mercurials  are  most  apt 


to  salivate  and   provoke  looseness  of  tin-  bowels;  and 

the  irritant  unduly  to  irritate  the  stomach.     For  the 

rapid   production   of  the  full  limit  of  mercurialization 

by  the  mouth,  the  more  potent  of  the  mild  mercurials — 

Calomel,  blue  pill,  or  the  yellow  iodide — .should  In- 
given  in  generous  dosage.  For  rapid  effect,  however, 
mercurialization   by  other  avenue  than   the  mouth   is 

theoretically  preferable.  For  inunction,  mercurial 
ointment  and  the  oleate  are  the  two  available  prepa- 
rations, of  which  the  latter  is  the  more  elegant  and 
cleanly,  but  also  the  more  irritating.  Wat  fumigation, 
calomel,  and  the  black  oxide  are  possible,  but  the 
first  named  is  decidedly  to  be  preferred.  For  hypo- 
dermic injection,  corrosive  sublimate  has  been  the 
preparation  most  used.  By  any  method  and  for  any 
purpose,  modern  practice  enjoins  that  mercurializa- 
tion must  be  limited  in  degree  to  the  development 
of  the  mildest  grade  of  stomatitis. 

Digestive  Disonlers. — The  correction  of  digestive  dis- 
orders is  one  of  the  prominent  applications  of  mer- 
curials. The  efficacy  is  one  of  wide  range,  and  in  it 
the  antiseptic  virtues  of  mercury  probably  play  a  part . 
The  derangement  in  which  the  mineral  has  the  oldest 
reputation  is  that  whereof  the  main  symptoms  are 
constipation,  with  clay-colored  stools,  loss  of  appetite, 
with  a  bitter  taste  in  the  mouth,  and  perhaps  even 
nausea,  and  a  muddy  or  even  distinctly  jaundiced 
skin  and  conjunctiva.  In  such  condition  of  things,  as 
soon  as  a  free  passage  from  the  bowels  can  be  .secure. I 
by  a  mercurial — calomel  or  blue  pill,  or,  in  the  case  of 
children,  mercury  with  chalk — the  various  symptoms 
very  commonly  subside.  And  even  if  there  be  not 
constipation,  mercury,  now  not  necessarily  in  purgative 
dose,  will  still  more  often  than  not  work  a  cure. 
Next,  entirely  apart  from  the  matter  of  clay-colored 
stools,  many  cases  of  vomiting  from  digestive  dis- 
orders, and,  still  more  commonly,  diarrheal  or  dysen- 
teric symptoms  arising  apparently  from  the  same 
cause,  are  more  or  less  controllable  by  mercurial 
The  selection  is  commonly  calomel  or  mercury  with 
chalk  for  vomiting,  and  mercury  with  chalk  or  corro- 
sive sublimate  for  bowel  affections.  In  all  cases  the 
dose  is  small,  as,  for  instance,  0.01  gram  (gr.  >)  of 
gray  powder,  or  0.001  gram  (gr.  ■%„)  of  corrosive  sub- 
limate, frequently  repeated. 

The  Killing  of  Parasites. — A  purgative  dose  of 
calomel  is  anthelmintic,  but  it  is  particularly  for  the 
destruction  of  external  parasites  that  mercury  is  used, 
a  purpose  for  which  mercurials  are  pre-eminent. 
The  forms  selected  are  usually  corrosive  sublimate  in 
solution,  white  precipitate  ointment,  citrine  ointment, 
mercurial  ointment,  or  the  oleate.  The  last  named  is 
the  preparation  to  be  preferred  where  the  ova  of  lice 
are  to  be  destroyed. 

The  Treatment  of  Skin  Affections. — The  surface  dis- 
orders of  syphilis  are  treated  with  great  advantage  by 
mercurials,  locally  applied,  as  an  adjunct  to  consti- 
tutional treatment;  but  also  non-syphilitic  skin 
affections  are  often  benefited  by  the  same  measures. 
Recognizing  that  the  applications  are  irritant,  the 
principle  obtains  to  graduate  the  irritation  of  the  appli- 
cation to  the  irritability  of  the  part — a  raw  surface, 
tender  and  painful,  taking  a  mild  application,  and  an 
unbroken  skin  or  an  indolent  ulcer  a  comparatiyely 
harsh  one.  In  the  order  of  their  intensity  of  action, 
beginning  with  the  mildest,  the  preparations  in 
common  use  as  local  applications  are  as  follows: 
Calomel,  applied  as  powder  or  in  ointment;  black 
oxide,  in  the  form  of  black  wash;  mercurial  ointment; 
ointment  of  the  yelloir  oxide;  ointment  of  the  red  oxide; 
ointment  of  ammoniated  mt  rcury;  oleate;  ointment  of  the 
nitrate;  lotions  of  corrosive  sublimate. 

The  other  prominent  therapeutic  uses  of  mercurials 
.ire  generally  unique,  and  the  points  concerning  them 
have  already  been  discussed  in  connection  with  the 
individual  preparations. 

Edward  Curtis. 
R.  J.  E.  Scott. 
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Hydrargyrum,  Poisoning  by. — AH  compounds  of 
this  element  arc  violent  poisons  to  all  organisms 
whether  plants  or  animals.  Each  in  its  elemental 
state  metallic  mercurj  is,  under  certain  conditions, 
extremely  poisonous. 

The  severity  of  the  symptoms  and  rapidity  of  ac- 
tion in  each  individual  case  will  depend  upon  the 
nature  of  the  compound  absorbed,  the  method  of 
administration,  size  and  frequency  of  the  doses  taken, 
and  the  susceptibility  of  the  victim;  conditions  which 
are  of  general  application  to  all  poisonings. 

According  to  statistics  collected  by  Robert,  ninety 
per  cent,  of  the  cases  of  poisoning  by  mercury  are  due 
to  its  administration  in  some  form  by  physicians;  the 
drug  having  been  administered  in  too  large  a  quantity 
at  a  single  dose,  or  its  use  having  been  continued  for 
too  long  a  period  of  time  or,  finally,  there  having  been 
careless  or  excessive  use  of  corrosive  sublimate  in 
antiseptic  surgery.  Criminal  poisonings  form  about 
one  per  cent,  or  less  of  the  cases  recorded;  while  at- 
tempted suicide  by  means  of  mercurial  products  will 
claim  about  two  per  cent. 

Quite  recently  the  attention  of  the  public  has  been 
focussed  through  a  sensational  press,  upon  cases  of 
accidental  poisoning  by  bichloride  of  mercury  tablets, 
and  much  has  been  made  of  the  few  cases  by  ex- 
citable physicians  with,  however,  good  results  in  that- 
drastic  laws  regulating  the  sale  of  this  and  other 
dangerous  drugs  have  been  enacted  in  several  States. 
Available  statistics  do  not  show,  however,  that 
there  has  been  any  greater  proportion  of  deaths  from 
mercury  poisoning  than  given  above. 

In  the  ordinary  practice  of  a  physician,  poisoning 
from  the  following  compounds  of  mercury  may  be 
encountered: 

Metallic  Mercury. — Recent  researches  show  that 
mercury  vaporizes  at  all,  save  exceedingly  Low, 
temperatures.  Even  when  in  the  solid  state  (  — 
39.4°  C.)  vapor  is  given  off.  Vaporization  is  not, 
however,  readily  detected  until  the  temperature  has 
risen  to  about  +  5°  C.  Poisoning  through  breathing 
the  vapors  of  metallic  mercury  is  not  uncommon, 
but  cases  of  acute  poisoning  are  rare.  As  examples 
of  extensive  poisoning  by  vapors  of  metallic  mercury 
two  famous  cases  may  be  cited.  The  first,  that  of 
the  crew  of  H.  M.  S.  Triumph,  has  become  classical. 
This  frigate  sailed  in  1S10  with  a  cargo  of  mercury. 
The  receptacles  ruptured  as  a  result  of  rough  weather, 
discharging  several  tons  of  mercury  into  the  hold. 
All  animaf  life  on  board  suffered  from  mercurialism, 
her  crew  being  rendered  helpless.  Picked  up  at  sea, 
the  crew  of  the  rescuing  vessel  detailed  to  man  her 
while  being  towed  into  port  were  also  stricken,  as 
were  the  laborers  charged  with  cleaning  her  up  when  in 
port.     In  all  200  men  were  afflicted.     Two  died. 

The  other  case  is  that  related  by  Kumnitz.  In 
1802  a  fire  broke  out  in  the  workings  of  the  mercury 
mines  at  Idria,  and  as  a  result  of  the  vaporization  of 
mercury  it  is  estimated  that  over  nine  hundred  per- 
sons were  afflicted  with  tremor  mercurialis. 

In  the  mining  of  the  ore  about  one  per  cent,  of  the 
workmen  are  attacked,  while  in  smelting  fully  eight  to 
ten  per  cent,  suffer.  These  same  figures  wiU  probably 
hold  good  for  general  industrial  conditions  where  me- 
tallic mercury  is  carelessly  handled  and  where  the 
ventilation  is  poor.  Even  in  poorly  ventilated  shoot- 
ing galleries  the  attendants  may  exhibit  symptoms 
of  mercurialism  due  to  mercury  vapor  from  the  ex- 
ploding of  mercury  fulminate. 

In  connection  with  this  discussion  of  cases  of  pois- 
oning by  vapors  of  mercury  it  is  of  interest  to  note  that 
it  is  a  quite  well-established  fact  that  persons  ex- 
hibiting a  tendency  to  phthisis  are  very  susceptible  to 
the  action  of  these  vapors  and  rarely  recover  from 
their  effects,  dying  either  from  mercurialism  or  from 
tuberculosis. 

The  pure  metal  in  the  form  of  liquid  seems  to  have 
only  very  slight  action,  often  none  at  all.     Frohner 
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has  shown  thai  dogs  and  swine  can  easily  support 
doses  of  250  tct  500  grams  (',  to  1  Ib.j  without  exhibiting 
an;  lymptoms  of  toxic  action.  Although  enormous 
doses  of  metallic  mercury  have  been  swallowed  by 
man  with  impunity,  cases  are  on  record  where  re- 
latively  small  amounts  have  been  followed  by  serious 
effects. 

If  the  metal  is  taken  in  a  finely  divided  condition, 
as,  for  example,  emulsified  in  fats,  oils,  etc.,  it  becomes 
a  most  violent  poison.  The  careless  use  of  "blue 
ointment."  "gray  oil."  "blue  pill,"  etc.,  has  led  to 
numberless  cases  of  serious  illness.  Leibling  cites  the 
case  of  three  persons  affected  with  the  itch  who  rubbed 
into  the  body  a  mercurial  ointment  containing  270 
gri 'I  finely  divided  metallic  mercury.  Death  re- 
sulted in  twenty-four  hours  from  acute  mercurial 
poisoning. 

Mercuric  Chloride. — This  salt,  known  under  a 
variety  of  names,  of  which  the  most  common  is  cor- 
rosive sublimate,  is  responsible  for  by  far  the  largest 
number  of  cases  of  acute  poisoning  by  mercury. 
Practitioners  are  often  too  careless  in  the  use' of  solu- 
tions of  mercuric  chloride  in  the  dressing  of  w-ounds 
and  in  obstetrics.  The  fatal  dose  of  corrosive  sub- 
limate is  not  well  established  because  of  the  variability 
of  the  intensity  of  its  action  on  different  individuals. 
It  is  probably  safe  to  set  it  as  low  as  ISO  milligrams  (2 
to  3  grains).  The  variability  of  the  fatal  dose  and 
fatal  period  is  well  shown  by  the  following  case  quoted 
by  Wormley.  Three  children  were  accidentally 
poisoned  by  mercuric  chloride  dispensed  by  mistake 
for  calomel;  one,  seven  years  old,  took  eighteen  grains 
(1.16  gm.)  and  died  in  three  hours;  another,  two  years 
old,  took  six  grains  (0.4  gm.)  and  died  in  eleven  hours; 
the  third,  aged  three,  took  twelve  grains  (0.78  gm.) 
but  did  not  die  until  the  twenty-third  day.  Severe 
symptoms  have  followed  a  dose  as  low  as  from  one- 
third  to  one-half  of  a  grain.  Recovery  has  foUowed 
such  enormous  doses  as  thirty-one  grams  (about  g  i.), 
when  there  has  been  prompt  and  violent  vomiting  and 
subsequent  treatment  of  the  victim  by  a  physician. 
Opium  eaters  are  peculiarly  resistant.  Rigler  states 
that  a  certain  individual  addicted  to  this  habit  was 
able  to  take  1.8  grams  (gr.  xxviij.)  daily  without 
illness. 

In  the  case  of  so-called  "bichloride  tablets"  em- 
ployed in  antiseptics  we  usually  have  to  deal  with  a 
double  chloride.  Their  toxicity  is  therefore  much 
higher,  they  fail  to  respond  to  the  usual  antidotes 
and  it  is  rare  that  the  life  of  the  victim  can  be  saved. 
Death  foUows  symptoms  similar  to  those  of  uremic 
poisoning,  as  indicated  below. 

Mercuric  Iodide  produces  symptoms  similar  in 
character  and  intensity  to  those  of  the  chloride. 

Mercuric  Cyanide. — Very  fewT  cases  of  death  or 
serious  illness  from  mercury  cyanide  are  on  record 
and  in  several  of  these,  the  symptoms  were  those  of 
hydrocyanic  acid,  not  of  mercury.  Death  is  not, 
however,  always  rapid. 

Mercurous  Chloride. — Perfectly  pure  calomel  is  of 
very  low  toxicity  in  the  case  of  man,  but  Frohner  has 
shown  that  with  herbivorous  animals,  especially 
ruminants,  this  salt  is  quite  poisonous:  8  to  10 
grams  (5  iij.-iij.)produce  very  serious  effects  on  young 
cattle;  a  dose  of  20  grams  (about  3  v.)  is  toxic  to 
horses;  5  grams  (gr.  lxxvij.)  are  toxic  to  sheep;  while 
dogs  and  swine  are  relatively  resistant  the  toxic 
dose  being  from  2  to  10  grams  (gr.  xxxi.-cliv.) 
per  kilogram  weight.  Because  of  the  ease  with  which 
calomel  is  acted  upon  by  many  substances,  with  the 
formation  of  the  actively  poisonous  mercuric  salt, 
accidents  due  to  such  incompatibles  are  not  rare. 
There  are  also  on  record  numerous  cases  of  mercurial 
poisoning  due  to  the  administration  of  impure  calomel. 

Oxides  of  Mercury. — Mercuric  oxide  is  met  with  in 
two  forms:  the  yellow  oxide  prepared  in  the  wet  way 
and  the  red  oxide  prepared  in  the  dry  way.  The 
vellow  is  considerably  more  active  and  more  soluble 
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than  the  red.  Because  of  its  use  in  medicine  a  few 
accidents  have  resulted.  In  doses  of  about  500  milli- 
grams (about  gr.  vij.)  severe  symptoms  have  been 
observed.  The  fatal  dose  can  probably  be  set  at  from 
1  to  1.5  grams.  A  dose  of  30  grams  has  caused  death 
in  forty-eight  hours. 

Other  Compounds  of  Mercury. — Mercur-ammonium 
chloride,  white  precipitate,  is  a  heavy,  white  powder, 
frequently  employed  in  medicine  ami  all  hough  it  is 
practically  insoluble  in  water  it  has  been  the  cause  uf 
several  cases  of  poisoning.  Doses  of  from  1.9  to 
2.6  grams  (gr.  xx.\.-xl.)  have  produced  dangerous 
symptoms,  and  7  grams  (gr.  cviij.)  have  proved 
fatal  in  eight  days. 

Of  the  sulphates  of  mercury  only  one  is  of  clinical 
interest — the  Basic  Mercuric  Sulphate  (Hydrargyri 
Subsulphas  Flavus,  II.  S.  P.).  This  salt,  sometimes 
called  turpeth  or  turbith  mineral,  caused  the  death 
of  an  adult  in  eleven  days  in  a  dose  of  2.6  grams  (gr. 
xl.),  and  in  another  case  3.9  grams  (gr.  lx.)  proved 
fatal  to  a  boy  of  sixteen  in  seven  days. 

The  sulphides  of  mercury  are  so  insoluble  that  they 
are  sometimes  said  to  be  non-poisonous.  The  red 
sulphide,  vermilion,  is  known,  however,  to  have  been 
responsible  for  cases  of  chronic  poisoning  in  France, 
due  to  its  presence  in  cosmetics. 

Mercuric  Nitrate  is  responsible  for  a  number  of 
cases  of  poisoning  in  the  form  of  the  so-called  "acid 
nitrate,"  a  solution  of  high  specific  gravity,  formerly 
much  employed  in  Europe  as  an  escharotic.  Tardieu 
records  a  ease  in  which  death  resulted  in  about  two 
hours  after  swallowing  a  quantity-  of  this  corrosive 
liquid.  Most  of  the  cases  of  poisoning,  however,  are 
the  result  of  its  use  as  an  escharotic. 

The  Sulphocyanate  of  Mercury  which  serves  as  the 
basis  for  the  manufacture  of  Pharaoh's  serpents  pos- 
sesses such  energetic  emetic  powers  that  there  is  little 
danger  to  be  apprehended  from  its  ingestion.  When 
administered  to  non-vomiting  animals  it  produces  all 
the  symptoms  of  mercurial  poisoning.  In  the  burn- 
ing of  the  "serpents,"  vapors  of  metallic  mercury  are 
produced  which  may  lead  to  evil  results  in  small, 
ill-ventilated  rooms. 

Symptoms  of  Poisoning  by  Mercury. — Cases  of 
mercury  poisoning  fall  into  one  of  three  classes: 
acute,  subacute,  or  chronic.  In  the  first  class  fall  all 
those  resulting  from  a  large  dose  or  several  rapidly 
taken  moderate  doses  of  a  readily  soluble  salt  of 
mercury;  the  action  being  that  of  a  violent  irritant 
poison,  or  of  a  corrosive;  death  taking  place  in  from 
twenty-four  to  thirty-six  hours.  Subacute  cases  re- 
sult from  a  somewhat  slower  action,  the  primary 
symptoms  are  not  so  violent  and  the  period  of  illness 
is  quite  long.  This  second  form  is  seen  when  the 
dose  is  smaller  than  in  the  first  form,  when  small 
doses  have  been  administered  in  too  rapid  succession, 
and  when  the  compound  taken  or  absorbed  is  not 
easily  soluble.  The  fatal  period  varies  from  five  to 
twenty  days,  or  is  often  even  longer;  cases  under 
eight  to  ten  days  are  generally  the  after-result  of 
acute  poisoning.  The  cases  classed  as  chronic  need 
no  explanation;  they  are  the  result  of  "industrial 
poisoning"  or  of  medicinal  posioning  due  to  excessive 
prolongation  of  mercurial  treatment.  The  symptoms 
do  not  appear  for  weeks  or  even  months.  Death 
may  sometimes  result,  but  recovery  usually  follows 
the  removal  of  the  cause. 

Acute  Poisoning. — This  is  generally  the  result  of 
swallowing  corrosive  sublimate.  Immediately  after 
taking  the  poisonous  substance  there  is  experienced 
by  the  victim  an  intensely  disagreeable,  acrid,  metallic 
taste  followed  almost  at  once  by  a  burning  sensation 
(increasing  to  pain)  in  the  mouth,  throat,  and  epi- 
gastrium; this  pain  rapidly  extends  with  increasing 
severity  to  the  abdomen.  There  is  excessive  thirst. 
Nausea  sets  in,  followed  by  frequent  retching  and 
vomiting  of  mucus  often  tinged  with  blood  and  some- 


times  containing  shreds  of  mucosa.  There  is  diar- 
rhea wiih  frequenl  serous,  mucous,  and  usually 
bloody    stools.     Tic-    pulse    is   small    and    frequent. 

The  body  of  t  he  vici  im  is  bat  hed  in  a  cohl  pcrspiraf  inn. 

The  victim  exhibits  greal   anxiety.     Tin-  mucosa  of 

the  nniiilli  and  throat  is  white  and  shrivelled  and  in  a 
sin  nt  time  there  is  severe  swelling  of  I  he  fauces. 
Often  the  swelling  ,,f  the  throat  is  SO  severe  a.  I-, 
threaten    asphyxia,    and     cases    arc    known    in    which 

tracheol became  necessary  to  save  life.  Breath- 
ing  becomes  difficult    and    dyspneic.     A    period    of 

vertigo    precedes    insensibility,    collapse,    and    death. 

Death  may  sometimes  occur  in  convulsions.  The 
fatal  period  is  from  twenty-four  in  thirty-six  hours. 

The  shortest  time  on  record  is  a  case  recorded  by 
Welch  in  which  death  took  place  in  thirty  minutes 
after  swallowing  the  poison. 

Subacute  Poisoning. — The  dividing  line  between 
acute  and  subacute  cases  is  very  vague,  the  former 
merging  into  the  latter.  Thus  a  case  of  acute  poison- 
ing in  which  life  is  prolonged  may  pass  into  tin-  sub- 
acute stage.  In  addition  to  the  general  symptoms 
first  given,  there  are  seen  the  characteristic  symptoms 
of  poisoning  by  mercury.  The  vomited  matter  is 
thick,  viscid,  bilious  in  character,  eventually  becomes 
bloody  and  has  a  bad  odor.  The  abdomen  is  usually, 
but  not  always,  tense  and  painful  to  pressure.  The 
face  is  alternately  pale  and  flushed  and  expresses 
suffering,  anxiety,  anil  prostration.  The  sweat- 
covered  body  is  without  st  length.  The  gums  are 
inflamed,  swollen,  and  painful.  There  is  constric- 
tion of  the  throat,  more  or  less  severe  cough,  often 
with  the  expectoration  of  bloody  matter.  Tin-  breath 
is  very  fetid;  the  odor  is  peculiar,  characteristic,  and 
of  great  diagnostic  value.  The  swelling  of  the  gums 
is  accompanied  by  sensitiveness  of  the  teeth,  which 
become  loosened  and  may  even  be  shed.  Stomatitis 
is  followed  by  salivation,  becoming  at  times  excessive. 
The  saliva  has  the  same  characteristic  fetid  odor  as 
the  breath.  Colic  is  followed  by  frequent,  very  pain- 
ful (tenesmus)  bloody  stools,  closely  resembling  those 
of  dysentery.  This  diarrhea  differs  from  that  re- 
sulting from  poisoning  by  arsenic,  antimony,  etc..  in 
that  the  stools  are,  as  a  rule,  more  frequent,  smaller, 
and  composed  chiefly  of  mucus  tinged  with  bile  and 
blood.  There  is  generally  complete  or  almost  com- 
plete anuria;  when  the  urine  is  not  entirely  sup- 
pressed it  is  albuminous.  The  failure  of  the  kidneys 
to  function  is  followed  by  uremia  and  the  patient  may 
die  as  a  result  of  uremic  poisoning.  There  may  or 
may  not  be  slight  jaundice.  In  very  protracted 
cases  there  is  apt  to  be  a  weakening  of  the  intelli- 
gence, a  loss  of  muscular  power,  more  or  less  marked 
edema  accompanied  by  paralysis  of  the  lower  ex- 
tremities; and  an  eruption  on  the  skin,  eczema  im- 
petiginosum.  The  temperature  is  normal  or  only  very 
slightly  raised,  until  the  approach  of  death,  when  it 
is  apt  to  fall  with  great  rapidity.  The  pulse  is  small, 
weak,  and  thready.  The  skin  of  the  patient  feels 
cold  and  clammy.  The  respiration  is  generally 
dyspneic  and  asthmatic.  A  period  of  apparent  con- 
valescence may  intervene  after  five  or  six  days,  the 
pulse  increases  in  strength,  the  body  warms  up,  the 
skin  loses  its  clammy  feeling,  respiration  becomes 
more  regular  and  normal.  This  period  of  reaction 
is  quickly  followed  by  relapse,  the  patient  falls  into  a 
state  of  great  prostration,  the  pulse  becomes  small, 
weak,  and  imperceptible;  there  is  syncope,  loss  of 
sensation,  and  coldness  of  the  lower  part  of  the  body; 
there  is  more  or  less  marked  loss  of  speech,  but  the 
patient  remains  lucid  to  the  last.  Sometimes  there 
is  internal  hemorrhage  from  the  bowels,  stomach,  etc., 
accompanied  by  a  great  fall  in  temperature:  Loewy 
records  a.  case  exhibiting  a  sudden  fall  of  temperature 
to  33.4°  C.  (92.1°  F.).  The  average  fatal  period  is 
from  eight  to  fifteen  days. 

The  channel  of  introduction  of  the  poison  modifies 
slightly  the  symptoms  observed.     For  example,  pois- 
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childbirth  does  not  give  rise  to  the  acute  stomatitis 
(stomatitis  ulcerosa)  seen  in  the  introduction  of  the 
poison  per  os,  though  inure  or  less  inflammation  and 
swelling  are  exhibited  no  matter  what  the  channel  of 
absorption.  Toxic  gastritis  and  enteritis  also  result 
from  the  introduction  of  mercury  into  the  body  no 
matter  what  the  method  of  entrance. 

Chronic  Poisoning. — Chronic  mercurialism  is  the 
result  of  constant  exposure  of  the  body  to  contact  with 
mercury  in  some  form,  or  to  the  frequent  ingestion  of 
mercurial  remedies  prolonged  over  a  long  period.  In 
the  arts,  several  industries  give  rise  to  chronic  poison- 
ing of  workmen,  as,  for  example,  the  mining  of  ores  of 
mercury  and  the  extraction  of  the  metal  from  them; 
the  manufacture  of  mirrors  and  of  various  preparations 
and  salts  of  mercury;  electrotyping,  gilding;  the 
manufacture  of  certain  kinds  of  felt,  of  barometer-, 
thermometers,  and  other  instruments  necessitating 
the  use  of  mercury;  the  manufacture  of  fulminate  of 
mercury  and  of  percussion  caps,  etc.,  etc.  Of  these 
industries  the  most  harmful  are  doubtless  the  mining 
and  extraction  of  the  metal.  According  to  the 
statistics  collected  by  Kobert,  in  the  best  ventilated 
and  hygienic-ally  constructed  and  operated  mines  from 
one  to  two  per  cent,  of  the  miners  are  afflicted  with 
mercurialism;  while  in  the  extraction  of  the  metal  by 
heat  fully  eight  per  cent,  of  the  workmen  exhibit 
typical  symptoms  of  chronic  poisoning. 

In  chronic  poisoning  by  mercury  practically  all  the 
symptoms  accompanying  the  subacute  cases  are  seen 
but  in  a  less  aggravated  form,  and  in  addition  there 
are  several  distinct  and  characteristic  symptoms. 
First  of  importance  among  these  characteristics  must 
be  placed  tremor  mercurialis.  This  affliction  ap- 
pears as  an  extraordinarily  severe  trembling  of  the 
patient,  in  which  the  upper  parts  of  the  body,  es- 
pecially the  arms,  are  first  affected.  The  movements 
of  the  lips  and  tongue  are  also  altered  so  that  speech 
may  become  confused  and  unintelligible.  Tremor, 
as  has  been  said,  is  most  noticeable  in  the  arms  where 
it  is  almost  convulsive  in  character  and  renders  them 
vacillating.  The  seizures  are  brought  on  by  any 
attempt  at  muscular  effort  and  are  often  so  severe 
as  to  necessitate  the  feeding  of  the  victim.  When  the 
muscles  are  relaxed  and  the  patient  is  quiet,  only  a 
twitching  is  observed,  while  during  sleep  no  sign  of 
tremor  is  seen.  Children  born  of  parents  afflicted 
with  tremor  mercurialis  have  been  known  to  exhibit 
termor,  but  in  the  majority  of  eases  chronic  poisoning 
leads  to  abortion.  Accompanying  tremor  there  is 
well-marked  erethismus  tending  to  aggravate  the 
seizures  of  trembling.  Resulting  from  anemia  and 
gastric  and  enteric  catarrh  mercurial  cachexia  makes 
its  appearance;  this  is  seen  in  the  anemic  condition  of 
the  blood,  the  atrophy  of  the  muscles,  and  the  general 
wasting  away  of  the  body.  Salivation  is  usually- 
excessive.  The  specific  gravity  of  the  saliva  secreted 
in  the  early  stages  of  the  disease  is  usually  abnormally 
high,  due  to  the  presence  of  albumin;  later,  however, 
it  falls  again  to  the  normal  value  or  may  be  subnormal. 
Salivation  is  not  a  primary  symptom  but  follows 
stomatitis  and  may  disappear  in  very  protracted  ill- 
ness. The  gums  are  swollen,  soft,  hemorrhagic,  and 
usually  painful;  often  they  show  a  dark  line  somewhat 
similar  to  that  seen  in  chronic  poisoning  by  lead. 
The  breath  is  very  fetid.  Carious  teeth  decay  with 
great  rapidity,  sound  teeth  are  painful  and  loos- 
ened, and  may  even  be  shed.  Necrosis  of  the  jaw 
not  infrequently  results.  The  skin  is  more  or  less 
seriously  affected,  as  shown  by  an  eczematous  ap- 
pearance— eczema  impetiginosum,  or  squamosum 
(eczema  mercurialis) — or  in  more  mild  cases  by 
urticaria.  There  may  be  falling  out  of  the  hair.  The 
patient  suffers  from  albuminuria,  generally  from  ob- 
stinate and  almost  complete  anuria,  and  is  afflicted 
with  mercurial  cirrhosis  of  the  kidneys.  Often  a  dis- 
tressing tuberuelosis-like  cough   is  heard.     Lastly,  in 


very  protracted  cases  many  authorities  believe  that 
there  results  decalcifying  osteitis,  but  upon  this  point 
there  is  some  dissent  ;  the  weight  Of  evidence,  lee',  ever, 
seems  to  show  that  calcium  salts  are  withdrawn  from 

the  bones  and  deposited  in  the  kidneys. 

Evidence   has   been  adduced    at    dilferent     times   to 

show  that  the  progress  of  the  disease  is  more  rapid  in 
women  than  in  nun;  however  this  may  be,  it  is 
certain  thai  some  individuals  are  much  more  sensitive 
to  mercurial  action  than  others,  and  that  persons  hav- 
ing a  tendency  to  t  uberculosis  rarely  recover  from 
chronic  mercurial  poisoning. 

Children  born  of  parents  suffering  from  mercurial- 
ism are  generally  weak,  frail,  and  show  a  decided 
tendency  to  tuberculosis. 

Poslmorti  in  A  ppi  arances. — The  symptoms  exhibited 
in  poisoning  by  mercury  have  been  described  in  suffi- 
cient detail  to  indicate  the  chief  pathological  changes 
which  will  be  seen  in  an  autopsy.  These  changes  are 
generally  sufficiently  characteristic  to  enable  an  ex- 
pert to  assert  with  a  fair  degree  of  confidence  that 
death  was  due  to  mercurial  poisoning. 

The  whole  alimentary  canal  is  more  or  less  inflamed; 
the  mucosa  of  the  mouth  and  throat  is  red  or  even 
ulcerated,  especially  in  the  upper  part,  or  in  very 
acute  cases  it  may  be  shrivelled  and  whitened ;  that 
of  the  stomach  is  ecchymosed,  even  ulcerated;  in 
only  one  reported  case  has  perforation  been  observed. 
The  intestines  are  more  strongly  affected  than  is  the 
stomach  and  may  exhibit  greenish-yellow  ulcerations, 
especially  in  the  lower  part  of  the  ileum;  not  infre- 
quently the  mucosa  is  edematous,  swollen,  and  the 
submucosa  infiltrated  with  serum.  In  such  an  event 
the  intestines  are  anemic.  These  appearances  follow 
the  absorption  of  mercury  by  no  matter  what  channel; 
and,  save  the  whitening  of  the  mucosa,  are  not  con- 
fined to  per  os  ingestion.  Usually  the  large  intestine 
exhibits  macro-  and  microscopic  appearances  identical 
with  those  seen  in  dysentery.  The  liver  and  kidneys 
are  anemic,  enlarged,  and  show  fatty  degeneration 
unless  death  has  been  quite  rapid.  The  liver  may  be 
icteric  and  pasty.  Microscopic  examination  of  this 
organ  shows  numerous  fatty  droplets  and  granulations 
in  the  cells  in  which  the  nuclei  have  been  destroyed. 
The  kidneys  exhibit  a  somewhat  analogous  appear- 
ance which  may  sometimes  be  suggestive  of  Bright's 
disease.  Sections  of  the  kidnej-s  (in  subacute  and 
chronic  poisoning)  placed  under  the  microscope  and 
treated  with  dilute  sulphuric  acid  will  be  seen  to  give 
off  a  gas — carbon  dioxide — due  to  the  presence  of 
deposits  of  carbonate  of  lime,  and  in  a  few  seconds  the 
tubuli  will  be  seen  to  be  clogged  with  characteristic 
acicular  crystals  of  calcium  sulphate  formed  by 
the  action  of  the  sulphuric  acid.  The  bladder  is  con- 
tracted and  usually  empty.  The  muscles  of  the  heart 
are  hemorrhagic  and  show  some  fatty  degeneration. 
This  steatosis  of  liver,  kidneys,  and  heart  is  analogous 
to  that  observed  in  cases  of  poisoning  b\r  arsenic  and 
by  phosphorus,  but  is  not  quite  so  severe  as  in  these 
cases.  The  lungs  are  sometimes  normal,  more  often 
full  of  blood,  the  result  of  bronchopneumonia.  The 
muscles  of  the  body  are  anemic  with  here  and  there 
ecchymosed  spots;  incisions  made  in  the  muscles  lead 
to  the  exudation  of  a  watery  fluid.  The  blood  in 
acute  cases  is  usually  dark,  thick,  and  coagulates  with 
difficulty.  In  chronic  cases  it  is  anemic.  The  mouth 
may  appear  grayish  in  color;  this  appearance  occasion- 
ally extends  down  the  esophagus.  The  walls  of  the 
intestines  are  not  infrequently  grayish  or  blackish 
from  mercuric  sulphide,  the  result  of  putrefactive 
changes.  In  a  few  instances  it  has  been  thought  that 
this  gray  color  has  been  the  result  of  the  deposition  of 
very  finely  divided  metallic  mercury. 

Antidotes. — The  only  satisfactory  antidotes  are 
albumin,  such  as  white  of  egg,  milk,  flour  and  water, 
etc. ;  ferrous  sulphate  with  reduced  iron  or  ferrous  sul- 
phide; followed  immediately  by  the  stomach  pump 
or  emetics  and  purgatives,  unless  such  action  has  al- 
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ready  been  induced.  Prompt  removal  of  the  material 
from  the  alimentary  canal  is  imperative,  since  the 
insoluble  compounds  of  mercury  produced  by  the 
action  of  the  antidotes  arc  all  more  or  less  rapidly 
acted  upon  by  the  fluids  of  the  body.  The  adminis- 
tration of  too  great  an  amount  of  albumin  is  also 
probably  objectionable,  as  there  seems  to  be  good 
reason  for  believing  that  the  compound  of  mercuric 
chloride  with  an  excess  of  albumin  is  more  soluble 
than  when  the  albumin  is  not  in  excess.  It  is  better, 
therefore,  to  administer  only  just  the  amount  which 
it  is  judged  will  render  the  poison  insoluble;  then 
remove  the  precipitate  and  administer  a  fresh  dose  of 
the  antidote.  The  white  of  one  egg  will  render  about 
200  milligrams  (gr.  iv.)  of  mercuric  chloride  inactive. 
Stomatitis  is  best  treated  by  frequent  gargles  or  washes 
of  potassium  chlorate.  In  the  treatment  of  chronic 
poisoning  zinc  phosphide  has  given  excellent  results. 
Tremor  mercurialis  can  be  more  or  less  successfully 
treated  with  electricity.  There  is  at  present  much 
diversity  of  opinion  as  to  the  value  of  iodides  and  of 
sulphur  compounds  such  as  flowers  or  liver  of  sulphur, 
sulphureted  hydrogen  waters,  etc.  There  are  reasons 
for  believing  that  although  good  results  have,  in  many 
cases  followed  the  use  of  these  disputed  remedies,  their 
efficacy  has  been  somewhat  overestimated. 

All  rooms  and  buildings,  etc.,  in  which  either  metal- 
lic mercury  or  its  salts  are  employed  should  be  excep- 
tionally well  ventilated  and  every  possible  precaution 
should  be  exercised  to  avoid  spilling  material  on  the 
floors,  work-benches,  etc.  The  most  scrupulous 
cleanliness  of  all  workmen  should  be  insisted  upon. 
The  floors  of  the  rooms  should  be  free  from  all  fissures 
and  cracks  and  should  slope  gradually  from  all  sides 
toward  the  center  in  order  to  facilitate  cleaning. 
Meyer  has  suggested  the  sprinkling  of  the  floors  with 
dilute  ammonia  each  day  after  the  day's  work  is  done. 

Elimination. — Mercury  seems  to  be  eliminated  from 
the  body  through  all  the  secretions,  but  chiefly  by  the 
glands  of  the  stomach  and  intestines  in  the  feces,  by  the 
kidneys  in  the  urine,  by  the  salivary  glands  in  the 
saliva,  and  by  the  liver  in  the  bile.  For  the  clinical 
detection  of  mercury  either  the  urine  or  the  saliva 
may  be  employed.  In  acute  cases  the  greater  part 
of  the  poison  will  be  ejected  in  the  vomited  matter. 

Mercury  is  known  to  persist  in  the  body  for  long 
periods  after  all  ingestion  has  ceased.  The  usual 
period  of  elimination  in  acute  poisoning  by  corrosive 
sublimate  is  probably  about  thirty  days,  but  the  metal 
may  persist  for  months.  In  subacute  cases  the  period 
of  elimination  is  thought  to  be  about  six  months; 
while  following  chronic  poisoning,  mercury  is  slowly 
eliminated  from  the  body  during  periods  of  almost 
incredible  length.  Ogier  cites  a  case  communicated 
by  Vadja  and  Pachkis  in  which  mercury  could  be 
detected  in  the  urine  thirteen  years  after  the  cessation 
of  mercurial  treatment! 

According  to  Hoffman,  when  vapor  of  metallic 
mercury  is  inhaled  there  is  observed  the  elimination 
of  free  metallic  mercury  in  the  urine;  several  other 
experimenters  have  observed  the  same  phenomenon. 

Mercury  seems  to  possess  a  marked  cumulative 
action  and  is  localized  chiefly  in  the  liver  and  kidneys, 
from  which  organs  it  disappears  only  very  slowly. 
It  can  be  detected  in  the  liver,  in  most  cases,  after  it 
has  disappeared  from  other  organs  of  the  body. 

Mechanism  of  the  Action  of  Mercury. — Science  has 
not  yet  reached  a  stage  where  we  can  formulate  a 
satisfactory  theory  for  the  cause  of  the  action  of 
mercury.  Lack  of  space  forbids  a  discussion  of  the 
various  hypotheses  which  have  been  advanced;  suffice 
it  to  say  that  none  of  them  is  wholly  satisfactory. 

Owing  to  the  great  affinity  of  mercury  for  the  nitro- 
gen compounds  of  the  tissues,  albuminates  of  mercury 
or  analogous  combinations  are  formed,  causing  the 
death  of  the  cells.  This  layer  of  destroyed  cells  is  not 
impermeable  but  allows  deeper  and  deeper  progressive 
action,  due  in  part  to  the  penetration  of  a  fresh  supply 


of  the  poison  or  to  t  he  resolut  ion  of  the  mercun  in  I  lie 
albuminate   first  formed,      it    is   probable   that  the 

mercury     circulates    in    the    blood     in     the    form    of 

what  has  been  called  mercuric  chloride-albuminate 
or  sodium  chloride-mercuric  albuminate-,  soluble'  com- 
pounds of  unknown  composition.  The  result  of  the 
circulation  of  these  poisonous  compounds  is  the  death 
of  cells,  etc.,  as  shown  bj  theprogre  of  the  disease  in 
stomatitis,  gastritis,  enteritis,  salivation,  and,  • 

in  the  early  stages,  in  ulceration  of  the  glottis.      That 

these  symptoms  are  nol  the  result  of  contact  but  an- of 
secondary  action  through  the  blood  is  proved  by  the 

fact  that  they  appear  when  mercury  is  applied  ex- 
ternally (ointment)  or  injected  subcutaneously  and 
when  onh  the  faintesl  trace  of  mercury  has  reached 
the  intestines.  In  circulating  through  the  liver  tin' 
mercury  produces  an  abnormal  secret  ion  of  bile,  ac- 
companied, according  to  some  investigators,  by  the 
destruction  of  countless  blood  corpuscles,  the  latter 
being  deposited  in  this  organ,  and  giving  rise  to  its 
fatty  infiltration,  and  to  anemia  and  cachexia.  An 
analogous  action  takes  place  in  the  kidneys  where  the 
changes  produced  in  the  tubuli  give  rise  to  albuminu- 
ria and  uremia.  In  a  short  time  after  circulating 
through  the  body  mercury  causes  more  or  less  marked 
paralysis  of  the  muscles  and  of  the  heart;  this  Rabu- 
teau  believes  to  be  due  to  the  destruction  of  the  con- 
tractility of  the  muscles  without  any  action  on  the 
motor  nerves.  According  to  this  view  the  cardiac 
paralysis  observed  soon  after  the  administration  of  a 
very  large  dose  is  due  to  the  loss  of  contractile  power 
of  the  cardiac  muscles  and  is  not  the  direct  result  of 
neural  paralysis.  The  experiments  of  von  Mering 
have  shown  that  mercury  exerts  a  decided  and  very 
deleterious  action  on  the  vaso-motor  system  and  on 
the  heart.  In  prolonged  illness  there  can  be  no 
doubt  that  mercury  exerts  a  specific  action  upon  the 
central  nervous  system;  since  we  observe  erethismus 
mercurialis  and  a  weakening  of  the  intelligence,  per- 
haps the  tremor  can  be  ascribed  in  part  to  this  action. 
One  of  the  most  remarkable  of  the  effects  of  mercury 
is  that  of  the  dissolving  of  calcium  salts  in  the  bones, 
to  which  reference  has  already  been  made;  the  lime 
thus  extracted  is  eventually  deposited,  in  part  at  least, 
in  the  kidneys,  apparently  as  the  carbonate,  clogging 
the  canals  (see  von  Weichselbaum,  Centralbl.  f.  Path., 
1891,  1).  How  and  why  this  action  is  brought  about 
is  unknown. 

Kaufmann  believes  death  to  be  the  result  of  primary 
intravital  multiple  capillary  embolism  in  the  kidneys 
and  that  this  is  shown  in  epithelial  necrosis,  calcifica- 
tion, and  capillary  thrombosis.  Jolles,  on  the  other 
hand,  believes  death  to  be  the  result  of  capillary 
embolism,  not  in  the  kidneys  but  in  the  intestines. 

Cluneal  Tests  for  Mercury. — The  urine  and  the  saliva 
are  the  most  satisfactory  materials  upon  which  to 
work.  In  case  the  urine  is  employed  it  is  best  to 
concentrate  it  to  about  half  its  volume.  Acidify  the 
solution  to  be  tested  with  pure  hydrochloric  acid. 
Introduce  two  or  three  tiny  strips  of  pure  bright 
copper  foil  about  one  millimeter  wide  by  three  or 
four  millimeters  long.  Heat  almost  to  boiling  for 
from  ten  to  fifteen  minutes.  Pour  off  the  liquid  from 
the  foil  and  wash  the  latter  first  with  water,  then 
with  alcohol,  and  dry  by  pressing  gently  between 
sheets  of  filter  paper.  If  mercury  is  present  the  cop- 
per foil  will  be  coated  with  a  gray  or  silvery  film.  A 
gray  film  gently  rubbed  with  the  end  of  a  finger  be- 
comes bright  and  silvery.  The  mere  deposition  of 
a  film  upon  the  copper  should  not  be  taken  as  con- 
clusive evidence  of  the  presence  of  mercury.  In  order 
to  confirm  the  presence  of  this  element  the  perfectly 
dry  foil  can  be  introduced  into  a  small  glass  tube 
closed  at  one  end.  The  tube  should  then  be  heated 
at  a  point  from  about  three  to  five  centimeters  above 
the  roll  of  copper  foil  and  drawn  out  to  a  bore  of 
say  two  millimeters,  care  being  taken  to  avoid  heat- 
ing the  bit  of  coated  copper.      When  the  tube  thus 
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prepared  is  perfectly  cold,  the  end  containing  the  foil 
is  heated  red  lint  in  :i  Biitiscn  or  alcohol  lamp.  Tin- 
mercury  amalgamated  with  the  copper  is  thus  vapor- 
ized and  condenses  on  the  walls  of  the  tube;  by  pro- 
gressively heating  the  tube  above  the  foil  all  the  mer- 
cury is  driven  into  the  constricted  part  of  the  tube  and 
an  examination  with  a  microscope  orpockel  magnifier 
will  disclose  many  tiny  silvery  globules  of  metallic 
mercury.  In  case  the  globules  are  very  minute,  rub- 
bing 1  he  deposit  with  a  fine  iron  wire  or  with  a  drawn- 
out  glass  rod  will  cause  them  to  unite  into  globules 
large  enough  to  be  readily  del, .led.  All  hough  this 
real  ■Hon  is  a  very  delicate  one,  it  can  be  rendered  even 
in.  ire  delicate  by  converting  the  sublimate  of  mercury 
into  red  mercuric  iodide.  This  is  accomplished  b} 
proceeding  as  follows:  The  closed  end  of  the  tube  is 
cut  off,  a  small  fragment  of  iodine  introduced,  and 
the  end  of  the  tube  closed  with  a  tin}-  cork.  Thus 
prepared  the  tube  is  laid  in  a  warm  place  for  half  an 
hour  or  more.  The  slow  vaporization  of  the  iodine 
causes  the  formation  of  brilliant  red  mercuric  iodide 
which  is  generally  easily  visible  to  the  naked  eye  if  the 
tube  be  held  over  white  paper.  Too  high  a  heat  will 
cause  the  sublimation  of  much  iodine,  thus  masking 
the  red  color  of  the  iodide.  In  such  an  event  a  gentle 
current  of  air  drawn  or  blown  through  the  warm  tube 
will  remove  the  iodine.  By  this  iodine  method  0.1 
milligram  of  mercuric  chloride  can  be  detected  with 
ease,  and  with  great  care  the  delicacy  can  be  pushed 
to  beyond  0.01  milligram. 

Instead  of  copper  foil  a  little  spiral  of  thin  pure  gold 
foil  (dental  foil)  can  be  wound  around  a  tiny  rod  of 
metallic  tin  or  zinc.  The  electrolytic  couple  thus 
obtained  is  dropped  into  the  acidulated  liquid  to  be 
tested.  No  heating  is  necessary.  After  several  hours 
the  couple  is  removed,  washed,  dried,  and  heated  in 
the  manner  suggested  above.  Most  of  the  mercury 
amalgamates  with  the  gold,  but  a  part  is  always  de- 
posited upon  the  tin  or  zinc;  hence  after  carefully 
unrolling  the  gold  each  part  of  the  couple  should  be 
tested. 

Another  method  consists  in  winding  a  spiral  of 
platinum  foil  around  a  common  steel  sewing  needle, 
introducing  this  couple  into  the  liquid  and  proceeding 
as  described  above. 

A  very  convenient  arrangement  when  employing  a 
couple  is  to  drop  it  into  a  separatory  funnel  of  suitable 
size,  pour  in  the  acidulated  liquid,  and  open  the  stop- 
cock so  that  tiny  drops  fall  very  slowly.  To  make 
doubly  sure,  the  liquid  can  be  poured  back  and  again 
allowed  to  come  in  contact  with  the  couple. 

Solid  organic  matter  can  be  brought  into  solution  by 
treating  with  hydrochloric  acid  and  potassium  chlor- 
ate on  the  water-bath.  The  strongly  acid  solution 
thus  obtained  should  be  partly  neutralized  with 
sodium  bicarbonate  and  tested  for  mercury  by  any 
of  the  above-mentioned  methods. 

E-MILE     MoNN'IN    ChAMOT. 


Hydrarthrosis  Intermittens. — Synonyms:  In- 
termittent Joint  Hydrops,  Intermittent  Synovitis 
This  rare  and  somewhat  mysterious  lesion  was  de- 
scribed first  by  Perrin1  in  France.  It  consists  essen- 
tially in  a  periodic  effusion  into  one  or  more  joints, 
most  frequently  into  the  knee.  The  fluid  remains 
for  a  few  days  and  then  disappears,  but  Linberger1  by 
careful  measurements  determined  that  in  one  of  his 
cases  the  disappearance  was  only  partial,  and  that 
the  joint  remained  swollen  in  the  interval.  In  other 
words,  if  this  author's  findings  be  confirmed,  the  very 
name  that  we  attach  to  the  lesion  is  incorrect,  and 
requires  to  be  changed  to  "remittent''  hydrops,  or 
remittent  synovitis.  The  duration  of  the  swelling 
and  the  length  of  the  intervals  vary.  Usually  the 
attacks  come  on  rather  rapidly,  the  swelling  increases 
for  several  days,  and  then  gradually  subsides.  The 
interval  as  a  rule  varies  in  the  different  cases  between 


one  and  two  days,  and  the  duration  of  the  swelling 
from  two  to  eight  days.  The  intervals  may  be 
shorter  or  lunch  lunger. 

Sometimes  the  patient  COD  foretell  (In-  exact 
and  hour  of  his  attacks,  with  such  regularity  do  they 
occur.  If  several  joints  be  affected,  they  may  swell 
i  inn  nleutally,  or  one  after  another.  Occasionally 
the  disease  leaves  on,-  joint  and  appears  in  another. 
Pain,  though  son,,  time-  present,  is  not  wont  to  be  a. 
prominent  symptom.  Fever,  headache,  dizziness,  pain 
in  the  extremities,  and  other  constitutional  symptoms 
have  been  observed  in  some  cases.  Cases  that  have 
I"  i  ii  regular  in  their  recurrence  may  become  irregular 
and  again  the  length  of  the  interval  may 

change.     The  disease  occurs  with  about  equal   fre- 
quency in  men  and  in  women.     In  women  the  atl a 
have  sometimes  subsided   during   pregnancy,   and    a 
certain  relation  to  the  menses  occasionally  has  been 
noted. 

Cause. — This  is  unknown.  The  disease  has  been 
regarded  as  an  angioneurosis  (Barker,3  Seeligmuller)1 
and  as  the  result  of  infection.  In  certain  cases  a 
history  of  trauma  has  been  obtained.  Naturally 
"rheumatism,"  that  vague  and  all-embracing  process, 
has  often  been  held  responsible.  Coincident  disease 
of  the  thyroid  gland,  or  exophthalmic  goiter,  has  been 
observed.  On  account  of  its  periodicity,  a  malarial 
basis  has  been  sought  for  intermittent  hydrops,  but 
none  has  been  found.  In  fact  malaria  is  one  of  the 
few  infectious  diseases  in  whose  course  or  sequence 
joint  inflammations  are  never  seen.  Payr5  maintains 
that  an  intermittent  hydrops  may  be  a  symptom  of 
joint  lues. 

Pathological  Anatomy. — The  synovia  is  often  the 
seat  of  a  villous  hypertrophy.  The  fluid  is  usually 
serous  and  yellow  in  color,  and  it  may  contain  flakes 
of  fibrin.  The  spleen  may  be  enlarged.  Linberger 
maintains  that  intermittent  hydrops  is  essentially  the 
result  of  a  joint  inflammation,  not  a  passive  effusion, 
and  that  it  is  a  symptom  of  various  diseases  and  not 
a  disease  itself.  Klemm,6  Garr6,  and  others  noted 
the  occurrence  of  an  intermittent  hydrops  as  a  symp- 
tom of  an  enclosed  chronic  suppurative  osteomyelitis 
in  the  ends  of  the  long  bones. 

Treatment. — Drugs,  almost  without  number,  have 
been  tried,  usually  in  vain.  The  best  results  have 
been  obtained  with  quinine  and  arsenic.  Various 
baths  have  been  recommended,  with  all  sorts  of  in- 
gredients. The  usual  gamut  of  external  applications, 
and  of  heat  and  cold  has  been  run.  Some  surgeons 
have  aspirated  the  joint  and  have  washed  it  out 
with  water,  iodine,  carbolic  acid,  etc.,  and  in  a  num- 
ber of  instances  with  apparently  good  result,  though 
the  procedure  does  not  seem  rational. 

I  have  never  seen  a  typical  case  of  intermittent 
hydrops,  but  in  a  case  of  recurring  synovitis  of  the 
knees,  I  observed  a  disappearance  of  the  symptoms 
following  a  washing  out  of  some  cheesy  crypts  in  the 
tonsil. 

Leonard  W.  Ely. 
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Hydrastis. — Golden  Seal.  "The  dried  rhizome 
and  roots  of  Hydrastis  canadensis  Linne'  (Fain. 
Ranunculaa  as),  yielding,  when  assayed  by  the  process 
given  below,  not*  less  than  2.5  per  cent,  of  hvdrastine." 
(U.  S.  P.) 
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The    Hydrastis   canadensis   Is   a  small   herbaceous 

[ > i •  r« •  1 1 1 1 i : 1 1  plant  with  an  erect,  simple,  pubescent  stem, 
from  six  inches  to  one  foot  in  height.  There  are  usu- 
ally but  two  leaves,  one  at  the  top  of  the  stem,  the 
other  attached  a  short  distance  below.  The  leaves 
are  pubescent,  roundish,  generally  five-lobed.  The 
flower  is  solitary  and  rises  from  the  base  of  the  upper 
leaf.  It  is  whitish  or  purplish  and  consists  of  a  colored 
calyx  which  falls  very  shortly  after  the  flower  expands. 
The  fruit  is  a  globose,  compound  berry,  somewhat 
resembling  a  raspberry.  The  rhizome  is  of  oblique 
growth,  2.5  to  near  5  cm.  (1  to  nearly  2  in.)  long,  and 
0.5  to  1  cm.  ($  to  |  in.)  thick,  cylindraceous,  usually 
with  a  few  short  branches,  longitudinally  wrinkled, 
but  plump,  somewhat  annulate,  externally  brownish- 
gray,  often  with  a  yellow  tinge  or  yellowish  patches; 
fracture  short  and  sharp,  waxy,  golden-yellow  or 
bright  reddish-yellow,  with  a  thickish  bark,  about 
ten  short  and  narrow  wood  wedges  and  broad  medul- 
lary rays;  roots,  if  present,  rather  coarse,  brittle,  with 
a  thick  bark  and  somewhat  quadrangular  wood;  odor 
slight,  characteristic;  taste  very  bitter,  but  not  dis- 
agreeable, producing  a  somewhat  astringent  effect. 

The  plant  is  indigenous  to  North  America  and 
grows  abundantly  in  the  north  and  west  of  the  United 
States  and  Canada.  Only  one  other  species  of 
hydrastis  is  known,  H.  jezcensis  Sieb.,  which  is  found 
in  Japan. 

The  enormous  demand  for  hydrastis  has  caused  its 
price  to  advance  within  twenty-five  years  from  less 
than  ten  cents  to  five  dollars  a  pound,  and  seriously 
threatens  the  plant  with  extinction  in  the  wild  state. 
Great  efforts  have  been  made,  especially  by  the  Bu- 
reau of  Plant  Industry,  of  the  U.  S.  Dept.  of  Agri- 
culture, to  develop  its  cultivation.  This  has  been 
found  difficult,  owing  partly  to  the  low  germinating 
power  of  its  seeds,  and  partly  to  the  slowness  of  pro- 
pagation by  root  cuttings.  Nevertheless,  the  cul- 
tivation of  hydrastis  can  be  conducted  with  great 
profit,  under  the  prevailing  high  prices,  by  those  who 
are  properly  qualified  for  the  work.  Those  who  are 
not  cannot  expect  to  succeed. 

The  therapeutic  properties  of  hydrastis  depend  upon 
the  active  principle  hydrastine,  which  is  separate!  1  in 
white  crystals,  without  odor  or  taste,  and  insoluble  in 
water.  With  acids  it  forms  salts  which  are  freely 
soluble  in  water.  Much  trouble  has  arisen  from  the 
confusing  of  this  name  with  hydrastin,  an  "eclectic" 
extract,  which  is  made  up  of  the  various  alkaloids  and 
resin,  and  is  many  times  weaker.  It  is  a  yellowish 
powder.  Hydrastinine  is  an  artificial  alkaloid  formed 
by  the  oxidation  of  hydrastine,  which  breaks  up  into 
hydrastinine  and  opianic  acid.  The  hydrochlorid  is 
official  in  the  United  States  Pharmacopoeia,  and  occurs 
as  light  yellow,  amorphous  granules,  or  as  a  pale  yel- 
low, crystalline  powder,  odorless,  but  with  a  bitter, 
saline  taste.  It  deliquesces  upon  exposure  am  1  is  very 
soluble.  Berberine  is  also  present  and  the  tonic 
properties  of  the  plant  are,  in  a  manner,  due  to  its 
action. 

Hydrastis  exercises,  both  locally  and  after  absorp- 
tion, an  action  upon  the  system  which  is  beneficial  in 
all  states  of  congestion  and  hyperemia.  The  results  of 
physiological  experiments  with  hydrastine  show  that 
it  increases  the  activity  of  the  nerve  centers.  In  this 
respect  it  exhibits  resemblances  to  both  strychnine 
and  picrotoxin.  Both  the  sensory  and  motor  func- 
tions are  stimulated  and  reflex  action  becomes  very 
marked.  The  tone  of  all  muscular  tissues  is  particu- 
larly raised,  the  striped,  unstriped,  and  cardiac  cells 
being  influenced,  as  a  result  of  which  effect  there  is  pro- 
duced an  acceleration  of  heart  action  and  of  the  cir- 
culation throughout  all  tissues.  A  like  effect  is  mani- 
fested upon  the  uterine  tissue,  and  this  effect,  if  the 
uterus  is  in  the  pregnant  state,  may  prove  sufficient  to 
cause  abortion.  There  is  also  produced  an  increased 
activity  in  all  the  secreting  organs,  the  flow  of  saliva, 
bile  and  other  intestinal  secretions  being  greatly  aug- 


mented.  The  urine  is  also  increased,  and  the  alkaloid 
may  be  detected  in  the  urine  within  twenty-live  miii- 
ui  ■■    of  its  hypodermic  inject  ion. 

In  excessive  doses  the  action  of  the  drug  somewhat 

resembles  that    of  strychnine.     There  are  r\i-r    iv< 

motor  activity  with  cardiac  distress,  and  convulsions 

which  may  prove  fatal.  In  the  latter  even!  death 
results  from  extreme  depression  followed  by  respiratory 
failure.  Iii  .i  case  re  p,,rled'  two  doses  of  twenty  drops 
of  the  liquid  extract  produced  most  alarming  cardiac 
distress  in  a.  case  of  bronchitis  with  copious  expectora- 
tion.    The  lethal  dose  is  given  by  <  !ernaas  0.5  mam  for 

each  kilogram  of  body  weight .'-  Phillips  and  IVmbrcy  '■ 
during  experimental  work  upon  animals  found  that 
death  followed  15.4  grains  when  given  to  a  full-grown 
cat  . 

The  action  exerted  upon  the  blood-vessels  has  led 
to  its  employment  as  an  hemostatic.  Attention  was 
directed  to  its  use  for  this  purpose  in  Germany  in 
1883  by  Dr.  Schatz,  ai  a  meeting  of  the  Association 
of  Physicians  and  Naturalists.  He  reported  decidedly 
in  its  favor  for  the  treatment  of  chronic  hyperemia 
and  chronic  inflammation  of  the  internal  genital  organs 
attended  by  losses  of  blood.  Since  that  time  it  has 
been  extensively  employed  with  very  general  satis- 
faction. In  menorrhagia  anil  metrorrhagia  without 
organic  disease,  as  in  the  various  forms  of  metritis 
and  endometritis,  it  is  said  to  check  the  flow  more 
rapidly  than  any  other  remedy.  In  the  hemorrhages 
occurring  at  the  climacteric,  and  the  excessive  men- 
struation of  young  girls  in  which  the  t  issues  are  relaxed 
and  congested,  it  has  proved  itself  particularly  useful. 
It  also  relieves  all  conditions  of  congestion  of  the  pelvic 
organs,  ovarian  pains,  dysmenorrhea,  and  other  dis- 
tressing symptoms  arising  from  this  cause.  Its  effect 
wdten  the  hemorrhage  is  due  to  myomata  appears  to 
be  uncertain,  some  observers  claiming  for  it  decided 
curative  properties,  wdtile  others  have  failed  to  derive 
any  benefit  from  its  employment.  It  should  be 
administered  with  care  during  pregnancy  on  account 
of  its  tendency  to  provoke  abortion,  although  many 
claim  to  have  used  it  without  any  ill  effect.  One  of 
the  earliest  applications  of  hydrastis  was  as  a  cardiac 
tonic,  and  its  effect  upon  the  heart  makes  its  action 
very  similar  to  that  of  digitalis.  It  is  not  equal  to  the 
older  drug,  but  has  been  found  very  serviceable  when 
a  change  from  digitalis  is  necessary. 

As  a  local  remedy  hydrastis  exerts  a  marked  action 
upon  mucous  membranes  whenever  altered  by  local 
congestion.  It  is  astringent  and  tonic,  lessening  the 
congestion,  and  promoting  a  freer  and  better  circula- 
tion in  the  part.  It  is  employed  in  all  catarrhal  condi- 
tions of  the  vagina,  urethra,  rectum,  nose  and  pharynx, 
in  their  subacute  or  chronic  stages.  It  also  exercises 
the  same  local  effect  upon  the  mucous  membrane  of 
the  stomach  and  bowels  when  administered  internally, 
and  has  proved  of  benefit  in  all  catarrhal  conditions 
of  these  organs,  its  local  action  being  assisted  by  the 
increased  secretions  of  the  liver  and  other  intestinal 
secretions.  In  hemorrhoids  it  is  thought  to  act  with 
much  advantage. 

The  fluid  extract  is  the  preparation  looked  upon 
with  most  favor  for  local  use.  When  diluted  with 
water  it  makes  an  undesirable-looking  mixture,  but  it 
offers  the  advantage  of  depositing  the  insoluble 
resinous  material  directly  upon  the  mucous  surface, 
which  is  considered  most  necessary  if  its  full  effect 
is  to  be  secured.  The  strength  of  the  solution  should 
be  from  ten  minims  to  tw'o  drams  to  the  ounce.  For 
rectal  and  vaginal  use  it  may  be  applied  in  the  form 
of  suppositories.  For  internal  use  the  dose  is  from 
one-half  to  one  fluidram. 

Hydrastine  has  been  used  as  a  wash,  in  the  strength 
of  two  to  five  grains  to  the  ounce,  as  a  substitute  for 
the  extract,  but  has  not  proved  as  serviceable.  For 
internal  use  it  is  to  be  preferred,  as  it  possesses  the 
hemostatic  and  tonic  action  of  the  drug,  and  is  of  a 
I   more  definite  strength.     The  dose  is  from  one-eighth 
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to  one-half  grain,  and  may  be  given  in  all  conditions 
in  which  hvdraslis  is  indicated. 

The  eclectic  remedy,  hydrastin,  has  been  employed 
for  man}-  years  as  a  stomachic,  tonic,  and  antiperiodic, 
but  is  never  used  for  any  hemostatic  action. 

Hydrastinine  hydrochlorid  is  probably  the  most 
desirable  preparation  for  internal  administration.  It 
acts  rapidly,  and  reports  indicate  that  its  action  is 
more  trustworthy  than  is  that  of  hydrastine  or  the 
fluid  extract.  The  dose  is  from  one-half  of  a  grain  to 
one  grain  and  a  half,  every  three  to  six  hours.  It  may 
also  be  given  hypodermic-ally  in  a  ten  per  cent,  solu- 
tion in  distilled  water. 

The  high  price  of  hydrastis  and  its  products  makes 
it  possible  to  market  profitably  artificial  or  synthetic 
hydrastinine  hydrochloride,  manufactured  from  helio- 
tropin,  and  apparently  identical  therapeutically  with 
the  natural  compound.  Henry  H.  Rtjsby. 


Hydrazine,  XHj.NHj,  is  a  strongly  basic  body 
exerting  a  peculiar  influence  upon  the  organism  in 
that  animals  that  have  received  subcutaneous  injec- 
tions of  it  show  a  greatly  reduced  blood  sugar  content. 
The  liver  shows  a  typical  pale  appearance  resembling 
that  of  the  so-called  fatty  degeneration.  Hydrazine 
appears  to  cause  an  entire  disappearance  of  sugar 
from  the  bodv  without  inducing  glycosuria. 

F.  P.   U. 


Hydriodic  Acid. — Hydriodic  acid  (HI),  is  a 
gaseous  body,  freely  soluble  in  water.  The  aqueous 
solution,  however,  is  very  unstable,  constantly  tend- 
ing to  disengage  free  iodine.  Accordingly  the  United 
States  Pharmacopoeia  makes  official  Acidum  llydrio- 
dicum  Dilutum,  Diluted  Hydriodic  Acid,  which  is  a 
solution  of  hydriodic  acid  containing  not  less  than  10 
per  cent,  by  weight  of  the  absolute  acid,  and  about 
90  per  cent,  of  water.  It  is  "a  clear,  colorless  liquid, 
odorless,  and  having  an  acid  taste;  specific  gravity 
about  1.106  at  2.5°  C.  (77°  F.);  miscible  in  all  propor- 
tions with  water  or  alcohol''  (U.  S.  P.).  Diluted 
hydriodic  acid  is  used  as  a  substitute  for  iodine  and 
the  iodides,  and  is  given  in  doses  of  about  10  to  30 
minims  (0.6  to  2.00~c.c). 

Another  official  preparation  is  the  Syrupus  Acidi 
Hydriodici,  S\Tup  of  Hydriodic  Acid,  wherein  the 
acid  is  preserved  from  change  by  the  presence  of 
sugar.  The  syrup  is  clear  and  colorless,  or  slightly 
straw-colored,  and  contains  one  per  cent.,  by  weight, 
of  absolute  hydriodic  acid.  It  has  a  sweet,  acidulous 
taste.  Syrup  of  hydriodic  acid  has  similar  general 
properties  to  the  other  diluted  sour  mineral  acids 
(see  Sulphuric  Arid),  but  its  special  employment  in 
medicine  is,  because  of  the  iodine  of  its  composition, 
as  a  substitute  for  the  alkaline  iodides.  It  seems 
beyond  question  to  possess  the  general  medicinal 
properties  of  the  iodides,  and  may  be  given  in  doses 
of  from  one-half  to  one  teaspoonful,  well  diluted, 
several  times  dailv.  Edwahd  Curtis. 

R.  J.  E.  Scott. 


Hydroa  Vacciniforme. — This  affection  was  first 
described  by  Bazin  in  1S5.5,  but  for  a  long  time  there- 
after was  generally  lost  sight  of.  In  1888  Hutchinson 
described  w-hat  is  undoubtedly  the  same  affection, 
under  the  title  "summer  eruption."  A  year  later, 
Handford  published  in  the  Illustrated  Medical  Neu>s 
a  series  of  cases  which  he  proved  were  identical  in 
nature  with  both  Hutchinson's  summer  eruption  and 
Bazin's  hydroa  vacciniforme.  Since  then  numerous 
ca  es  have  been  reported  by  English,  German,  and 
American  writers,  and  it  has  been  shown  that  the  dis- 
ease, although  rare,  is  not  so  uncommon  as  had  been 
supposed.  In  France,  strangely  enough,  the  affection 
escaped  recognition  after  Bazin's  original  description, 
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but  of  late  it  has  been  again  de  cribed  by  Brocq  and 
others. 

The  affection  usually  begins  in  the  first  years  of  life 
and  lias  been  found  to  be  much  more  frequent  in  the 
male  sex.  The  parts  of  the  body  chiefly  affected  are 
those  that  are  unprotected  and  i  spo  ed  to  the  rays  of 
the  sun,  although  in  a  number  of  instances  it  lias  been 
een  on  other  parts  as  well.  The  bridge  of  the  nose, 
tlic  cheeks,  and  the  ears  are  most  prominently  affected, 
and  next  in  order  come  the  backs  of  the  hands.  Other 
pari  i  of  the  body,  if  exposed  to  the  sun,  will  be  equally 
affected,  as  in  one  instance  in  which  it  appeared  on  the 
legs  of  a  boy  who  went  about  with  trousers  rolled  up. 
In  a  case  seen  by  the  writer,  however,  no  lesions  ever 
appeared  on  the  lower  extremities,  although  the  child 
went,  barefoot  during  the  summer.  The  affection 
comes  in  attacks,  usually  in  the  summer  season  and 
on  exposure  to  the  sun,  although  this  cannot  be  laid 
down  as  an  absolute  rule,  as  in  some  instances  there 
have  been  quite  numerous  attacks  in  winter.  There  is 
no  itching,  as  a  rule,  yet  in  one  of  the  writers's  I 
it  was  marked. 

At  the  outset  of  an  attack  there  may  be  slight  con- 
stitutional disturbance.  The  first  appearances  are- 
either  vesicles  or  small  red  papules  which  rapidly 
become  transformed  into  vesicles  and  bulla?  of  varying 
size  and  which  often  become  confluent.  A  marked 
feature,  which  has  given  the  affection  a  part  of  its 
title,  is  the  umbilication  that  occurs  in  many  of  the 
lesions,  so  that  a  vaccination  vesicle  is  closely  simu- 
lated. The  depressed  center  is  usually  surrounded  by 
a  ring  of  fluid,  while  there  is  a  red  areola  at  the  per- 
iphery. The  center  is  dark  blue  or  black,  due  to  the 
hemorrhagic  and  necrotic  condition  of  the  corium, 
which  is  seen  through  the  overlying  vesicle.  The 
lesions  frequently  become  purulent.  As  a  rule  the 
attacks  last  several  weeks,  but  may  be  much  pro- 
longed by  exacerbations.  The  center  of  the  lesions 
dries  into  a  thick,  black  crust,  extremely  adherent, 
and  which  finally  on  dropping  off  leaves  a  distinct  pit. 
In  many  of  the  cases  the  scarring  is  quite  severe,  and 
reminds  one  forcibly  of  that  left  by  a  severe  variola. 
The  tip  of  the  nose  and  the  edges  of  the  outer  ear  are 
in  some  cases  much  deformed.  The  attacks  become 
milder  and  less  frequent  toward  puberty  and  usually 
cease  by  the  time  adult  life  is  reached. 

Histologically,  according  to  the  writer's  examina- 
tion, which  has  since  been  essentially  confirmed  by 
Mibelli,  the  small  primary  vesicle  is  shown  to  have 
its  seat  in  the  middle  layers  of  the  rete  Malpighii. 
The  upper  portion  of  the  rete  is  somewhat  reticulated, 
but  the  fluid  divides  the  middle  from  the  upper  layers 
so  that  a  large  chamber  without  network  is  produced. 
In  the  fully  developed  lesion,  with  dark  umbilicated 
center,  there  is  found  a  necrosis  of  the  central  portion 
of  the  nodule.  The  outer  horny  layer  is  unbroken  and 
stains  well,  while  the  lower  horny  layers  have  become 
necrotic.  The  middle  and  lower  layers  of  the  rete 
are  converted  into  a  reticular  tissue,  forming  a  net- 
work filled  with  granular  detritus  and  leucocytes,  and 
this  network  has  become  necrotic.  This  necrosis 
extends  downward  through  the  entire  corium,  ceasing 
just  above  the  subcutaneous  tissue.  The  corium 
has  a  distinctly  abnormal  appearance,  the  connective- 
tissue  cells  having  lost  in  great  part  their  capacity 
for  receiving  stains.  The  connective-tissue  fibers  are 
broken  up  and  forced  apart  and  contain  in  their  inter- 
stices deeply  staining  granules  and  detritus.  In  the 
papillary  layer  are  large  necrotic  blood-vessels  filled 
with  blood  cells,  together  with  some  free  hemorrhage 
into  the  tissue.  The  necrosis  ceases  abruptly  at  the 
sides  and  base  of  the  lesion.  There  is  some  increase 
in  thickness  of  the  epidermis  adjacent  to  the  necrotic 
portion.  Malinowski  in  a  recent  article  (1906), 
thinks  that  a  necrosis  of  the  epidermis,  quickly 
followed  by  a  similar  process  in  the  corium,  is  the 
primary  phenomenon,  and  that  the  inflammation  is 
secondary. 
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From  these  appearances  it  is  seen  that  the  disease 
begins  with  an  inflammation  in  the  rete  and  upper 
portion  of  the  corium  in  a  circumscribed  area,  and 
quickly  produces  a  vesicle  in  the  rete.  Immediately 
after  this  a  necrosis  sets  in,  which  affects  the  epidermis 
and  almost  the  entire  corium.  The  dilated  and  nec- 
rotic blood-vessels  can  be  seen  through  the  transpar- 
ent vesicular  covering,  and  give  rise  to  the  dark  red 
hemorrhagic  center  seen  clinically. 

The  cause  of  this  peculiar  dermatosis  is  unknown. 
The  most  plausible  theory  is  that  of  a  vasomotor 
neurosis,  which  in  certain  individuals  causes,  when 
they  are  exposed  to  the  sun's  rays,  a  circumscribed 
inflammation  followed  by  necrosis.  Ehrmann's  ex- 
periments with  Finsen  and  other  forms  of  light, 
would  indicate  that  it  is  an  enormously  increased  in- 
dividual sensitiveness  to  the  chemical  rays  that  is  al, 
fault,  others  think  that  it  is  the  heat  rays. 

White  has  described  several  instances  which 
probably  belong  in  this  group,  which  presented  some 
unusual  features,  so  that  it  seems  probable  that  the 
classical  description  ought  to  be  enlarged  somewhat. 
The  exceptional  features  in  these  cases  were  the 
cessation  of  all  activity  during  the  warm  months  for 
ten  consecutive  years  in  one  case,  the  continuance  of 
the  attacks  throughout  the  whole  year  in  another, 
together  with  failure  to  be  influenced  by  exposure  to 
sun  or  weather,  and  an  extensive  distribution  of  lesions 
covering  a  large  portion  of  the  body,  instead  of  a 
limitation  to  the  portions  exposed  to  the  influence  of 
the  sun.  The  lesions  in  these  cases  were  also  very 
large,  and  the  scars  left  very  prominent  and  dis- 
figuring. 

A  number  of  cases  of  this  affection  in  which  the  urine 
contained  hematoporphyrin  have  been  reported. 
Linser  found  that  hematoporphyrin  appeared  in  the 
urine  after  exposure  to  x-rays,  and  also  after  exposure 
to  the  ultra-violet  rays  of  the  Finsen  light,  in  a  case . 
of  hydroa  vacciniforme  in  which  the  urine  was  other- 
wise" free  from  this  substance.  Ehrmann  thinks  that 
the  reaction  of  the  skin  may  depend  upon  the  presence 
of  hematoporphyrin  in  the  tissue. 

It  is  very  difficult  to  classify  hydroa  vacciniforme, 
although  there  are  several  affections  which  seem  to  be 
somewhat  related  to  it.  Boeck's  acne  necrotica  has 
numerous  points  in  common  with  the  affection  we  are 
considering,  such  as  the  circumscribed  necrosis,  the 
umbilication,  and  the  enlargement  of  the  blood-vessels 
with  hemorrhage.  The  histological  appearances  in  a 
case  reported  by  Touton  were  also  similar.  It  is  still 
a  matter  of  discussion  whether  acne  necrotica  and  acne 
varioliformis  are  the  same  disease,  so  that  the  re- 
lationship of  hydroa  vacciniforme  and  acne  varioli- 
formis is  also  indicated.  We  have  also  a  peculiar 
congenital  bullous  dermatitis,  first  described  by 
Hallopeau  and  characterized  often  by  the  persistence 
of  scars  and  epidermic  cysts,  which  offers  some  analogy 
to  hydroa  vacciniforme,  chiefly  in  the  repeated  oc- 
currence of  bullae  followed  by  scars  and  the  fact  that  a 
favorite  but  by  no  means  exclusive  seat  is  the  head  and 
the  backs  of  the  hands.  It  may  also  sometimes  be 
excited  by  the  action  of  the  sun. 

It  is  most  probable  that  the  chemical  rays  of  the  sun 
play  some  part  in  this  affection  as  they  have  been  sup- 
posed to  do  in  eczema  solare,  etc.  Hutchinson  has 
described  cases  of  recurrent  papular,  pruriginous,  and 
eczematous  eruptions  occurring  chiefly  on  the  exposed 
parts  of  the  body  during  the  summer  months.  Hence 
we  have  evidence  that  the  sun's  rays  may  cause  not 
only  superficial  inflammatory  cutaneous  changes,  but 
deep  sharply  bounded  necroses. 

Treatment. — The  importance  of  prophylaxis  is  ap- 
parent— to  guard  the  patient  from  the  sun's  rays,  or 
from  wind  and  storm.  Protecting  and  soothing 
applications  are  indicated  when  the  eruption  is  active. 
Veils  of  red  and  turmeric,  which  are  supposed  to 
neutralize    the    chemical    rays,    have    been    recom- 


mended l>y  Unna  in  eczema  solare  and  may  be  em- 
ployed  in   this  affection,     ('rocker  recommends  the 

trial  of  arsenic,  quinine,  and  belladonna   internally. 

John  T,   Bo  wen. 


Hydrobromic  Acid.— Hydrobromic  acid,  IIHr,  is 
a  gaseous  body  which,  in  ten-per-cent,  aqueous  solu- 
tion, constitutes  the  preparation  official  in  the 
United  Stales  Pharmacopoeia  under  the  title  Acidutn 
Hydrobromicum  Dilutum.  Diluted  Hydrobromic  Acid. 
This  preparation  is  "a  colorless,  fuming  liquid, 
of   a    pungeni    odor,    and    an    intensely    acid    fca  ti 

the  fumes  ami  odor  disappear  on  diluting  the  and 
wiili  I  wo  volumes  of  water.  Specific  gravity  about 
1.158  al  25°  C.  (77°  F).  Miscible,  in  all  proportions, 
with  water  or  alcohol"  (U.  S.  P.). 

Diluted    hydrobromic    acid    ranks    among    the    sour 

mineral  acids,  and  is  perfectlj  competenl  to  fulfil  the 

purposes  described  under  diluted  sulphuric  acid. 
Its  special  application  in  medicine,  however,  is  not  the 
utilization  of  its  sour  qualities,   but  its  employment 

on  the  one  hand  as  a  bromide,  in  substitution  for  the 
alkaline  bromide  salts,  and  < •  i »  the  oilier  as  a  vehicle 
for  quinine,  claimed  to  lessen  the  disagreeable  by- 
effects  of  the  alkaloid,  while  no1  interfering  with  the 
medicinal  activities  of  the  same.  As  a  bromide- 
bearing  medicine,  the  diluted  hydrobromic  acid  has 
proved  itself  efficient  if  given  in  adequate  dose,  and 
to  have  less  tendency  than  the  bromides  to  produce 
acne  and  the  other  symptoms  of  bromism.  In  using 
the  acid  for  its  bromine  influence,  its  comparatively 
feeble  strength  must  be  borne  in  mind,  and  the  dose 
made  to  correspond,  in  proportion  of  bromine  repre- 
sented, to  the  average  dose  of  the  alkaline  bromides. 
This  correspondence  is  no  less  than  about  seven  to 
one,  so  that  it  takes  nearly  seven  parts  of  the  phar- 
macopoeia! acid  to  equal,  in  bromine  strength,  one 
part  of  potassium  bromide.  To  get,  therefore,  the 
bromine  effect  of  the  moderate  dail\  allowance  of 
4  gm.  (5  h)  of  potassium  bromide,  from  six  to  seven 
teaspoonfuls  of  the  acid  would  require  to  be  given. 
Such  closes,  however,  are  liable  to  irritate  the  stomach, 
and  accordingly  the  medicine  is  used  most  commonly 
in  association  with  some  bromide  salt,  in  cases  in 
which  a  full  bromine  effeel  is  wanted.  The  acid 
should  be  diluted,  for  administration,  ten-  or  twelve- 
fold, and  the  mouth  well  rinsed  after  each  do 

Edward  Cruris. 

K.  .1.   E.  Scott. 


Hydrocele. — Definition. — Hydrocele  is  a  collection 
of  serous  fluid  in  the  tunica  vaginalis  testis,  or  in  some 
of  its  remnants  in  the  cord. 

Varieties. — Various  classifications  of  hydrocele 
have  been  given,  but  the  one  of  Jacobson  is  perhaps 
the  best,  and  as  presented  by  Guiteras  is  as  follows: 

Hydrocele:  Acute. — A  temporary  collection  of 
Quid  in  the  tunica  vaginalis  due  to  traumatism  or  in- 
flammation of  the  testis  or  epididymis. 

Chronic. — A  permanent  collection  of  fluid  in  the  tu- 
nica vaginalis  or  connected  with  the  cord  or  epididymis. 

I.   Chronic  Hydrocele  of  the  Testis. 

A.  Hydrocele'  of  tunica  vaginalis;  when  the  fluid 
is  in  the  cavity  or  a  sac  connected  with  it.  (1)  Or- 
dinary type".  The  fluid  distends  the  tunica  vaginalis 
of  the  testis.  (2)  Congenital.  When  the  vaginal 
process  is  not  closed  and  there  is  a  communication 
between  the  cavity  of  the  tunica  vaginalis  and  that  of 
the  peritoneum.  (3)  Infantile.  When  the  tunica 
vaginalis  and  the  vaginal  process  are  distended  with 
fluid  up  beyond  the  usual  point  of  obliteration,  as  far 
as  the  external  ring.  (4)  Inguinal.  Hydrocele  in 
case  of  a  retained  testis. 

B.  Encysted  hydrocele;  when  the  fluid  is  in  a  sac 
distinct    from    the    tunica    vaginalis.     (1]   Encysted 

381 


Hydrocele 


liKKKKKNCK   HANDBOOK   of    TIIK   MEDICAL  SCIENCES 


hydrocele  oi  epididymis.     The  fluid  is  encysted  in  or 
near    the    epididymis.     (2)  Encysted    hydrocele    of 
testis.      When  the   fluid   is  encysted    between   the   tu 
nica  albuginea  and  the  visceral  surface  of  the  tunica 
vaginalis. 

II.  Chronic  Hydrocele  of  the  Cord. 

A.  Diffuse.  The  fluid  forms  a  serous  collection  of 
the  nature  of  edema  in  the  cellular  tissue  of  the  cord. 

B.  Encysted.  (1)  The  fluid  is  in  a  distinct  sac 
originating  in  some  unobliterated  part  of  the  vaginal 
process.  (2)  The  fluid  is  in  a  cyst  formed  indepen- 
dently  of  the  vaginal  process. 

III.  Complications. 

A.  With  other  Coexisting  Hydroceles,  e.g.  (1) 
Hydrocele  of  the  tunica  vaginalis  with  encysted 
Hydrocele  of  the  testis.  (2)  Hydrocele  of  the  tunica 
vaginalis  with  encysted  hydrocele  of  the  cord.  (3) 
Hydrocele  of  the  tunica  vaginalis  with  diffused  hydro- 
cele of  the  cord. 

B.  With  Hernia:  (1)  Hydrocele  of  the  tunica 
vaginalis  with  inguinal  hernia.  (2)  Hydrocele  of  the 
cord  with  inguinal  hernia. 

IV.  Hydrocele  of  the  Sac  of  a  Hernia. 

Acute  Hydrocele. — Acute  hydrocele  is  practically 
always  a.  symptom  of  some  acute  process  in  the  testicle 
or  epididymis,  or  it  may  follow  the  injection  of  a 
chronic  hydrocele.  The  underlying  pathological 
condition,  of  which  the  acute  hydrocele  is  only  a  symp- 
tom, is  the  important  consideration  in  both  the  diag- 
nosis and  treatment.  Acute  hydrocele  is  seen  most 
frequently  arc panying  acute  gonorrheal  epididy- 
mitis, and  it  may  be  seen  with  trauma  to  the  testicle. 

The  tunica  is  red  and  injected,  at  times  may  lie 
covered  with  a  fibrinous  exudate  and  the  fluid  is 
usually  slightly  turbid. 

The  symptoms  of  the  underlying  pathological  con- 
dition, of  which  the  acute  hydrocele  is  a  part,  predom- 
inate. There  is  redness  and  swelling  of  the  scrotum, 
which  at  times  may  even  be  edematous.  Fluctuation 
can  be  elicited  and  unless  the  fluid  is  very  turbid,  the 
swelling  transmits  light.  There  may  be  more  or  less 
tenderness,  depending  on  the  severity  of  the  primary 
condition  causing  the  hydrocele.  Constitutional 
symptoms,  such  as  fever,  gastric  disturbances,  etc.. 
depend  on  the  etiological  factor.  The  acute  hydrocele 
seen  with  acute  epididymitis  subsides  in  from  three  or 
four  days  to  two  weeks.  Failure  of  the  hydrocele  to 
absorb  results  in  the  production  of  a  chronic  hydrocele, 
which  may  develop  later  even  in  cases  in  which  tic 
fluid  does  absorb,  but  in  which  the  tunica  has  under- 
gone changes. 

This  condition  is  best  treated  by  rest  in  bed  with 
elevation  of  the  parts,  and  the  application  either  of 
heat  or  cold.  Usually  the  patients  do  better  with  hot, 
moist  applications.  Where  the  absorption  of  the 
fluid  seems  to  be  slow,  one  may  resort  to  tapping. 
Counter-irritation  may  be  made  by  scratching  the 
parietal  tunica  with  the  end  of  the  trocar.  Tapping 
is  especially  advantageous  where  there  is  much  tension 
and  pain. 

Chronic  Hydrocele. — Chronic  hydrocele  is  described 
as  idiopathic  and  symptomatic,  the  former  term 
being  applied  to  the  cases  without  any  apparent 
etiological  factor.  This  has  been  disputed  by  many 
authors  who  believe  that  each  hydrocele  has  a  definite 
factor  in  its  production  and  is  therefore  a  sympto- 
matic hydrocele. 

Keyes  does  not  accept  this  theory  "since  it  does  not 
explain  why  idiopathic  hydrocele  is  so  common  in  the 
tropics,  or  why  idiopathic  hydrocele  does  not  often 
follow  acute  epididymitis,  a  disease  which  leaves  far 
greater  changes  in  the  epididymis  than  those  alleged 
to  be  causes  of  idiopathic  hydrocele." 

Etiology.  Climate.  —  By  far  the  largest  number 
of  hydroceles  occur  in  the  tropics,  where  it  is  said  that 
about  one  man  in  twelve  has  a  hydrocele.  It  occurs 
less  frequently  in  temperate  climates. 


Age. — Hydrocele  may  occur  at  any  age  of  lit'',  being 
seen  in  infants  ami  children  as  well  as  in  old  men. 
According  to  the  statistics  of  Bramann,  it  occurs  most 
frequently  between  the  ages  of  twenty  and  thirty, 
in  the  ages  below  twenty,  and  diminishes  in  frequency 
above  fifty.    The  figures  of  Krdnlein  are  ai  van 

with  those  of  other  authors.  In  his  series  thirty  nine 
per  cent,  occurred  in  children  under  one  year  of  age, 
and  48.8  per  cent,  during  the  first  five  years  of  life. 
In  a  series  of  500  cases,  Bramann  found  seventy  per 
cent,  occurring  in  adults. 

Trauma. — Trauma  as  a  factor  in  the  production  of 
hydrocele  has  been  variously  estimated  anywhere 
from  thirty  to  seventy  per  cent.  In  many  cases  it  is 
difficult,  however,  to  obtain  a  history  of  trauma. 
Traumatism  as  a  factor  has  been  mentioned  in  the  con- 
genital cases,  especially  in  breech  cases  and  where 
version  was  performed. 

Gonorrheal  Infection. — This  without  doubt  probably 
plays  a  larger  role  in  the  production  of  hydrocele  than 
is  usually  ascribed  to  it,  and  one  can  often  elicit  a 
history  of  previous  gonorrheal  epididymitis  where  a 
history  of  trauma  cannot  be  obtained.  According 
to  Barthels  this  is  an  etiological  factor  in  nineteen  per 
cent,  of  cases. 

/'A, imo  sis. — Sometimes  phimosis  and  hydrocele 
occur  together  in  infants.  From  the  fact  that  the 
hydrocele  disappears  soon  after  the  circumcision,  it 
has  been  argued  that  the  phimosis  is  a  causative  factor. 

Varicocele  Operations. — This  operation  is  sometimes 
followed  sooner  or  later  by  the  development  of  a 
hydrocele  on  the  same  side  of  the  varicocele  operation. 

Pathology. — The  fluid  is  usually  clear,  of  a  golden 
yellow  color,  neutral  in  reaction  and  of  a  serous  or 
fibroserous  character.  The  specific  gravity  varies 
from  1020  to  1026.  The  amount  of  fluid  present  in 
the  average  hydrocele  varies  from  a  few  ounces  to  a 
half  pint.  At  times  a  hydrocele  reaches  an  enormous 
size,  containing  in  one  case  twenty-six  liters  of  fluid 
(Bonisson). 

Cholesterin  crystals  may  be  found  in  old,  long  stand- 
ing cases.  Hydrocele  fluid  is  rich  in  albumin;  it  may 
be  milky,  due  to  the  presence  of  spermatozoa.  In  the 
cases  in  which  hemorrhage  preceded  the  onset  of  the 
hydrocele,  small  fibrinous  bodies  may  be  found. 

The  tunica  is  more  or  less  thickened.  In  the  cases 
previously  treated  with  injections,  the  tunica  is  very 
much  thickened,  hard  and  irregular  on  its  surface. 
Small  white  patches,  as  well  as  areas  of  calcification, 
are  present  in  the  old  cases.  If  the  injection  treat- 
ment has  been  accompanied  by  severe  local  reaction, 
or  if  it  has  been  repeated  several  times,  adhesions  are 
found  between  the  visceral  and  parietal  layers.  These 
adhesions  may  be  very  extensive  so  that  only  a  small 
space  remains  between  them.  Rarely  suppuration 
occurs,  resulting  in  the  production  of  empyema  of  the 
tunica. 

The  testicle  is  found  on  the  posterior  aspect  of  the 
hydrocele.  Its  position,  whether  high  or  low,  de- 
pends on  the  amount  of  fluid  present.  In  long  stand- 
ing cases  the  testicle  and  epididymis  are  often  very 
much  atrophied. 

Symptoms. — The  onset  is  insidious  and  the  rate  of 
growth  is  slow.  Sometimes,  after  a  hydrocele  has 
been  small  and  present  for  a  long  time,  it  begins  to 
enlarge  perceptably.  Early  in  its  course  of  develop- 
ment pain  is  absent,  the  patient's  attention  being  first 
called  to  its  presence  by  the  enlargement  and  fullness  of 
the  scrotum.  Later,  because  of  its  weight,  the  patient 
complains  of  a  heavy  dragging  feeling  in  the  scrotum 
and  cord,  which  is  often  referred  to  the  back.  When 
the  swelling  becomes  larger,  it  interferes  with  walking, 
and  sometimes  these  patients  tire  very  easily.  Larger 
hydroceles  are  sometimes  accompanied  with  an  eczema 
of  the  scrotum  and  in  the  inguinal  folds.  Because  of 
encroachment  of  the  hydrocele  on  the  penis,  the  acts 
of  urination  and  copulation  are  interfered  with.     The 
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impotence  is  only  temporary,  being  relieved  by  the 

removal  of  the  hydrocele.      Where  there  has  been  much 

encroachment  on  the  penis,  it  is  impossible  for  the 
patients  to  project  the  stream  over  the  scrotum. 

The  skin  covering  (he  hydrocele  is  tense  but  re- 
mains freely  movable.  Hydroceles  are  pear-shaped 
and  have  a  fluctuating  consistency.  On  close  exami- 
nation a  well-defined  upper  limit  can  be  made  oul  ; 
that  is,  there  is  no  connection  between  the  upper  end 
of  the  hydrocele  and  the  inguinal  canal. 

One  of  the  characteristic  symptoms  of  hydrocele  is 
its  ability  to  transmit  light,  and  while  it  is  one  of  the 
oldest  symptoms  on  which  the  older  surgeons  relief  1 
for  diagnosis,  it  is  the  one  symptom  mostly  used  and 
relied  on  to-day.  This  is  quite  spectacular  when  pre- 
senting these  cases  to  students,  and  when  positive  is 
almost  practically  pathognomonic,  the  only  other 
symptom  more  certain  being  aspiration.  Failure  to 
elicit  this  symptom  in  a  suspected  ease  does  not 
exclude  hydrocele,  as  many  hydroceles  with  excess- 
ively thickened  tunicas  may  not  transmit  light.  It 
is  well  to  bear  in  mind  that  certain  solid  tumors  of  the 
testicle  may  transmit  light.  This  method  also  de- 
termines the  position  of  the  testicle  before  aspiration 
or  tapping. 

This  test  is  best  carried  out  in  a  dark  room  by 
putting  an  electric  light  on  one  side  of  the  scrotum, 
and  either  standing  off  at  a  distance  or  by  looking 
through  the  scrotum  with  a  tube  of  heavy  paper.  A 
straight  endoscopic  tube  answers  very  well. 

Diagnosis. — -This  is  made  by  the  history  of  a 
gradual,  slow,  painless  enlargement  of  the  scrotum, 
the  translueency  test,  and  aspiration  by  means  of  a 
hypodermic  syringe.  Before  resorting  to  aspiration 
one  must  be  sure  that  there  is  no  bowel  present. 

Differential  Diagnosis. — Hernia. — These  two 
conditions  often  coexist,  especially  in  cases  of  long 
standing.  The  sharply  defined  upper  margin  of  the 
scrotal  swelling,  the  absence  of  an  impulse  on  coughing 
at  the  external  ring  and  the  aspiration  suffice  to  make 
the  differentiation. 

Varicocele. — This  can  be  differentiated  from  hydro- 
cele by  the  enlargement  of  the  veins  which  often  pre- 
sent the  so-called  angleworm  feel  to  the  touch,  and 
their  failure  to  transmit  light. 

Tumors. — Hydrocele  is  often  an  associated  symp- 
tom of  tumor,  so  that  one  should  never  lose  sight  of 
this  fact,  especially  in  cases  giving  a  history  of  trauma 
followed  by  a  rapid  enlargement  of  the  scrotum. 

Syphilis. — Hydrocele  may  exist  with  syphilis  of  the 
testis.  The  Wassermann  test  may  be  of  value  in 
excluding  the  syphilitic  nature  of  cases  under  consider- 
ation for  diagnosis. 

Course. — The  course  is  essentially  a  chronic  and 
progressive  one,  so  that  hydroceles  often  reach  an 
enormous  size. 

Prognosis. — Spontaneous  cures  are  rare.  Hydro- 
cele never  causes  death  of  the  patient,  so  that  the  prog- 
nosis as  far  as  life  is  concerned  is  good.  By  far  the 
greatest  difficulty  from  which  these  patients  suffer  is 
the  size  of  the  hydrocele  and  hence  an  interference 
with  their  work. 

Cures  are  sometimes  seen  in  children  following  cir- 
cumcision. Recurrences  never  follow  the  radical 
operation,  and  they  very  often  recur  after  the  injec- 
tion treatment,  and  nearly  always  recur  after  simple 
tapping. 

Prophylaxis. — This  should  consist  of  careful 
treatment  of  gonorrheal  epididymitis  and  traumatism 
to  the  testes  and  epididymis. 

Treatment. — Tapping. — This  is  a  palliative  meas- 
ure pure  and  simple,  for  a  hydrocele  which  has  been 
tapped  once  always  recurs,  so  that  one  meets  patients 
who  have  had  as  many  as  twenty  tappings.  The 
free  intervals  gradually  become  shorter  and  shorter. 


Technique.  The  scrotum  should  be  shaved  and 
prepared  as  for  any  surgical  procedure.  The  position 
of  the  testicle  should  be  determined  before  introducing 
the  trocar,  so  as  to  avoid  injury  to  it .  After  selecting 
the  site  of  the  puncture,  the  area  should  be  anesthet- 
ized with  local  anesthesia  or  ethyl  chloride.  Grasping 
the  hydrocele  with  the  left  hand  the  trocar  is  introduced 
with  the  right  hand,  pushing  the  trocar  upward  and 
inward. 

Injection  of  the  Sac  While  this  method  of  treat- 
ment has  Men.-  cures  to  its  credit  than  simple  tapping, 
it  is  noi  as  sat  tsfactory  as  the  opera t  ive  treatment  and 
sometimes  is  followed  by  untoward  results.  The 
objections  to  this  form  of  treatmenl  are:  thai  it  often 
fails  to  cure  and  thai  it  cannot  be  used  in  cases  with  a 
thick  sac  wall.  Recurrences  are  noi  uncommon,  and 
the  pain  after  the  injection  is  sometimes  very  severe. 
Necrosis  of  the  testicle  requiring  its  removal  has 
occurred. 

Iodine  and  carbolic  acid  are  the  drugs  most  fre- 
quently used.  Chloride  of  zinc,  chloroform,  and  vari- 
ous other  drugs  have  been  recommended. 

The  Radical  Operation.  The  operative  treatment 
has  distinct  advantages  over  the  pre\  iously  mentioned 
forms  of  treatment.  Whin  proper!}  performed,  there 
is  no  possibility  of  recurrence,  the  operation  can  be 
carried  out  without  pain,  and  any  coexisting  lesion 
which  might  be  found  at  the  time  of  operation  can  be 
properly  dealt  with.  The  entire  operation  can  be 
carried  out  with  local  anesthesia. 

Volkmann's  Operation. — After  incision  of  the  skin 
and  dartos,  the  tunica  is  freed  by  blunt  dissection  and 
incised.  The  cut  edges  of  the  sac  are  sewed  to  the  skin 
and  the  cavity  swabbed  out  with  three  per  cent,  car- 
bolic acid  and  then  packed  with  iodoform  gauze.  The 
wound  heals  by  granulation  and  requires  dressings 
for  a  long  time.  Recurrences  occasionally  follow  this 
operation. 

Jaboulay's  Operation. — This  operation  can  also  be 
carried  out  under  local  anesthesia.  If  the  local  anes- 
thesia is  properly  administered,  there  is  no  pain.  The 
incision  is  carried  through  the  skin  and  dartos  down  to 
the  tunica.  By  means  of  blunt  dissection  the  entire 
hydrocele  is  freed.  The  incision  into  the  tunica  is 
usually  several  inches  long  and  the  testicle  is  turned 
out.  The  excess  of  tunica  is  removed  with  scissors 
and  its  cut  edges  united  with  catgut  behind  the  cord. 
Closure  of  the  scrotal  incision  with  silkworm  gut. 
Unless  care  is  taken  to  stop  all  bleeding  points,  a 
hematoma  may  develop. 

Wyllis  Andrews  has  devised  a  modification  of  the 
Jaboulay  operation.  After  the  hydrocele  has  been 
freed,  a  button-hole  incision,  just  large  enough  to 
deliver  the  testicle,  is  made  in  the  tunica.  The  incision 
of  the  tunica  is  small  and  hence  no  suturing  of  the 
tunica  is  required. 

Prior  to  each  hydrocele  operation  one  should  have 
permission  to  remove  the  testicle  should  conditions  be 
found  which  necessitate  castration. 

Should  a  hernia  be  found  at  operation,  this  should  be 
repaired  by  a  radical  herniotomy.  If  an  undescended 
testicle  is  present,  it  should  be  placed  in  the  scrotum 
according  to  the  method  of  Bevan  and  the  accompany- 
ing hernia  closed.  Herman  L.  Kretschmer. 

Hydrocephalus. — Synonyms:  water  on  the  brain; 
hydrops  ventriculorum  cerebri;  Whytt's  disease; 
hydranencephaly ;  hydrocephalc.  (French);  Wasser- 
kopf  (German  ) ;  idrocefalo,  idropsia  delle  testa  (Italian). 
The  word  hydrocephalus  is  derived  from  the  Greek 
HSoip,  water,  K(fa\v.  head. 

Definition. — Hydrocephalus  is  an  abnormal,  con- 
genital or  acquired,  acute  or  chronic,  accumulation 
of  serous  fluid  within  the  cranium,  the  result  of 
inflammation  or  obstruction. 

Description. — Hydrocephalus  is  usually  present  at 
birth  or  arises  in  early  infancy  in  the  form  of  an  un- 
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usually  large  and  rapidly  growing  cranium.  This  may 
be  so  large  as  to  interfere  with  the  delivery  of  the 
child,  frequently  necessitating  perforation  of  the 
skull.  A  ease  of  hydrocephalus  ran  rarely  be  mis- 
taken for  anything  else.  The  enormous  rounded 
cranium,  with  large  tense  fontanelles  and  open 
sutures;  the  scalp  traversed  by  large  veins  and  cov- 
ered with  scant  hair;  the  relatively  small  face,  ap- 
pearing as  if  suspended  from  the  cranium  and  taper- 
ing to  a  point  at  the  chin;  the  eyes  widely  separated 
and  bulging,  with  the  pupils  sometimes  partly  covered 
by  the  lower  lids;  the  emaciated  puny  body,  unable 
to  hold  up  the  enormous  head  or  even  to  support 
itself  in  the  sitting  or  standing  posture;  all  these 
are  characteristic  of  a  pronounced  case  of  this  con- 
dition. There  are,  however,  various  grades  in  its 
severity.  Hydrocephalus  may  coexist  with  micro- 
cephalus.  Owing  to  premature  closure  of  the  fon- 
tanelles and  sutures,  and  the  consequent  retarda- 
tion in  the  growth  of  the  cranium,  an  abnormal 
accumulation  of  fluid  within  the  cranium  may  not 
reveal  itself  except  through  the  symptoms  of  in- 
creased intracranial  pressure  which  it  may  cause. 
Hydrocephalus  without  enlargement  of  the  cranium 
may  exist  in  later  childhood  or  even  in  adult  life, 
when  the  sole  evidence  of  its  presence  may  be  in- 
creased intracranial  pressure.  Hydrocephalus  may 
be  associated  with  the  various  other  types  of  mal- 
developmenl  of  the  cranium,  such  as  dolichoeephaly, 
brachycephaly,  etc.,  or  with  spina  bifida,  encephalo- 
cele,  hernia  cerebri,  cephalhematoma,  etc.  All  of  the 
above  may  mask  or  complicate  the  characteristic  pic- 
ture of  hydrocephalus.  The  typical  case  can  usually 
be  recognized  in  the  large  and  disproportionate  size  of 
the  head,  and  particularly  in  its  rapid  increase  in  size. 

Hydrocephalus  is  usually  classified  as  internal  or 
external.  In  the  former  case  the  excess  of  fluid  is  in 
the  ventricles  of  the  brain  and  their  intercommunicat- 
ing passages.  In  external  hydrocephalus  the  excess 
of  fluid  is  in  the  subdural  or  subarachnoid  spaces 
surrounding  the  brain.  This  type  is  relatively  ex- 
tremely rare,  being  in  most  instances  of  congenital 
origin,  the  result  of,  or  compensatory  to,  atrophy 
or  maldevelopment  of  the  brain.  The  term  hydro- 
cephalus ex  vacuo  is  sometimes  applied  to  this  con- 
dition. Sometimes  an  external  hydrocephalus  may 
be  the  sequence  of  a  cerebral  pachymeningitis  or 
leptomeningitis,  of  a  cerebral  hemorrhage,  or  of  a 
cerebral  tumor.  Internal  and  external  hydroceph- 
alus may  coexist,  and  they  may  singly  or  together 
be  associated  with  a  hydrorachis  or  abnormal  accumu- 
lation  of  fluid  within  or  around  the  spinal  cord.  When 
the  term  hydrocephalus  is  used  alone  the  connota- 
tion is  usually  that  of  chronic  internal  hydrocephalus. 
At  one  time  the  expression  "acute  hydrocephalus" 
was  used  synonymously  with  that  of  tuberculous 
meningitis. 

The  frequency  of  hydrocephalus  may  be  judged 
best  by  an  examination  of  statistics  gathered  mostly 
in  lying-in  hospitals.  According  to  R.  Birnbaum, 
Schuehard  observed  one  case  in  753  births;  v.  Winckel, 
eight  cases  in  15,000  births,  or  one  in  1,875;  Klein- 
hans,  one  in  1,600;  and  Merriman,  one  in  900.  Dur- 
ing a  period  of  twenty  years  in  the  Gottingen  Women's 
Clinic  eight  cases  have  been  observed  among  4,200 
births,  or  one  in  525. 

Etiology. — In  discussing  this  subject  it  is  nec- 
essary first  of  all  to  have  a  clear  conception  of  the 
different  types  of  hydrocephalus,  of  the  location  of 
the  fluid  accumulation,  and  of  the  character  of  the 
fluid  itself,  whether  the  result  of  a  mere  passive 
transudation  or  of  an  inflammatory  exudation.  Hy- 
drocephalus has  been  compared  with  ascites,  which 
may  be  the  result  of  an  obstruction  to  the  venous 
return  of  blood  from  the  abdominal  cavity,  or  the 
result  of  an  inflammation  of  the  peritoneum.      How- 
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ever,  this  comparison  is  misleading,  for  in  a  ease  of 
hydrocephalus  there  may  be  a  combination  of  both 
factors,  namely,  obstruction  and  inflammation. 
Moreover,  then-  must  be  borne  in  mind  certain  special 
anatomical  peculiarities  within  the  cranium  such  as 

the  foramina  through  which  the  drainage-  of  the 
cerebrospinal  fluid  is  effected,  and  certain  physiological 
laws  governing  the  secretion  and  absorption  of  the 
cerebrospinal  fluid  and  the  equilibrium  between 
secretion  and  absorption. 

Parkes  Weber  classifies  the  cases  of  internal  hy- 
drocephalus as  follows:  "(1)  Cases  secondary  to  and 
part  of  the  phenomena  of  tuberculous  or  any  sup- 
purative meningitis,  comparable  to  pleural  effusions 
due  to  tuberculous  or  any  septic  invasions  of  the 
pleura.  (2)  Cases  resulting  from  the  presence  of 
tumors,  etc.,  analagous  to  the  pleuritic  effusions 
accompanying  tumors,  etc.,  situated  close  to  or 
involving  the  pleura.  (3)  Ordinary  infantile  or 
congenital  hydrocephalus,  which  is,  in  some  cases  at 
least,  due  to  intrauterine  meningitis.  (4)  Internal 
hydrocephalus  supervening  on  the  epidemic  or  spo- 
radic type  of  posterior  basic  non-suppurative  menin- 
gitis. (5)  Simple  idiopathic  internal  hydrocephalus 
of  adults  or  older  children  due  to  serous  ependymitis 
or  ventricular  meningitis.  (0)  Traumatic  cases." 
It  is  best  to  take  up  first  the  most  common  type  of 
hydrocephalus,  namely,  the  congenital  internal  variety. 

Congenital  Internal  Hydrocephalus. — In  most  in- 
stances this  is  noticed  at  birth  or  it  may  be  so  slight 
as  to  escape  attention  until  the  rapidly  accumulat- 
ing fluid  greatly  distends  the  cranium.  G.  F.  Still 
states  that  out  of  fifty-one  consecutive  cases  under 
his  observation  only  one  began  after  the  end  of  the 
first  year  (at  fifteen  months),  and  eight  began  be- 
tween the  ages  of  six  months  and  one  y-ear.  Thirty- 
two  out  of  the  fifty-one  showed  the  hydrocephalus  at 
birth  or  within  the  first  three  months  of  life.  In 
at  least  twenty-eight  of  these  cases  the  hydroceph- 
alus was  apparently  of  congenital  origin  and  in  fifteen 
of  these  the  large  head  had  been  noticed  at  birth. 
On  the  basis  of  these  figures  Still  concludes  that 
fully  half  of  the  cases  of  hydrocephalus  are  of  con- 
genital origin.  The  head  of  the  hydrocephalic  child 
may  be  so  large  as  seriously  to  interfere  with  delivery, 
when  perforation  of  the  cranium  may  be  necessary. 
(See  the  section  on  the  Obstetrical  aspects  of  hy- 
drocephalus.) Congenital  internal  hydrocephalus 
is  the  result  of  some  inflammation,  malformation, 
or  maldevelopment  which  causes  an  occlusion  of  one 
or  more  of  the  foramina  through  which  the  drainage 
of  the  cerebrospinal  fluid  into  the  subarachnoid 
space  is  effected.  In  the  first  instance  the  inflam- 
mation is  an  intrauterine  basal  meningitis.  Cautley 
cites  the  following  case  illustrative  of  maldevelop- 
ment as  a  cause  of  hydrocephalus  internus.  "The 
brain  of  a  boy  four  months  old  was  found  after 
death  to  consist  of  medulla  oblongata,  pons,  crura 
cerebri,  optic  thalami  and  cerebellum,  all  of  which 
were  small  and  ill-developed.  The  cerebrum  was 
represented  by  a  membranous  bag,  composed  of 
two  dilated  ventricles.  The  aqueduct  of  Sylvius, 
where  the  dilatation  ended,  was  extremely  stenosed 
and  at  one  spot  of  quite  microscopic  dimensions.  The 
membrane  was  of  the  same  thickness  as  the  adult 
dura  mater  and  did  not  seem  to  contain  any  nerve 
tissue  elements.  He  came  under  treatment  for 
vomiting  of  nine  days'  duration,  drowsiness,  oc- 
casional screaming  and  a  variable  amount  of  rigidity 
of  the  limbs.  The  head  was  retracted,  the  circum- 
ference sixteen  and  one-eighth  inches,  and  showed  ex- 
treme craniotabes  of  all  the  membrane  bones, 
a  large  bulging  anterior  fontanelle,  an  open  posterior 
one,  and  open  sutures.  There  were  rigidity  of  the 
neck  muscles,  general  spastic  rigidity  of  the  limbs, 
exaggerated  knee  jerks,  and  malnutrition.  The 
pupils  were  equal  and  reacted  to  light.  In  the  course 
of   development   the   anterior   cerebral   vesicle   is  di- 
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vided  into  two  parts,  from  the  center  of  which 
are  developed  the  cerebral   hemispheres   with   their 

ventricular  hollows,  the  corpora  striata,  and  the  ol- 
factory lobes.  This  portion  of  the  brain  is  known 
as  the  procerebrum  or  prosencephalon.  In  the 
above  case  there  was  probably,  in  early  fetal  life, 
excessive  formation  of  fluid  in  the  prosencephalon 
and  interference  with  its  escape.  Consequently  it 
became  gradually  distended  into  a  membranous  bag 
of  fluid  and  the  nervous  elements  did  not  develop." 

A  conception  of  the  origin  of  the  fluid  accumulat  ion 
in  the  ventricles  in  congenital  internal  hydrocephalus 
can  be  gained  only  by  a  clear  knowledge  of  the 
anatomical  paths  by  which  the  cerebrospinal  fluid  is 
drained  from  the  ventricles.  For  the  following  de- 
scription one  is  indebted  to  G.  F.  Still.  "The 
cerebrospinal  fluid,  in  passing  from  the  two  lateral 
ventricles  above  to  the  theca  or  reservoir  which 
surrounds  the  spinal  cord  below,  has  to  pass  by  the 
lateral  foramina  of  Munro  into  the  median  third 
ventricle,  thence  by  the  narrow  iter  into  the  fourth 
ventricle,  which  lies  between  the  medulla  and  cere- 
bellum; the  fourth  ventricle  is  closed  in  below  by  an 
extremely  thin  transparent  reflection  of  pia  arach- 
noid, which  passes  from  the  inferior  surface  of  the 
cerebellum  to  the  medulla;  in  this  reflection  there  are 
three  openings  for  the  passage  of  the  cerebrospinal 
fluid,  a  median  one — the  foramen  of  Majendie — and 
two  smaller  openings,  one  on  each  side — the  fora- 
mina of  Luschka — which  adjoin  the  roots  of  the  vagus 
nerves.  Hydrocephalus,  at  least  in  a  large  majority 
of  cases,  is  purely  a  mechanical  condition,  and  is  due 
to  obstruction  at  some  part  of  this  path.  In  con- 
genital cases  the  iter,  as  a  result  of  abnormal  develop- 
ment, may  be  partly  or  entirely  absent,  or  its  lumen 
may  be  extremely  narrowed;  or  there  may  be  some 
deformity  of  the  cerebellum,  for  instance,  its  lobes 
may  be  elongated  posteriorly,  and  hang  down  into 
the  foramen  magnum  of  the  skull,  packing  this  so 
tightly  that  there  is  no  passage  for  the  cerebrospinal 
fluid;  or  there  may  be  cystic  malformation  of  the 
cerebellum,  causing  it  to  bulge  into  and  obstruct  the 
ventricles;  or,  again,  there  may  be  adhesions  between 
the  cerebellum  and  medulla,  perhaps  as  the  result 
of  some  intrauterine  meningitis,  so  that  there  is  no 
exit  below  from  the  fourth  ventricle.  All  these  con- 
ditions I  have  myself  found  in  congenital  cases  of 
hydrocephalus." 

Some  cases  of  congenital  hydrocephalus  are  the 
result  of  a  syphilitic  meningitis  of  intrauterine  origin, 
or  of  a  fetal  malformation  caused  by  syphilitic  infec- 
tion in  the  mother.  The  proportion  of  cases  of 
luetic  origin  is  not  known,  for  no  studies  along'this  line 
have  as  yet  been  made  with  the  aid  of  modern  sero- 
logical methods. 

Acquired  Internal  Hydrocephalus. — Many  cases  of 
so-called  acquired  hydrocephalus  in  which  the  symp- 
toms of  the  disease  are  first  manifest  several  months 
after  birth  are  in  reality  instances  of  congenital  hydro- 
cephalus. Conversely  there  are  cases  which  are  re- 
garded as  of  congenital  origin  which  are  really  the 
result  of  an  acute  meningitis  during  the  first  fewr  months 
of  life.  Most  of  the  cases  of  acquired  internal  hydro- 
cephalus are  the  result  of  tuberculous,  meningococcic, 
or  serous  meningitis.  In  extremely  rare  instances 
traumatism  may  be  a  causative  factor.  Sinus  phle- 
bitis and  the  pressure  of  a  cerebral  tumor  may  give 
rise  to  hydrocephalus.  Cases  of  hydrocephalus  have 
been  recorded  as  following  the  successful  removal  of  a 
spina  bifida  or  an  encephalocele. 

The  fact  that  acquired  internal  hydrocephalus  is 
frequently  the  result  of  an  acute  serous  meningitis  or 
an  acute  ependymitis  demands  a  clear  conception  of 
the  nature  of  these  two  conditions  in  order  that  one 
may  understand  the  genesis  of  the  ventricular  ac- 
cumulation. The  above  two  terms  are  not  synony- 
mous, nor  are  they  mutually  exclusive.  Indeed,  acute 
ependymitis  may' be  regarded  as  applying  to  all  those 
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cases  in  which  there  is  an  inflammation  of  the  lining 
membrane  of  the  ventricles,  with  or  without  inflam- 
mation   of    the    meninges,    and    includes    most    cases 

of  so-called  serous  meningitis.     The  latter  is  charac- 
terized   by    Quincke   as    meningitis    serosa  ventricu 
lorum,     and      is     also     known     as     serous     apoplexy. 
This  may  arise  suddenly  or   gradually,  in   infants    or 
in  older  children,  and  presents  the  various  symptom 

of     meningitis     or    of     so-called     meningismus,     from 

cither  of  which  if  can  l>e  differentiated  with  great 
difficulty.     The    cerebrospinal    fluid    is    clear    and 

sterile  and  contains  an  increased  amount  of  albu- 
min, fibrin,  and  ceils,  chiefly  small  Lymphocytes.     The 

comparatively    few    cases    I  hat    get    well    pass    into    a 

stage  of  chronic  internal  hydrocephalus,  or  develop 

symptoms    that    are    identical    with    those    of    brain 

tumor.  The  remaining  group  of  cases  of  acute  ependy- 
mitis include  those  that  are  the  result  of  an  infection 
of  the  cpendyma  with  the  pneumococcus,  strepto- 
coccus, influenza  bacillus,  etc.  The  in  Ham  mat  ion 
may  be  primary,  either  associated  with  or  sequent 
to  a  similar  inflammation  of  the  meninges,  or  second- 
ary to  a  suppurative  inflammation  of  a  spina  bifida 
or  rupture  of  a  brain  abscess.  These  cases  cannot 
be  distinguished  during  life  from  cases  of  meningitis. 
Acquired  external  hydrocephalus  may  or  may  not  be 
associated  with  an  acquired  internal  hydrocephalus. 
It  is  the  result  of  meningitis,  new  growths,  cerebral 
atrophy,  marasmus,  or  pernicious  anemia. 

Morbid  Anatomy. — The  anatomical  changes  in 
congenital  internal  hydrocephalus  have  already 
been  alluded  to.  In  most  of  the  cases  that  come  to 
autopsy  there  is  strikingly  little  evidence  of  the  basal 
meningitis  that  has  caused  occlusion  of  the  foramina  of 
exit  of  the  cerebrospinal  fluid.  In  acquired  internal 
hydrocephalus  the  anatomical  evidences  of  a  posterior 
basilar  meningitis  are  more  apt  to  be  present.  A  new- 
growth  may  be  demonstrated.  The  association  of 
hydrocephalus  with  other  malformations  such  as 
porencephalia,  cerebral  atrophy,  encephalocele,  spina 
bifida,  harelip,  etc.,  has  already  been  noted.  The 
amount  of  fluid,  which  is  greatest  in  the  congenital 
cases,  varies  from  a  few  ounces  to  several  pints.  In 
the  acquired  cases  during  the  first  four  years  of  life 
the  fluid  only  in  exceptional  instances  exceeds  eight 
ounces.  The  composition  of  the  fluid  is  that  of  normal 
cerebrospinal  fluid,  but  if  the  hydrocephalus  is  of 
inflammatory  origin  the  albumin  content  is  increased 
and  the  fluid  may  be  turbid.  In  some  cases  the  fluid 
is  purulent.  According  to  Cautley,  "as  the  fluid 
accumulates  the  cerebral  tissue  becomes  compressed 
and  thinned,  reduced  to  a  layer  only  a  few  millimeters 
thick,  constituting  a  thin  wall  of  a  vast  cavity.  The 
convolutions  are  flattened  and  eventually  all  trace  of 
them  is  lost.  The  occipital  region  suffers  less  than 
other  parts  of  the  cerebrum.  The  septum  lucid  um  is 
broken  down  or  reduced  to  a  thin  membrane,  and  all 
the  communications  between  the  ventricles  are  greatly 
enlarged.  The  brain  substance  left  in  the  cortex,  if 
any,  is  pale  and  homogeneous,  showing  no  differen- 
tiation into  gray  and  white  matter;  and  microscopical 
examination  shows  granular  and  broken-down  nerve 
cells.  In  the  worst  cases  only  the  cerebellum,  pons, 
and  basal  ganglia  are  left,  and  even  the  basal  ganglia 
may  be  almost  unrecognizable.  In  milder  degrees  the 
ependyma  is  normal,  or  finely  granular  on  the  surface 
and  perhaps  thickened.  The  choroid  plexuses  vary." 
Holt  states  that  in  one  of  his  cases  the  ependyma  of 
the  ventricle  and  the  pia  mater  were  in  places  in  actual 
contact,  all  of  the  intervening  brain  tissue  having 
disappeared.  He  also  cites  a  case  of  Peterson's  in 
which  with  the  exception  of  a  small  portion  of  one 
temperosphenoidal  lobe,  all  of  both  hemispheres  had 
disappeared,  the  cerebellum  and  basal  ganglia  alone 
being  intact.  Among  the  results  of  the  inflammatory 
process  at  the  base  of  the  brain  there  may  be  found 
occlusion  of  the  foramen  of  Munro  and  of  the  aqueduct 
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of  Sylvius;  and  occlusion  of  the  foramina  of  Lushka 
(the  apertura  laterales  ventriculi  quarti)  and  throm- 
bosis of  the  vena?  Galeni.  Cautley  points  out  that  if 
both  veins  are  thrombosed  death  results  from  cere- 
bral anemia  before  hydrocephalus  can  develop. 
Obstruction  of  any  of  the  above  foramina,  of  the  third 
or  fourth  ventricles,  or  of  the  aqueduct  may  be  caused 
by  the  pressure  of  a  tumor. 

"  It  was  at  one  time  maintained  that  hydrocephalus  is 
the  result  of  a  disturbed  function  of  the  choroid  plexuses 
which  secrete  the  cerebrospinal  fluid.  This  explana- 
tion which  seemed  to  account  for  those  cases  particu- 
larly in  which  no  evidence  of  any  obstruction  could  be 
found,  was  first  advanced  by  Barlow  and  Lees.  They 
pointed  out  that  each  ventricle  is  provided  with  its  own 
vascular  plexus,  those  in  the  lateral  ventricles  having 
a  double  arterial  supply.  Moreover  the  epithelium 
covering  these  plexuses  has  a  structure  similar  to  that 
of  a  secretins  epithelium.  Barlow  and  Lees  believed 
that  a  paretic  condition  of  the  basilar  artery  and  of  its 
branches  resulting  from  some  previous  inflammation 
causes  an  excessive  supply  of  blood  to  the  choroid 
plexuses,  with  the  consequence  that  the  cerebrospinal 
fluid  is  secreted  more  rapidly  than  it  can  escape  through 
the  various  foramina.  Still  notes  that  this  hypothesis 
of  the  loss  of  balance  between  secretion  and  absorp- 
tion rests  merely  on  conjecture  and  is  incapable  of 
proof. 

Symptoms. — In  the  congenital  types  of  hydroceph- 
alus the  child  may  die  in  utero  or  its  head  may  be 
perforated  in  order  that  delivery  may  be  effected. 
The  symptoms  may  be  wholly  or  partly  present  at 
birth  or  may  be  of  gradual  onset  during  the  first  few 
months  of  life.  In  a  large  proportion  of  the  cases 
nothing  unusual  or  possibly  only  a  slightly  enlarged 
cranium  is  noticed  at  birth.  In  the  second  or  third 
month  attention  is  attracted  by  the  rapidly  increasing 
size  of  the  head.  The  other  symptoms  arise  sooner  or 
later,  depending  upon  the  rapidity  of  the  effusion. 
In  the  acquired  types  of  hydrocephalus  the  symptoms 
may  appear  during  any  period  of  infancy  or  childhood 
or  even  in  adult  life,  immediately  after  recovery  from 
an  attack  of  epidemic  meningitis,  or  in  the  course  of  a 
serous,  a  basilar,  or  a  tuberculous  meningitis,  or  of 
the  development  of  a  brain  tumor,  and  are  of  gradual 
onset.  The  symptoms  are  those  arising  from  the 
gradual  expansion  of  the  cranium,  and  from  pressure 
upon  the  brain,  or  if  the  ventricular  accumulation 
occurs  after  ossification  of  the  sutures,  the  symptoms 
may  be  those  caused  by  cerebral  pressure  alone.  The 
chief  manifestation  is  the  enlargement  of  the  cranium 
which  is  characteristic.  The  expansion  of  the  cra- 
nium is  globular,  as  distinguished  from  the  squarish  and 
bossy  enlargement  of  rickets.  The  diameters  are  not 
uniformly  increased,  the  anteroposterior  and  the  ver- 
tical ones  being  chiefly  affected.  The  vertical  di- 
ameter is  increased  out  of  aU  proportion  to  the  antero- 
posterior diameter,  and  there  is  considerable  bulging 
in  the  frontal  region.  In  some  instances  the  cranium 
has  a  pyramidal  conformation.  As  a  rule,  the  enlarge- 
ment is  not  symmetrical,  particularly  if  the  infant  lies 
habitually  on  one  side.  Cases  have  been  reported  in 
which  the  distention  was  limited  to  one  side  of  the 
cranium,  or  to  a  part  of  the  latter  corresponding  to  one 
or  more  bones,(  or  in  which  the  anterior  portion  of  the 
cranium  was  increased  out  of  aU  proportion  to  the 
posterior  portion.  In  aU  cases  of  hydrocephalus 
there  is  a  pronounced  bulging  at  the  root  of  the  nose,  a 
characteristic  which  is  not  observed  in  any  other  form 
of  cranial  enlargement.  The  increased  size  of  the 
cranium  may  be  scarcely  perceptible  or  it  may  be 
enormous.  The  sutures  are  widely  separated,  and  the 
fontaneUes  are  greatly  enlarged  and  fail  to  close,  and 
in  the  cases  that  survive  remain  in  this  condition  until 
late  childhood.  The  anterior  fontanelle  may  be  so 
large  as  to  extend  forward  to  the  bridge  of  the  nose 
and  backward  to  the  posterior  fontanelle.     There  is 
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also  considerable  tensity  and  bulging  of  the  fontani  i 
the  degree  of  which  is  commensurate  with  the  amount 
of  intracranial  tension.  Fluctuation  may  also  be 
elicited  by  palpation  of  the  fontaneUes.  The  sutures 
may  be  separated  as  widely  as  three  inches.  The 
exact  degree  of  cranial  enlargement  may  be  gauged  by 
comparison  with  the  normal  size  of  t  he  cranium  at  any 
particular  age.  According  to  the  observations  of 
Still,  the  maximum  circumferences  at  various  ages  are 
the  following:  Birth,  thirteen  inches;  three  months, 
fifteen  inches',  five  months,  sixteen  inches;  nine  months, 
seventeen  inches;  twelve  months,  eighteen  inches; 
three  years,  nineteen  inches;  seven  years,  twenty 
inches;  thirteen  years,  twenty-one  inches.  In  hydro- 
cephalus the  circumference  may  be  twenty  inches  at 
three  months,  twenty-two  inches  at  one  year,  and 
twenty-four  inches  at  five  years.  The  largest  cir- 
cumference ever  observed  by  Still  was  one  of  thirty- 
eight  and  one-half  inches  in  a  case  of  congenital 
hydrocephalus  at  nine  weeks.  Indeed  the  congenital 
cases  are  the  ones  in  which  the  greatest  degrees  of 
cranial  expansion  are  found.  The  rate  of  increase  in 
these  eases  is  usually  about  one-quarter  of  an  inch  a 
week;  in  some  instances  it  may  be  as  much  as  one  inch 
per  week.  After  the  age  of  six  months  the  rate  of 
increase  gradually  diminishes.  According  to  StiU, 
the  increase  in  the  second  year  is  often  at  the  rate  of 
about  one-half  inch  in  three  months,  and  in  the  third 
year  about  an  inch  in  twelve  months.  In  cases  that 
run  a  favorable  course  the  rate  of  increase  slowly  di- 
minishes untU  the  age  of  five  or  six  years  when  the 
fontaneUes  and  sutures  are  closed.  After  this  period 
the  rate  of  increase  slightly  exceeds  the  normal  for  the 
age. 

As  the  result  of  the  extreme  enlargement  of  the  cra- 
nium and  the  greatly  increased  intracranial  pressure, 
the  bones  of  the  cranium  are  more  or  less  thinned  out 
and  may  show  patches  of  craniotabes;  the  skin  of  the 
scalp  is  greatly  stretched  and  thinned;  the  hair  is  scant 
owing  to  the  tensity  of  the  scalp  and  the  consequent 
interference  with  the  nutrition  of  the  hair  follicles; 
and  the  veins  of  the  scalp,  partly  because  of  the  thin- 
ning of  the  latter  and  partly  because  of  the  increased 
tension  within  the  cranium  and  the  development  of  a 
collateral  circulation  are  quite  prominent  and  fre- 
quently appear  to  lie  in  grooves  on  the  cranial  bones. 
In  some  cases  it  may  be  possible  to  obtain  transil- 
lumination of  the  cranium.  The  face  is  of  a  triangular 
shape  and  is  relatively  small.  The  bridge  of  the  nose 
is  broad  and  flattened.  The  appearance  of  the  eyes 
is  characteristic.  The  orbits  are  widely  separated 
from  each  other  and  the  eyeballs  bulge  forward  and 
are  rotated  downward,  as  the  result  of  flattening  of 
the  roof  of  the  orbit.  The  downward  rotation  of  the 
eyebaU  may  be  so  extreme  that  the  pupU  may  be 
partly  hidden  by  the  lower  eyelid,  so  that  the  infant 
in  order  to  see  is  compeUed  to  pull  its  lower  eyelids 
downward  with  the  fingers.  The  sclerotic  above  the 
cornea  is  often  exposed.  The  downward  rotation 
of  the  eyes  is  such  an  early  symptom  of  hydrocephalus 
that  Still  finds  it  difficult  to  suppose  that  this  rotation 
is  due  to  direct  pressure.  In  the  early  stages  the 
pupils  are  usually  smaU  and  equal,  and  later  become 
dilated  and  immobUe.  There  may  be  present  stra- 
bismus, nystagmus,  myopia,  hemianopia,  or  blind- 
ness. The  last  may  result  from  pressure  of  the  di- 
lated third  ventricle  upon  the  optic  tracts  and  chiasma. 
According  to  Stttl,  optic  neuritis  is  almost  never  seen 
with  congenital  hydrocephalus;  the  presence  of  optic 
neuritis  almost  always  points  to  cerebral  tumor  as 
the  cause  of  the  hydrocephalus.  Choroidal  changes 
are  found  in  some  cases. 

As  the  result  of  the  pressure  of  the  greatly  dUated 
ventricles  upon  the  substance  of  the  brain,  there 
result  all  the  degrees  of  mental  impairment.  In 
the  mild  cases  of  hydrocephalus  there  may  be  no 
mental  manifestations.  In  fact,  in  some  instances 
the   inteUigence    of   the    infant   may   be   above    the 
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normal.  If  the  fluid  accumulates  .slowly  and  espe- 
cially if  the  cranium  expands  readily,  a  considerable 
degree  of  hydroceplialus  may  be  attained  and  yet 
there  may  be  no  mental  defect  whatever.  Indeed, 
there  is  a  tradition  that  children  who  have  recovered 
from  hydrocephalus  later  evince  a  mental  activity 
above  the  normal  owing  to  the  fact  that  the  brain 
has  more  room  in  which  to  develop.  The  average 
infant  suffering  from  hydrocephalus  is  lethargic 
and  placid.  In  the  cases  with  an  extensive  effusion 
there  may  be  apathy,  stupor,  and  coma.  Convulsions 
occur  in  one-third  of  the  cases,  with  equal  frequency 
in  the  congenital  and  acquired  types  of  the  disease. 
Various  types  of  paralysis  may  be  present  and  there 
may  be  a  spastic  condition  of  the  limbs.  There  is 
a  considerable  amount  of  physical  weakness.  In 
many  of  the  cases  the  presence  of  headache  is  indi- 
cated by  the  fact  that  the  infant  holds  its  hands  up 
to  its  head  at  the  same  time  that  it  cries  or  whines. 
The  peculiar  "hydrocephalic  cry"  is  said  to  be  also 
characteristic  of  eases  of  tuberculous  meningitis. 
The  infant  cannot,  as  a  rule,  hold  up  its  head  partly 
because  of  the  weight  of  the  latter  and  partly  because 
of  the  muscular  weakness,  and  in  many  cases  cannot 
sit  up  or  stand  at  the  usual  period.  The  inability 
to  stand  may  be  the  result  of  the  general  muscular 
weakness,  of  paralysis,  of  a  spastic  condition  of  one 
or  both  legs,  or  of  the  general  mental  retardation. 
In  the  cases  that  survive  or  recover  walking  is  usually 
delayed  until  the  third  or  fourth  year.  In  the  pro- 
nounced cases  there  are  defects  in  the  special  senses. 
The  ocular  manifestations  have  already  been  de- 
scribed. The  mental  impairment  may  be  slight  or 
may  be  one  of  imbecility  or  idiocy.  The  growth 
of  the  body  is  retarded.  The  digestion,  as  a  rule, 
is  good  but  in  many  of  the  cases  there  are  nutritional 
disturbances.  The  vital  resistance  is  weakened  and 
the  infant  falls  a  ready  prey  to  infectious  disease. 
In  cases  in  which  there  are  symptoms  of  cerebral 
compression  the  pulse  is  slow  and  irregular.  There 
may  be  a  persistently  subnormal  temperature. 

In  cases  of  so-called  concealed  hydrocephalus  in 
older  children  or  in  adults  in  which  closure  of  the 
sutures  and  fontanelles  prevents  expansion  of  the 
skull,  the  symptoms  are  solely  those  of  increased  in- 
tracranial pressure,  namely,  headache,  vomiting,  and 
optic  neuritis.  These  symptoms  may  be  of  acute 
onset,  or  they  may  be  protracted  over  a  considerable 
period  of  time.  To  quote  Cautley:  "Intense, 
paroxysmal  headache  may  cause  sudden  death.  Per- 
sistent malnutrition,  retarded  development,  pecul- 
iarities of  temper,  morals  or  emotions,  incontinence, 
palsies,  convulsions,  and  insanity  may  be  noted.  In 
others  there  are  fine  tremors  of  the  tongue,  lips,  and 
hands;  slight  exophthalmos;  weakness  of  the  lower 
limbs;  optic  neuritis,  and  fluctuating  facial  or  ocular 
palsies.  Cases  of  this  type,  when  a  sequel  of  effusion 
in  earlier  life,  generally  have  an  enlarged  cranium 
and  are  often  called  chronic  hydrocephalus.  Retrac- 
tion of  the  head,  partly  from  the  weight  and  partly  from 
basal  irritation,  inability  to  support  the  head,  vomiting, 
irregular  fever,  tvvitchings,  and  convulsions  may  be 
present,  if  the  fluid  is  increased  or  if  there  is  continued 
basal  irritation.  Sudden  attacks  of  headache,  vomit- 
ing, and  fever  are  due  to  exacerbations  of  the  basal 
mischief  or  increased  effusion."  If  hydrocephalus 
arises  in  the  course  of  a  serous  or  of  a  tuberculous 
meningitis  the  symptoms  caused  by  the  pressure  upon 
the  brain  substance  of  the  effusion  within  the  ventricles 
may  be  indistinguishable  from  those  of  the  primary 
disease.  Indeed  in  all  cases  of  meningitis  in  which 
lumbar  puncture  shows  an  increased  tension  of  the 
cerebrospinal  fluid,  one  is  justified  in  stating  that  a 
certain  degree  of  hydrocephalus  is  present.  The 
presence  of  tympany  on  percussion  over  the  region  of 
the  lateral  ventricle  (Macewen's  sign)  indicates  dis- 
tention of  the  ventricle  with  an  increased  amount  of 
cerebrospinal  fluid. 


Course  and  Prognosis.-    In  the  congenital  type  of 

hydrocephalus  the  disease  is  chronic  and   progressive 

and  terminates  fatally  usually  before  the  first  year 
of  life,  must   frequently  during  I  lie  firs!  six  months. 

In  these  cases  the  evolution  of  the  disease  is  a  rapid 
one;  the  symptoms  of  cerebral  irritation  and  com- 
pression appearing  at  an  early  sta^e,  and  increasing 
in    severity    from    day    to    day.      Death    occurs    from 

bodily   wasting,    inanition,   convulsions,    intercurrent 

disease,  and  in  extremely  rare  instances  from  rup- 
ture of  the  cranium.  In  the  cases  which  develop 
slowly,  and  if  the  disease  begins  before  the  sutures  are 
ossified,  the  cranium  expands  gradually,  though  at  a 
greater  rate  than  in  a  normal  child.  The  cerebral 
Symptoms  may  be  few  or  wanting.      If,  however,  the 

disease  arises  after  the  sutures  have  united  tie-  symp- 
toms of  increased  intracranial  pressure  develop  rapidly 
and  may  cause  death  within  a  short  time.  Many 
cases  in  which  the  disease  begins  in  later  infancy  or 
early  childhood  live  for  four  to  six  years.  In  most, 
cases  periods  of  remission  of  symptoms  occur.  In 
rare  instances  the  effusion  may  be  arrested,  and  the 
child  may  then  continue  to  develop  normally  and 
attain  adult  life,  the  only  relic  of  the  disease  being 
the  large  head.  A  few  eases  have  been  reported  in 
which  there  occurred  a  spontaneous  evacuation  of 
cerebrospinal  fluid  from  the  nose  with  temporary  or 
permanent  relief  of  the  symptoms. 

Diagnosis. — In  the  gr  at  majority  of  cases  the 
diagnosis  is  not  difficult.  The  globular  head  of  a 
case  of  hydrocephalus  is  easily  distinguished  from  the 
rachitic  head  which  is  flattened  on  top  and  somewhat 
square  in  outline.  Moreover,  in  rickets  the  sutures 
are  closed,  and  the  anterior  fontanelle,  although 
large,  is  not  bulging  and  has  thickened  edges.  In 
rickets  there  are  frontal  protuberances  but  in  hydro- 
cephalus the  entire  frontal  region  exhibits  marked 
bulging.  It  is  possible  for  rachitis  and  hydrocephalus 
to  coexist,  in  which  event  the  characteristics  of  both 
conditions  may  be  present.  The  theory  that  all  cases 
of  rickets  are  complicated  with  a  certain  degree  of 
hydrocephalus  has  not  been  substantiated.  If  hydro- 
cephalus arises  after  closure  of  the  fontanelles  and  os- 
sification of  the  sutures  the  diagnosis  may  be  difficult, 
for  it  is  necessary  to  rule  out  brain  tumor,  intracra- 
nial hemorrhage,  or  any  other  condition  giving  rise  to 
increased  cerebral  pressure.  As  already  mentioned 
Still  has  noted  that  optic  neuritis  is  practically  never 
seen  in  congenital  hydrocephalus.  The  presence  of 
optic  neuritis  in  a  case  of  hydrocephalus  points  to  the 
existence  of  a  cerebral  tumor  as  the  cause  of  this 
condition.  There  is  an  extremely  rare  condition 
known  as  "hypertrophy  of  the  brain  "  in  which  enlarge- 
ment of  the  cranium  occurs  as  the  result  of  overgrowth 
of  the  neuroglia  of  the  brain.  In  this  condition,  as 
in  hydrocephalus,  there  are  evidences  of  mental  de- 
ficiency, but  in  the  former  the  growth  of  the  cranium 
is  not  rapid  as  in  hydrocephalus.  Indeed,  the  rapidity 
of  enlargement  of  the  cranium  is  the  most  important 
diagnostic  point  in  the  average  case  of  hydrocephalus. 
An  increase  in  the  circumference  of  the  skull  of  an 
inch  a  month  is  conclusive  evidence  of  the  existence 
of  hydrocephalus.  The  thickenings  of  the  cranial 
bones  sometimes  observed  in  tertiary  and  more  rarely 
in  congenital  syphilis  need  cause  no  confusion  in  the 
differential  diagnosis  from  hydrocephalus.  Similarly 
the  localized  hypertrophy  of  the  cranial  bones  seen 
in  leontiasis  ossia  should  be  borne  in  mind  as  a  possible 
condition  in  an  exceptional  case  of  cranial  enlargement. 

Treatment. — In  the  large  majority  of  cases  of  this 
condition  the  treatment  is  unavailing.  Many  meas- 
ures, both  medical  and  surgical,  have  been  given  a 
fair  trial,  but  the  results  on  the  whole  have  not  been 
encouraging.  The  mild  cases  get  well  without  or  in 
spite  of  treatment.  Inasmuch  as  hydrocephalus  is 
secondary  to  any  of  a  number  of  pathological  con- 
ditions, the  treatment  is  bound  up  with  that  of  the 
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latter.  In  no  instance,  except  in  the  cases  thai  are 
very  severe  from  the  beginning  ran  one  foretell  thai 
the  hydrocephalus  may  nol  be  of  a  mild  type  or  may 

not  eventually  be  arrested.  Inasmuch  as  there  maj 
be  a  syphilitic  substratum,  and  particularly   if  the 

Wassermann  react  inn  is  positive,  a  fair  trial  should 
be  made  of  the  mercurial  preparations.  Cray  powder 
in  doses  of  one-half  grain  may  be  administered 
twice  a  day.  One-half  dram  of  mercurial  ointment 
may  l>e  rubbed  into  the  scalp  every  day.  Iodide  of 
potassium  should  be  given  at  the  same  time.  The 
efficacy  in  this  condition  of  salvarsan  or  neosalvarsan 
lias  not  yet  been  demonstrated,  nevertheless  either 
of  these  preparations  deserves  a  trial.  The  method 
of  treatment  by  means  of  tight  bandaging  of  the  head, 
which  method  was  in  vogue  at  one  time,  has  been 
w  h< ill \  abandoned.  Recently  Somma  has  recom- 
mended the  trial  of  heliotherapy,  the  head  of  the  in- 
fant being  exposed  to  the  direct  rays  of  the  sun  for 
from  fifteen  to  thirty  minutes  daily.  Lumbar  punc- 
ture is  a  measure  of  definite  usefulness;  if  not  curative 
in  rare  instances,  it  is  at  any  rate  a  means  of  relieving 
symptoms.  It  may  be  performed  every  three  days 
at  first .  then  once  a  week,  and  later  at  longer  intervals. 
The  frequency  of  this  operation  is  to  lie  determined  by 
the  intensity  of  the  symptoms  and  by  the  rapidity 
with  which  the  cerebrospinal  fluid  reaceumulafes. 
The  amount  of  the  latter  to  be  withdrawn  at  each  time 
is  likewise  to  be  determined  by  the  severity  of  the 
case  and  by  the  effect  of  the  operation  upon  the  general 
condition  of  the  child.  The  amount  of  fluid  removed 
may  be  from  one  to  one  and  a  half  ounces.  The  effect 
of  this  operation  in  the  reduction  of  intracranial 
pressure  is  perceived  in  the  fact  that  a  bulging  fon- 
tanelle becomes  a  depressed  one.  In  many  instances 
the  happy  effect  of  lumbar  puncture  is  immediately 
noticed.  An  infant  that  has  been  in  profound  stupor 
or  coma  may  shortly  after  lumbar  puncture  notice 
its  surroundings  and  be  able  to  take  nourishment. 
McCaw  states  that  improvement  has  followed  the 
injection  of  normal  horse-serum  or  of  a  0.5  per  cent, 
solution  of  protargol  into  the  cerebrospinal  canal. 
He  also  states  that  absorption  of  the  excessive  cere- 
brospinal fluid  has  followed  the  injection  under  the 
skin  of  fluid  obtained  from  a  pleural  effusion. 

As  a  substitute  for  and  possibly  as  an  improvement 
over  lumbar  puncture,  direct  tapping  of  the  lateral 
ventricles  has  been  frequently  recommended  within 
recent  years.  This  procedure  is  known  as  ventricular 
puncture,  and  if  properly  carried  out  entails  no  risk 
to  the  child.  In  view  of  the  fact  that  this  is  the 
simplest  of  the  various  operations  that  have  been 
devised  for  the  direct  drainage  of  the  lateral  ven- 
tricles, and  also  in  view  of  the  fact  that  it  is  within 
the  reach  of  the  general  practitioner,  a  detailed  de- 
scription of  this  operation  will  not  be  superfluous. 
This  description  is  given  by  L.  Bathe  Bawling  as 
follows :  "This  operation  may  be  carried  out  through 
the  anterior  fontanelle,  through  the  frontal  bone,  or 
over  the  descending  cornu  of  the  lateral  ventricle. 

"Through  the  Anterior  Fontanelle. — The  region  of 
the  fontanelle  is  shaved  and  cleansed  in  the  usual 
manner,  after  which  the  surrounding  parts  are  cut 
off  from  the  field  of  operation  by  a  large  sheet  of  gauze 
or  lint,  in  which  a  hole  is  cut  sufficing  to  alloV  of 
exposure  of  the  site  of  election  for  puncture.  The 
patient  should  be  in  the  recumbent  position,  the  head 
well  toward  the  end  of  the  table.  The  operation  is 
performed  without  an  anesthetic  or  under  local  anes- 
thesia. A  site  is  chosen  at  the  outer  angle  of  the 
fontanelle,  about  one  inch  away  from  the  median 
anteroposterior  line,  thus  avoiding  all  possibility  of 
injuring  the  superior  longitudinal  venous  sinus.  The 
trocar  and  cannula,  of  small  size,  are  passed  directly 
inward,  toward  the  base  of  the  skull,  for  a  distance  of 
not  more  than  two  inches.  The  trocar  is  withdrawn 
and  the  fluid  allowed  to  escape  slowly.  If  the  cerebro- 
spinal fluid  escapes  at  high  pressure,  the  flow  should 
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be  regulated  by  the  finger  placed  over  the  mouth  of 
the  cannula,  and,  in  any  case,  it  is  inadvisable  to 
allow  of  the  withdrawal  of  more  than  50  C.C.  (approxi- 
mately one  and  one-half  ounces)  at  one  Bitting. 
The  cannula  is  withdrawn  and  the  site  of  tapping 
covered  with  collodion  gauze.  Even  when  adopting 
all  precautions  the  operation  is  not  without  danger, 
and  added  to  this  is  the  fact  that  few  surgeons  care 
about  introducing  an  instrument  blindly  into  the 
cerebral  cortex  the  risk  of  puncturing  one  of  the 
distended  superficial  cerebral  veins  is  sufficiently 
obvious. 

"Through  the  Frontal  Bone. — Tillmanns,  in  recom- 
mending this  procedure,  states  that  the  needle  should 
be  inserted  about  two  centimeters  from  the  central 
line  and  three  centimeters  from  the  precentral  sulcus. 
You  strike  the  ventricle  at  a  depth  of  from  three  to 
five  centimeters.  He  claims  that  this  method  leads 
to  satisfactory  results.  It  is  open,  however,  to  all 
the  objections  of  puncture  through  the  fontanelles. 

"Over  the  Descending  Cornu  of  the  Lateral  Ventricle. — 
This  operation  is  strongly  recommended  by  Keen  on 
the  ground  that  excellent  drainage  is  supplied.  A 
point  is  mapped  out  on  the  skull  which  lies  one  and 
one-fourth  inches  behind  the  external  auditory  meatus 
and  the  same  distance  above  Reid's  base-line.  If  the 
posterolateral  fontanelle  be  open  a  small  trocar  and 
cannula  may  be  introduced  at  the  upper  angle  of  the 
space — thus  avoiding  the  lateral  sinus — and  passed 
inward  in  a  direction  toward  the  summit  of  the 
opposite  ear.  If  the  fontanelle  be  closed,  a  scalp-flap 
is  framed  and  a  bone  disc  removed  with  a  one-fourth 
to  one-half  inch  diameter  trephine.  The  dura  should 
be  opened.  The  evacuating  instrument  is  then  in- 
troduced through  the  membrane  in  the  same  direc- 
tion as  before.  In  either  case  it  should  not  be  passed 
for  a  greater  distance  than  one  and  one-half  inches, 
and,  in  all  eases,  the  exploration  should  be  of  a  pro- 
gressive nature,  that  is  to  say,  the  trocar  should  be 
withdrawn  once  for  each  one-half  inch  of  brain  sub- 
stance perforated.  The  escape  of  cerebrospinal  fluid 
must  be  regulated  in  the  manner  previously  described. 
If  trephining  has  been  necessitated,  the  bone  disc 
is  not  replaced,  thus  allowing  of  subsequent  tappings 
through  the  trephine  hole,  this  gap  now  taking  the 
place  of  a  patent  posterolateral  fontanelle.  Keen's 
method  of  ventricular  puncture  presents  many  ad- 
vantages over  other  methods,  though  still  open  to  the 
objection  that  the  actual  central  puncture  is  done 
blindly." 

Rawding  has  devoted  considerable  attention  to  the 
surgical  treatment  of  hydrocephalus  and  notes  that 
whereas  in  only  rare  instances  has  any  material 
benefit  resulted,  there  is  a  possibility  that  better  re- 
sults will  be  obtained  in  the  future.  The  most  promis- 
ing results  are  said  to  be  obtained  by  the  operation  of 
ventriculo-subdural  drainage,  which  is  regarded  as 
subjecting  the  patient  to  the  least  risk.  This  opera- 
tion is  performed  by  Rawling  as  follows:  "A  point 
is  mapped  out  on  the  scalp  wdiich  corresponds  to  the 
surface-marking  of  the  descending  horn  of  the  lateral 
ventricle,  and,  with  this  point  as  a  guide,  a  scalp-flap 
is  framed,  the  base  of  which  lies  immediately  below 
the  indicated  spot-  while  its  convexity  is  situated 
between  one  and  one-half  and  two  inches  above. 
This  flap  should  not  include  the  pericranium.  The 
flap  is  turned  down  to  its  base,  the  pericranium 
stripped  aside  and  a  disc  of  bone  removed,  at  the 
upper  part  of  the  exposed  bone,  with  a  one-fourth  or 
one-half  inch  diameter  trephine.  The  bone  is  usually 
very  thin.  When  this  disc  is  removed,  the  dura  is 
separated  from  the  bone,  and,  with  the  aid  of  a  strong 
pair  of  scissors,  the  bone  is  cut  in  such  a  manner  as 
to  form  a  bone-flap,  the  margins  of  which  lie  well 
within  those  of  the  scalp-flap.  This  flap  is  broken 
across  at  its  base,  turned  down,  and  covered  with 
gauze.  At  the  lower  portion  of  the  exposed  dura 
mater,  a  crucial  incision  is  made  through  the  dura 
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mater  and  a  blunt-pointed  trocar  and  cannula  intro- 
duced at  the  center  of  the  exposed  brain,  all  visible 
vessels  being  avoided.  The  diagnosis  is  now  con- 
firmed— by  the  withdrawal  of  the  trocar  and  the 
escape  of  the  cerebrospinal  fluid.  By  the  intro- 
duction of  a  bundle  of  horsehair  or  catgut,  passed 
through  the  cannula  so  as  to  project  into  the  ven- 
tricular cavity,  and,  after  the  withdrawal  of  the  can- 
nula, tucked,  with  respect  to  the  proximal  ends,  into 
the  subdural,  extradural,  or  subaponeurotic  spaces,  it 
is  obvious  that  drainage  may  be  established  between 
the  ventricles  and  the  other  regions.  Experience 
showed,  however,  that  drainage  into  the  subaponeu- 
rotic space  usually  converted  the  condition  of  hydro- 
cephalus into  one  of  cephalocele,  the  fluid  col- 
lecting as  a  localized  fluid  tumor  over  the  region  of 
exploration,  while  extradural  drains  did  not  permit 
of  sufficiently  rapid  reabsorptions  of  fluid.  Subdural 
drainage  gave  the  best  results,  the  cerebrospinal  fluid 
being  brought  into  relation  with  the  pia-arachnoid 
meshwork  of  vessels.  It  would,  of  course,  be  in- 
finitely preferable  if  the  ventricular  fluid  could  be 
brought  into  direct  relation  with  the  veins  of  the  sub- 
arachnoid space,  for  the  cerebrospinal  tension  and 
venous  pressure  are  equal,  and  all  excess  of  cerebro- 
spinal fluid  would  be  absorbed  as  soon  as  it  is  formed. 
This  course  is,  however,  impossible  to  carry  out.  We 
have,  therefore,  to  rest  content  with  less  direct  con- 
tact, drainage  into  the  subdural  space.  This  ven- 
tricular-subdural  drainage,  as  obtained  by  horse- 
hair, catgut,  and  silk,  apparently  leads  to  but  tem- 


Fig.  3300. — Diagrammatic  Representation  of  Rawling's  Opera- 
tion for  Hydrocephalus  Int.ernus.  A,  The  osteoplastic  exposure 
of  the  brain;  A,  the  bone;  B,  upper  two-thirds  of  trephine  hole; 
C,  dura  mater;  D,  the  four  dural  flaps;  E,  site  of  brain  perforation: 
F,  the  brain;  G,  line  of  fracture  of  bone-flap;  H,  the  bone-flap;  J, 
the  scalp;.  J,  lower  third  of  trephine  hole;  B,  VentriouloBubdural 
drainage;  «,  the  scalp;  6,  the  bone;  d,  the  dura  mater;  v,  the  lateral 
ventricle;  t,  the  drainage  medium  between  the  ventricular  cavity 
and  the  subdural  space;  s.l.s,  superior  longitudinal  sinus;  f.c,  falx 
cerebri.     (After  Rawling.) 

porary  benefit,  probably  owing  to  falling  together 
of  the  brain  substance  and  obliteration  of  the  ad- 
ventitious passage.  Silver  tubes  and  bone  tubes  have 
been  utilized.  The  tube  was  cut  across  in  an  oblique 
manner  at  about  its  center,  the  two  parts  set  at  right 
angles  to  one  another  and  sewn  together  with  silk. 
One  arm  is  introduced  into  the  ventricle,  the  other 
tucked  underneath  the  dura  mater.  The  child  im- 
proved considerably  but  the  method  is  not  altogether 
satisfactory  and  by  no  means  easy  of  application. 
In  another  case  I  utilized  strands  of  silver  wire.  The 
depth  of  brain  tissue  necessary  to  reach  the  ventricu- 
lar cavity  was  measured,  and  two  or  three  strands 
of  wire  introduced  so  as  to  project  well  into  that  space, 
then  steadied  with  forceps  while  the  proximal  ends 
were  bent  at  right  angles  to  the  surface  of  the  brain 
and  tucked  underneath  the  dura  mater.  The  method 
was  unsatisfactory.  Tubular  drainage  is  not  essen- 
tial, for  the  fluid  escapes  from  the  ventricle  as  much 
along   side    the   tube   as   through    its   lumen.     Still, 


1  believe  that  tubular  drainage  is  preferable  to  other 
methods,  and,  realizing  the  dilliculty  of  introducing 
a.  right-angled  tube  -one  arm  to  project  into  the  ven- 
tricle, the  other  to  lie  beneath  the  dura  mater. 
Messrs.  Arnold  A-  Son  are  now  making  for  me  small 
and  light  right-angled  silver  tubes  so  ei instructed 
that  each  limb  can  be  inserted  independently,  after 
which  they  can  be  locked   together.     This  method 

appears  to  overcome  many  of  the  difficulties  previously 
encountered.  The  tube  is  inserted  after  the  formal  ion 
ol  t  lie  osteoplast  ie  I  lap,  as  described  above.  The  four 
dural  Haps  are  then  united,  preferably  by  cross  union 

of  their  apices,  the  bone  flap  is  replaced,  and  I  lie 
scalp  flap  sewn  accurately  into  position.  Collodion 
gauze,  applied  to  the  wound,  aids  in  the  prevention  of 
Cerebrospinal  escape.  Tin'  scalp  and  bone  flaps  are 
framed,  and  the  dural  incision  carried  out  low  down, 
so  as  to  make  tin-  opening  to  the  brain  as  valvular 
as  possible.  All  these  precautions  are  taken  to  avoid 
leakage  of  cerebrospinal  fluid,  a  most  troublesome 
complicat  ion — adding  to  t  lie  risk  of  infect  ion  and  often 
resulting  in  an  acute  eczematous  condition  of  the 
surrounding  skin.  By  this  method  it  is  hoped  that  a 
permanent  fistulous  communication  will  be  formed 
between  the  lateral  ventricle  and  the  subdural  space." 

In  addition  to  ventriculo-subdural  drainage,  other 
methods  of  creating  an  artificial  outlet  for  the  cere- 
brospinal fluid  have  been  resorted  to.  These  methods 
have  sought  to  drain  this  fluid  into  the  cellular  tissues 
of  the  scalp  or  of  the  lumbar  region;  into  the  retro- 
peritoneal space  or  abdominal  cavity;  into  the  jugular 
vein;  and  even  into  the  pleural  cavity.  An  operation 
has  been  devised  by  Harvey  Cushing  in  which  it  is 
sought  to  effect  drainage  of  the  cerebrospinal  fluid  into 
the  peritoneal  cavity.  This  operation  which  is  known 
as  ventriculo-abdominal  drainage  has  been  performed 
by  Cushing  with  apparent  success  in  twelve  cases. 
It  is  described  as  follows:  "It  having  been  established 
that  the  ventricle  can  be  emptied  by  the  lumbar  route, 
and  that  the  withdrawal  of  fluid  is  not  prejudicial 
to  the  child's  well-being,  the  following  procedure  is 
carried  out.  A  laparotomy  is  performed;  the  pos- 
terior layer  of  peritoneum  to  the  left  of  the  rectum 
is  split;  the  body  of  the  fifth  lumbar  vertebra,  just 
under  the  bifurcation  of  the  velles  is  exposed;  the 
bone  is  trephined  and  one-half  (the  female  portion) 
of  a  silver  cannula,  exactly  the  size  of  the  trephine,  is 
inserted  and  held  in  position.  The  child  is  then 
turned  on  his  face  and  a  laminectomy  performed;  the 
subarachnoid  space  is  opened,  the  strands  of  the  Cauda 
separated,  and  the  posterior  half  (male  portion)  of 
the  cannula  is  invaginated,  so  that  it  locks  into  the 
portion  inserted  anteriorly.  Both  wounds  are  then 
closed.  The  fluid  for  a  time  finds  its  way  into  the 
peritoneal  cavity,  but  ultimately  into  the  retroperit- 
oneal space  whence  it  is  taken  up  by  the  receptaeulum 
chyli,  as  experimental  observations  have  shown." 

Cotterill  has  performed  the  following  operation 
for  the  purpose  of  reestablishing  drainage  from  the 
ventricle:  "A  large  semilunar  flap  is  made  from  the 
occipital  region,  exposing  the  bone.  Trephine  circles 
are  made  on  either  side  of  the  median  ridge,  and  the 
intermediate  part  of  the  bones,  together  with  the 
posterior  part  of  the  foramen  magnum,  is  removed. 
The  dura  mater  is  opened  and  the  occipital  sinus 
ligatured.  The  lateral  lobes  of  the  cerebellum  aTe 
then  held  apart,  and  the  thickened  arachnoid  over 
the  posterior  part  of  these  lobes  and  over  the  roof  of 
the  fourth  ventricle  exposed.  This  roof  is  opened. 
The  wound  is  then  closed."  C.  H.  Frazier  states  that 
ligation  of  both  common  carotid  arteries  at  intervals 
of  ten  days  or  two  weeks  has  been  recommended  upon 
the  ground  that,  by  diminishing  the  flow  of  blood  to 
the  brain,  the  secretion  of  cerebrospinal  fluid  will 
be  materially  diminished.  Frazier  has  practised 
this  method  in  one  instance  with  gratifying  results. 
If  there  are  headache,  vomiting,  and  choked  disc, 
relief  may  be  afforded  by  temporal  decompression. 
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H.  S.  Pendlebury  has  devised  an  operation  in  which 
it  is  sought  to  effect  drainage  of  the  lateral  ventricles 
by  means  of  a  heavy  silk  thread  introduced  by  means 
of  a  long  needle  from  outside  the  cranium  into  the 
lateral  ventricles.  The  ends  of  the  thread  are  in- 
serted  beneath  the  scalp  and  (hen  beneath  the  skin 
of  the  back  of  the  neck.  The  procedure  is  the  same 
as  in  the  operation  for  Iymphangioplasty  described 
by  Sampson  Handley.  The  silk  connects  both 
ventricles  with  each  other  and  with  the  connective 
tissue  of  the  neck.  The  results  of  this  operation  are 
said  to  be  most  encouraging. 

Obstetrical  Aspects  of  Hydrocephalus. — The  ex- 
cessive size  of  the  head  of  a  hydrocephalic  fetus  usually 
interferes  with  delivery.  Failure  to  recognize  this 
condition  may  result  in  rupture  of  the  uterus,  hemor- 
rhage, or  septic  infection.  Spontaneous  delivery  is 
possible  only  in  the  case  of  slight  degrees  of  hydro- 
cephalus, or  after  maceration  of  the  fetus,  or  after 
spontaneous  rupture  of  the  cranium.  Such  rupture 
has  occurred  most  frequently  in  breech  presentations. 
Most  of  the  cases  of  hydrocephalus  present  by  the 
head.  Birnbaum  states  that  hydrocephalus  of  moder- 
ate degree  is  most  to  be  feared,  as  in  this  instance  the 
head  does  not  engage  in  the  pelvis.  The  diagnosis 
is  made  by  recognizing  the  gaping  fontanelles,  the 
wide  sutures,  the  enlarged  head,  and  in  some  cases  the 
parchment  crepitation  of  the  greatly  thinned  cranial 
bones.  Hydrocephalus  may  be  suspected  if  the  head 
remains  above  the  brim  although  the  pelvis  is  normal 
in  size  and  there  is  no  other  apparent  interference  with 
delivery.  The  treatment  of  labor  obstructed  by 
hydrocephalus  is  puncture  of  the  cranium  with  a 
perforator  and  evacuation  of  the  fluid.  The  labor 
may  then  be  left  to  the  natural  forces,  but  if  these 
prove  insufficient  a  cranioclast  may  be  fastened  to 
the  skull  and  the  child  be  extracted  artificially.  Hirst 
points  out  that  a  cardinal  rule  in  these  cases  is  to 
avoid  any  attempt  to  deliver  with  forceps — a  com- 
mon error  in  practice,  causing  rupture  of  the  uterus 
and  deep  tears  from  slipping  of  the  instrument,  with 
extensive  sloughs  after  delivery.  In  the  case  of 
breech  presentation  if  the  head  is  inaccessible  above  the 
superior  strait,  the  spinal  canal  may  be  opened,  a 
catheter  may  be  passed  through  it  into  the  cranial 
cavity  and  the  fluid  then  evacuated  (Van  Huevel's 
method).  Usually,  however,  the  force  of  extraction 
ruptures  the  walls  of  the  ventricles,  and  converts  the 
case  into  one  of  external  hydrocephalus,  or  drives  the 
fluid  out  of  the  foramen  magnum  into  the  tissues  of 
the  neck  and  back.  The  head  may  then  be  punctured 
through  the  roof  of  the  mouth,  through  the  foramen 
magnum,  or  behind  the  ear. 

Alexander  Spingabn. 
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Hydrochloric  Acid. — Under  the  title  Acidum 
Hydrochloricum,  Hydrochloric  Acid,  the  United 
States  Pharmacopoeia  recognizes  "a  liquid  com- 
po  ed  of  31.9  per  cent.,  by  weight,  of  absolute  hydro- 
chloric acid,  and  68.1  per  cent,  of  water."  Such  grade 
of  acid  is  "a  colorless,  fuming  liquid,  of  a  pungent  odor, 
and  :m  intensely  acid  taste.  Specific-  gravity:  aboul 
1.158  a1  25°  C.  (77  F.).  Miscible,  in  all  proportii 
with  water  or  alcohol"  (U.  S.  P.)  It  was  formerly 
known  as  muriatic  acid.  Hydrochloric  acid  must  be 
kept  in  glass-stoppered  bottles  and  protected  from  the 
light. 

The  physiological  effects  and  therapeutic  applica- 
tions of  hydrochloric  acid  so  closely  resemble  those  of 
nitric  acid  that  a  separate  description  is  unnecessary 
(see  Nitric  Acid).  For  medicinal  use,  proper,  the 
following  official  preparation  is  established  by  the 
I  nil.. I  Stales  Pharmacopi 

Acidum  Hydrochloricum  Dilutum.  Diluted  Hydro- 
chloric Acid. — This  preparation  is  a  simple  dilution 
of  the  strong  acid  of  the  Pharmacopoeia  with  distilled 
water.  It  represents  ten  per  cent,  of  absolute  hy- 
drochloric acid,  is  a  colorless  and  very  sour  fluid, 
irritant  though  not  corrosive,  and  of  the  specific 
gravity  1.049  at  25°  C.  (77°  F.).  Dose,  from  ten  to 
thirty  drops,  largely  diluted  with  water  and  the 
mouth  to  be  rinsed  well  after  the  taking  of  each  dose. 

Edward  Cdrtis. 
R.  J.  E.  Scott. 


Hydrocyanic  Acid. — Hydrocyanic,  or,  as  it  is  so 

commonly  called,  prussic  acid  (HCN),  is,  in  pure  or 
anhydrous  condition,  a  thin,  colorless,  very  volatile, 
very  unstable,  and  exceedingly  poisonous  fluid. 
Being  so  unmanageable  in  the  concentrated  state, 
the  acid  is  used  in  medicine  only  in  dilute  solution 
in  water  or  in  alcohol  and  water.  "Since  the  first 
introduction  of  hydrocyanic  acid  into  the  Materia 
Medica  by  Borda  in  1804,  it  has  been  used  in  degrees 
of  concentration  varying  from  1  to  50  per  cent. 
Robiquet's  acid  was  50  per  cent. ;  Roller's,  25  per  cent. ; 
Ittner's,  Pfaff's,  and  that  of  the  French  Codex,  10 
per  cent.;  Duflos',  9  per  cent.;  Scheele's,  4  to  5  per 
cent.;  that  of  the  Pharm.  Bavar.,  4  per  cent.;  Vau- 
quelin's  and  that  of  the  Edinburgh  Pharm.,  3.2 
to  3.3  per  cent.;  that  of  the  Dublin  Pharm.  1.6  to 
2.82  per  cent.;  those  of  the  United  States  and  British 
Pharm.,  2  per  cent.;  Schrader's,  1.5  per  cent.;  and 
that  of  the  Prussian  Pharm.,  1  per  cent.  At  the  pres- 
ent time  the  medicinal  acid  dispensed  in  the  United 
States  is  invariably  intended  to  be  the  U.  S.  P. 
acid;  while  in  England  both  the  Br.  Ph.  and  Scheele 
acids  are  used"  (Witthaus'  Toxicology).  Under 
the  title  Acidum  Hydrocyanicum  Dilutum,  Diluted 
Hydrocyanic  Acid,  the  United  States  Pharmacopoeia 
establishes  "a  liquid  composed  of  not  less  than  two 
per  cent.,  by  weight,  of  absolute  hydrocyanic  acid,  and 
about  ninety-eight  per  cent,  of  water."  This 
preparation  may  be  prepared  extemporaneous]}-  by 
the  following  process,  officially  authorized:  "Silver 
cyanide,  6  gm.;  diluted -hydrochloric  acid,  15.54  c.c; 
distilled  water,  44.10  c.c.  Mix  the  diluted  hydro- 
chloric acid  with  the  distilled  water,  add  the  silver 
cyanide,  and  shake  the  whole  together  in  a  glass- 
stoppered  bottle.  When  the  precipitate  has  subsided, 
pour  off  the  clear  liquid."  In  this  process  double 
decomposition  ensues  between  the  silver  cyanide  and 
the  hydrochloric  acid,  with  the  formation  of  hydro- 
cyanic acid  which  remains  in  solution,  and  silver 
chloride  which  precipitates. 

Diluted  hydrocyanic  acid  is  "a  colorless  liquid,  of  a 
characteristic  odor,  resembling  that  of  bitter  almonds. 
On  account  of  its  poisonous  character  it  should  be 
tasted  with  great  caution.  It  is  completely  volatilized 
by  heat."  (U.  S.  P.).  The  acid  is  more  or  less  prone  to 
decompose,  thereby  losing  strength,  and  in  such 
decomposition  commonly  turns   dark,    even    getting 
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in  time  to  look  like  a  thin  ink.  This  docomposit  ion 
will  certainly  and  rapidly  go  on  under  exposure  to 
the  air  in  an  open  vessel,  and  is  also  hastened  by 
the  action  of  light.  The  preparation  must,  therefore, 
be  put  up  in  small,  dark,  amber-colored  vials  and 
kept  in  a  cool  place  protected  from  the  light.  An 
important  point  is  to  have  the  vials  corfc-stoppered, 
and  not  (7/d.ss-stoppered,  since,  for  some  reason, 
the  preparation  deteriorates  much  faster  in  glass- 
stoppered  bottles  than  in  those  closed  by  cork. 
The  acid  will  keep  better,  furthermore,  according 
to  Squibb,  if,  in  dispensing,  quantities  be  drawn  from 
the  stock  bottle  by  a  pipette  instead  of  by  pouring. 

Physiologically,  hydrocyanic  acid  is  remarkable  for 
deranging,  swiftly  and  strongly,  the  functions  of  nerve 
apparatus,  apparently  irritating  and  quickly  ex- 
hausting certain  nerve  centers,  and  also  tending  to 
destroy  the  conducting  power  of  nerves  and  the  con- 
tractility of  muscles  generally.  Probably  by  virtue 
of  these  actions,  hydrocyanic  acid  is  a  peculiarly 
speedy     and     powerful     poison. 

The  application  of  hydrocyanic  acid  in  therapetdics 
does  not  amount  to  much.  By  reason  of  its  poisonous 
nature,  the  medicine  can  be  used  only  in  insignificant 
doses,  and  the  only  medicinal  virtues  that  such  doses 
possess  are  to  allay  pain  or  irritability  of  the  stomach, 
and,  less  certainly,  the  irritability  of  the  air  passages 
in  disease  that  leads  to  dry  cough.  The  local  use  of 
hydrocyanic  acid  solutions  as  lotions  in  skin  disease, 
to  allay  pain  and  itching,  is  not  without  danger  of 
inducing  constitutional  poisoning  by  absorption 
through  unobserved  abrasions. 

Hydrocyanic  acid  in  the  form  of  the  dilute  solution 
of  the  United  States  Pharmacopoeia  is  commonly 
prescribed  in  doses  of  from  one  to  two  minims  only, 
but  this  dosage  may  be  gradually  increased;  when 
the  prescription  is  renewed  the  dosage  should  again 
begin  at  one  or  two  minims.  Furthermore,  since 
the  effect  of  the  drug  is  very  evanescent,  and  there  is 
no  evidence  of  any  so-called  cumulative  action,  there 
is  no  objection,  physiologically,  to  the  repetition 
of  even  a  full  dose  so  often  as  every  hour.  The 
dose  may  be  administered  in  water,  or  syrup  and  water, 
and  may  be  combined  with  alkaloidal  salts,  but  not 
with  salts  of  the  metals.  For  a  skin  lotion,  the 
pharmacopoeial  acid  is  variously  diluted  from  ten- 
to  fifty-fold  by  different  practitioners. 

Edward  Curtis. 
R.  J.  E.  Scott. 


Hydrocyanic  Ether. — This  body,  chemically 
ethyl  cyanide,  C2H6.CN,  is  a  colorless  ethereal  fluid 
miscible  with  water,  alcohol,  and  ether,  and  possessed 
of  poisonous  properties  analogous  to  those  of  hydro- 
cyanic acid.     It  is  not  used  in  medicine. 

Edward  Curtis. 
R.  J.  E.  Scott. 


Hydrogen  Dioxide. — Hydrogen  dioxide,  H202, 
commonly  called  -peroxide  of  hydrogen,  is  formed  by 
reaction  between  barium  dioxide  and  mineral  acids 
in  the  cold.  Obtained  in  concentrated  condition, 
this  body  appears  as  a  colorless,  transparent,  heavy, 
oily  fluid,  of  specific  gravity  1.452,  neutral  to  test 
paper,  remaining  fluid  at  temperatures  far  below  the 
freezing  point  of  water,  but  rapidly  and  even  ex- 
plosively suffering  decomposition  into  water  and 
gaseous  oxygen  upon  even  a  slight  elevation  of 
temperature,  or  upon  contact  with  charcoal  and 
certain  metals  and  oxides.  Even  at  ordinary  tem- 
peratures the  same  decomposition  occurs  spontane- 
ously to  a  greater  or  less  extent. 

Hydrogen  dioxide  mixes  in  all  proportions  with 
water  and  dissolves  also  in  ether.  As  a  medicine,  it 
is  used  in  solution  in  one  or  other  of  those  fluids, 


the  aqueous  solution  being  commonly  known  as 
oxygenated  water,  and  1  lie  ei  hereal  as  ozonic  or  ozonized 
ether.  The  aqueous  solution  in  common  use  contains 
three    per    cent,    of    hydrogen    dioxide    by    weight,    a 

strength  repp  1  nting  a  charge  of  ten  volumes  of  oxy- 
gen to  one  of  the  Water  of  the  solution.  Such  a  solu- 
tion is  official  iii  the  United  Stales  Pharmacopoeia 
under  the  title  Ai/un  Hydrogenii  l)iu.ndi.  Solution 
of  Hydrogen  Dioxide,  It  contains  a  little  sulphuric 
acid,  purposely  allowed  to  remain,  as  a  preservative, 
from  the  charge  of  acid  used  to  clarify  the  solution. 
This  solution  is  a  sparkling,  clear,  colorless  aqueous 

fluid,  odorless,  lint  having  an  acidulous  and  disagree 
able  chlorinous  taste,  and  producing  a  curious  sensa- 
tion and  a  soapy  froth  in  the  mouth,  through  evolution 
of  oxygen.  Its  specific  gravity  ranges  from  1.006 
to  1.012  at,  ordinary  temperatures.  It  tends  to  de- 
compose spontaneously  into  water  and  oxygen,  and 
accordingly    will    deteriorate    l>\    age     e  pecially    if 

exposed  to  light  or  to  warmth.  If  subjected  to 
evaporation  at  a  temperature  not  exceeding  140° 
F.  the  solution  will  gain  in  strength  through  loss  of 
water,  but  if  heated  rapidl}  0  1  liable  to  decompose 
at  once  and  with  explosive  violence.  Because  of 
these  various  properties,  the  solution  should  be  kept 
in  dark  amber-colored  bottles,  loosely  stoppered 
and  in  a  cool  place.  A  tight  stopper  may  be  blown 
violently  from  the  bottle,  or  the  bottle  itself  may  be 
burst,  if  the  stopper  be  immovably  seated.  Further- 
more, since  deterioration  by  keeping  is  inevitable,  a 
freshly  made  sample  should  be  procured  always,  when 
possible,  for  use.  Old  specimens  will  certainly  be 
under  standard  in  strength,  and  even  may  be  wholly 
spoiled  and  inert.  The  Pharmacopoeia  states  that 
if  the  stopper  in  the  bottle  be  replaced  by  a  pledget 
of  cotton,  deterioration  is  retarded. 

Solution  of  hydrogen  dioxide  is  neither  corrosive  nor 
poisonous,  and  is  irritant  only  to  especially  sensitive 
parts,  such  as  the  eyes,  the  urethra,  or  raw  surfaces. 
Its  use  in  medicine  is  because  of  its  ready  decomposi- 
tion, with  yield  of  free  oxygen.  Such  decomposition 
is  determined  by  mere  contact  of  the  solution  with 
many  things,  among  which  are  the  organic  matters 
found  in  blood,  mucus,  pus,  and  other  morbid  dis- 
charges, diphtheritic  membrane,  the  bodies  of 
pathogenic  microorganisms,  and  decaying  organic 
substances  generally.  It  coagulates  albumen  power- 
fully. By  virtue  of  the  yield  of  oxygen  the  solution 
destroys,  by  oxidation,  the  morbific  quality  of 
animal  secretions  and  excretions.  When  added  to 
pus,  brisk  effervescence  ensues  and  the  pus  corpuscles 
are  quickly  disintegrated.  Similarly,  when  washed 
over  a  secreting  surface,  frothing  occurs,  crusts  of 
dried  secretion  are  loosened,  and  foul  odors  disappear. 
The  foaming  will  continue  till  all  adhering  pus  or 
mucopus  is  destroyed,  when,  after  washing,  the  surface 
will  be  found  to  be  perfectly  cleansed  and  of  healthy 
appearance.  Solution  of  hydrogen  dioxide  is  thus 
powerfully  detergent  and  disinfectant  to  all  styles 
of  morbid  surface  conditions,  whether  of  skin,  mucous 
or  serous  membrane,  or  wounds  or  ulcers.  The 
action,  however,  is  evanescent  and  does  not  seem  to 
include  any  intrinsic  healing  virtue,  such  as  is  shown 
by  silver  nitrate.  For  ordinary  purposes,  the 
pharmacopoeial  ten-volume  solution  may  be  used 
in  full  strength,  but  for  application  to  sensitive  sur- 
faces such  as  the  eye,  the  upper  nasal  passages,  or 
the  urethra,  it  should  be  diluted  with  from  one  to 
four  or  more  parts  of  water.  Hydrogen  dioxide  should 
not  be  injected  into  a  suppurating  cavity  unless  there 
is  a  free  outlet  for  the  escape  of  the  gas  which  is 
produced.  It  may  be  applied  by  swabbing,  by 
injection,  or  by  spraying,  but  only  instruments  or 
utensils  of  hard  rubber,  glass,  or  porcelain  should  be 
allowed  contact  with  the  solution.  To  affect  the 
surfaces  of  the  stomach  or  intestines  the  solution  may 
be  given,  without  fear,  by  swallowing  or  by  enema. 
From  one  to  two  or  three  teaspoonfuls  may  be  given 
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at  a  dose  by  the  mouth.  This  dose  should  be  well 
diluted  with  water  and  taken  from  a  vessel  of  porcelain 
or  glass.  Other  medicines  should  not  be  combined 
with  the  solution. 

Attempts  have  been  made  to  utilize  the  solution  of 
hydrogen  dioxide  as  an  oxidizing  agent  within  the 
system  for  the  cure  of  disease.  But  when  given  by 
swallowing,  a  dose  (if  the  solution  is  almost  wholly 
decomposed  in  the  stomach,  and,  when  administered 
hypodermatically,  similar  decomposition  takes  place 
at  once  in  the  juices  of  the  part  receiving  the  charge. 
In  either  case,  therefore,  but  little  of  the  solution  can 
enter  the  blood  unchanged,  so  that  there  is  at  best 
but  small  chance  for  a  constitutional  effect  of  any 
moment.  If  injected  into  the  veins,  the  solution  is 
instantly  decomposed  by  the  blood,  and,  in  cases  in 
which  this  procedure  has  been  tried  upon  animals,  it 
has  often  been  followed  quickly  by  death  from 
embolism,  due  to  coagulation  of  the  blood  by  the  disen- 
gaged oxygen. 

Aqueous  solutions  of  hydrogen  dioxide  stronger 
than  that  of  the  Pharmacopoeia  are  to  be  found  in  the 
market  (so-called  "hydrozone"),  and  also  solutions 
with  glycerin  as  the  basis  (so-called  "glycozone"  i, 
and  solutions  in  ether  ("ozonic  ether":  "pyrozone"). 
The  ethereal  solution  is,  naturally,  highly  inflam- 
mable. 

Solutions  of  hydrogen  dioxide  bleach  powerfully, 
and  are  much  used  for  such  purpose. 

Edwahd  Curtis. 
R.  J.  E.  Scott. 


Hydrolysis. — By  hydrolysis  is  meant  the  cleavage 
or  decomposition  of  the  molecules  of  a  substance  1  iy  a 
reaction  with  water.  The  action  of  dilute  acids  upon 
proteins  or  the  influence  of  enzymes  in  general  upon 
their  substrates  are  examples  of  hydrolysis. 

F.  P.   Q. 


Hydronephrosis. — Hydronephrosis  is  an  abnormal 
dilatation  of  the  renal  pelvis  and  calices,  usually  ac- 
companied by  more  or  less  atrophy  of  the  secreting 
structures,  and  caused  by  the  temporary  retention  or 
permanent  accumulation  of  sterile  fluid  (originally 
unaltered  urine)  in  the  renal  pelvis,  due  to  obstruc- 
tion at  or  below  the.  ureteropelvic  junction.  The 
amount  of  dilatation  varies  within  wide  limits — 
from  a  few  cubic  centimeters  to  thirty  liters  or  more, 
as  in  the  case  reported  by  Mosny,  Javal,  and  Dumont.1 

Etiology. — Hydronephrosis  may  be  congenital  or 
acquired;  unilateral  or  bilateral;  complete  or  incom- 
plete; temporary  or  permanent.  It  may  be  primary, 
from  obstructions  originating  within  the  urinary  tract, 
or  secondary  to  disturbances  elsewhere  at  any  point 
and  of  any  nature  that  may  cause  obstruction  to  the 
normal  outflow  of  urine. 

Congenital  hydronephrosis  may  be  unilateral  or 
bilateral.  It  is  often  bilateral,  since  when  ureteral 
abnormalities  are  present  they  often  occur  coinci- 
dently  in  the  two  ureters,  and  it  is  always  bilateral 
when  the  obstruction  is  at  the  neck  of  the  bladder, 
or  is  due  to  congenital  stricture  or  atresia  of  the 
urethra,  or  to  phimosis  with  very  small  orifice. 
Most  congenital  hydronephroses  are  due  to  one  or 
more  of  the  following  conditions  affecting  the  ureter: 
It  may  be  impervious;  there  may  be  persistent  valves, 
congenital  strictures,  a  narrowed  or  occluded  vesical 
orifice;  it  may  take  an  abnormal  course  in  the  bladder 
"wall  or  empty  at  an  unusual  position;  there  may  be 
an  abnormal  implantation  into  the  pelvis  of  the  kidney ; 
there  may  be  bends,  kinks,  or  torsion  of  the  ureter 
due  to  congenital  displacements  or  other  abnormalities 
of  the  kidney;  there  may  be  pressure  upon  the  pelvis 
of  the  kidney  or  the  ureter  by  anomalous  renal  vessels 
or    by   an    accessory  ureter,   these   latter    probably 
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representing  a  persistence  of  the  Mullerian  or  the 
Wolffian  duct,  for  they  usually  terminate  in  Hie  sinus 
pocularis  in  the  male  or  the  vaginal  vault  in  the 
female,  hence  when  distended  may  distori  the  bladder 
and  cause  angulation  or  pressure  upon  the  healthy 
ureter.  Multiplicity  per  se  is  not  necessarily  a  cause 
of  hydronephrosis.  Absence  of  the  ureter,  usually 
included  in  the  list  of  etiological  factors,  cannot  cause 
hydronephrosis,  since  the  pelvis  and  collecting  tubules 
of  the  kidney  are  developed  from  the  ureter,  hence 
if  there  be  no  ureter  there  can  be  no  pelvis  of  the 
kidney;  Cystic  degeneration  of  the  secretory  portion 
of  the  kidney,  which  has  been  developed  from  the 
metanephros,  may  occur,  but  this  condition  should 
not  be  confounded  with  hydronephrosis. 

Acquired  Hydronephrosis. — Among  the  numerous 
causes  of  this  form  are:  Acquired  strictures  of  the 
ureter,  which  may  be  gonorrheal  (as  emphasized  by 
Turner),  tuberculous,  or  traumatic;  ureteritis  and 
periureteritis;  impacted  calculi  at  the  ureteropelvic 
junction,  in  the  ureter,  or  urethra;  inflammation  or 
ulceration  at  the  ureteral  opening  into  the  bladder; 
kinking  of  the  ureter  and  valve  formation  from  ac- 
quired movable  kidney ;  stones  in  the  bladder;  prostatic 
hypertrophy;  urethral  stricture;  benign  or  malignant 
tumors  of  the  bladder,  uterus  or  other  structures,  pres- 
sure from  the  pregnant  or  otherwise  enlarged  or  dis- 
placed uterus,  inflammatory  exudates,  peritoneal  bands 
or  adhesions.  In  children,  as  Cumston2  remarks,  uric 
acid  sand,  accumulating  at  either  the  upper  or  lower 
ureteral  orifice,  has  been  said  to  be  the  most  frequent 
factor.  In  many  cases  the  etiological  factor  does  not 
act  continuously,  or  the  obstruction  is  occasionally 
overcome,  hence  there  may  be  intermittent  emptying 
of  the  pelvic  cavity — intermittent  hydronephrosis;  al- 
though as  Gardner3  has  pointed  out,  since  the  term 
hydronephrosis  implies  degenerative  changes  in  the 
renal  parenchyma  together  with  the  formation  of 
fibrous  tissue  resulting  in  the  permanent  impairment 
of  the  kidney,  it  is  the  filling  and  emptying  that  is 
intermittent  and  not  the  hydronephrosis. 

Pathology. — With  the  accumulation  of  fluid  there 
is  a  gradual  distention  of  the  pelvis  and  calices,  with 
flattening  of  the  papillae  and  compression  of  the 
medulla.  If  the  obstruction  is  of  brief  duration  and  is 
followed  by  complete  evacuation  of  the  collected  fluid 
the  ureteropelvic  cavity  returns  to  its  former  shape 
and  there  is  no  permanent  impairment  of  the  kidney 
structure.  If,  however,  the  distention  of  the  cavity 
gradually  increases,  the  parenchyma  becomes  more 
and  more  thinned,  the  secreting  structures  atrophy, 
fibrous  tissue  develops  in  the  intertubular  spaces  and 
as  a  replacement  fibrosis  of  the  secreting  structures, 
so  that  ultimately  the  kidney  may  be  represented 
by  a  fibrous  sac  from  which  nearly  all  traces  of  epi- 
thelial tissue  has  disappeared,  while  the  amount  of 
contained  fluid  may  be  enormous.  It  has  been  be- 
lieved that  a  greater  degree  of  distention  occurred 
when  the  obstruction  was  intermittent  or  partial; 
but  G.  D.  Scott4  has  shown  from  experiments  on  fifty 
dogs  that  sudden  complete  obstruction  of  the  ureter 
produces  hydronephrosis  of  great  degree,  and  that 
while  intermittent  or  partial  obstruction  of  the 
ureter  may  also  result  in  large  hydronephroses,  the 
increase  is  less  rapid  and  for  equal  periods  of  time 
the  amount  of  distention  is  less  than  when  the  ob- 
struction is  complete;  and  that  in  either  case  the  size 
depends  principally  upon  the  duration  of  the  ob- 
struction. Opinion  is  still  divided  as  to  the  possibility 
of  regeneration  of  the  secreting  structures  after  long 
compression.  It  is  certainly  true  that  functional 
activity  after  removal  of  obstruction  is  often  much 
greater  than  was  expected;  and  Scott  seems  to  have 
proven  that  even  in  long-standing  hydronephroses 
of  extreme  degree  a  large  part  at  least  of  the  renal 
epithelium  will  regenerate  and  functionate. 

Perirenal,    pseudo-,    or    subcapsular    hydronephrosis 
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is  a  rare  condition  in  which  fluid  accumulates  between 
the  cortex  and  fibrous  capsule  of  the  kidney,  or  be- 
tween the  fibrous  and  fatty  capsules.  These  are 
usually  trail  ma  tic  in  origin,  engrafted  upon  a  pre-exist- 
ing intrarenal  hydronephrosis,  and  almost  invariably 
communication  with  the  pelvis  ran  be  demonstrated. 
The  pathology  of  this  lesion  has  recently  been  well 
described  and  two  remarkable  cases  reported  by 
Buerger.6 

Symptoms  and  Diagnosis. — In  the  early  stages  of 
hydronephrosis  the  symptoms  are  usually  very  in- 
definite and  are  frequently  mistaken  for  those  of 
other  lesions  in  the  upper  abdomen,  particularly  stone, 
tuberculosis  or  other  infections  of  the  kidney,  or  for 
gallstones.  J.  W.  Thomson  Walker6  finds  that  there 
are  two  well-defined  clinical  groups  of  cases.  In  one 
group  some  recognized  cause  of  hydronephrosis, 
such  as  calculus  or  movable  kidney,  is  discovered 
on  clinical  examination;  in  the  second  group  no  con- 
dition which  might  cause  hydronephrosis  is  found 
clinically,  the  obstruction  in  the  latter  group  usually 
being  due  to  congenital  stenosis  or  valves  of  the  ure- 
teropelvic  junction  or  to  the  pressure  of  aberrant  renal 
vessels.  This  latter  etiological  factor  assumes  greatly 
increased  importance  in  view  of  the  researches  of 
Rupert7  who  found  that  seventy  per  cent,  of  fifty 
cadavers  examined  showed  a  unilateral  or  a  bilateral 
anomaly  of  the  renal  arteries  or  veins  or  both.  As  a 
rule,  the  location  and  character  of  the  pain  suggest  a 
kidney  origin.  Thus,  H.  Cabot8  distinguishes  three 
groups  of  cases:  those  suggesting  stone  in  the  kidney; 
cases  with  symptoms  of  stone  in  the  kidney  but  with- 
out abnormality  of  the  urine;  cases  simulating  acute 
infections  of  the  kidney  but  with  a  persistent  sterile 
urine.  In  all  of  these  types  there  will  be  pain,  usually 
intermittent,  but  sometimes  occurring  as  a  persistent 
dull  ache.  The  early  attacks  of  pain  are  often  acute 
and  may  be  accompanied  by  nausea;  while  occasion- 
ally the  pain  reaches  the  severity  of  typical  attacks 
of  renal  colic.  As  the  hydronephrosis  progresses 
the  pelvis  seems  to  become  less  sensitive,  t he  attacks 
of  pain  often  become  less  severe  and  less  frequent, 
and  may  finally  cease  altogether.  When  it  is  known 
that  there  is  a  stone  in  the  pelvis  of  the  kidney  and  the 
attacks  of  renal  colic  decrease  in  frequency  and 
severity  a  dilating  ureter  and  pelvis  are  to  be  sus- 
pected. Another  early  symptom  is  persistent  polyuria 
in  the  absence  of  evidence  of  nephritis,  due  to  reflex 
stimulation  of  urinary  secretion.  This  is  not  to  be 
confounded  with  the  intermittent  discharge  of  ac- 
cumulated quantities  of  urine  such  as  often  occurs 
after  considerable  distention  of  the  pelvis  has  taken 
place.  There  is  nothing  characteristic  about  any  of 
the  symptoms  of  beginning  hydronephrosis  and  an 
early  diagnosis  will  not  be  made  unless  the  clinical 
history,  urinary  and  x-ray  findings,  cystoscopic  and 
general  physical  examinations  lead  to  catheterization 
of  the  ureters,  estimation  of  the  capacity  of  the  renal 
pelvis  and,  above  all,  radiography  while  the  uretero- 
pelvic  cavity  is  filled  with  an  opaque  fluid  (pyelo- 
graphy), thus  showing  the  size  and  contour  of  the 
renal  pelvis  and  ureter,  together  with  their  reciprocal 
relations.  This  procedure,  devised  by  Voelcker  and 
Lichtenberg  in  1905  and  popularized  by  Braasch9  is, 
as  Cabot  has  truly  said,  the  mainstay  of  diagnosis. 
The  essential  features  in  diagnosis  by  this  method  are 
to  determine  that  there  is  an  obstruction,  that  other 
possible  causes  of  the  symptoms  can  be  excluded,  and 
that  distention  of  the  pelvis  by  injecting  through  the 
ureter-catheter  produces  pain  of  the  same  character 
as  previously  experienced.  Slight  increase  in  capacity 
may  or  may  not  be  demonstrated,  since  irritation  may 
cause  spasmodic  contraction  of  the  ureteropelvic 
cavity.  After  the  kidney  has  become  considerably 
increased  in  size  there  should  be  little  if  any  difficulty 
in  making  the  diagnosis,  particularly  if  there  have 
been   intermittent   discharges   of  large   quantities   of 


urine  The  history,  including  the  location  and 
character  of  previous  pain,  the  x-ray  tin  din  us,  together 
with  the  presciM  .  oi  a  palpable  tumor  occupying  the 
kidney  region  while  the  urine  is  normal,  make  the 
diagnosis  of  the  average  case  easy.  In  the  earlier 
stages  the  kidney    may   be  very   tender  to  touch;  but 

in  the  chronic  cases  there  is  little  or  no  tenderness, 

while  with   the  large  hvdroncphrotic  sacs  fluctuation 

can  be  easily  made  out.  Extremely  large  hydroneph- 
roses have  been  mistaken  for  ascites  or  ovarian 
cysts;  while  in  young  children  if  may  be  difficult  to 

differentiate  from  sarcoma  of  the  kidney  or  retro- 
peritoneal lymph  glands.  Aspiration,  formerly  oc- 
casionally practised  in  these  differentiations,  is  a 
dangerous  proceeding.  Hydronephrosis  must  also 
be  differentiated  from  congenital  cystic  kidneys  and, 
rarely,  from  echinococcus  cysts  of  the  kidney,  liver,  or 
spleen, 

Treatment. — Primary  congenital  hydronephrosis, 
if  complete  and  affecting  both  kidneys,  is  necessarily 
fatal  except  in  those  rare  instances  where  the  ob- 
struction can  be  relieved  practically  at  once.  In  all 
cases  the  primary  indication  is  to  remove  the  cause 
of  the  obstruction  if  possible.  If  due  to  movable 
kidney,  this  should  be  anchored.  Strictures  of  the 
ureter  may  sometimes  be  dilated,  otherwise  resection 
and  anastomosis  or  some  form  of  plastic  operation 
may  be  required.  Pelvic,  ureteral,  or  urethral  calculi 
should  be  removed,  and  the  same  is  true  of  obstruc- 
tions caused  by  anomalous  vessels  or  an  accessory 
ureter.  Obstructions  from  urethral  stricture,  pros- 
tatic hypertrophy,  tumors,  or  pressure  from  gyne- 
cological sources  should  receive  attention.  If  upon 
exposing  the  kidney  a  valve  at  the  ureteropelvic 
junction  is  found  to  be  the  cause  of  obstruction, 
Fenger's  method  of  vertical  incision  and  transverse 
suture  may  suffice;  while  there  are  numerous  plastic 
operations  upon  the  pelvis  and  upper  ureter  which 
may  be  employed  in  suitable  cases.  These  remarks 
apply  especially  to  the  early  and  moderate-sized 
hydronephroses.  In  those  of  long  standing  and  of 
marked  degree  the  treatment  of  the  kidney  itself  de- 
mands consideration.  If  it  seems  probable  that  any 
considerable  amount  of  parenchyma  will  functionate 
I  believe  that  nephrotomy  with  temporary  drainage 
is  the  operation  of  choice;  but  when  nothing  ap- 
parently remains  but  a  huge  fibrous  sac,  nephrotomy 
entails  the  dangers  of  infection  and  persistent  fistula 
while  there  is  little  likelihood  of  sufficient  restoration 
of  secretory  activity  to  be  of  any  importance.  In 
these  cases,  therefore,  primary  nephrectomy,  usually 
by  the  lumbar  route,  is  indicated.  Before  nephrec- 
tomy in  this  as  in  other  conditions  the  operator  will, 
of  course,  satisfy  himself  as  to  the  presence  and  ade- 
quate secretory  activity  of  the  other  kidney. 

Wesley  Grove  Vincent. 
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Hydropericardium. — By  hydropericardium,  or 
dropsy  of  the  pericardium,  is  meant  a  non-inflammatory 
collection  of  fluid  in  the  pericardial  sac.  It  is  dis- 
tinctly a  transudate  and  not  an  exudate.  Some 
authorities  include  all  collections  of  fluid  in  the  peri- 
cardium, inflammatory  and  non-inflammatory,  under 
this  one  term.  By  general  consent,  however,  hydro- 
pericardium and  hydrothorax  are  understood  to  mean 
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transudates.  A  few  cubic  centimeters  of  fluid  are 
practically  always  found  in  the  pericardium  at  autopsj 
and  Rosenbach  calls  even  this  quantity  a  hydroperi- 
cardium,  since  he  considers  it  as  an  agonal  transuda- 
tion. It  has  been  observed  that  this  quantity  varie 
with  the  length  of  (lie  period  between  the  death  and 
the  autopsy — the  longer  the  wait,  the  larger  the 
amount  of  fluid — which  suggests  that  most  of  this 
fluid  is  due  to  postmortem  transudation.  Practically 
the  condition  is  first  spoken  of  as  hydrops  pericardii 
when  the  amount  of  fluid  reaches  100  c.c. 

Like  transudates  in  other  parts  of  the  body,  this 
fluid  is  light  yellow  or  slightly  greenish  yellow,  usually 
clear,  though  it  may  contain  blood.  It  is  alkaline, 
with  a  specific  gravity  usually  below  1,018  and  con- 
tains only  solitary  cells  and  a  few  flakes  of  fibrin.  It 
usually  contains  a  certain  amount  of  urea  and  may 
contain  bile,  sugar  may  be  present.  There  arc  no 
observations  on  the  depression  of  its  freezing  point. 
The  percentage  of  albumin,  according  to  Reuss,  is  less 
than  in  pleural  transudates,  and  greater  than  in 
peritoneal  transudates  but  always  less  than  that  in 
any  of  the  exudates.  The  quantity  of  fluid  varies 
very  much,  depending  on  many  circumstances.  It 
may  reach  from  500  to  750  c.c.  Corvisart  lias  re- 
ported the  enormous  quantity  of  eight  pounds — 
about  4,000  c.c. 

The  pericardial  sac  is  distended  according  to  the 
amount  of  fluid:  in  the  large  collections  the  lungs  are 
compressed  and  the  diaphragm  is  forced  downward. 
The  serous  surfaces  of  the  pericardium  are  smooth 
and  glistening,  usually  pale  because  of  the  compression 
of  the  vessels  though  in  some  instances  the  veins  may- 
be distended.  The  subserous  tissue  is  usually  edem- 
atous. After  the  long  duration  of  such  a  fluid  collec- 
tion, the  subserous  fat  disappears  and  the  endothelial 
cells  are  relaxed,  swollen  and  of  granular  opacity. 
The  pericardium  proper  is  thinned,  or  if  the  case  is  of 
long  standing  or  slow  development,  it  may  be  thick- 
ened. The  myocardium  is  pale  and  flabby  but  not 
otherwise  changed. 

Scientific  opinion  is  as  yet  divided  in  the  explana- 
tion of  the  presence  of  transudates.  By  many  transu- 
dation is  considered  a  process  of  filtration;  others  hold 
that  the  capillary  walls  are  to  be  regarded  as  living 
organs,  with  a  capacity  for  secretion,  under  the  stimu- 
lating influence  of  irritating  substances  in  the  blood. 

Etiology. — Hydropericardium  is  never  a  primary 
disease,  being  either  a  part  of  a  general  dropsy  or  the 
result  of  local  circulatory  disturbances.  Because  of 
the  incessant  activity  of  the  heart  it  is  much  less  fre- 
quent than  similar  collections  of  fluid  in  the  pleural 
and  peritoneal  cavities.  Its  etiology  is  that  of  hy- 
drops in  general — disease  of  the  circulation,  respiration, 
blood,  and  kidneys.  It  occurs  occasionally  as  a  very- 
rapid  collection  of  fluid  in  some  cases  of  acute  neph- 
ritis, as  in  scarlatinal  nephritis.  Most  commonly  it 
is  a  part  of  a  chronic  dropsy  associated  with  diseases  of 
the  heart  and  kidneys.  All  disease  processes  which 
develop  hydropericardium  can  be  divided  into  two 
classes:  those  in  which  the  condition  of  the  blood  is  so 
changed  that  the  vessel  wall  becomes  altered  and  per- 
meable— cachexia  following  tuberculosis,  cancer, 
malaria,  syphilis,  severe  anemia,  heart,  lung,  or  kid- 
ney disease;  or  by  an  exudation  from  the  veins  of  the 
pericardium,  the  coronary  veins,  or  the  lymph  channels 
of  the  heart,  occurring  in  dilatation  of  the  right  auricle, 
disease  of  the  respiratory  apparatus,  emphysema, 
myocarditis,  valvular  disease  of  the  heart,  atherosis  of 
the  coronary  arteries,  aneurysm,  and  tumors  and  in- 
flammations of  the  mediastinum.  Very  rarely  the 
dropsy  has  a  predilection  for  the  pericardial  sac, 
rather  than  for  its  usual  locations.  In  rare  cases  the 
sudden  development  of  a  pneumothorax  is  followed  by 
hydropericardium. 

Symptoms. — These  are  rather  indefinite  and  can 
scarcely   be  separated   from   those   of  the  associated 
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disease.  Dyspnea  and  cardiac  distress  rarely  may  be 
chiefly  dependent  upon  the  hydropericardium.      Pain 

and  fever  are  almost  uniformly  absent  ince  the  con- 
dition i-  not   an  inflammatory  one. 

The   physical    signs    are    those    of    pericarditis    with 

effusion  except   that  friction  sound    are  not  present. 

The  area  of  dullness  is  said  to  be  not  quite  so  trian- 
gular in  shape,  the  angles  being  drawn  out  more  into 
points.  The  lack  of  adhesions  in  the  non-inflamma- 
tory  processes  allows  a  greater   mobility   of  the   fluid 

and  as  a  result  of  this  the  flatness  is  not  quite  so  abso- 
lute and  may  change  its  borders  on  change  in  the 
position  of  the  patient.  As  a  rule  there  is  not  a 
coincident  myocarditis  so  that  the  apical  impulse  may- 
be comparatively  strong. 

Diagnosis. — The  condition  comes  on  insidiously  and 
often  would  not  be  recognized  were  it  not  for  careful 
physical  examination.  If,  however,  it  develops  while 
the  patient  is  under  observation  its  diagnosis  is  not 
usually  difficult.  The  presence  of  dropsy  in  other 
parts  of  the  body  and  the  change  in  the  physical  signs 
being  enough  to  determine  the  diagnosis.  In  case  of 
doubt  an  .r-ray  examination  would  probably  help. 
Pericarditis  with  effusion  is  generally  accompanied  by 
pain  and  fever  and  a  pericardial  friction  rub  may  be 
heard.  An  exudate  rarely  presents  free  mobility  of 
the  fluid  or  a  horizontal  upper  level  of  dullness  while 
they  are  not  infrequent  with  a  transudate.  Rosen- 
bach  states  that  if  potassium  iodide  be  given  by  mouth 
or  injection  it  will  be  excreted  into  transudates  but 
not  into  exudates.  A  marked  hypertrophy  of  the  heart 
causes  the  greatest  difficulty  in  diagnosis.  The 
strength  of  the  apex  beat  and  the  fact  that  with  car- 
diac hypertrophy  the  dullness  rarely  reaches  the  second 
rib  are  generally  sufficient  to  differentiate  them.  The 
administration  of  digitalis  usually  effects  a  rapid  re- 
duction of  a  large  area  of  dullness  due  to  cardiac  di- 
latation. 

Prognosis. — The  prognosis  is  always  grave,  as  the 
condition  occurs  in  an  advanced  stage  of  the  funda- 
mental disease.  The  fluid  in  the  pericardium  adds  an 
extra  impediment  to  the  already  weak  heart  and  thus 
hastens  the  fatal  issue.  In  rare  cases,  as  in  the 
effusions  associated  with  acute  nephritis,  there  may  be 
recovery. 

Treatment. — The  treatment  is  essentially  that  of 
the  primary  disease  with  cardiac  tonics  and  diuretics. 
Usually  paracentesis  only  delays  the  fatal  issue  a  short 
time.  However  in  rare  cases  it  may  be  distinctly  use- 
ful, that  is  when  the  patient  seems  to  be  dying  as  a 
result  of  great  local  obstruction  in  the  pericardium, 
which  is  overwhelming  the  heart.  In  certain  in- 
stances diuretics  do  not  work  well  until  the  fluid  is 
removed  from  the  pericardium.  The  operation  is  not 
difficult,  but  must  never  be  undertaken  unless  the 
diagnosis  be  certain.  For  a  description  of  the  opera- 
tion see  the  article  on  Pericarditis. 

James  Rae  Arneill. 

Revised  by  Ralph  G.  Stillman. 

Hydrophobia. — See  Rabies. 

Hydropneumothora.x. — See  Pneumothorax. 

Hydroquinone. — Hydroquinone,     or     quinol,     or 

hydrochinon,   as  it  is   called  by   German  authors,   is 
chemically   paradioxy-benzene,    CeH^OH);,   one   of   a 
trio  of  isomeric  diatomic  phenols,  of  which  resorcinol 
and  pvrocateehin  are  the  other  two  members. 
"  OH  OH  OH 
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Ortho-dioxybenzene 
(pyrocatechin) 


Meta-dioxybenzene 
(resorcinol) 


Pa  ra-dioxy  benzene 
(hydroquinone) 
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Hydrotherapy 


Hydroquinone  appears  in  transparent,  colorless, 
rhombic  plates  or  prisms,  fusible  at  169°  C.  (33(1.2°  F.,) 
and  subliming  without  decomposition.  The  crystals 
dissolve  readily  in  alcohol,  ether,  and  hot  water, 
but  in  not  less  than  seventeen  parts  of  cold  water. 
The  reaction  is  neutral  and  the  taste  slightly  bitter. 

Hydroquinone  has  been  proposed  as  an  antipyretic. 
It  is  capable  of  producing  convulsions  and  other 
derangements  in  the  lower  animals,  but  in  therapeutic 
doses,  in  man,  operates  as  a  speedy,  but  transient, 
antipyretic  in  fever.  In  such  operation  the  medicine 
is  well  borne,  even  so  large  a  dose  as  forty  grains 
producing  no  derangement  worse  than  a  very  tran- 
sient feeling  of  fulness  in  the  head  and  slight  giddiness, 
and  ordinary  doses  being  free  from  even  this  effect. 
The  fall  of  temperature  begins,  as  a  rule,  within  half 
an  hour  after  administration  of  a  single  dose,  reaches 
its  maximum  in  from  two  to  two  and  a  half  hours,  and 
the  ensuing  rise  attains  the  original  temperature  in 
from  one  to  two  hours  additional.  For  a  transient 
impression  such  as  described,  a  dose  of  from  1.00 
to  1.33  gm.  (from  fifteen  to  twenty  grains)  suffices, 
while  for  a  continuous  one,  three  or  four  such  doses 
should  be  given  during  the  twenty-four  hours.  Dur- 
ing continuous  medication  with  hydroquinone  the 
urine  may  appear  of  a  dark-brown  color,  due  to  the 
presence  of  products  of  decomposition  of  the  medicine. 

Edward  Curtis. 
R.  J.  E.  Scott. 

Hydrorrhachis. — See  Spina  Bifida. 

Hydrosol. — Certain  colloids  solidify  in  a  gelatinous 
form  containing  a  relatively  large  quantity  of  water. 
In  the  case  where  water  is  the  solvent  the  soluble 
form  was  called  hvdrosol  and  the  gelatinous  form 
hydrogel.  F.  P.  U. 


Hydrotaea. — H.  meteorica  is  a  fly  which  attacks 
animals'  eyes  and  nostrils.  It  is  said  to  affect  man 
sometimes.     See  Insects,  parasitic.  A.S.P. 


Hydrotherapy. — In  the  present  enlightened  era  of 
medicine  the  chief  aim  of  the  physician  is  to  aid  the 
inherent  powers  of  the  human  organism  to  eliminate 
morbific  agents  and  reinstate  the  disturbed  equilibrium 
of  the  economy,  by  all  means  which  enhance  the 
patient's  capacity  to  resist  the  inroads  of  disease.  _  In 
the  accomplishment  of  the  latter  water  plays  an  im- 
portant part.  The  simplicity  of  this  remedial  agent 
and  the  neglect  of  precision  in  its  application  have 
been  the  chief  obstacles  in  the  way  of  its  more  uni- 
versal acceptance.  The  fact  that  water  is  one  of  the 
few  remedies  which  has  survived  since  the  day  of 
Hippocrates  and  has  been  advocated  and  used  by  the 
most  eminent  physicians  of  every  time,  was  the  writer's 
incentive  to  its  investigation  thirty -five  years  ago. 
The  clinical  results  obtained  by  him  have  won  his 
highest  esteem,  especially  since  he  discovered  that 
its  action  is  based  upon  recognized  physiological 
principles.  The  latter  must  be  clearly  under- 
stood before  the  real  value  of  hydrotherapy  can  be 
appreciated. 

The  action  of  water  upon  the  human  organism  is 
derived  from  its  physical  and  mechanical  effects. 

The  physical  qualities  of  water  are  utilized  in  hydro- 
therapy because  it  is  an  excellent  vehicle  for  conveying 
the  thermic  and  mechanical  effects  aimed  at.  Water 
absorbs  and  gives  up  heat  readily ;  it  may  be  used  in 
solid  liquid,  or  gaseous  form,  it  may  be  applied  to  any 
limited  part  of  the  body  or  to  its  entire  surface. 
Hence  its  physical  property  alone  makes  it  a  most 
flexible  therapeutic  agent. 

Thermic  agents  affect  living  tissues  in  the  most 
pronounced  manner.  Smooth  muscular  fiber  con- 
tracts under  cold  and  expands  under  heat,  and  its 


contractility  may  be  entirely  destroyed  by  an  excess 

of  either.      By  the  conveyance  of  cold  or  heat  b\  mi 
of  water  we  are,  therefore,  enabled  to  produce  striking 
effects    upon    vital    processes    which    depend    upon 
muscular   activity.      As   cold    and    heat   are   irritants, 

then-   reflex    effects   conveyed   through    the   nervous 

system  also  become  valuable  t  herapoiiticallv.  Apply- 
ing these  axiomatic  principles,  we  find  that  circulation, 

respiration,  tissue  change,  and  heat  production  may 
be  positively  influenced  by  the  application  of  water  as 
a  medium  of  conveyance  of  cold  and  heat,  and  that 
abnormal  conditions  of  tin;  functions  may  be  remedied 
anil  their  healthy  equilibrium  restored.  That  such 
effects  are  really  produced,  laboratory  experiment 
as  well  as  observation  at  the  bedside  has  again  and 
again   demonstrated. 

In  my  book  on  hydrotherapy*  many  experiments 
are  detailed  showing  the  influence  of  hvdriatic  pro- 
cedures upon  the  caliber  of  blood-vessels,  the  action  of 
the  heart,  and  even  upon  the  composition  of  the  blood, 
the  respiration,  and  the  secretions.  All  applications 
of  cold  involving  the  entire  surface  of  the  body,  or 
a  considerable  part  thereof,  result  in  an  increase  of 
the  number  of  blood  cells;  the  percentage  of  hemoglobin 
and  the  specific  gravity  of  the  blood  are  also  increased 
when  reaction,  manifested  by  cutaneous  hyperemia, 
ensues.  When  reaction  fails,  the  erythrocytes,  and 
often  the  leucocytes  also,  are  diminished. 

That  these  effects  may  be  utilized  to  explain  the 
rationale  of  cold  applications  in  disease  has  been  often 
demonstrated.  For  instance,  Thayer,  of  Johns 
Hopkins  University,  observed  that  the  blood  drawn 
from  the  lobe  of  the  ear  of  a  typhoid-fever  patient 
after  a  Brand  bath,  contained  three  times  the  number 
of  leucocytes,  ascertained  by  actual  count  to  be 
present  previous  to  the  bath.  This  has  been  con- 
firmed by  Winternitz,  Breitenbach,  myself,  and  others, 
in  chronic  cases  and  in  healthy  persons.  Since  this 
enormous  increase  could  not  be  the  result  of  new 
production  during  the  fifteen-minute  bath,  the  con- 
clusion is  inevitable  that  the  increased  activity  of  the 
circulation,  induced  by  the  changing  anemia  and 
hyperemia  of  the  cutaneous  surface  resulting  from  the 
cold  bath  and  friction,  has  driven  these  cells  from 
their  hiding-places  on  the  outskirts  of  the  blood 
stream  and  elsewhere,  and  has  brought  them  into 
active  service. 

Cold  improves  the  muscular  tone  of  the  vessels,  is. 
it  increases  tension;  warmth  relaxes,  causing  passive 
dilatation  and  loss  of  tone.  Although  both  produce 
a  hyperemia,  one  is  the  result  of  reaction  and  is  tonic, 
while  the  other  is  the  result  of  relaxation  and  is  atonic. 
This  trite  fact  is  sadly  disregarded  in  practice.  Its 
more  general  recognition  will  do  much  to  neutralize 
and  remove  the  fear  of  shock  from  cold  applications 
in  atonic  conditions. 

The  reflex  effect  of  cold  and  heat  conveyed  from  the 
skin  to  the  central  and  sympathetic  system,  thence  to 
organs  and  tissues,  is  an  important  therapeutic  factor, 
and  demonstrates  that  the  thermic  action  of  water 
upon  the  human  organism  is  capable  of  influencing 
its  every  part  and  function  in  the  most  pronounced 
manner. 

By  guiding  and  directing  these  well-ascertained 
effects  of  cold  and  heat,  as  conveyed  by  water  to  the 
skin,  we  may  evoke  changes  in  the  circulation,  remove 
stasis  in  one  and  fill  another  vascular  area,  deplete 
others,  and  thus  aid  powerfully  in  removing  patho- 
logical states. 

Water  may  be  applied  with  accurate  dosage  In- 
varying  the  temperature,  duration,  and  pressure.  A 
very  high  or  a  very  low  temperature  produces  destruc- 
tion of  tissue,  while  cold  and  moderately  hot  water 
produce  a  rubefacient  effect.  Water  driven  under 
high  pressure  destroys  tissues,   and  under  moderate 

•"  The  Principles  and  Practice  of  Hydrotherapy."  William  Wood 
&  Co. 
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pressure  causes  rubefacient  or  stimulating  effects. 
For  this  reason  accurate  prescriptions  of  temperature, 
duration,  and  technique  are  demanded.  The  conven- 
tional ordering  of  a  "cold  sponge,"  a  "hot  bath," 
etc.,  is  so  indefinite  that  it  invites  failure. 

There  are  also  various  modifications  in  hydriatic 
technique  which  must  be  clearly  understood  before 
we  employ  hydrotherapy  in  disease. 

Technique. — It  is  the  aim  of  this  article  to  simplify 
hydrotherapy  and  render  it  accessible  to  the  general 
practitioner.  Minute  attention  to  details  is  the  first 
essential  for  the  successful  application  of  all  hydriatic 
procedures;  without  this,  failure  is  sure  to  ensue. 
The  following  procedures  are  best  adapted  for  the 
application  of  water  in  disease:  Ablution,  affusion, 
sheet  bath,  drip  sheet,  compresses,  wet  pack,  tub  bath, 
douche.  Their  application  in  various  diseases  will  be 
shown. 

Ablution  consists  of  the  application  of  water  by  the 
hand,  or  with  a  wash  cloth,  over  successive  parts  of 
the  body.  The  method  and  the  temperature  of  the 
water  vary  with  the  object  in  view.  In  febrile  condi- 
tions the  chest,  the  back,  the  abdomen,  and  the  low  er 
extremities  as  far  down  as  the  knees  are  successively 
bathed  every  two  or  three  hours,  beginning  at  75°  and 
reducing  the  temperature  by  one  degree  at  each 
application  until  60°  F.  is  reached.  It  is  important 
to  avoid  chilling  and  to  bear  in  mind  that  reaction  is 
aimed  at. 

In  chronic  affections  the  ablution  is  a  useful  pre- 
liminary to  the  more  active  hydriatic  procedure. 
The  patient  is  first  warmed  by  being  snugly  wrapped 
nude,  in  two  long-haired  woollen  blankets,  like  a 
mummy,  for  one  hour.  The  face  is  bathed  in  water 
of  60°  F.;  the  blankets  are  successively  opened  over 
his  chest,  abdomen,  back,  lower  extremities  to  the 
knees,  and  these  are  bathed  with  the  hand,  each  part 
being  immediately  dried  and  replaced  under  cover. 
A  general  dry  rubbing  with  a  woollen  cloth,  or  the 
hand,  follows. 

For  the  General  Ablution  the  patient  stands  in  twelve 
inches  of  water  at  95°  to  100°  F.,  and  is  rapidly 
washed  down  with  the  hands,  while  water— of  a  tem- 
perature of  80°  F.  at  first,  but  on  each  succeeding 
day  of  a  little  lower  temperature  until  60°  F.  is  reached 
■ — is  poured  upon  him  with  the  hand  or  from  a  vessel. 
Afterward  he  should  be  subjected  to  gentle  friction. 
Reaction  must  always  be  produced. 

The  rationale  of  the  action  of  ablutions  may  be 
found  in  the  gentle  shock  and  reactive  stimulus, 
which  is  refreshing.  The  superficial  capillaries  are 
dilated,  as  evidenced  by  the  rosy  hue  of  the  skin 
following  ablution  with  friction,  the  inspiration  is 
deepened,  and  cardiac  action  is  bettered. 

Affusion. — Having  a  wet  cloth  around  the  head, 
the  patient,  sitting  or  standing  in  a  tub  containing 
twelve  inches  of  water  at  100°  F.,  receives  a  broad 
stream  of  water  poured  with  force  from  a  basin, 
bucket,  or  pitcher.  According  to  the  height  from 
which  the  water  is  poured  and  the  lowness  of  the 
temperature  will  be  the  stimulating  effect.  The  affu- 
sion is  useful  in  coma  and  in  stuporous  delirium,  indi- 
cating adynamia  and  nerve  prostration.  By  this 
method  Currie  made  his  remarkable  cures  in  typhus 
fever,  using  chiefly  sea  water,  the  patients  lying  on 
the  deck.  In  scarlatina,  when  the  system  is  over- 
whelmed by  the  poison,  the  circulation  embarrassed, 
the  skin  pale  or  marbled  or  cyanotic,  the  respiration 
shallow,  temperature  high,  pulse  rapid  and  feeble, 
truly  marvellous  results  may  be  obtained  by  the 
judicious  use  of  brief  affusions.  Reaction  occurs 
rapidly,  and  with  it  come  an  improved  peripheral  and 
general  circulation,  deepened  inspiration,  bright 
countenance,  and  roseate  skin.  Rapid  affusions  of 
water  at  a  temperature  of  from  70°  to  60°  F.,  have,  in 
my  experience,  saved  lives  in  these  desperate  cases. 

Sheet  Bath. — A  rubber  sheet  covered  b.y  a  blanket 
is  laid  upon  one-half  of  the  bed.     A  linen  sheet  is 


now  dipped  into  water  having  a  temperature  of  from 
60°  to  70°  F.,  according  to  the  cll.ri  de  ire.d,  and, 
without  being  wrung  out,  is  laid  upon  the  blanket; 
the  patient,  whose  face  has  been  bat  lied  with  ire- 
water,  and  upon  whose  head  a  wet  cloth  is  placed, 
is  moved  over  to  the  wet  sheet,  which  is  wrapped 
snugly  around  him.  The  first  impression  will  be  a 
surprise — called  shock — to  the  cutaneous  nerves. 
Reaction  ensues  from  the  patient's  own  temperature, 
and  its  establishment  is  aided  by  the  manipulations 
of  the  nurse,  who,  witli  out-stretched  hands,  gently 
but  firmly  sweeps  over  the  wet  sheet,  omitting  the 
le^~  and  forearms.  So  soon  as  one  part  of  the  body 
becomes  thoroughly  warmed,  water  from  50°  to  60° 
is  poured  from  a  cup  or  squeezed  from  a  sponge  over 
it,  until  it  again  cools.  These  passes,  or  frictions, 
are  alternated  with  the  pouring  on  of  small  quantities 
of  cold  water,  until  the  entire  body  feels  cooled  or  the 
patient  shivers.  Rigor  must  always  be  avoided, 
because  it  is  an  evidence  of  contraction  of  the  vessels. 
As  the  friction  prevents  this  objectionable  feature 
of  all  cold  baths  we  have  in  the  sheet  bath  an  admirable 
roborant  antipyretic,  the  effect  of  which  may  be 
greatly  enhanced  by  allowing  the  patient  to  remain 
in  it,  after  wrapping  him  in  the  blanket,  for  half  an 
hour.  Its  mildness  as  compared  with  the  full  cold 
baths,  for  which  it  is  an  excellent  substitute,  renders 
it  more  acceptable  to  the  patient  and  his  friends, 
and  it  may  thus  be  utilized  as  a  valuable  initiatory 
antipyretic  measure.  It  is  applicable  in  all  acute  dis- 
eases in  which  an  elevated  temperature  is  a  leading 
manifestation. 

Drip  Sheet  (Fig.  3301). — In  chronic  cases  the  sheet 
bath  is  a  useful  adjunct,  and  in  many  cases  an  impor- 
tant element  of  the  treatment — as,  for  example,  in 
phthisis,  in  neurasthenia,  and  in  chlorosis.  Here  it 
is  called  a  drip  sheet,  and  is  applied  while  the  patient 
stands  in  water  of  100°  F. 

The  flexibility  and  simplicity  of  the  method  com- 
mend it  especially.  By  wringing  the  sheet  out  well 
(cold  rub),  or  by  using  a  coarser  sheet,  or  a  lower 
temperature,  for  a  short  time,  or  by  slapping  with  the 
sheet,  instead  of  simply  rubbing  the  hand  over  it, 
the  local  excitation  of  the  cutaneous  nerves  and  vessels 
may  lie  enhanced.  By  saturating  it  with  more  water, 
the  antipyretic  effect  is  increased,  and  this  may  be 
still  more  intensified  by  more  prolonged  application. 

The  compress  is  made  by  cutting  four  folds  of  old 
linen  to  fit  the  part.  The  cloth  is  more  or  less  wrung 
out  of  water  at  or  a  little  above  60°  F.  and  secured 
by  a  flannel  bandage  wider  than  the  cloth.  For  ton- 
sillitis it  is  very  useful  if  applied,  not  around  the  neck 
but  from  ear  to  ear  and  secured  by  a  flannel  bandage 
pinned  on  top  of  the  head.  For  articular  rheumatism 
a  compress  snugly  secured  by  a  thin  flannel  bandage 
of  one  layer  hastens  recovery.  In  pneumonia  the 
compress,  surrounding  the  thorax  like  a  vest  and  se- 
cured over  the  shoulder  and  around  the  chest  by  pins, 
is  of  paramount  value.  The  abdominal  compress 
is  useful  in  all  fevers,  as  is  the  trunk  compress,  en- 
veloping the  entire  trunk.  Compresses  are  usually 
renewed  every  hour  in  acute  cases,  and  always  cov- 
ered by  one  layer  of  flannel  to  permit  evaporation — 
never  covered  by  oiled  silk,  which  would  convert 
them  into  a  poultice. 

The  Ice  Bag  may  here  be  referred  to.  This  should 
always  be  covered  with  flannel  and  never  allowed  to 
remain  continuously  for  a  longer  time  than  forty- 
five  minutes.  It  should  be  replaced  at  the  end  of 
fifteen  minutes.  Its  utility  in  internal  hemorrhages 
is  fallacious,  because  the  blood  is  driven  from  the  sur- 
face into  the  collateral  circulation  beneath.  Its 
beneficial  effect  as  an  antipyretic  for  parts  situated 
deeply  is  fallacious,  as  proved  by  the  experiments  of 
\V.  Oilman  Thompson  and  others.  The  same  re- 
mark holds  true  for  the  ice  coil.  As  an  application 
in  feeble  and  irregular  heart  action  the  ice  bag  is 
invaluable,  if  reaction  is  permitted.     The  ice  coil  is 
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a  fallacious  procedure  in  fevers,  because  it  cools  onlj 

the  parts  beneath  it,  making  them  cyanotic,  and  (here- 
fore  retards  the  circulation. 


Fig.  3301. — Drip  Sheet  Mode  Friction. 

Wet  Pack. — A  large  woollen  blanket  is  spread  upon 
a  mattress.  Upon  this  is  spread  smoothly  a  linen 
sheet,  wrung  out  of  water  of  a  temperature  of  from 
50°  to  70°  F.,  according  to  the  nature  of  the  case; 
the  blanket  should  be  long 
enough  to  extend  from  the 
nucha  to  a  foot  or  more  beyond 
the  patient's  extremities.  The 
patient,  with  a  wet  cap  upon 
his  head,  places  himself  upon 
the  sheet,  with  his  arms  raised 
above  the  body.  One-half  of 
the  sheet  is  now  rapidly  folded 
around  his  body  and  pressed  be- 
tween the  arms.  The  arms  are 
lowered  into  position  alongside 
of  the  body  and  the  other  half 
of  the  sheet  is  drawn  over  the 
body.  It  is  snugly  secured 
around  the  neck  and  beyond 
the  feet.  The  blanket  is  now 
drawn  firmly  from  the  left  and 
tucked  under  the  right  side  of 
the  body,  the  right  border  of  the 
blanket  being  drawn  over  to  the 
left  in  the  same  manner;  then, 
finally,  it  should  be  secured 
firmly  under  the  body  and 
around  the  neck,  and  should  be 
folded  over  the  feet  (Fig.  3303). 
Success  depends  upon  exclusion 
of  the  air  by  the  blanket  cover. 
If  the  latter  has  been  skilfully 
applied,  the  patient  will  resem- 
ble a  mummy,  and  will  get  warm  in  an  hour  or  less._ 

The  wet  pack  must  be  followed  by  some  hydriatric 
method  which  restores  tone  to  the  cutaneous  vessels 
which  have  been  relaxed  by  it.     A  sheet  bath  or  a 


cold  affu  ii  in  '.\  ill    erve  thi    pi  up"  e,  oi  an  alcohol  rub, 

if  given  for  in  somnia. 

'I'll.-  cold  heel  produces  irritation  (if  tlic  cutaneous 
iii  i  ve  .  and  contraction  of  the  per- 
iphei .'ii  vet  sels,  and  t In-  la1  t.-i  i ate 
persists  until  reaction  ensues.  Inas- 
much :i^  no  mechanical  aid  is  given 
i,\  t  in-  .-it  tendanl  -,  tin-  reaction  must 
depend  entirely  upon  the  vital  powers 
nf  the  patient.  As  soon  as  tin-  first 
hock  i  over—  which  lasts  from  five  to 
i  \wiii )  minutes,  and  sometimes  pro 
ducesshiverinp  I  liecutaneous\  >  el 
begin  to  dilate,  and  the-  tempera!  ures 

of  the  skin  and  of  the  sheet  approach 

equality.  This  equalization  of  the 
two  temperatures  occurs  quickly  in 

fever  patients,   :nul   slowly  in  per.-oiis 

having  a  normal  temperature.  The 
sheet  bath  is,  therefore,  superior  to 
the  wet  pack  as  an  antithermic  pro- 
cedure. Many  failures  are  due  to 
the  use  of  the  wet  pack  in  fever;  it  is 
far  more  useful  in  chronic  cases. 

In  chronic  diseases  the  patient  is 
wrapped  in  a  sheet  wrung  out  nf 
water  at  from  60°  to  70°  f.  as  indi- 
cated; the  higher  temperature  being 
employed  at  first  and  this  being 
gradually  redviced  by  one  or  two  de- 
grees at  each  succeeding  treatment. 
Lying  for  an  hour  in  this  pack  the 
patient's  body  is  enveloped  in  a  vapor 
of  its  own  creation.  The  reactive 
labor  thus  involved  is  a  great  benefit 
to  the  circulation,  and  it  has  been 
demonstrated  to  aid  in  enhancing 
tissue  metamorphosis.  The  patient 
often  falls  asleep.  The  calming  effect 
of  an  hour's  sleep  in  the  wet  pack  is 
valuable  in  functional  neuroses,  hysteria,  and  some 
heart  troubles.  It  is  superior  to  the  hot  pack  in  in- 
somnia and  excited  mental  states. 

The  therapeutic  application  of  the  wet  pack  is  ex- 


Fio.  3302. — Application  of  Chest  Compress. 

tensive,  the  procedure  being  valuable  in  all  chronic  cases 
in  which  defective  tissue  metamorphosis  is  a  prominent 
element,  as  in  diabetes,  rheumatism,  gout,  anemia,  chloro- 
sis, and  some  disorders  of  the  digestive  appars 
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The  Full  Balk. — A  tin  tub  six  feet  long,  and  filled  to 
three-fourths  of  its  depth  with  water  at  a  temperature 
of  from  80°  to  65°  F.,  is  placed  near  the  patient's  bed 
in  acute  cases  and  shut  out  from  view  by  a  screen.  A 
double  blanket  covered  by  a  linen  sheet  is  spread 
upon  the  side  of  the  bed  to  be  occupied  by  the  patient 
after  the  bath,  the  pillow  being  covered  by  a  towel. 
The  patient  now  receives  a  cup  of  hot  black  coffee. 
He  is  undressed  and  a  light  napkin  is  applied  over  the 
sexual  organs.  His  face  is  bathed  with  ice-water, 
and,  if  too  feeble  to  step  into  the  bath,  he  is  lifted  into 
it  by  two  assistants,  preferably  on  a  small  hammock, 
from  which  the  sticks  have  been  removed.  With  the 
greatest  gentleness  and  least  fuss  he  is  lowered  into  the 
water.  He  gasps  and  shudders  a  moment,  or  perhaps 
cries  out.  But  gentle  reassurance  by  word  and  deed, 
a  calm  demeanor,  devoid  of  haste,  and  the  absence  of 
all  actual  force  or  argument  will  quiet  him.  Friends 
or  relatives  must  be  kept  out  of  the  room.  An  air 
cushion  suspended  at  the  head  of  the  tub  will  make  a 
head  rest,  and  a  large  water  cushion  ring  makes  a 
comfortable  support  for  his  nates.     Two  nurses  must 


Fig.  3303. — Wet  Pack,  Showing  Method  of  Tightening  Blanket  Around  Neck. 

constantly  practise  good  friction  or  chafing  over 
successive  parts  of  the  body.  These  frictions  are  of 
supreme  importance  in  preventing  chilling,  collapse, 
cyanosis,  and  heart  failure.  The  effect  of  the  con- 
tinuous gentle  chafing  is  a  suffused  redness,  which 
demonstrates  that  the  caliber  of  the  cutaneous  vessels 
is  considerably  enlarged.  As  this  is  being  done  in 
successive  parts  of  the  body,  we  really  manage  to 
maintain  a  constant  contraction  and  dilatation  of  the 
peripheral  vessels,  the  former  being  accomplished  by 
the  contact  with  the  cold  water  in  motion,  the  latter 
by  the  friction  and  its  attendant  reaction.  Complaints 
of  chilliness  must  not  be  regarded  as  an  indication 
for  removal  of  the  patient  from  the  bath,  unless  they 
be  accompanied  by  decided  chattering  of  the  teeth, 
or  the  face  becomes  cyanotic.  Several  times  during 
the  bath,  which  usually  lasts  fifteen  minutes,  a  basin 
of  water  at  50°  F.  is  gently  poured  over  the  patient's 
head  and  shoulders,  if  the  patient  is  somnolent  or 
delirious.  The  bath  being  finished,  the  patient  is 
gently  lifted  out,  the  napkin  covering  the  sexual 
organs    rapidly   dropped,    and    he   is    placed    upon 
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the  previously  prepared  linen  sheet,  so  that  the  upper 
edge  extends  above;  his  shoulders  to  (he  nucha.  He 
is  now  carefully  wrapped  in  the  sheet,  a  fold  being 
pressed  in  between  tin-  arms  and  the  body  and  be- 
tween the  lower  extremities.  The  blanket  is  now 
wrapped  around  the  patient,  If  the  body  tempera- 
ture has  been  high,  above  103°  F.,  in  the  rectum,  the 
patient  is  allowed  to  lie  in  the  sheet  for  five  or  ten 
minutes;  if  the  temperature  is  lower  he  should  be  at 
once  dried  with  the  sheet  and  afterward  with  soft 
towels.  In  either  case  hot  bottles  are  to  be  placed 
against  the  feet.  Usually  the  patient  will  fall  asleep. 
When  a  bath  having  a  temperature  of  from  70°  to 
65°  F.  is  given  every  three  hours  in  the  case  of  a  patient 
who  has  a  rectal  temperature  of  103°  F.,  this  may  be 
looked  upon  as  the  ideal  bath  designed  by  Ernest 
Brand,  of  Stettin,  for  the  treatment  of  typhoid  fever. 
In  the  case  of  the  graduated  bath,  devised  by  von 
Ziemssen,  the  preparation  for  bathing  and  drying  the 
patient  is  the  same  as  in  the  Brand  bath.  The  tub  is 
filled  with  water  at  90°  F.  Colder  water  is  added  for 
half  an  hour  until  the  water  temperature  reaches  68° 
F.  Chafing  is  here  also  an  all- 
important  element  of  the  bath. 
The  patient  is  wrapped  in  a  pre- 
pared sheet  and  blanket  with- 
out being  dried  for  a  quarter  of 
an  hour,  and  then  he  is  dried 
and  his  clothing  replaced. 

The  rationale  of  the  cold 
baths,  which  have  been  chiefly 
applied  in  typhoid  and  other 
infectious  fevers,  is  so  exact 
and  scientific  that  it  must  lend 
firmness  born  of  conviction  to 
the  attendant  who  applies 
them  with  a  clear  understand- 
ing of  their  aims  and  capa- 
bilities. The  nervous  system 
is  overwhelmed  by  toxemia. 
An  indefinable  malaise  is 
followed  by  ataxia,  general 
lassitude,  somnolence,  and 
other  adynamic  manifesta- 
tions, which  culminate  in 
severe  cases  in  stupor,  delirium 
and  coma,  subsultus,  tremor, 
etc.  The  heart,  being  called 
upon  to  do  extra  duty, 
threatens  to  fail,  and  often 
does  fail,  not  owing  to  the  ele- 
vated temperature  only,  but 
to  a  paretic  condition  of  the 
capillary  circulation,  induced 
by  the  infective  process,  which 
embarrasses  the  propulsive 
action  of  the  cutaneous  arterioles. 

The  depreciated  condition  of  the  nerve  centers, 
which  in  typhoid  and  similar  fevers  is  the  leading 
point  of  attack,  must  be  the  leading  point  of  defence. 
From  it  originates  a  condition  of  the  circulation  which, 
by  its  effect  upon  the  peripheral  vessels,  not  only 
disturbs  heat  radiation,  and  thus  develops  tempera- 
ture elevation,  tympanites,  etc.,  but  later  gives  rise  to 
other  most  perilous  conditions,  such  as  failure  of  the 
heart,  local  hypostases,  bed-sores,  etc.  The  stimulat- 
ing, refreshing  effect  of  cold  water  and  friction  upon 
the  terminal  fibrillse  of  the  sensory  cutaneous  nerves 
is  conveyed  to  the  central  nervous  system;  the  gasp 
emitted  by  the  patient  is  evidence  of  a  reflex  effect. 
The  cutaneous  arterioles  are  stimulated  and  dilated 
in  reaction,  filling  with  cooled  blood,  and  thus  the 
heart,  laboring  ineffectively  to  overcome  these  paretic 
conditions,  is  afforded  some  relief.  Elastic  resistance 
at  the  periphery  is  increased  by  the  contraction  of  the 
abundant  non-striated  muscular  structures  of  the  skin, 
by  which  the  blood  is  pressed  out  of  the  capillaries 
and  which  vield  slowlv  under  the  increased  inflow  of 
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warm  arterial  blood  arising  from  the  thermic  vaso- 
motor stimulation.  The  ventricular  contract!- mi 
becomes  more  complete,  and  the  blood  courses  with 
increased  vigor  through  the  entire  organism.  Excre- 
tion is  enhanced,  and  the  vitality  of  the  patient  rises. 
The  patient's  condition  is  the  best  evidence  that  these 
effects  are  salutary.  He  who  has  witnessed  the  dull 
eye  of  a  typhoid  patient  glisten  after  a  cold  friction 
bath,  who  has  felt  the  dicrotic  pulse  rebound,  who  has 
Been  the  apathetic  countenance  brighten,  the  urine 
increase,  and  slumber  ensue,  must  be  convinced  of  the 
value  of  cold  procedures  in  infectious  fevers.  Reac- 
tion must  always  be  induced  by  friction  during  the 
bath. 

In  Typhoid  Fever,  the  Brand  bath,  above  described, 
is  of  the  greatest  value,  as  clearly  shown  by  the  only  ab- 


7,426   cases  shows  a   mortality  of  4.26  per  cent.      The 

reason  for  greater  success  in  military  practice  is  found 
in  the  earlier  application,  because  the  cold  bath  pr<- 
venla  le1  hal  complications. 

The  writer's  method  of  procedure  is  as  follows: 
When  he  suspects  that  he  is  dealing  with  a  case  of 
typhoid  fever  he  proceeds  at  mice  t < >  use  ablutions 
every  two  or  three  hours,  applies  an  abdominal  com- 
press between  the  ablutions,  and  then  orders  a  sheet 
bath  of  from  80°  to  70°  F. 

Diagnostic  Bath. — On  the  second  day  he  orders 
the  diagnostic  bath  if  the  rectal  temperature  reaches 
102.5.  This  consists  of  a  friction  bath  at  90°  for 
fifteen  minutes,  as  above  described,  to  be  succeeded 
every  four  hours  by  others  at  85°,  80°,  75°.  These  may 
be  taken  in  the  bath-room  to  which  the  patient  may 


Fig.  3304 — Baruch's  Douche  Room. 


solutely  reliable  medical  statistics  extant.  Dr.  Vogl, 
medical  director  of  the  Bavarian  army,  has  published 
the  records  of  a  period  of  forty  years,  covering  all 
types  of  epidemics  of  typhoid  fever  and  all  kinds  of 
treatment;  and  according  to  these  statistics,  based 
upon  8,500  cases  of  the  disease  occurring  in  soldiers, 
the  mortality  has  been  reduced  by  the  Brand  bath 
from  twenty-two  per  cent,  down  to  three  per  cent. 
The  subjects  being  all  of  the  same  sex,  occupation, 
age,  and  environment,  and  the  inquiry  covering  large 
numbers  and  a  long  period,  these  statistics  are  unique 
and  absolutely  reliable.  In  civil  hospitals,  Oilman 
Thompson,  William  H.  Thomson,  Tyson,  Hare,  and 
Brisbane,  1,900  cases  collated  by  the  author,  mortal- 
ity was  reduced  to  6.22  per  cent.  Statistics  of  125,333 
cases  in  various  countries  under  expectant  treatment 
show  a  mortality  of  20.76  per  cent. ;  the  Brand  bath  in 


be  slid  upon  a  rocking  chair.  If  one  of  these  baths 
reduces  the  rectal  temperature  two  degrees  or  over, 
typhoid  fever  may  be  positively  excluded  (during  the 
first  week  only).  When  the  diagnosis  becomes  posi- 
tive the  baths  must  be  administered  in  a  six-foot  tin 
tub,  placed  alongside  of  the  bed,  eighteen  inches  from 
the  floor.  The  temperature  of  the  bath  should  never 
be  less  than  65°  F.,  but  cold  enough  to  produce  good 
reaction — 70°  to  75°  F.  being  the  average.  Active 
friction  must  be  continued  for  fifteen  minutes,  and 
affusions  given  as  above  described.  This  is  the  Brand 
bath  given  every  four  hours  as  long  as  the  rectal 
temperature  registers  103°  F.  Its  repetition  must  be 
guided  by  the  reaction  and  absence  of  lasting  chilli- 
ness. If  reaction  is  imperfect,  the  bath  should  be 
abbreviated,  not  abandoned.  Abdominal  compresses 
at   60°    F.   are   always   applied   between   the   baths. 
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When  this  bath  cannot  for  any  reason  be  obtained, 
the  sheet  bath  is  an  excellent  substitute,  because  it 
furnishes  the  thermic  excitation  and  the  reaction  is 
furthered  by  friction  over  the  sheet.  A  towel  balh 
is  also  useful  when  the  sheet  bath  is  positively  in- 
applicable. This  consists  of  a  towel  smoothed,  drip- 
ping, over  the  back  and  successively  over  the  glutei 
and  the  front  of  the  body,  and  friction  with  a  block 
of  ice  held  in  gauze,  until  each  part  is  cooled.  The 
pat  ient  is  dried  and  left  to  rest.  This  may  be  repeated 
every  two  or  three  hours.  All  cold  baths  must  be 
given  with  friction,  and  chattering  of  the  teeth  and 
cyanosis  must  be  avoided. 

In  ScarL  I  Fevt  r  and  Measles  the  tub  bath  of  90°  F. 
gradually  reduced  to  85°  F.  without  friction,  continued 
for  from  eight  to  twelve  minutes,  and  repeated  every 
four  hours,  is  soothing  and  antithermic. 

Pneumonia. — Happily,  the  day  of  fighting  pneu- 
monia as  a  disease  is  passing  away.  The  enlightened 
practitioner  prepares  the  pneumonia  patient  by  pro- 
viding him  with  a  comfortable  bed,  pure  air,  easily 
assimilated  food  and  drink,  and  good  nursing.  He 
no  longer  relies  upon  aconite,  veratrum,  quinine, 
repeated  antipyretics,  morphine,  stimulants,  and 
stuffing,  because  he  recognizes  these  to  be  impedi- 
menta, when  the  patient  should  be  stripped  for  the 
fight.  They  embarrass  the  eliminating  function, 
impair  the  appetite,  and  cripple  his  resources.  The 
application  of  cold  water,  on  the  contrary,  meets  all 
the  indications  for  which  these  powerful  remedies 
were  formerly  applied — and  it  accomplishes  it  without 
their  depreciating  effects.  What  affords  more  com- 
fort to  a  child  suffering  from  pneumonia  than  a  tub 
bath  with  good  friction  in  water  of  95°,  reduced  during 
five  to  eight  minutes  to  85°  or  80°  F.?  A  few  baths 
of  this  kind  repeated  every-  four  to  six  hours,  without 
fuss  or  confusion,  at  the  bedside  (not  in  a  bath-room), 
calm  the  respiration,  reduce  temperature,  promote 
sleep,  slow  and  strengthen  the  pulse,  and  refresh  the 
oppressed  nervous  system.  In  the  interval  between 
the  baths  I  am  in  the  habit,  if  the  temperature 
and  pulse'  are  high,  of  wrapping  around  the  upper 
half  of  the  trunk  a  compress  made  of  three  folds 
of  old  linen  and  wrung  out  of  water  at  65°  F.  and 
always  covered  by  a  wider  bandage  of  one  layer  of 
thin  flannel  (without  oiled  silk),  snugly  secured  over 
the  compress. 

By  renewing  this  compress  every  hour  the  good 
effects  of  the  bath  are  maintained  and  their  frequent 
repetition  is  rendered  unnecessary. 

In  the  adult  patient  the  tub  bath  is  not  so  useful, 
because  it  involves  more  trouble  to,  and  disturbance 
of,  the  patient,  especially  if  pleurisy  be  present. 
Here  the  wet  compress  around  the  chest,  not  too 
firmly  wrung  out  of  water  at  60°  F.,  usually  fills  all 
therapeutic  indications.  It  becomes  hot,  and  when 
removed  the  reapplication  causes  a  deep  inspiration, 
a  betterment  of  pulse  quality,  and  an  increase  of  urine. 
The  latter  is  also  enhanced  by  draughts  of  from  four 
to  six  ounces  of  water  at  45°  F.,  administered  regularly 
every  two  hours. 

No  claim  is  made  that  cold  water  cures  the  disease. 
The  object  of  these  mild  cold  procedures  is  to  fortify 
the  patient's  resisting  powers  and  thus  to  aid  him  in 
maintaining  a  successful  defence  against  the  disease 
until  its  natural  limitations  are  reached.  The  fre- 
quency of  application,  the  temperature  of  the  water, 
the  extent  of  the  saturation  of  the  compress,  the  dura- 
tion of  the  bath,  the  selection  of  the  procedure,  are 
matters  for  judgment  in  each  individual  case.  That 
we  can  utilize  all  these,  and  thus  adapt  them  to  con- 
ditions as  they  arise  in  each  individual  case,  gives  this 
remedial  agent  a  positive  advantage  over  all  others  and 
entitles  it  to  more  extensive  trial  and  study  than  it 
has  received.  Large  clinical  observation  is  the  basis 
of  these  views. 

The  Douche  is  a  procedure  by  which  water  is  driven 
upon  the  patient's  body  from  the  nozzle  of  a  hose  the 
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internal  diameter  of  which  varies  from  one-eighth  to 
one-half  inch.  The  ordinary  shower  bath  and  the 
needle  bath  are  multiform  douches  The  water  is 
usually  supplied  from  a  reservoir  placed  at  a  height 
of  from  thirty  to  seventy  feet,  and  giving  a  | 
at  the  nozzle,  of  from  fifteen  to  thirty-five  pounds  to 
the  square  inch.  A  douche  table  has  been  devised 
by  the  author  (1894)  by  wdiich  the  temperature,  dura- 
tion, and  pressure  are  regulated  before  the  patient 
receives  the  water.  This  apparatus  is  useful  only  in 
institutions.  It  has  been  adopted  in  the  United 
States  (St.  Elizabeth)  Hospital  in  Washington  and 
in  many  other  lunatic  asylums.  It  is  adapted 
only  to  hospitals  treating  chronic  cases  in  large 
numbers. 

Chronic  Diseases. — Chronic  diseases  furnish  such 
a  favorite  field  for  hydrotherapy  that  no  internal 
disease  should  be  yielded  up  as  hi  ipeless  until  this  mode 
of  treatment  has  been  systematically  tried,  in  con- 
nection with  all  those  hygienic  agencies  which  are 
usually  of  more  avail  than  medicinal  agents,  viz., 
exercise  or  rest,  diet,  drink,  clothing,  climate,  etc. 

N euro-vascular  Training. — The  author  has  devised 
the  following  precedure  which  even  the  tyro  may  use 
in  nearly  every  case  requiring  tonic  measures — Begin 
by  ablution  with  a  hath  glove  or  wash  cloth  squeezed 
out  of  water  at  90°,  reduce  temperature  of  water 
daily  two  or  more  degrees  until  60°  F.  are  reached, 
provided  the  patient  reacts  well  after  each  procedure, 
followed  by  good  friction,  which  is  a  sine  qua  non 
during  all  cold  procedures  also.  Now  affusions  are 
begun  (see  technique)  with  water  at  80°,  reducing 
daily  until  60°  F.  Then  the  dripsheet  as  described. 
These  measures  afford  great  latitude  in  energizing 
the  system,  enhancing  its  vital  capacity  so  as  to  throw 
off  the  materies  morbi  or  reestablish  the  equilibrium 
of  the  circulation  and  nerve  centers.  (See  above 
for  technique.) 

A  case  of  anemia,  for  instance,  which  has  resisted 
iron,  strychnine,  malt,  digestives,  etc.,  often  assumes 
a  different  aspect  when  the  neurovascular  discipline 
produced  by  this  treatment  is  secured.  The  effect  of 
increased  oxygenation  may  be  greatly  aided  by 
following  daily  treatment  with  exercise  in  the  open 
air.  The  pallid  lips  assume  a  ruddier  hue,  the  languid 
eye  brightens,  the  step  becomes  lighter.  Appetite 
and  assimilation  are  improved  because  of  the  enhanced 
hematosis  and  improved  circulatory  conditions  in  the 
gastrointestinal  mucous  lining.  (For  rationale  see 
above.) 

Neurasthenia. — A  type  of  cases  which  I  see  quite 
often  is  that  trying  class  of  neurasthenics  who  wander 
from  one  doctor's  office  to  another,  and  sooner  or 
later  become  the  prey  of  charlatans.  These  patients 
present  every  phase  of  depreciated  vascular  and  nerve 
condition;  some  are  the  prey  of  morbid  fears  and 
become  the  despair  of  family,  friends,  and  physician. 
If  such  a  case  be  subjected  to  a  methodical  course  of 
hydrotherapy  the  result  will  often  prove  a  revelation, 
provided  there  be  no  organic  basis  for  the  malady. 
If  mild  procedures  do  not  meet  the  indications, 
douches  adapted  with  regard  to  temperature,  duration, 
and  pressure  to  each  individual  case,  play  the  most 
important  role  here.  These  are  capable  of  arousing 
the  dormant  neurons,  enhancing  vascular  activity, 
and  improving  general  and  local  nutrition.  The  cor- 
tical centers,  which  are  the  chief  points  of  failure  in 
these  depressed  neurasthenics,  feel  the  impulse  of  a 
better  circulation  and  nutrition.  The  morbid  ideas 
and  illusions  vanish.  The  hypochondriacal  intro- 
spection ceases,  and  the  patient  slowly  but  surely 
regains  his  neurovascular  equilibrium.  The  results 
of  hydrotherapy  in  such  cases  are,  in  my  experience, 
far  more  enduring  than  those  following  other  methods 
of  treatment. 

Insomnia  is  markedly  affected  by  hydriatric  meas- 
ures  as   is   amply    demonstrated   in   the   Vanderbilt 
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clinic.  Neurovascular  training  during  the  day  with 
the  properly  applied  wet  pack  is  a  sovereign  remedy. 
The  pack  must  be  used  at  bedtime.  The  patient 
may  remain  in  it  after  he  sleeps,  never  longer  than 
an  "hour  if  he  does  not  sleep. 

Rheumatism,  Sciatica,  Gout,  Neuritis. — Another  el 
of  cases  which  are  greatly  benefited  by  hydrotherapy 
are  those  unsatisfactory  rheumatic,  gouty,  and 
lithemic  conditions  which  are  the  bane  of  the  doctor's 
life  and  which  we  are  often  so  glad  to  rid  ourselves  of 
by  sending  them  to  the  hot  springs.  These  may  be 
very  satisfactorily  treated  at  home.  The  hot  bath 
pack  is  the  most  useful  procedure.  Patient  is  laid 
into  a  tub  of  water  at  101°,  which  is  rapidly  raised  to 
100°.  A  hot  sheet  must  be  previously  provided, 
wrapped  in  flannel,  also  two  blankets  spread  upon  the 
bed.  The  duration  of  the  bath  is  six  to  ten  minutes. 
On  arising  the  patient  is  enveloped  in  the  hot  sheet, 
slips  his  feet  into  hot  slippers,  lies  without  removing 
sheet,  on  the  blankets.  The  latter  are  snugly  wrapped 
around  him.  He  receives  one  to  two  ounces  very  cold 
water,  lies  in  pack  one  hour,  then  is  dried  rapidly  and 
rubbed  with  alcohol.  This  bath  may  be  repeated 
twice  or  three  times  a  week,  alternating  with  mild 
tonic  procedures. 

My  personal  experience  with  hydrotherapy  in 
chronic  diseases  extends  over  a  period  of  twenty-five 
years  and  embraces  a  very  large  number  of  cases  of 
the  most  varied  pathological  conditions.  The  appli- 
cation of  this  method  of  treatment  to  such  varied 
diseased  conditions  is  rendered  possible  by  its  flexible 
nature,  which  enables  the  physician  to  adapt  it,  by 
modifications  of  temperature,  pressure  and  duration, 
and  numerous  technical  details,  to  the  most  varied 
pathological  manifestations,  provided  he  has  mastered 
the  rationale  of  its  mode  of  action,  and  provided  the 
•carrying  out  of  the  details  is  not  left  entirely  to  the 
judgment  of  bath-nurses.  It  would  be  much  better 
to  consult  some  work  on  hydrotherapy  than  trust  the 
latter. 

When  douches  are  needed,  only  institutions  under 
the  supervision  and  direction  of  a  trained  physician 
should  be  resorted  to,  for  in  no  other  way  shall  we  be 
likely  to  avoid  the  dangers  of  the  empirical  application 
of  the  procedure,  which  has  so  often  brought  disaster 
to  both  and  discredit  to  this  remedial  agent. 

Simon  Baetjch. 

Hydrothorax. — Dropsy  of  the  Pleura.  "Hydro- 
thorax  is  a  transudation  of  simple  non-inflammatory 
fluid  into  the  pleural  cavities."  It  always  occurs  as  a 
process  secondary  to  other  conditions.  The  quantity 
of  fluid  varies  but  is  less,  as  a  rule,  than  that  found 
in  pleurisy  with  effusion.  The  fluid  is  clear  and 
yellow,  though  it  maybe  more  or  less  blood-tinged,  and 
is  free  from  flakes  of  fibrin.  It  is  alkaline  to  litmus  and 
has  a  specific  gravity  usually  of  less  than  1,01.5.  It 
shows  little  tendency  to  spontaneous  coagulation  and 
compared  with  the  fluid  of  an  exudate  it  contains 
but  little  albumin  and  few  cellular  elements.  The 
pleural  membrane  is  usually  smooth  and  glistening 
though  it  and  the  subpleural  tissues  may  be  markedly 
edematous.  In  the  majority  of  cases  hydrothorax  is 
bilateral.  Usually,  however,  there  is  more  fluid  in  the 
right  pleura  than  in  the  left  and  when  the  condition 
is  unilateral  the  right  side  is  more  frequently  affected. 
When  the  cause  of  the  hydrothorax  is  a  cardiac  condi- 
tion it  is  more  liable  to  be  unilateral.  Stengel  attrib- 
utes the  localization  of  unilateral  transfusions  in  the 
right  side  to  pressure  on  the  azygos  veins. 

Etiology. — Hydrothorax  occurs  as  a  part  of  a 
general  dropsy,  however  caused.  It  is  most  frequently 
due  to  cardiac  or  renal  disease  but  may  be  a  part  of 
the  edema  occurring  in  leukemia,  pernicious  anemia, 
carcinoma,  malaria,  syphilis,  or  scurvy.  Rarely  it  is 
due  to  hindrance  to  the  outflow  of  venous  blood  from 
the  thorax  as  in  compression  of  the  vessels  by  tumors. 
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Symptoms.-  The  subjective  symptom  are  duo 
whollj  to  the  mechanical  interference  with  the  re  pira- 
tion  .'ind  are  dyspnea  and  discomfort.     The  objective 

symptoms  are  practically  the  same  as  those  of 
•pleurisy  with  effusion  '</.'■.)  though  it  differs  in  that 

there  is  rarely  a  friction  nil*  to  be  heard  and  the  area 
of  dullness  is  said  to  change  more  readily  upon  change 

in  the  position  of  the  patient.  Bronchial  respiration 
may   be   very  loud,  resulting   from   the   compression 

which  is  apt  to  be  more  complete  t  lian  in  pleurisy  with 
effusion  because  of  fche  absence  of  adhesions  and  the 
more  normal  Condition  of  the  lung  tissue.  There  is 
never  fever  or  pleural  pain.  The-  condition  usually 
develops  very  slowly  and  is  easily  overlooked  unless 
frequent  careful  examinations  are  made.  It  may, 
however,  develop  very  suddenly  in  cases  of  scarlatinal 
nephritis.  If  it  progresses  it  may  prove  to  be  the  im- 
mediate cause  of  death  in  some  patients  1>\  obstructing 
the  respiration. 

Treatment. — This  is  essentially  that  of  the  pri- 
mary causative  condition.  The  hydrothorax  itself, 
unless  it  be  of  sufficient  size  to  cause  difficulty  in 
respiration,  is  generally  neglected.  When  dyspnea 
becomes  marked  the  fluid  should  be  removed  by 
paracentesis.  This  operation  is  fully  described  in  the 
article  on  pleurisy  with  effusion.  It  should  be  per- 
formed with  great  care  and  it  must  be  remembered  that 
it  is  not  free  from  danger.  It  is  said,  however,  that 
death  from  "pleural  shock"  is  less  apt  to  occur  in  a 
paracentesis  for  hydrothorax  than  in  one  for  pleurisy 
where  the  pleura  is  less  normal. 

Ralph   G.  Stillman. 


Hyeres  and  Costebelle. — Hyeres,  situated  in  the 
department  of  the  Var,  is  the  most  southern  of  all  the 
winter  stations  along  the  French  Riviera.  It  is  fifty- 
five  miles  southeast  of  Marseilles  and  seventy-two 
and  a  half  miles  west  of  Cannes.  Unlike  the  other 
Mediterranean  resorts,  it  is  three  miles  from  the  sea, 
lying  at  the  foot  of  a  steep  hill  having  an  elevation  of 
about  seven  hundred  feet.  It  is  sheltered  by  the 
mountains  from  the  north  and  northeast  winds,  but 
exposed  to  the  northwest  and  west  winds;  hence  it 
suffers,  like  the  other  resorts  on  the  coast,  from  the 
disagreeable  "Mistral,"  which  is  especially  frequent 
in  February  and  March.  It  is  less  affected  by  the  sea 
breezes,  not  only  on  account  of  its  distance  from  the 
sea,  but  also  on  account  of  the  protection  afforded 
by  the  islands  lying  off  the  coast — les  Isles  d'Hyeres. 
"  Costebelle,  a  suburb  of  Hyeres,  consisting  of  a  few 
houses  and  several  hotels  surrounded  by  pine  woods, 
is  almost  on  the  coast,  so  that  patients  can  easily 
have  the  change  from  the  more  sedative  air  of  Hyeres 
to  the  more  bracing  and  stimulating  atmosphere  of 
the  seaside. 

The  town  of  Hyeres  itself  contains  17,700  inhabi- 
tants, and  consists  of  the  old  and  the  new  town,  the 
latter  being  the  resort  of  invalids  and  visitors — a 
place  where  there  are  villas,  hotels,  fine  avenues,  and 
public  gardens. 

The  winter  climate  is  mild,  dry,  and  sunny,  but,  as 
has  been  said,  there  exists  the  one  great  disadvantage 
of  the  cold  northwest  wind  (mistral).  "Favorable 
as  I  believe  this  station  to  be,"  says  Cazalis,  quoted 
by  Burney  Yeo,  "up  to  the  time  that  the  mistral 
begins  to  blow,  equally  dangerous  do  I  believe  it  to 
be  from  that  moment."  "It  is  a  most  searching 
wind,"  says  Cormack  ("The  French  Riviera — 
Hyeres  as  a  Health  Resort,"  The  Climatologist,  Janu- 
ary 15,  1892),  "and  very  trying  to  invalids  and  those 
of  a  nervous  temperament.  Patients,  as  a  general 
rule,  are  much  better  at  home  than  out  of  doors  while 
it  lasts." 

In  looking  over  the  climatic  table  of  Hyeres  arranged 
from  data  of  Drs.  Biden  and  Cormack,  it  will  be  ob- 
served that  the  mean  average  temperature  for  the 
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months  from  November  to  April  inclusive,  does  not 
vary  very  much  from  month  to  month.  Neither  do 
the  extremes  appear  to  be  very  great.  The  average 
daily  range  is  large,  owing  to  the  rapid  fall  of  the 
thermometer  after  sunset,  -which  frequently  amounts 
to  as  much  as  seven  or  eight  degrees. 

Climatic  Data  of  HyfcnES.      (From  Biden  and  Cormack.) 


Temperature — 

Average  or  normal. 

Average  range 

Mean  of  warmest. . 

Mean  of  coldest.. .  . 

Highest  or  max.*. . 

Lowest  or  min.*. .  . 
Humidity — 

Average  or  relative 
Precipitation — 

Average  in  inches.  . 
Wind  (number  of 
days). 

Light  to  fresh 

Strong  to  a  gale.. .  . 
Weather— 

DayB  of  sunshine 
per  month 

Days  on  which  rain 
fell 

Days  calm 


• 

,o 

a 
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53.6° 
15.6 
61.4 
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48.0° 

47.5° 

48.5° 

15.0 

16.5 

15.9 

55.8 

56.5 

40.5 

39.3 

40.6 

57   5 

57.5 

57.5 

in  5 

41.2 

41.5 

73% 

76% 

75% 

2.86 

3.08 

2.21 
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9 

11 

5 

3 

3 

21 

23 

20 

6 

6 

6 

15 

18 

13 

51. 0C 
17.5 
59.8 
42.3 
60.0 
44.2 

71% 
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42.6 


73.5<-„ 
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71 
22 


39 

84 


•At  midday  and  8  a.  m. 

Between  the  hours  of  8  a.  m.  and  4  p.  m.,  however, 
says  Cormack,  the  winter  temperature  may  be  said 
to  vary  between  50°  and  59°  F.  in  the  shade,  and  from 
75°  to  85°  F.  in  the  sun.  Occasionally  the  freezing 
point  is  reached.  The  air  is  moderately  dry,  as  indi- 
cated by  the  relative  humidity,  and  there  are  no  mists. 
The  rainfall  is  small,  and  for  the  six  months  rain  falls 
on  an  average  only  on  thirty-nine  days. 

There  is  a  very  large  amount  of  sunshine,  an  aver- 
age of  135  days  out  of  a  possible  181  days,  or  three- 
fourths.  There  is  an  average  of  twenty-two  days  of 
light  winds  and  twenty-two  of  strong  ones.  If  the 
winds,  especially  the  mistral,  could  only  be  eliminated, 
this  resort,  as  indeed  the  others  of  the  Riviera,  which 
in  like  manner  suffer,  would  be  most  delightful;  but 
the  health  resort  is  yet  to  be  discovered  in  which  every 
climatic  factor  is  favorable.  As  has  been  referred  to 
in  the  article  upon  Cannes,  the  climate  of  the  Riviera, 
in  the  writer's  opinion,  is  far  inferior  to  that  of  south- 
ern California,  with  which  it  is  comparable,  espe- 
cially in  temperature,  dryness,  the  amount  of  sunshine, 
and,  more  than  all,  in  regard  to  the  winds.  Southern 
California  is  free  from  high,  cold  winds  like  the  mis- 
tral. In  Southern  California  we  have,  moreover, 
that  degree  of  equability  which  is  nowhere  found  on 
the  Riviera. 

In  like  manner  comparing  the  Riviera  with  south- 
ern Florida,  we  find  that  the  climate  of  the  latter 
possesses  that  measure  of  warmth  and  equability 
which  is  not  found  in  the  former,  and  is  free  from  cold 
winds,  though  on  the  other  hand,  Florida  is  consid- 
erably moister  than  the  Riviera.  Speaking  in  general 
of  the  winter  climatic  characteristics  of  Hyeres,  we 
may  say  that  they  are  mildness,  purity  of  air,  abun- 
dant sunshine,  and  moderate  dryness.  On  the  other 
hand,  the  chief  feature  of  an  unfavorable  nature  is 
the  "fearful"  mistral.  "It  rakes  the  valley  from  end 
to  end,  with  no  obstacle  to  stop  it  or  turn  it;  it  blows 
sometimes  for  six  or  seven  days  together,  and  nights 
too!"  (Cazalis,  quoted  by  Burney  Yeo.)  Although 
cold,  this  mistral  is  a  very  dry  wind,  and  a  wind 
which  generally  brings  fine,  clear  weather.  The  air 
loses  its  humidity  and  becomes  dry,  cold,  penetrating, 
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and  irritating.     As  has  been  before  noted,  it  is  Dot 
frequent  until  February  or  March. 

The  invalid's  day,  as  given  by  Cormack  (op.  cit.), 
is  comprised  between  the  hours  of  10  a.  m.  and  '■',  p.  m. 
for  the  warmest  months,  and  between  11  a.  m.  and 
:i  p.  m.  when  the  days  are  colder.  At  sunset  there  is  a 
rapid  fall  of  temperature  which  renders  it.  dangerous 
fur  delicate  persons  to  go  out  after  that  time.  There 
is  also  a  marked  difference  between  the  sun  and  shade 
temperatures,  so  that  it  is  always  wise  to  be  provided 
with  a  wTap.  The  vegetation  is  luxuriant  and  varied. 
"The  mountains  and  hills  are  covered  with  trees  as 
green  in  the  winter  as  in  the  summer."  The  orange, 
olive,  and  palm  trees  are  seen  on  every  hand.  Roses, 
violets,  anemones,  hyacinths,  etc.,  are  sent  in  great 
quantities  during  the  winter  to  the  European  markets, 
and  early  fruit  and  vegetables  are  cultivated  for  the 
Paris  market.  There  are  many  charming  and  pic- 
turesque promenades,  and  in  this  respect,  says  Burney 
Yeo,  Hyeres  is  much  better  off  than  most  other  re- 
sorts on  the  Riviera.  The  outdoor  diversions  are 
many  and  varied;  botanizing,  butterfly  catching, 
antiquarian  research,  boating,  fishing,  golf,  tennis, 
etc.,  are  some  of  them.  The  valley  in  which  Coste- 
belle is  situated  is  better  sheltered  from  the  mistral, 
and  is  "enbosomed  in  pine  woods,  broken  here  and 
there  by  vineyards  and  olive  orchards.  .  .  .  Near 
the  shore  there  are  large  groves  of  olive  trees,  which 
are  finer  than  at  Hyeres  itself,  and  indicate  a  warmer 
climate"  (Sparks,  "The  Riviera").  The  water  supply 
of  Hyeres  is  said  to  be  good  and  the  sanitary  condition 
satisfactory,  except  in  the  old  portions  of  the  town. 
The  accommodations  are  good  and  abundant. 

As  to  the  class  of  invalids  for  which  the  climate  of 
Hyeres  is  beneficial,  the  testimony  is  conflicting. 
Cormack  says  it  is  "admirably  suited  for  cases  of 
phthisis,"  while  Drs.  Sparks,  Weber,  and  Yeo,  says 
Richards,  are  rather  non-committal.  In  the  writer's 
opinion,  the  value  of  this  climate  for  phthisis  is  very 
slight,  and  while  there  are  so  many  other  resorts  of 
approved  value  for  this  disease,  he  would  never  think 
of  sending  a  phthisis  patient  there,  for  the  reason  that 
the  cure  cannot  be  a  continuous  one  on  account  of  the 
heat  in  summer,  and,  secondly,  on  account  of  the 
winds,  especially  the  mistral. 

Of  other  diseases  said  to  receive  benefit  here,  there 
are  mentioned  various  bronchial  affections,  liver  com- 
plaints, Bright's  disease,  diabetes,  asthma,  heart 
disease,  rheumatism,  gout,  neuralgia,  some  forms  of 
dyspepsia,  chronic  intestinal  catarrh,  chronic  dysen- 
tery, and  the  feeble  condition  of  delicate  children. 
This  resort  is  also  suitable  for  that  large  class  of  the 
feeble  from  age  or  other  cause  who  sustain  life  with 
less  effort  in  any  mild,  sunny  climate  like  this;  and, 
finally,  for  that  class  who  temporarily  are  worn  out 
with  all  the  demands  of  city  life,  who  desire  a  change, 
per  se,  and  who  prefer  a  place  where  they  can  lead  a 
simple  life  out  of  doors  under  sunny  skies  and  in  pure 
air,  and  devote  themselves  to  rest,  and  freedom  from 
exacting  business  or  social  duties. 

Edward  0.  Otis. 

Hygiene  of  Dwellings. — See  House  Sanitation. 

Hygiene    of    Industrial    Establishments. — See 

Occupational  Diseases. 

Hygiene,  Military. — Military  hygiene  is  the 
science  of  preserving  and  promoting  health  among 
troops  in  garrison,  camp,  and  during  active  field 
service.  In  well-established  military  posts  and  gar- 
risons hygiene  and  sanitation  differ  very  little  from 
that  of  the  governmental,  state  and  municipal  insti- 
tutions and  colonies  of  civil  life,  especially  in  regard 
to  the  well-known  measures  for  the  promotion  of 
health  and  welfare,  such  as  water  supply,  heating, 
lighting,  ventilation,  sleeping  space,  bathing  facilities, 
disinfection,  sewerage  and  the  disposal  of  wastes. 

In  view  of  the  above  facts,  and  the  limited  space 
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allowed  by  the  publishers,  the  discussion  in  this 
article  will  principally  be  confined  In  the  military 
hygiene  and  sanitation  of  camp  life  and  active  service 
in  the  field. 

Recruitment. — Since  health  and  efficiency  among 
troops  depend  primarily  upon  the  mental  and 
physical  character  of  its  personnel,  the  recruitment 
of  any  army  becomes  one  of  the  most  important 
duties  of  the  military  medical  officer.  Faultless 
military  hygiene,  camp  sanitation  and  medical  care 
will  never  keep  troops  healthy  and  fit  them  to  endure 
the  hardships  of  active  field  service  unless  they  are  en- 
dowed with  good  constitutions  and  are  mentally, 
morally  and  physically  sound  at  the  time  of  enlistment . 

The  marked  difference  between  the  morbidity  and 
mortality  of  regular  and  volunteer  troops,  as  shown 
during  our  various  wars  in  favor  of  the  former,  re- 
sulted mainly  from  the  difference  in  the  care  of  their 
selection  and  examination.  For  this  reason  the  ad- 
mission rate  of  sickness  per  1,000  among  the  regular 
troops  was  fifty  per  cent,  lower  than  among  the 
volunteer  troops  during  the  Spanish  American  War 
in  many  instances,  even  when  occupying  the  same 
camps  and  performing  the  same  character  of  duty. 
Colonel  Valery  Havard,  a  distinguished  American 
Army  surgeon  states  that  during  the  Civil  War  the  an- 
nual mortality  from  disease  and  discharges  for  disabil- 
ity among  the  volunteers  were  respectively  fifty-five 
and  ninety-one  per  1,000,  while  they  were  only  thirty- 
two  and  sixty-eight  among  the  regulars.  During  the 
Philippine  Insurrection,  1900,  the  admission  rate  for 
disease  among  the  regular  troops  was  1,821  per  1,000, 
while  among  the  volunteers  it  was  2,762  per  1,000. 
The  mortality  rates  for  the  two  classes  were  re- 
spectively twelve  and  twenty-five  per  1,000. 

Greater  attention  is  now  paid  to  the  selection  and 
examination  of  the  recruit  than  ever  before  in  the 
history  of  the  army,  in  fact,  the  recruitment  of  the 
soldier  is  now  considered  a  specialty,  which  requires 
the  expert  knowledge  of  an  experienced  army  or 
naval  medical  officer.  From  the  nature  of  the  duty, 
as  well  as  from  an  economic  standpoint,  it  should 
be  apparent  to  every  military  man  that  the  recruit- 
ment of  an  army  is  purely  a  medical  question  and 
should  be  delegated  to  the  Medical  Corps  as  a  part 
of  its  regular  duties.  Recently  the  War  Depart- 
ment has,  in  a  measure,  anticipated  such  a  policy  by 
designating  officers  of  the  Medical  Corps  as  the 
recruiting  officers  of  the  various  recruit  depots,  posts, 
and  stations  of  the  army. 

Under  the  present  system  the  recruitment  of  the 
army  is  administered  by  two  classes  of  officers,  the 
medical  officer  and  the  line  officer,  the  latter  being 
assigned  to  the  recruiting  stations  in  the  large  cities, 
while  the  medical  officers  are  assigned  to  the  recruit 
depots,  regimental  recruit  posts  and  ordinary  sta- 
tions. The  line  recruiting  officer  makes  the  pre- 
liminary survey  of  the  candidate  for  enlistment,  and 
transfers  those  regarded  as  suitable  to  the  nearest 
recruit  depot  or  regimental  recruit  post,  where  they 
are  carefully  examined  by  a  board  of  medical  officers 
before  enlistment.  The  officer  in  charge  of  the  city 
recruiting  station,  who  is  not  necessarily  a  medical 
officer,  is  expected  to  discover  all  mental  and  physical 
defects  which  should  be  evident  to  the  experienced 
officer  without  professional  knowledge  on  the  subject. 

Besides  variations  from  the  prescribed  standards 
of  physical  proportions  as  given  in  General  Orders, 
War  Department,  April  IS,  1910,  the  line  recruiting 
officer  should  detect  lack  of  the  free  use  of  limbs  and 
joints,  defective  vision  and  hearing,  impediment  of 
speech,  deformities,  defective  teeth,  depression  of  the 
skull  from  injury,  pronounced  hernia,  varicocele, 
varicose  veins,  hemorrhoids,  obvious  skin  and 
venereal  diseases,  external  tumors  or  disqualifying 
cicatrices,  bad  feet,  shortness  of  breath,  palpitation 
of  the  heart,  and  other  defects  that  any  experienced 


officer  should  dcicd  in  a  stripped  examination.  While 
varicose  veins,  varicocele,  corns,  callosities,  hammer 
toes,  bunions,  and  flat  feet,  if  serious,  are  causes  for 
rejection,  the  minor  degrees  of  these  defects  arc  very 

common  among  men  who  lead  active  lives,   many  of 

whom  would  make  excellent  soliders.  Flat  feet  are 
(juite  common  among  the  negro  race,  many  of  whom 
are  affected  to  the  second  degree  apparently  with  no 
inconvenience. 

Officers  in  charge  of  city  recruiting  offices,  which 
may  be  regarded  as  the  first  line  in  recruitment,  are 

expected  also  to  inquire  carefully  into  the  habits  and 
family  history  of  each  applicant  in  order  + « >  weed  out 
the  alcoholics,  narcotic  addicts,  moral  perverts,  crimi- 
nal classes,  and  those  suffering  from  constitutional 
weakness  or  hereditary  tendencies. 

Unfortunately  our  system  of  examination  and 
family  investigation  is  too  superficial  to  deled  moral 
and  physical  degeneracy  in  many  accepted  recruits, 
who  subsequently  are  found  to  be  alcoholics,  narcotic- 
addicts,  epileptics,  morons,  moral  degenerates,  or  men 
who  have  previously  suffered  from  some  form  of 
mental  trouble  or  have  a  family  history  of  insanity. 
It  is  more  than  probable  that  the  majority  of  the  above 
mentioned  degenerates,  many  of  whom  desert  or  be- 
come garrison  or  general  prisoners,  could  have  been 
excluded  from  the  army,  had  a  more  careful  investiga- 
tion been  made  of  each  applicant's  history  and  family 
by  the  recruiting  officer  before  enlistment. 

The  physical  examination,  which  is  conducted  at 
the  recruit  depot  or  regimental  recruit  post  by  the 
medical  officers  is  regarded  as  exceedingly  thorough 
and  in  fact  more  careful  than  the  examination  re- 
quired for  an  ordinary  insurance  policy.  A  most  care- 
ful examination  is  essential  for  two  reasons:  first,  to 
secure  men  who  are  able  to  perform  active  field  ser- 
vice under  the  most  unfavorable  climatic  conditions, 
and  second,  to  prevent  the  enlistment  of  men  who 
may  become  a  burden  to  the  pension  list  on  account 
of  constitutional  weakness  or  disease  existing  prior 
to  enlistment. 

Applicants  for  enlistment  are  examined  stripped 
and  required  to  conform  in  weight,  height,  and  chest 
measurement  to  a  table  prescribed  in  recruiting  regu- 
lations. Those  under  weight,  height,  and  chest  meas- 
urement as  well  as  the  obese  arc  rejected.  The  sight 
is  tested  by  means  of  Snellen's  cards  adapted  to  the 
army,  and  the  hearing  by  repeating  words  spoken  in  a 
low  tone  at  prescribed  distances. 

Table   of  Phtsical  Proportions   for   Height,   Weight,  and 
Chest  Measurement  Required  of  Recruits. 


Height 

Weight 

Chest  Measurement 

Feet 

Inches 

At  expiration       Mobility 
(inches)              (inches  1 

5XV 

64 

128 

32 

5A 

65 

130 

32                       2 

5A 

66 

132 

32  J 

2 

5,7! 

67 

134 

33 

2 

5  A 

68 

141 

33  i 

21 

69 

148 

33  i 

21 

5}j 

70 

155 

34 

21 

5j» 

71 

162 

34  i 

21 

6 

72 

169 

34| 

3 

«,'. 

73 

176 

35  J 

3 

The  minimum  weight  for  all  branches  of  the  service  i-  128 
pounds,  subject  to  exceptions,  but  in  no  case  will  a  recruit  under  120 
pounds  be  accepted.  The  age  limits  are  from  eighteen  to  thirty- 
five  years.  No  minor  enlisted  except  with  consent  of  parents  or 
guardians.  Variations  in  weight  and  height  are  made  for  the 
different  branches  of  the  service,  namely  cavalry,  artillery,  and 
infantry. 

Applicants  are  put  through  a  series  of  calisthenic 
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movements  in  order  l<>  delect  defects  in  muscular 
and  joint  movements.  After  a  careful  survey  of  the 
body,    including   an    examination    for    hemorrhoids, 

hernia,  enlarged  glands,  skin  and  venereal  disease,  the 
heart,  lungs  and  abdominal  organs  are  carefully  ex- 
amined. Urinary  analysis  is  rarely  made  unless  there 
are  indications  of  kidney  trouble.  No  standard  is 
required  for  the  menial  examination,  but  each  recruit 
must  be  able  to  read  and  write  and  possess  a  good 
average  mind. 

The  most  common  causes  for  rejection  are  defective 
chest  development,  curvature  of  the  spine,  flat  feet, 
bunions,  hammer  toes,  defective  sight  and  hearing, 
hemorrhoids,  syphilis  and  chronic  skin  diseases, 
chronic  rheumatism,  large  cicatrices,  varicose  veins 
and  varicocele,  mutilations  of  hands  or  feet,  heart  and 
lung  diseases,  depressions  of  the  skull  from  injury,  al- 
coholism and  general  evidence  of  mental  hebetude 
and  vicious  tendencies. 

Physical  Development  and  Setting-up  Drill. — 
Regular  physical  exercises,  or  the  setting-up  drill, 
immediately  follow  the  enlistment  of  the  raw  recruit 
in  order  to  give  him  the  proper  military  bearing  so 
necessary  in  the  appearance  of  the  well-disciplined 
soldier,  as  well  as  to  develop  his  muscular  system  so 
as  to  bring  out  to  the  fullest  his  powers  of  endurance. 
From  time  immemorial  "setting-up"  exercises  have 
been  practised  in  all  armies  to  correct  the  physical  de- 
fects of  careless  habits  so  commonly  observed  among 
non-military  men.  A  few  months  of  well-regulated 
military  exercise,  as  a  rule,  transforms  the  uncouth 
slouchy  recruit  into  an  erect,  square-shouldered  active 
soldier,  and  gives  him  an  appearance  and  military- 
bearing  entirely  at  variance  with  the  commonality 
of  men.  Besides  the  effect  of  the  "setting-up  drill" 
on  the  general  appearance  and  muscular  development 
of  the  soldier  it  disciplines  the  mind  and  makes  him 
more  ready  to  respond  to  commands. 

The  well-disciplined  and  drilled  soldier  should  always 
preserve  a  physical  condition  which  would  enable 
him  to  undergo  forced  marches  and  the  hardships  of 
campaigns  at  all  seasons  of  the  year  and  in  every 
climate  provided  he  is  subjected  to  proper  sanitary 
regulations.  From  experience  military  men  have 
learned  that  soldiers  unaccustomed  to  systematic 
training  have  little  endurance  and  soon  fall  out  on  the 
march.  Such  men  in  a  short  time  find  their  way  to  the 
ambulance  train  and  become  the  most  undesirable 
impedimenta  connected  with  an  army  in  the  field. 

Daily  calisthenic  exercises  for  a  half  hour  or  hour 
daily  is  of  the  greatest  value  to  every  one  in  keeping 
the  muscles  under  perfect  control,  the  intestines  and 
abdominal  organs  active  and  the  body  inconvenienced 
by  surplus  flesh.  Practice  in  deep  breathing  should 
also  find  a  place  in  the  physical  exercises  of  soldiers 
because  in  calling  the  respiratory  muscles  into  enforced 
action  oxygenation  of  the  blood  is  increased  and  the 
general  health  improved.  Regular  military  calis- 
thenics should  be  held  in  the  open  air  when  possible 
and  not  continued  more  than  one  hour,  with  proper 
intervals. 

When  the  weather  is  rain}'  or  too  inclement  the 
exercises  should  be  given  in  barracks  or  the  gym- 
nasium, but  never  long  enough  to  tire  the  men.  Be- 
sides they  should  be  varied  each  day  as  far  as  possible 
to  make  them  interesting  and  acceptable.  Young 
soldiers  should  bo  carefully  watched  and  not  over- 
exercised  since  overtraining  is  liable  to  result  in  injury, 
especially  to  the  heart.  The  symptoms  of  over-train- 
ing are  muscular  pains,  headache,  gastric  disturbance, 
insomnia,  and  general  stiffness. 

The  United  States  Army  has  adopted  a  Manual  of 
Calisthenic  Exercises  and  a  Manual  of  Gymnastic 
Exercises  preparer!  by  First  Lieutenant  H.  J.  Koehler, 
U.  S.  A.,  Senior  Instructor  of  Military  Gymnastics 
at  the  United  States  Military  Academy,  West  Point, 
N.  Y.     Besides  these  two  excellent  manuals  a  manual 


of  Physical   Drill  prepared  by  Captain  Edmund  L. 

Units,  I.  S.  A.,  has  been  made  official  and  issued  our 
troops.      The  exercises  contained  in    the    .Manual    of 

Calisthenics  practically  involve  all  of  the  muscles  of 
the  body  and  are  arranged  in  the  form  of  commands  for 

quads  or  companies.  The  instruction  in  the  Manual 
of  Gymnastics  embrace  vaulting  horse,  horizontal  bar, 
parallel  bars,  rings,  ladders,  climbing  poles,  and  jump- 
ing. In  addition  to  out-door  drills  and  exercises  the 
men  are  required  to  attend  gymnasium  practice  at 
posts  provided  with  gymnasia.  Exercises  in  the  gym- 
nasium is  especially  required  during  winter  months 
or  rainy  season  when  exercise  in  the  open  is  not  possible 
Butts'  Manual,  which  is  quite  popular  and  largely 
used  in  the  Army,  embraces  rifle,  bar-bell,  and  dumb- 
bell drill,  in  addition  to  the  usual  gymnasium  and 
rope    exercises,  besides  athletic  games  and  contests 

The  exercises  and  movements  are  well  described  and 
the  manual  excellently  illustrated.  Butts'  rifle  drill 
is  adapted  to  the  use  of  a  squad,  company,  battalion, 
or  regiment  and  is  very  effective  when  accompanied 
by  the  regimental  band.  Men  who  have  been  in 
service  from  fifteen  to  twenty  years  are  too  old,  as  a 
rule,  for  the  rifle  drill  and  should  be  excused.  This 
drill  admits  of  a  great  variety  of  movements  and 
cannot  fail  to  be  attractive  and  useful.  (See  Plate 
NX  NIX.) 

During  the  various  calisthenic  exercises  and  drills 
the  men  should  be  permitted  to  wear  the  cap,  olive 
drab  shirt,  regulation  trousers,  leggins  and  shoes.  In 
barracks  or  gymnasium  they  should  be  permitted  to 
wear  the  regular  gymnasium  shoes. 

Uniform  and  Clothing. — The  uniform  and  cloth- 
ing of  the  United  States  Army  have  undergone  many 
radical  changes  since  the  war  with  Spain  in  1898. 
In  place  of  the  dark  blue  woolen  blouse  and  sky  blue 
trousers,  which  were  worn  at  that  time  for  field,  as 
well  as  garrison   duty,  both  in  winter  and    summer, 


Articles. 


Year. 


First.  Second.  Third.  Fourth. 


Breeches,  service  (woolen) 

Breeches,  cotton 

Caps,  dress 

Caps,  service 

Coats,  fatigue 

Coats,  dress 

Coats,  service,  cotton 

Coats,  service,  woolen 

Collars 

Cords,  breast.  ...  * 

Drawers 

Gloves,  white  cotton 

Gloves,  wool,  olive  drab. .  . 

Hats,  service  with  cord.  .     . 

Leggins,  canvas 

Shirts,  olive  drab  flannel  .  , 

Shoes 

Stockings,  cotton 

Stockings,  wool,  light 
weight. 

Suspenders  or  waist  1„  It- 
Trousers,  fatigue,  dis- 
mounted. 

Trousers,  dress 

Undershirts,  cotton  or 
winter. 


Total. 


7 

5 

2 

4 

5 

2 

6 

3 

37 

1 

15 

17 

4 

3 

7 

6 

10 

20 

12 

3 
5 

3 
15 


an  olive  drab  woolen  blouse  with  breeches  and  leggins 
have  been  adopted  for  winter,  and  a  dark  olive  drab 
cotton  blouse  and  breeches  with  leggins  for  summer, 
and  duty  in  the  Philipines,  Porto  Rico  and  the  Canal 
Zone.  There  has  been  a  general  movement  among 
all  of  the  great  world  powers  to  modify  the  service  and 
field  uniform  with  a  view  to  comfort,  health,  simplicity 
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and  inconspicuousness  in  the  field,  instead  of  follow- 
ing regimental  traditions  which  had  forced  upon  cei 

tain  organizations  an  obsolete  and  gaudy  dress  worn 
more  than  a  century  or  more  ago. 

The  service  colors,  olive  drab  and  dark  khaki,  have 
been  found  more  practical  in  the  field  in  every  respect 
and  possess  the  great  advantage  of  inconspicuous- 
ness  during  an  engagement,  which  was  made  neces- 
sary on  account  of  the  long  range  of  the  modern  rifle. 
Besides  the  advantage  of  invisibility  to  the  enemy  and 
quality  of  not  showing  dirt  as  readily  as  the  dark  uni- 
form the  present  service  colors  are 
much  cooler  during  warm  weather 
since  these  neutral  tints  absorb  less 
heat  from  the  sun's  rays.  An 
olive  drab  sweater  is  used  for  field 
service  over  the  flannel  shirt  when 
necessary  instead  of  the  blouse. 

The  preceeding  table  of  allow- 
ance shows  the  clothing  in  kind  for 
each  enlisted  man  during  his  four 
years  of  active  service. 

For  the  payment  of  the  above 
articles  of  uniform,  besides  cap 
and  collar  ornaments,  each  soldier 
is  allowed  $149.21  during  the  four 
years  of  active  service,  which  is 
sufficient  to  purchase  the  clothing 
allowance  during  that  period. 
Heavy  olive  drab  woolen  over- 
coats, olive  drab  sweaters  for 
field  service,  ponchos  and  slickers 
are  issued  soldiers  on  memor- 
andum receipts. 

The  dress  suit  which  consists  of 
a  dark  blue  blouse  with  service  or 
corps  facings  and  breast  cord,  sky 
blue  trousers  and  dark  blue  cap 
is  used  by  the  enlisted  men  for 
parades,  guard  mounting  and  spe 
cial  ceremonies,  when  prescribed 
by  the  commanding  officer. 

The  shape  of  the  present  service 
hat,  Montana  Peak,  is  not  as  satis- 
factory as  the  old  shape,  the 
Alpine,  issued  several  years  ago, 
principally  because  the  brim  is 
stiff  and  crown  soon  loses  its 
shape. 

The  army  is  now  provided  with 
an  excellent  field  and  garrison  uni- 
form which  meets  with  all  of  the 
requirements  of  health,  comfort, 
and  service.  The  under-clothing 
and  shoes  are  excellent  and  have 
been  adopted  after  careful  inves- 
tigation and  trial.  Experiments 
were  made  with  orange  colored 
underclothing  in  the  Philippines  a 
few  years  ago  to  determine 
whether  the  actinic  rays  of  the 
sun  caused  sickness  among  the 
troops  and  a  general  lowering  of 
the  health.  Orange  colored  cot- 
ton underclothing  was  worn  by 
one  or  two  regiments  for  a  year, 
with  no  appreciable  difference  in 
the  health  conditions  of  the  men. 


the  service  shoe,  a  gymnasium  .shoe  is  issued  to 
enlisted  men. 

Soldier's     Field     Equipment.     Everj      infantry 

soldier  carries  on  his  person  in  the  field  a    blanket  roll, 

havei  acl  .  canteen  ami  cover,  besides  his  rifle,  bayo- 
net and  scabbard,  licit  and  LOO  rounds  of  ammunition, 
tin  cup  and  firsi  aid  package.  Besides  these  each 
squad    carries  one  hand-axe    and    carrier,  one  pick 

mattock   and   carrier,   one   wire    cutter,   three   shovel 
and  carriers.      Each  soldier  is  also  required  to  have  a 


Abdominal  bands 
or  protectors  were  also  used  for  the  prevention  of  in- 
testinal disturbances  among  our  troops  in  the  tropics. 
They  were  difficult  to  retain  in  position  and  their  use 
has  been  generally  discarded. 

The  regulation  russet  leather  shoe,  now  worn  for  all 
occasions,  was  adopted  on  the  recommendation  of  the 
Munson  shoe  board,  and  meets  all  of  the  require- 
ments for  garrison  or  marching  duty.  It  is  broad 
across  the  ball  of  the  foot,  has  a  wide  sole  and  soft 
toe  cap,  and  laces  snugly  around  the  ankle.     Besides 


is    transported     by 


Fig.  3305. — Infantry  Soldier  Equipped  for  the  Field.     Side  and  rear  views. 

surplus    kit    of    clothing    which 
wagon. 

The  blanket  roll  contains  one  blanket,  one  poncho, 
five  tent  pins,  one  length  of  rope,  and  one-half  shelter 
tent.  The  haversack  contains  one  towel,  piece  soap, 
comb,  tooth  brush,  meat  can,  knife,  fork,  spoon,  one 
condiment  can  with  space  for  coffee,  sugar,  salt  and 
pepper,  and  one  pair  light  woolen  socks.  The  sur- 
plus kit  contains  one  extra  pair  marching  shoes,  one 
extra  pair  lacers,  two  pairs  light  wool  socks,  one 
pair  underdrawers,  one  undershirt,  and  one  sweater. 
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The    personal    equipment    carried    on    the    march    by 
each  infantry  soldier  weighs  forty-eight  pounds. 

Rations  and  Food. — The  selection  of  a  suitable 
ration  for  the  army  has  been  the  subject  of  official 
investigation  and  study  from  the  organization  of 
the  first  continental  troops  to  the  present  day,  and  it 
is  more  than  doubtful  whether  the  problem  will  ever 
be  settled  to  the  entire  satisfaction  of  military  au- 
thorities on  account  of  the  irregular  life  of  the  soldier, 
including  as  it  docs  such  a  variety  of  service  and 
climatic  conditions. 

Professor  Atwater  says:  "The  ideal  diet  is  that 
combination  of  foods  which,  while  imposing  the  least 
burden  on  the  body  supplies  it  with  exactly  sufficient 
materials  to  meet  its  wants."  Professor  R.  II. 
Chittenden,  one  of  the  greatest  authorities  on  the 
subjects  of  foods,  claims  the  ideal  diet  to  be  the  small- 
est amount  of  proteins,  fats,  and  carbohydrates 
sufficient  to  establish  and  maintain  the  physiolo^iral 
and  nitrogen  equilibrium,  to  keep  up  that  strength 
of  body  and  mind  essential  to  good  health,  to  maintain 
the  highest  degree  of  physical  and  mental  activity 
with  the  smallest  amount  of  friction  and  the  least 
expenditure  of  energy,  and  to  preserve  and  heighten 
the  ordinary  resistance  of  the  body  to  disease  germs. 

Professor  Chittenden  devoted  many  years  to  the 
study  of  maintaining  the  so-called  nitrogen  equilibrium 
in  professional  men,  athletes  and  soldiers,  and  con- 
cluded that  the  proper  daily  diet  for  a  man  weighing 

1.  Garrison'    Ration. 


Component  articles  and 
quantities. 


Beef,  fresh . 


Flour 

Baking   powder 
Beans 

Potatoes 

Prunes 

Coffee,  roasted 
and  ground. 

Sugar 

Milk,  evapor- 
ated. 

Vinegar 

Salt 

Pepper,  black.. . 

Cinnamon 

Lard 

Butter 

Sirup      

Flavoring    ext., 

lemon. 


20.0      ounces 


18.0       ounces 


0. 08     ounces 
2.4       ounces 


20.0       ounces 


Substitution  articles  and 
quantities. 


1.28  ounces 

1 .  12  ounces' 

3.2  ounces 

0.5  ounces' 

0.16  gill 


Mutton,  fresh.. .  . 

Bacon 

Canned  meat. . .  . 

Hash,  corned 
beef. 

Fish,  dried 

Fish,  pickled 

Fish,  canned 

Chicken  or  tur- 
key, fresh. 

Soft  bread 

Hard  bread 

Corn  meal 

Rice 

Hominy 

Onions 

Tomatoes  (1) 

Other  fresh  vege- 
tables. 

Apples,    evapo- 
rated. 

Peaches,  evapo- 
rated. 

Jam 

Coffee,  green 

Tea 


20.0  ounces 

12.0  ounces 

16.0  ounces 

16.0  ounces 

14 .0  ounces 

18.0  ounres 

16.0  ounces 

16.0  ounces 

18.0  ounces 

16.0  ounces 

20.0  ounces 


0. 64    ounces 
0.04     ounces 

0.  014  ounces 

0   64  ounces 

0 . 5  ounces 

0.32  gill 

i)  ol  l  -ill 


Pickles,  cucum- 
ber in  lieu  of 
vinegar,  not  ex- 
ceeding 50  per 
cent,  total  issue 


Cloves 

Ginger 

Nutmeg 

Lard  substitute 

Y.inila 


1.6 

1.6 

20.0 

20.0 

20.0 

1.28 


1 .  28     ounces 


ounces 
ounces 
ounces 
ounces 
ounces 


1.28 
1.4 

0.32 


ounces 
ounces 
ounces 


0.014  ounces 
0.014  ounces 
0014  ounces 
0 .  64     ounces 

0.014  ounces 


The  garrison  ration  weighs  four  pounds  and  five  ounces. 
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154  pounds  should  not  exceed  sixty  grams  of  proteids 
with  enough  fats  and  carbohydrates  to  make  up  a 
total  fuel  value  not  exceeding  2,800  calories. 

A  ration  is  the  allowance  for  the  subsistence  of 
one  person  for  one  day,  and  may  consist  of  the 
garrison  ration,  field  ration,  reserve  ration,  travel 
ration,  emergency  ration  and  Filipino  ration.  The 
garrison  ration,  which  forms  the  bases  of  the  others, 
except  the  emergency  ration,  is  intended  for  troops 
serving  in  garrison,  maneuver  camps  and  other  oc- 
casions, in  time  of  peace,  where  practicable.  The 
kinds  and  quantities  of  the  component  articles  of  the 
garrison  ration  and  thesubstitutionequivalentarticles, 
which  may  be  issued  in  place  of  such  component  part 
is  as  shown  above: 


Field  and 

■eserve  rations. 

No.  1.            No.  2. 

No.  3            Keserve 
ration. 

14.0    oz. 

14.0     oz. 

Bacon 12.0      oz 

3.6    oz.      12.0    oz. 



Chicken  or  turkey 

L6  0    oa 

16  'i  ■>/.. 

16.0    oz. 

1G.0    oz. 

4.0    oz. 

4.0    oz. 

4.0    oz. 



14.0    oz. 

14.0    oz. 
2.0   oz. 

10.0    oz. 

5.0     oz. 

2.0    oz. 

Other  fresh  vegc- 

1 .  28  oz. 

1.28  oz. 

0.128  oz. 
0  128  oz. 

Apples.      evapo- 

Peaches,     evapo- 

0.64  oz. 
1.12  oz. 

Coffee,      roasted, 

1 .  28  oz. 

1.12  oz. 

1.  12  oz. 

2.4    oz. 

2.4     oz. 

3.2    oz. 

8.0   gill 

Salt 

0.16  oz. 

0.16  oz. 
0.02  oz. 

0.64  oz. 
0 .  04  oz. 

0.16  oz. 



2.9351b. 

3.85  lb. 

4.0  lb. 

1.98  1b. 
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1.  Onions,   tomatoes,    and    other   fresh    vegetables 
may  be  issued  in  lieu  of  an  equal  quantity  of  pota- 
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toes,  but  not  exceeding  twenty  per  cent,  of  the  total 
issue.  In  Alaska  the  allowance  of  fresh  vegetables  will 
be  twenty-four  ounces  instead  of  twenty  ounces,  or 
canned  potatoes  eighteen  ounces  instead  of  fifteen 
ounces.  Food  for  troops  traveling  on  I'nitrd  Slates 
Transports  will  be  prepared  from  articles  of  subsist- 
ence stores  which  compose  the  rations  for  troops  in 
garrison,  varied  by  the  substitution  of  other  arti- 
cles of  authorized  subsistence  stores,  the  total  daily 
cost  per  man  of  food  consumed  not  to  exceed  twenty 
per  cent,  more  than  the  current  cost  of  the  garrison 
ration,  except  on  Thanksgiving  Day  and  Christmas 
when  sixty  per  cent,  increase  over  the  same  current 
cost  is  authorized. 

Travel  Ration. 


Component  articles  and  quantities. 


Soft,  bread 

Beef,  corrned 

Beans,  baked 

Tomatoes,  canned 

Jam 

Coffee,  roasted,  ground 

Sugar 

Milk,   evaporated,   un- 
sweetened   


oz. 


IS    0 
12.0 

4.0  oz, 

8.0  oz. 

1.4  oz. 

1.12  oz. 

2.4  oz. 

0.5  oz. 


Substitution    articles    and 
quantities. 


Hard  bread 

Hash,  corned  beef 


L  6  o  z . 
12  oz. 


The  travel  ration  is  for  troops  traveling  otherwise  than  by  march- 
ing and  separated  from  cooking  facilities;  the  reserve  ration  is 
carried  on  the  person  of  the  men  and  in  trains,  and  constitutes  the 
reserve  for  field  service.  The  field  ration  is  the  ration  prescribed 
by  the  commander  of  the  field  forces.  Besides  the  garrison,  field, 
reserve,  and  travel  ration  the  government  has  adopted  a  ration  for 
the  use  of  the  Filipino  scouts. 

Filipino  Ration. 


Component  articles  and  quantities. 


Substitution  articles  and 
quantities. 


0.12  oz. 

8  oz. 

Beef,  fresh 

Canned  meat 

Fish,  canned 

8  oz. 
12  oz. 

12  oz. 

0.8    oz. 

0.32  oz. 
0.20  oz. 

Baking  powder 

Rice,  unpolished 

S  oz. 

Coffee,     roasted     and 

ground 

Sugar 

Vinegar 

1.0    oz. 
2.0    oz. 
0.08  gill 
0.64  oz. 

Pepper,  black 

Scout  company  commanders  are  authorized  to 
purchase  1.6  ounces  of  beans  in  substitution  for  rice 
ration  not  drawn.  They  will  purchase  native  prod- 
ucts such  as  camotes,  mangos,  and  squash.  In  time 
of  war  when  Philippine  Scouts  are  serving  in  the  field 
they  will  be  subsisted  the  same  as  regular  troops. 

Emergency  Ration. — Considerable  effort  has  been 
directed  to  the  preparation  of  a  concentrated  or  emer- 
gency ration  to  be  used  on  forced  marches  or  oc- 
casions where  the  ordinary  field  ration  was  not  pro- 
curable. A  number  of  different  formula'  have  been 
devised  by  the  various  armies  of  the  world  but  none 
have  been  found  entirely  satisfactory.  Several  years 
ago  the  United  States  adopted  an  emergency  ration, 
consisting  of  three  wheat  and  meat  cakes,  three  choc- 
olate cakes,  salt  and  pepper,  put  up  in  a  hermeti- 
cally sealed  khaki  colored  lacquered  can  with  key 
opener.  This  contained  three  meal  rations,  weighed 
twelve  ounces  net  and  according  to  Professor  Lang- 
worthy  had  a  fuel  value  of  1,500  calories.  Colonel 
Havard  offered  as  an  objection  to  this  ration  that  it 
required  special  plants  for  its  preparation  and  that 


in  case  of  mobilization  on  a  large  .scale  the  supply 

would     utterly     fail.      Later     an     emergency     ration 

was  devised  which  contained  the  following  food 
components:   45.45  per  cent,  chocolate   Liquor;    7.27 

per  cent,  casein,  equal  to  micleueaseiii ;  7.27  per  cent. 
malted  milk;  14.55  per  cent,  egg  albumen;  21.82  per 
cent,  powdered  cane  sugar;  3.64  per  cent,  cocoa 
butter  (percentage  of  moisture  nut  to  exceed  three 
per  cent).     All  of  the  components  to  be  of  the  best 

quality  and  to  be  .subject    tn  inspection  and  approval 

a1  each  stage  of  manufacture.     Each  ration  consisted 

of  three  cakes  of  equal  size  and  weighed  eight  ounces 
net.  They  were  wrapped  in  paraffin  paper  and  tin 
foil,  and  packed  in  hermetically-sealed  round-cornered 
tins  which  were  thoroughly  lacquered.  This  ration  did 
not  prove  satisfactory  or  acceptable  to  the  men  and 
has  been  discontinued.  At  the  present  time  the 
United  Stales  Army  has  no  officially  recognized 
emergency  ration. 

Peddlers  and  Hucksters. — Peddlers  and  hucksters 
vending  soft  drinks,  pies,  fruits,  and  other  articles  of 
diet  should  be  prohibited  from  camp.  The  sale 
of  such  articles  should  be  limited  to  company  and 
regimental  exchanges,  where  they  can  undergo  careful 
supervision.  The  promiscuous  sale  of  such  foods 
and  drinks  is  a  menace  to  the  health  of  the  com- 
mand and  liable  to  produce  intestinal  disturbances, 
indigestion,  and  even  typhoid  fever  in  those  not 
protected  by  typhoid  vaccination.  The  source  of 
the  milk  supply  should  be  carefully  examined  by  the 
medical  officer  and  prohibited  from  dairies  uncleanly 
or  improperly  kept. 

Field  Cooking  and  Baking. — Theoretically  every 
soldier  is  expected  to  be  capable  of  preparing  his  own 
food  in  the  field  and  is  provided  with  an  individual 
frying  pan  or  "meat  can"  for  this  purpose.  The 
meat  can  is  made  of  heavy  block  tin  with  cover  and 
hinged  folding  handle,  and  is  intended  both  for  a  fry- 
ing pan  and  dish.  Besides  the  meat  can,  each  soldier 
is  furnished  a  knife,  fork,  spoon,  and  tin  cup  as  part 
of  his  individual  field  kit.  The  government  pro- 
vides each  company  in  garrison  with  an  excellent 
army  range  and  a  complete  set  of  cooking  utensils. 
Company  kitchens  are  also  equipped  with  ice  boxes, 
refrigerators,  vegetable  bins,  dish  closets,  tables,  and 
the  ordinary  furniture  found  in  all  well  regulated 
kitchens. 

For  the  field  each  company  is  furnished  an  army 
field  range  No.  1  with  set  of  cooking  utensils, 
which  has  a  cooking  capacity  for  150  men.  The 
company  field  range  is  made  of  heavy  sheet  iron, 
weighing  264  pounds  including  utensils,  and  con- 
sists essentially  of  two  parts,  the  oven  and  boiling 
plate.  The  boiling  plate  has  three  sections  which  are 
shown  in  P'ig.  3306.  On  the  march  the  range  is  ordi- 
narily set  up  by  leveling  the  ground  and  placing  the 
oven  and  boiling  plate  side  by  side  so  that  the  oven 
door  and  fire  box  will  be  at  the  same  end.  Besides 
Army  field  range  No.  1,  a  smaller  size,  No.  2,  is 
furnished  to  cook  for  55  men.  This  range  weighs 
about  150  pounds  and  is  not  provided  with  the  Alamo 
attachment.  It  consists  also  of  two  parts,  the  oven 
and  boiling  plate  and  is  practically  installed  the  same 
as  No.  1. 

Many  practical  methods  of  preparing  food  in  the 
field  are  employed  by  experienced  soldiers,  when  it  is 
impracticable  to  take  the  field  range  on  account  of 
limited  transportation.  In  such  cases  it  will  become 
necessary  to  prepare  the  food  in  a  more  primitive 
style.  On  such  occasions  Dutch  ovens,  camp  kettles, 
or  the  meat  can  and  tin  cup  are  usually  employed. 
An  improvised  kitchen  may  be  easily  constructed  by- 
digging  a  trench  four  feet  long  and  one  foot  deep  in  the 
direction  of  the  wind  with  a  chimney  at  the  wind- 
ward end  made  of  stone,  sod  or  mud.  The  trench 
should  be  several  inches  less  in  width  than  the 
kettles.  If  the  material  be  at  hand  the  trench  may- 
be closed  leaving  several  holes  along  its  course  for 
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camp  kettles.  On  one  side  of  the  kitchen  a  "wind 
break"  should  l"1  buill  of  brush,  branches  of  limbs  or 
shelter  tent  half    (Eig.  3307). 

A  very  primitive  but  serviceable  kitchen  may  be 
made  by  laying  two  logs,  eight  to  ten  inches  in 
diameter,  parallel  and  just  far  enough  apart  to  forma 
rest  for  the  bottom  of  the  camp  kettles.  In  place 
of  the  logs  a  ditch  from  four  to  six  feet  long  one  fool 
deep  and  eighteen  inches  wide  will  serve  as  an  ex- 


companies  for  war  service.     They  are  formed  from 
enlisted  bakers  of  the  Quartermaster  Corps,  with 
civilians   as   may   be   necessary.     Bach    company   is 

divided  into  four  sections  (A,  B,  C,  and  D)  Of  three 
units  each,  and  is  intended  to  bake  bread  for  one-  Divi- 
sion. Bakery  companies  are  equipped  with  sixteen 
ovens  besides  the  other  equipment  and  necessary 
tentage.  The  company  may  be  separated  into  units 
or  sections.      One  unit   is  supposed  to  be  able  to  serve 


Fig.  330(3. — New  Army  Range. 

cellent  fire  bed.  The  kettles  ean  be  suspended  above 
on  a  sapling  supported  by  forked  sticks.  Although 
the  Army  field  range  contains  an  oven  it  is  not  in- 
tended for  baking  the  bread  component  of  the  ra- 
tion. Soft  bread  is  issued  to  troops  in  the  field  when 
practicable,  otherwise  hard  bread  is  served.  In 
permanent  or  semi-permanent  camps  the  Army  field 
oven  is  employed  for  baking  the  bread.     The  rcgi- 


Fla.  3307.— Improved  Field  Kitchen. 

mental  field  oven  No.  1,  has  a  capacity  for  baking  216 
rations  and  1,000  if  kept  in  operation  during  the 
twenty-four  hours.  Field  oven  No.  2  has  a  capacity 
of  240  rations  and  weighs  1,232  pounds.  The  weight 
of  this  oven  and  equipment  is  about  2,607  pounds. 

A  school  for  bakers  and  cooks  has  been  established 
at  Fort  Riley,  Kansas,  for  a  number  of  years  to  which 
men  are  sent  for  instruction  in  this  most  important 
duty.     The  government  has  also  organized   Bakery 
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Fig.  3308. — Army  Field  Baking  Oven  No.  1. 

one  regiment  and  one  section  one  separate  brigade 
The  bakery  company  at  peace  strength  will  consist 
of  three  organized  sections  and  one  unorganized  sec- 
tion. The  equipment  of  the  fourth  section,  however, 
is  to  be  kept  on  hand. 

Personnel,  Bakery  Company,  War  Strength. — Com- 
missioned officer,  1 ;  chief  baker,  1 ;  assistant  chief 
bakers,  4;  bakers,  20;  assistant  bakers,  32;  cooks,  2; 
cooks  or  general  police,  2;  total,  62. 

Water  Supply  and  its  Purification. — A  pure  and 
satisfactory  water  supply  is  probably  the  most  im- 
portant, as  well  as  the  most  difficult  problem,  con- 
nected with  the  sanitation  of  troops  during  active 
military  service  in  time  of  war,  or  during  field  man- 
euvers and  practice  marches  in  time  of  peace.  The 
water  supply  of  permanent  posts  or  garrisons,  which 
are  located  in  or  near  cities  and  towns,  is  usually 
drawn  from  the  municipal  system,  while  the  supply 
for  remote  posts  is  taken  from  fresh  water  streams, 
springs  or  driven  or  artesion  wells,  whose  quality  and 
quantity  were  investigated  before  the  location  of  the 
post.  A  few  military  stations  still  use  rain  water, 
which  is  collected  in  cisterns,  or  water  hauled  from 
springs  at  a  distance,  or  distilled  from  salty  or  brakish 
wells. 

Great  attention  is  always  paid  to  the  water  supply 
by  modern  military  sanitarians  on  account  of  its 
important  bearing  on  the  health  and  efficiency  of  the 
troops.  It  has  been  said  that  on  account  of  its  great 
importance  in  Manchuria  during  the  Russo-Japanese 
War  the  commanders  of  Japanese  troops  sent  out 
sanitary  scouting  squads  equipped  with  microscopes 
and  reagents,  to  test  possible  supplies  and  condemn 
and  mark  those  found  polluted.  Guarding  the  water 
supply  is  one  of  the  most  important  duties  for  the 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES 


Hygiene,  Military 


safety  of  a  command  in  the  field.  Sentinels  should 
be  posted  and  stringent  measures  used  to  punish  any 
one  caught  in  violating  sanitary  regulations  for  its 
protection. 

The  investigation  of  water  for  drinking  purposes 
demand  an  examination  into  the  following  conditions: 
(1)  Organic  and  inorganic  matter;  (2)  pathogenic 
microorganisms;  (3)  parasites  and  microscopic  life. 

The  determination  of  organic  matter  in  water  is  of 
greater  importance  than  the  determination  of  its 
mineral  constituents  and  requires  chemical  appliances 
and  agencies.  A  simple  test  is  the  "combustion 
process"  which  can  be  made  by  evaporating  a  given 
quantity  of  water  in  a  platinum  dish  after  weighing, 
and  ascertaining  the  loss  of  weight  by  ignition.  The 
blackening  of  the  capsule  and  odor  given  off  during 
the  process  have  an  important  bearing  on  the  amount 
of  contamination. 

The  percentage  of  froe  ammonia  and  albuminoid 
ammonia  are  determined  by  the  Nessler  process,  which 
requires  careful  distillation,  and  use  of  the  standard 
Nessler  tubes  and  solutions.  According  to  Wanklyn, 
water  containing  over  0.15  of  albuminoid  ammonia 
per  million  should  be  condemned.  An  excess  of  free 
ammonia  or  albuminoid  ammonia  indicates  active  de- 
composition and  is  always  a  suspicious  sign.  The 
maximum  limit  proposed  by  Leeds  are:  Free  am- 
monia 0.01  to  0.12  per  million;  albuminoid  ammonia 
0.10  to  0.28  per  million. 

Nitrates  in  water  indicate  active  fermentative 
changes  and  invite  suspicion.  The  nitrates  indicate 
the  completed  process  of  the  oxidation  of  nitrogenous 
organic  matter  and  contamination  at  some  previous 
time.  Chlorine  is  generally  found  in  water  and  is 
harmless  when  not  in  excess.  The  hardness  of  water, 
which  is  common  in  limestone  regions,  in  moderation, 
is  not  material  and  results  from  the  solubility  of  alka- 
line salts,  lime,  magnesia,  baryta,  alumina,  and  other 
minerals.  Soft  water  results  from  passage  through 
silicious  rock  or  rains.  Hard  water  may  be  more  or 
less  softened  by  boiling  or  the  use  of  ordinary  washing 
soda.  Carbon  dioxide  (C02)  is  expelled  by  heat  and 
the  bicarbonates  transformed  into  simple  carbonates 
which  are  precipitated.  The  addition  of  washing 
soda  sets  up  a  reaction  and  creates  sodium  bicarbonate 
and  the  carbonate  of  calcium. 

Practically  all  natural  waters  contain  bacteria 
which  vary  greatly  in  number  and  variety,  according 
to  place  or  condition.  Besides  pathogenic  organisms 
water  contains  many  forms  of  bacteria,  saprophytic  in 
nature,  and  probably  more  beneficial  than  harmful. 
The  principal  dangerous  and  harmful  organisms  found 
in  drinking  water  are  the  bacillus  of  typhoid  fever, 
cholera,  bacillary  dysentery,  amebic  dysentery,  and 
the  bacillus  coli  communis.  The  colon  bacillus  is  very 
widely  distributed,  but  finds  its  normal  habitat  in  the 
intestine  of  man  and  other  animals. 

The  sanitary  significance  of  colon  bacilli  varies  with 
their  number,  but  indicates  pollution.  As  a  rule, 
ground  water  which  contains  the  colon  bacilli  should 
be  condemned  for  drinking  purposes.  The  fermenta- 
tion test  is  employed  as  a  rule  to  detect  the  presence 
of  colon  bacilli.  A  small  quantity  of  the  suspected 
water  is  planted  in  lactose  bile  or  lactose  bouillon  in 
fermentation  tubes  and  incubated  at  40°  C.  The 
absence  of  fermentation  and  gas  indicates  absence  of 
the  bacilli,  while  the  contrary  indicates  their  presence. 
Both  of  these  conclusions  at  times  are  misleading  on 
account  of  the  preponderance  of  other  nonactive 
species,  while,  on  the  other  hand,  many  organisms 
other  than  the  colon  bacillus  found  in  water,  ferment 
sugar  with  gas  production.  Before  labeling  it  Bacillus 
coli  a  pure  culture  of  the  suspected  organism  should 
be  made  and  passed  through  the  well-known  tests. 

The  search  for  the  typhoid  bacillus  is  very  difficult 
on  account  of  their  comparative  fewness.  There  are 
several  organisms  in  water  closely  resembling  the 
B.  typhosus,  some  of  which  give  pronounced  aggluti- 


nation  with  specific    erum.     With  the  use  of  modem 
method    and   Kudo's  medium  they  may  be  isolated 

fr /;.  proteus,  B.  flsuoreacena,  and  even B.  coli  which 

sometimes  agglutinate  with  typhoid  serum.  The 
cholera  vibrio  may  be  detected  in  water  by  making 
Dunham's  solution  of  the  water  itself.  The  bacillus 
of  bacillarj  dysenterj  closely  resembles  the  typhoid 
bacillus  but  differs  from  Hie  latter,  inasmuch  as  it  has 
limited  or  no  mot ility .  More  fundamental  differeni  i 
are  found  in  its  biological  properties,  such  as  specific 
agglutination  and  pathogenic  poison. 

There  are  two  well-recognized  types  of  B.  dysen- 
Itritv,  one  corresponds  to  Shiga's  bacillus  discovered  in 
1V.I7  and  one  found  by  Flexner  in  Manila  several  years 
later.  There  an:  marked  differences  between  the 
amebic  and  bacillary  types  of  dysentery;  the  former 
starts  insiduously  and  is  characterized  by  relapses 
and  recurrences  or  a  chronic  condition  associated 
with  intestinal  ulcers,  liver  abscess  and  extreme 
emaciation.  Bacillary  dysentery,  on  the  other  hand, 
is  an  acute  affection  usually  self  limited  with  marked 
symptoms  of  toxemia  and  frequently  epidemic. 
Amebic  dysentery  is  of  common  occurrence  in  the 
tropics,  and  is  due  to  an  animal  parasite  of  minute  size 
in  the  form  of  a  round  mass  of  living  substance,  en- 
dowed with  motion,  through  which  it  enters  or  en- 
velopes cellular  structure  causing  ulcers  and  intestinal 
hemorrhage. 

Besides  the  above  mentioned  bacilli  and  ameba 
drinking  water  may  be  polluted  with  streptococci,  the 
eggs  of  intestinal  parasites  such  as  ascaris,  oxyuris, 
tricocephalus,  tenia,  ankylostomum,  etc.  Drinking 
water  may  also  contain  many  forms  of  cryptogamic 
life,  such  as  fungi,  alga;,  desmids,  diatoms,  sponges, 
infusoria,  etc.,  which  have  little  bearing  on  its  sani- 
tary value,  beyond  the  disagreeable  odors  they  may- 
produce. 

The  methods  employed  for  the  purification  of  water 
embrace:  (1)  Chemical  treatment.  (2)  Boiling  and 
distillation.  (3)  Filtration.  Chemical  agents  purify 
water  by  the  oxidation  of  its  organic  matter  and  mi- 
crobes or  by  the  precipitation  of  its  matter  in  suspen- 
sion. Permanganate  of  potassium  has  been  used  many 
years  for  the  purification  of  water  and  has  proven  more 
or  less  satisfactory.  One  grain  to  a  quart  of  water  is 
added  to  the  suspected  water  until  a  pinkish  tinge 
remains  for  about  thirty  minutes.  Filtration  is 
recommended  afterward  to  remove  the  precipitate. 
Bromine,  according  to  Shumburg's  method,  and  iodine, 
according  to  Vaillard,  have  also  been  employed  for  the 
chemical  purification  of  water.  Alum,  sulphate  of 
iron  and  alum,  metallic  iron,  and  the  sulphate  of  copper 
have  also  been  used  for  this  purpose.  Ozone  is  one  of 
the  best  chemical  agents  known,  but  is  not  available  for 
fluid  purposes  at  present  on  account  of  the  complexity 
of  the  necessary  apparatus. 

Chlorine  in  the  form  of  bleaching  powder  has  become 
a  popular  and  efficient  method  recently  and  depends 
upon  the  liberation  of  oxygen,  which  takes  place  in 
the  water.  The  calcium  hypochlorite  combines  with 
the  CO»  to  form  calcium  carbonate  and  the  liberated 
chlorine  unites  with  the  water  to  form  HC1  thus  liber- 
ating the  oxygen  which  accomplishes  the  destruction  of 
the  bacteria.  Clark  and  Gage  have  shown  that  better 
results  were  obtained  by  using  about  0.9  grain  sulphate 
of  alumina  and  about  0.7  grain  of  soda  per  gallon  in 
combination  with  bleaching  powder,  equivalent  to 
0.11  part  per  100,000  available  chlorine,  than  when 
nearly  double  the  amount  of  sulphate  of  alumina  and 
soda  were  vised  without  the  disinfectant. 

Major  William  Lyster,  Medical  Corps,  U.  S. 
Army,  has  devised  a  canvas  bag  for  the  purification  of 
water  by  means  of  the  chlorine  process,  which  should 
prove  valuable  for  field  service.  It  is  made  of  closely 
woven  flax  and  is  twenty-eight  inches  deep  by  twenty 
inches  wide,  and  holds  when  filled,  38.05  gallons  of 
water.  To  a  hinged  metal  ring  at  the  top  are  attached 
two  pieces  of  quarter  inch  rope  by  which  the  bag  is 
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suspended.  Near  the  bottom  seam  are  five  faucets. 
The  bag  is  folded  into  a  small  package  weighing  five 
and  one-half  pounds,  which  can  be  carried  on  the 
soldier's  pack  or  the  cantle  of  a  saddle. 

Sixty  hermetically  sealed  amber  glass  tubes  contain- 
ing approximately  one  gram  each  of  calcium  chloride 
with  a  thirty  per  cent,  chlorine  strength  are  packed 
in  corrugated  paper  and  weigh  eight  ounces.  This 
provides  twelve  days  allowance  of  purified  water  for 
each  infantry  company  at  war  strength,  five  canteens 
of  water  per  diem  per  capita.  One  tube  is  sufficient 
to  purify  one  bag  full  of  the  water.  The  ordinary 
pathogenic  bacteria  are  killed  in  five  minutes  and  a 
little  longer  for  ameba.  The  strength  of  solution  is 
one  part  of  chlorine  to  500,000  parts  of  water.  This  can 
be  reduced  at  discretion. 

Boiling  as  a  means  of  purification  is  practical  and 
satisfactory  and  can  be  accomplished  with  a  camp 
kettle,  cauldron,  or  tin  cup  if  nothing  better  be  pro- 
vided. A  large  portion  of  the  drinking  water  fur- 
nished the  regular  and  volunteer  troops  during  the 
Insurrection  in  the  Philippines,  1898-1902,  was  pre- 
pared in  this  way.  Boiling  destroys  disease-producing 
organisms  and  renders  it  safe,  although  the  process 
renders  it  flat  and  less  palatable  by  depriving  it  of  the 
natural  gases.  This  can  in  a  measure  be  restored, 
however,  by  shaking  or  pouring  backward  and  for- 
ward for  a  few  minutes  in  two  vessels.  The  Field 
Service  Regulations  of  1910  required  commanders  to 
boil  the  drinking  water  for  twenty  minutes  when 
there  was  a  doubt  of  its  purity. 

The  Forbes  sterilizer  was  officially  adopted  for 
field  service  in  1898  after  competition  tests  by  an 
Army  board,  but  it  has  been  more  or  less  superceded 
recently  by  the  Darnall  Filter.  The  Forbes  Steri- 
lizer has  proven  very  satisfactory  for  many  years  both 
in  camp  and  on  the  march.  In  some  of  the  large 
camps  of  maneuver  unsupplied  with  a  water  system 
ten  or  twenty  of  the  Forbes  sterilizers  were  assembled 
under  one  shed  and  operated  for  the  entire  command 
by  members  of  the  Hospital  Corps  under  the  direction 
of  a  medical  officer.  The  processed  water  was 
hauled  in  water  wagons  daily  to  the  barrels  of  the 
various  organizations.  The  Forbes  sterilizer  is 
encased  in  a  steel  jacket,  weighs  about  ninety-six 
pounds,  and  is  easily  transported.  One  quart  of  kero- 
sene oil  will  last  as  "fuel  for  three  hours.  The  output 
varies  from  fifteen  to  twenty  gallons  per  hour.  Col- 
onel Havard  sums  up  its  advantages  as  follows:  (1) 
The  water  is  not  deprived  of  its  natural  gases.  (2) 
All  living  microorganisms  are  destroyed,  except  a  few 
harmless  spore-bearing  bacteria.  (3)  It  may  be  kept 
in  action  for  twenty-four  hours  without  renewing  the 
supply  of  oil  in  the  reservoir.  (4)  The  water  flows 
out  of  the  apparatus  only  4J°  F.  warmer  than  when 
it  entered  it.  (5)  It  is  easily  taken  apart,  cleaned,  and 
put  together  again.  (6)  It  is  durable,  not  liable  to 
breakage,  and  very  easily  transported. 

The  Forbes  Company  has  also  constructed  an  Army 
Wagon  sterilizer,  consisting  of  boiler,  pump,  filter, 
sterilizing  and  storage  tank  mounted  on  wheels.  It 
filters  and  sterilizes  300  gallons  per  hour  and  has  a 
storage  tank  of  150  gallons.  In  England  the  Griffith 
sterilizer  is  highly  spoken  of  and  well  adapted  to  mili- 
tary purposes.  The  German  Henneberg  Trinkwasser 
wagon  and  the  French  Vaillard-Desmaroux  outfit  are 
said  to  give  splendid  satisfaction  in  the  field. 

Among  the  various  processes  employed  for  the  puri- 
fication of  drinking  water  none  affects  the  taste  and 
flavor  less  than  that  of  filtration.  Boiling  usually 
leaves  the  water  flat  and  insipid,  while  chemical  puri- 
fication imparts  the  taste  of  the  chemicals  used. 
Filtration  is  simply  the  mechanical  process  of  strain- 
ing, whereby  turbidity,  sediment  and  microorganisms 
are  removed.  Our  military  authorities  have  tried  for 
many  years  to  secure  a  satisfactory  portable  filter, 
suitable  for  large  or  small  bodies  of  troops  in  the  field. 
A  number  of  devices  for  this  purpose  were  tried  during 
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and   since   the   Spanish    War,    among    which    may    be 
mentioned    the    Maignen,    Berkefeld    and    Pasteur- 

(   haniberland. 

The  Maignen  filter  serves  an  excellent  purpose  for 
tho  clarification  of  water,  and  is  convenient  both  for 
field  and  camp,  especially  when  the  filtrate  is  passed 
through  the  Berkefeld  or  Chamberland  subsequently. 
The  Maignen  possesses  a  core  of  asbestos  felted  cloth, 
surrounded  by  a  layer  of  charcoal  or  charcoal  com- 
pound. The  operation  is  simply  a  process  of  Syphon- 
age.  When  muddy  water  is  clarified,  the  core  should 
be  frequently  washed  and  dried.  A  solution  of  perman- 
ganateof  potash,  1-1 ,000 should  be  passed  through  the 
filter.  The  Berkefeld  filter  consists  of  a  hollow  bougie 
made  of  infusorial  earth  and  enclosed  in  a  case  of  metal 
or  glass  (Fig-  3309).  The  filtering  cylinder  is  closed 
above  and  empties  below  into  a  nozzle.  With  a  pressure 
forty  pounds  exerted  on  three  cylinders,  diameter  six 
inches,  the  yield  per  minute  is  one  and  one-half  gallons. 
The  cylinder  clogs  rapidly  with  muddy  water  and 
requires  frequent  cleaning.  The  reports  from  medical 
officers  show  that  the  results  have  not  been  uniform 
although  Sternberg  states  that  under  a  pressure  of 
twelve  pounds  attached  to  a  faucet  no  bacteria  passed 
through  for  twenty-one  consecutive  days.  The  bou- 
gies should  be  frequently  cleaned  during  the  filtration 


Fig.  3309— Berkefeld  Filter. 

of  turbid  water.  A  large  size  Berkefeld  filter  contain- 
ing nine  cylinders  has  been  fitted  up  for  field  service, 
suitable  for  mule-back  transportation. 

The  Pasteur-Chamberland  filter  is  similar  to  the 
Berkefeld,  the  essential  difference  being  in  the  char- 
acter of  the  bougie,  which  is  composed  of  unglazed 
porcelain  instead  of  infusorial  earth.  The  Pasteur- 
Chamberland  filter  renders  water  more  sterile  than  the 
Berkefeld  but  clogs  up  more  readily  and  requires 
more  frequent  cleansing.  The  portable  Chamberland 
autoclave,  as  adopted  by  the  French  army  has  not 
proven  practical  or  satisfactory  for  field  service. 
With  care  it  serves  an  excellent  purpose  in  garrison. 

The  Darnall  filter,  devised  by  Major  Carl  R.  Darn- 
all,  Medical  Corps,  United  States  Army  has  been 
adopted  for  field  use  in  our  service  and  has  given  gen- 
eral satisfaction.     Through  its  use  water  is  completely 
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clarified  and  a  bacterial  efficiency  of  ninety-eight  per 
cent,  with  ordinary  water  obtained.  It  consists  of  a 
galvanized  oval  iron  tank,  two  water  cans,  a  syphon 
filter  with  cloth  and  a  small  syphon  pump  to  start  the 
water. 

The  essential  part  of  the  filter  is  the  cylindrical 
metal  frame  of  the  syphon  over  which  is  wrapped  the 
filtering  cloth  made  of  closely  woven  cotton  fabric. 
This  is  placed  in  one  of  the  tanks  filled  with  raw  water, 
which  previously  has  been  processed  with  a  precipitant 
consisting  of  alum  and  sodium  carbonato  in  such  pro- 
portions as  to  neutralize  each  other.  Each  gallon  of 
water  filtered  will  contain  about  2.5  grams  of  sodium 
sulphate,  0.93  of  potassium  sulphate  and  0.7  carbon 
dioxide,  which  are  harmless,  in  addition  to  its  previous 
chemical  constituents.  For  use  with  troops  in  the 
field  it  is  more  convenient  to  use  a  powder  of  alum  and 
soda,  one  pound  of  which  is  sufficient  for  500  gallons 
of  water.  When  the  flow  of  water  diminishes  the 
cloth  should  be  taken  out,  brushed,  washed  and  dried 
and  a  fresh  one  used.     The  new  cloth  may  be  sterilized 


Fig.  3310.— Darnall  Filter.  Packed. 

in  the  can  by  syphoning  boiled  water  through  it. 
The  Darnall  filter  weighs  fifty-two  pounds  and  will 
deliver  about  200  gallons  in  four  hours.  On  account 
of  its  weight  and  size  it  is  easily  transportable  on 
burros  or  mules. 

In  the  field  it  often  becomes  necessary  to  improvise 
filters,  especially  to  clarify  water  before  sterilizing  by 
heat.  This  can  readily  be  accomplished  by  the  barrel 
filter  which  is  made  of  two  barrels  one  of  which  is 
smaller,  or  a  barrel  and  keg  (Fig.  3312).  The  floor  of 
the  larger  barrel  is  covered  with  pebbles  or  gravel  as  a 
foundation  for  the  smaller  to  rest  upon.  Holes  are 
bored  in  the  bottom  of  the  smaller  one  and  the  space  be- 
tween filled  with  charcoal  and  sand.  The'filtered  water 
will  seek  its  level  in  the  inner  barrel.  The  water  sup- 
ply should  be  carefully  guarded  in  the  field  to  prevent 
contamination  by  as  many  sentries  as  may  be  neces- 
sary. Water  closets  and  corrals  should  especially  be 
located  with  a  view  of  the  safety  of  the  water  supply 
in  the  field.  In  camps  of  maneuver  or  semi-perma- 
nent camps  each  company  should  be  provided  with 
a  twenty-gallon  water  can  equipped  with  faucet  and 
cover. 

Drinking  Water  on  the  March. — It  is  the  consensus 
of  opinion  among  military  sanitarians  that  the  least 


amount   of  water  drunk  on  the  Inarch  consistent   with 
ordinary  comfort,  is  best  for  the  soldier.      Free  drink 
ing  iluring  a  hot,  dry  day  on  the  march  usually  pro- 
duces profuse  perspiration,  gastric  disturbance,  and 
is  decidedly  debilitating.     Recruits  and  young  soldiers 


Fig.  3311. — Darnall  Filter  in  Operation. 

are  prone  to  empty  their  canteens  before  they  are  out 
an  hour  on  a  hot  day.  The  men  should  be  taught  to 
drink  all  the  water  they  desire  before  leaving  camp  and 
merely  sip  enough  from  their  canteens  on  the  march 
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Fig.  3312.— Double  Barrel  Filter. 

to  keep  their  lips  and  throat  moist.  Water  drinking 
is  more  or  less  a  habit,  which  can  be  easily  controlled. 
If  practicable  it  is  best  to  fill  the  canteeen  with  weak 
tea  or  coffee,  every  morning  before  leaving  camp. 
Company    commanders   should    supervise   this    very 
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important  sanitary  detail  and  make  it  possible  for  tin- 
men to  gel  the  tea  oi  coffee.  Both. 'beverages  arc 
refreshing,  allay  thirst,  and  are  mildly  stimulating. 
Under  ordinary  circumstance  a  canteen  of  water, 
weak  tea  or  coffee  should  last  a  soldier  one  day's  march 
of  eight  hours.     Alcohol  and  tobacco  should  be  taboo 


Fig.  3313.— Shelter  Tent  (Pitched). 

on  the  march  during  the  day.  The  use  of  chewing 
gum  assists  in  keeping  the  mouth  moist.  Men  who 
spend  the'  night  before  drinking  alcoholic  beverages, 
smoking,  and  eating  rich  and  highly  spiced  food  may 
need  more  to  quench  an  artificial  thirst,  as  well  as  to 
wash  out  the  toxins  from  the  intestinal  canal.  For 
many  reasons  the  soldier  should  confine  his  drinking 
to  his  canteen,  because  the  water  supply  along  the  line 
of  march  is  frequently  polluted  with  ameba  or  typhoid 
infection.  The  Japanese  escaped 
these  diseases  by  drinking  cold 
tea  in  the  field  during  the  Russo- 
Japanese  war. 

Shelter  for  Troops  in  the 
Field. — The  government  has  pro- 
vided three  kinds  of  tents  for 
active  service  in  the  field  and  semi- 
permanent camps,  namely,  the 
shelter  tent  and  the  large  and 
small  pyramidal  tents.  In  addi- 
tion to  the  small  and  large  pyram- 
idal tents,  which  were  adopted  in 
1911,  the  use.  of  the  common  wall 
and  conical  tents  will  be  continued 
until  the  supply  is  exhausted. 

Each  soldier  carries  as  a  part  of 
his  field  equipment  one-half  of  a 
shelter  tent  which  also  serves  as  a 
wrapper  for  his  blanket  roll. 
The  two  halves  buttoned  at  the 
ridge  form  a  complete  tent.  It 
is  pitched  on  two  three-jointed 
poles  forty-seven  inches  long  and 
occupies  a  space  sixty-four  inches 
deep  and  seventy-six  inches  wide. 
The  infantry  soldier  in  the  field 
uses  his  rifle  and  bayonet  instead 
of  the  jointed  pole.  The  two  tri- 
angular parts  when  pinned  to  the  ground  enclose 
an  additional  ground  space  twenty  inches  deep.  A 
double  shelter  tent  is  formed  by  buttoning  together 
the  square  ends  of  two  single  tents,  two  complete 
tents  being  used  except  one  pole,  with  two  guy  ropes 
at  each  end.     The  shelter  tent  is  used  by  enlisted 
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men  on  the  march  or  active  field  service  of  any  kind 
when   impracticable  to   transport  ordinary   tent: 
With  pole  and  pins  one  shelter  tent  weighs  about  nine 
pounds,  and  affords  shelter  for  two  men.  'I  ig.  3313  I 

The   large  pyramidal   tent,   which   is   also   intended 

for  the  enlisted  men,  has  a  roof  sixteen  feel  square  at 

the  base  and  eighteen  inches  at   the 

top,  wall  three  feel  high,  height  when 

pitched  eleven  feet.     The  caves  are 

two  and  one-half  inches  wide  and 
the  tabling  at  tin  bottom  two  and 
one-half  inches  wide.  The  body  of 
the  tent  consists  of  the  standard 
army  drab  cotton  duck  twelve  and 
four-tenths  ounces  weight  and  will 
accommodate  eight  men.  This  tent 
is  provided  with  a  fly. 

The  small  pyramidal  which  takes 
the  place  of  the  wall  tent  for  officers, 
is  nine  feet  square  at  the  base  and 
eighteen  inches  at  the  top.  The 
wall  is  three  feet  nine  inches  high, 
and  the  height  of  tent  to  roof,  when 
pitched,  is  eight  feet.  The  eaves  are 
two  inches  wide  and  the  tabling  at 
bottom  two  and  one-half  inches  wide. 
This  tent  is  made  of  standard  army 
drab  cotton  duck  twelve  and  four- 
tenths  ounces  weight  and  is  intended 
for  one  or  two  officers.  It  is  also  pro- 
vided with  a  fly.  (Fig.  3314.) 

The  common  or  A  tent  provides 
shelter  for  three  enlisted  men  and  is 
six  feet  eleven  inches  long,  six  feet  ten  inches  high  and 
eight  feet  four  inches  wide,  with  a  wall  two  feet  high. 
Tin-  common  tent  with  poles  and  pins  weighs  fifty- 
two  pounds  and  has  been  frequently  used  during 
marches  or  in  camps  of  maneuver. 

There  are  two  kinds  of  conical  wall  tents,  the  regu- 
lation  and  the  improved.  The  regulation  conical 
wall  tent  is  round  with  a  conical  roof  supported  by 
one  upright,  pole.     It  is  sixteen  and  one-half  feet  in 


Fig.  3314.— Pyramidal  Tent  (Closed). 

diameter  and  ten  feet  high,  including  the  wall,  which 
is  three  feet  high.  The  truncated  top  roof  forms  an 
opening  eighteen  inches  in  diameter  and  is  closed  by  a 
hood  with  hole  in  its  apex  for  the  spindle  of  the  pole. 
The  hood  can  be  opened  for  the  exit  of  smoke.  The 
pole  rests  upon  a  strong  iron  folding  tripod  from  which 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


Hygiene,  Military 


a    camp    kettlo  can  be  suspended.     The  regulation 

conical  tent  weighs  with  pole,  tripod  and  pins  128 
pounds  and  will  accommodate  eight  cavalry  men  with 
horse  equipment  or  twelve  infantry  men.  It  can  be 
heated  by  a  Sibley  stove.  The  improved  conical 
tent,  is  especially  intended  for  cold  weather  and  is 
provided  with  stove  and  pipe. 


Fig.  3315 —Hospital  Tent  (Tropical). 

The  wall  tent,  of  which  there  are  two  models,  the 
regulation  and  tropical,  is  principally  intended  for 
officers.  The  regulation  wall  tent  has  a  ridge  length 
of  nine  feet  two  inches,  height  when  pitched  eight 
and  one-half  feet,  width  eight  feet  one  and  one-half 
inches,  with  wall  three  and  three-fourths  feet  high.  It 
is  provided  with  a  round  ventilator  in  front  and  stove 
pipe  opening  in  rear  for  winter  use.  The  tent  and 
flv  with  poles  weigh  ninety-eight  pounds. 
The  tropical  wall  is  slightly  heavier  and 
wider  than  the  regulation  wall. 

Two  kinds  of  hospital  tents  are  issued 
at  present,  the  regulation  and  tropical. 
The  regulation  hospital  tent  has  a 
length  of  ridge  pole  fourteen  feet  three 
inches,  height  when  pitched  eleven  feet, 
width  fourteen  and  one-half  feet  and 
height  of  wall  four  and  one-half  feet. 
It  requires  one  ridge,  two  upright  and 
four  eave  poles,  eighteen  large  double 
notched  pins  and  twenty-six  smaller 
pins.  In  each  end  is  a  circular  ventila- 
tor and  stove  pipe  opening.  The  regu- 
lation hospital  tent  weighs  about  200- 
pounds  complete  and  will  accommodat ' 
cots  for  four  or  six  patients.  The  hos-  p 
pital  tropical  tent  which  is  an  improve- <i 
ment  on  the  Munson  tent  is  larger  than 
the  regulation  hospital  tent  and  has 
an  attic  for  ventilation.  The  hospital 
tent  can  also  be  heated  by  the  Sibley 
stove  issued  by  the  Quartermaster  De- 
partment. 

In  addition  to  regular  tentage  issued  for  the  shelter 
of  troops  several  portable  barracks  have  been  devised 
but  have  been  little  used  in  the  United  States  Army. 
Among  them  mav  be  mentioned  the  Ducker  System 
which  lias  been  largely  used  in  Germany.  Improvised 
log  huts  have  also  been  used  during  the  winter  months 
among  troops  during  war  where  timber  was  abundant 


and  afford  at  shelter.     (Fig.   3316.]    Tents 

should  be  ditched  as  .soon  as  practicable  after  pitching 

them  in  the  event  of  rainy  weather.  Experienced 
soldiers  never  neglect  this  wise  precaution  which  not 
infrequently  saves  them  from  wel  bedding  and  flooded 
t.-nt  grounds. 

CampSili  The!  health  and  comfort  of  the  men    is 

tin-  first  consideration  in  the  selec- 
tion of  a  camp  site,  after  which 
should  follow  the;  questions  of 
wood  and  water.  The  character 
of  i  he  soil  is  of  the  utmost  impor- 
tance and  upon  which  the  health- 
i  nine  i  oi  i  lie  men  frequently  de- 
pends. Dryness  and  porosity  are 
of  prime  importance.  The  nat- 
ural drainage  is  good  when  the! 
surface  sheds  the  rainfall  into 
neighboring  watercourses.  On 
the  contrary  it  is  bad  and  the 
site  insalubrious  when  ii  is  level 
or  has  a  level  or  slightly  undulat- 
ing clayey  surface  which  retains 
the  rainfall  in  pools.  The-  vicinity 
of  marshes  and  stagnant  pools  is 
undesirable  on  account  of  the.  an- 
noyance and  danger  fn>m  mosqui- 
tos.  Olel  camp  sites  are  also 
dangerous  and  should  be  avoided. 
During  hot  or  wintry  weather  pro- 
tection by  shade!  trees  or  timber 
is  desirable. 

Disposal  of  Waste. — Human 
Excreta. — The  disposal  of  human 
exerela  in  camps  anel  eluring  ac- 
tive field  service  becomes  one  of 
the  most  important,  as  well  as 
one  of  the  most  difficult  problems  the  medical  officer 
has  to  solve.  Major  Munson,  one  of  our  foremost 
army  sanitarians  says  that  "Either  the  excreta  must 
be  removed  or  destroyed,  or  the  troops  must  be  re- 
moved, or  they  will  be  destroyed."  The  night  soil 
and  urine  in  garrisons  and  permanent  posts  are  dis- 
posed of  as  a  rule  by  means  of  well  installed  sewer  sys- 
tems with  modern  traps  and  urinals,  and  will  be  elis- 


FlQ.  3316. — Log  Hut  (Canvas  Roof). 


missed  without  further  discussion  in  this  article.  A 
r.-w  -mall  posts  still  use  earth  closets  or  the  Reed 
trough  system. 

In  temporary  camps  where  troops  remain  but  one 
or  two  nights  straddle  trenches  are  used  and  each 
deposit  individually  covered  with  the  fresh  earth 
removed  from  the  trench.     Such  trenches  are  locateel 
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with  regard  to  the  water  supply,  kitchens,  and  privacy, 
and  all  dug  about  one  foot  deep  and  wide  enough  for 
the  men  to  straddle  comfortably.  Before  abandoning 
camp  they  should  be  carefully  covered,  leveled  with 
the  ground  and  short  stakes  driven  at  each  end  to 
mark  the  spot  in  case  other  troops  should  encamp  on 
the  same  grounds  in  the  near  future. 

Should  the  cam])  be  occupied  for  more  than  one  or 
two  days  the  pit  should  be  dug  five  feet  deep,  three 


Fh;.  3317. — Construction  of  Pit  Latrine. 

feet  wide  at  the  top  and  two  feet  wide  at  the  bottom. 
The  earth  should  be  carefully  banked  on  the  rear  side 
and  conveniently  placed  for  covering  the  daily  deposit. 
The  length  of  sink  ditching  should  accommodate  from 
five  to  eight  per  cent,  of  the  command  at  one  time, 
two  feet  being  allowed  each  individual.  The  latrine 
seat  is  made  of  a  smooth  straight  pole  resting  on  two 
forked  sticks  placed  at  intervals  of  six  or  eight  feet 
along  the  pit.  The  back  rest  is  also  made 
of  a  straight  pole  or  sapling  lashed  to  the 
crossed  stick  in  rear.  Brush  in  front  and 
in  rear  of  the  pit  makes  a  good  screen, 
in  lieu  of  which  tent  flies  may  be  used. 
Latrines  should  be  dug  as  soon  as  troops 
arrive  in  camp  and  strict  orders  given  at 
once  to  prevent  defiling  the  camp  site  or 
polluting  the  water  supply. 

The  disposal  of  the  night  soil  and  urine 
in  permanent  or  semi-permanent  camps 
requires  more  careful  consideration.  For 
several  years  after  the  Spanish  War  the 
Reed  trough  with  pump  and  odorless  ex- 
cavator wagon  was  used  and  proved  very 
satisfactory  when  properly  operated.  This 
system  is  impracticable  for  campaigning 
and  besides  will  not  do  during  freezing 
■weather.  The  trough  is  fourteen  feet  long, 
twenty-two  inches  wide  at  the  top,  with 
sloping  bottom  fifteen  inches  deep  at  the 
upper  end  and  eighteen  inches  at  the  lower 
end.  There  are  eight  hinged  seats  to  each 
trough,  the  covers  of  which  should  fit 
tightly,  to  prevent  the  entrance  of  flies. 
The  trough  is  filled  four  or  five  inches  deep 
with  a  solution  of  milk  of  lime  or  water 
covered  with  crude  petroleum.  The  water  may  be 
conducted  into  the  trough  by  a  pipe  and  faucet,  or 
poured  in  by  hand.  Before  removal  by  pump  and 
excavator  wagon  the  contents  of  the  trough  should  be 
thoroughly  mixed  with  a  wooden  paddle.  The  trough 
is  protected  by  a  knockdown  shed  on  the  inside  of 
which  is  placed  a  tin  trough  for  the  urine,  which  is 
conducted  into  the  trough  at  its  lower  end.  The 
contents  of  trough  should  be   removed  at  least  one 


mile    from    Hie    camp    and    carefully    spread    on    the 
surface. 

Destruction  of  the  excreta  would  be  ideal  were  it 
possible  to  devise  an  odorless  incinerator.  Among  the 
devices  for  this  purpose  are  the  McCall,  Conley,  and 
Lewis  and  Kitchen  all  of  which  have  been  given  a 
fair  trial  and  possess  merit.  The  principle  of  each 
device  is  practically  the  same,  namely  incinerator  pans 
located  over  fire  ovens,  which  are  heated  by  means  of 
ordinary  cord  wood.  The  installation  of 
the  McCall  incinerators  is  inure  expensive 
than  the  other  two  mentioned  because  it 
has  a  combustion  chamber  lined  with  brick. 
The  Conley  incinerator  has  been  highly 
p-coinmended  in  some  of  the  recent  camps, 
especially  on  account  of  its  ability  to  burn 
up  kitchen  garbage.  The  Lewis  and  Kit- 
chen incinerators  consist  of  a  horizontal 
cylinder  about  ten  feet  long  and  three  feet 
in  diameter  mounted  on  four  wheels.  The 
seats  are  placed  'on  top,  four  on  each  side 
and  reached  by  three  steps.  All  of  the 
above-mentioned  incinerators  are  capable 
of  excellent  work,  but  are  objectionable 
i in  account  of  the  disagreeable  odor  de- 
veloped during  their  operation. 

Since  1910  attempts  have  been  made  in 
several  of  the  large  camps  of  maneuver  to 
simplify  camp  sanitation  and  to  adopt 
methods  which  might  be  available  for  war. 
In  the  large  camps  at  American  Lake,  1910, 
and  San  Antonio  1911,  the  simple  pit  sys- 
tem with  an  inexpensive  box  seat  was 
adopted.  Colonel  Havard  has  devised  a 
latrine  box  which  is  ten  feet  long,  sixteen  inches 
high,  and  three  feet  eight  inches  wide  at  the  bot- 
tom, so  as  to  cover  safely  the  pit,  which  is  three 
feet  wide  and  six  feet  deep.  (Fig.  3319.)  The  seat 
holes  have  hinged  covers,  which  fit  tightly,  and  the 
ground  around  the  edges  of  the  pit  is  leveled  in  order 
to  prevent  the  entrance  of  flies.  Once  daily,  usually 
about  9  a.m.,  the  box  is  removed  and  the  pit  burned 


Fig.  33  IS. — McCall  Incinerator,  Improved. 

out  with  hay  and  crude  petroleum,  after  which  the  ashes 
and  cinder  are  covered  with  quick  lime,  and  the  box 
replaced.  About  twenty  pounds  of  straw  or  hay  and 
one  gallon  of  crude  petroleum  are  required  for  each 
burning.  Toilet  paper  should  be  provided  for  each 
latrine  and  kept  in  a  covered  box  so  that  it  may  not 
be  blown  about  the  camp.  Typhoid  fever  may  be 
spread  by  infected  closet  paper. 

Colonel  Straub  who  was  the  sanitary  officer  at  San 
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Antonio  thinks  tlie.se  pits  can  be  successfully  burned 
out  with  the  use  of  the  crude  petroleum  alone.  The 
interior  of  the  boxes  should  be  washed  out  daily  with 
the  milk  of  lime  and  the  scats  kept  clean  by  daily 
scrubbing.  With  good  soil  and  attention,  such  a  pit 
should  last  two  months.  When  tilled  within  two  feet 
of  the  surface  new  pits  should  be  opened  and  the  old 
ones  closed.  From  experience  it  has  been  found  that 
thirteen  large  ten-hole  boxes  and  three  small  five-hole 
boxes  are  required  for  each  regiment.  Each  latrine 
should  be  protected  by  a  knock-down  shed  or  brush 


Fig.  3319. — Havard  Latrine  Box. 

fence  when  possible.  Galvanized  iron  urinals  should 
be  furnished  for  each  pit  or  one  improvised  of  ordinary 
lumber.  The  urinals  should  be  kept  covered  with 
the  crude  oil  and  the  latrines  cared  for  by  men  espe- 
cially detailed  for  the  purpose.  Frequent  inspections 
should  be  made  to  see  that  the  lids  and  lower  edges  of 
the  box  are  fly  proof.  Night  cans  marked  with  red 
lanterns  should  be  placed  in  the  company  streets  and 
removed  immediately  after  reveille. 

Major  D.  R.  Lucas  of  the  22d  N.  Y.  Engineers 
has  devised  a  portable  straddle  trench  cover,  which  is 
less  expensive  and  as  sanitary  as  the  Havard  box 
when  properly  used.     It  consists  of  a  platform  with 
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Fig.  3320. — Lucas  Straddle  Trench  Cover.     Top  View. 

hinged  seats  which  fit  closely  when  not  in  use.  Each 
platform  may  accommodate  from  two  to  four  men  at 
a  time.  The  platform  consists  of  two  planks  nine 
inches  wide  held  together  by  cross  pieces  which  rest 
on  the  edge  of  the  pit.  The  folding  seats  fit  snugly 
between  the  side  planks  and  cross  pieces.  These 
platforms  when  made  of  one  inch  pine  lumber  are 
light,  and  enough  for  a  regiment  can  be  transported 
in  one  wagon. 

Garbage    and    Kitchen    Waste. — The    disposition    of 


kitchen    refuse    in    camp    is    a    problem    often    fraught 
with   serious  difficulties.       When   possible  it  should   be 

burned   in    kitchen    incinerators   improvi  ed    for  the 
purpose.     The  old  method  of  collecting  the  garbage 

in  gah  anized  iron  cans  and  hauling  it  away  in  sanitary 
garbage  and  refuse  cart  s  or  w  agi  IE     li.-i  .  Ix-ci  i  generally 

discontinued  for  the  reason  that  the  transfer  from 
can  to  wagon  and   crematory  frequently  keeps  the 

ground  around  t lie  kitchen  foul  ami  not  infrequently 

the   company    streets    over    which    it    is    hauled.      The 

olilcr  method  of  burying  garbage  is  not  to  be  thought 
oi  even  for  the  most  temporary 
camps  if  the  ground  is  to  be  reoi 

CUpied  w  it  Inn  a  short  period.      Such 

pits  become  breeding  places  for  in- 
numerable flies. 

The  company  incinerator  consists 
of  a  pit  five  feet  long,  two  and  one- 
half  feet  wide,  sixteen  inches  deep 
at  one  end  and  twelve  inches  at  the 
other.  The  excavated  earth  is 
banked  around  the  pit  and  the  bot- 
tom filled  with  stones  on  which  a 
fire  (which  can  also  be  used  for 
cooking)  is  built.  When  the  stones 
have  become  thoroughly  heated  the 
liquid  is  poured  in  gradually  at  the 
shallow  end  of  the  pit  and  the  solid 
material  placed  on  the  fire.  The 
company  incinerator  has  been  vari- 
ously modified  to  meet  the  condi- 
tions of  the  soil.  It  was  found  an 
improvement  in  the  San  Antonio 
camp  to  build  stone  walls  around 
three  sides  of  the  incinerator  and 
pour  the  liquid  upon  the  walls  after 
they  wore  heated,  instead  of  on  the 
lower  side.  About  one-sixth  cord  of 
wood  per  day  per  company  was 
sufficient  to  destroy  the  daily  out- 
put of  garbage  and  slops,  from  one 
company.. 

Major  Arnold  of  the  Pennsylvania  National  Guard 
has  devised  a  garbage  incinerator  which  has  proved 
satisfactory  among  the  troops  of  that  State.  A  pit 
sixty  inches  long  thirty  inches  wide  and  forty-eight 
inches  deep  at  one  end  and  thirty-six  inches  at  the 
other  is  filled  up  loosely  with  stones  a  few  inches 
above  the  ground  level.  The  earth  is  well  banked 
up  around  it  to  exclude  surface  water.  The  sides  are 
built  up  about  fifteen  inches  to  support  the  grating  of 


SIDE  VIEW 
Fig.  3321. — Lucas  Straddle  Trench  Cover  and  Pit.     Side  View. 
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cross  bars  which  are  provided  to  hold  camp  kettles, 
pots,  etc.  The  fluids  and  solids  are  gradually  burned 
each  day.  Colonel  Straub  states  that  the  heat  from 
the  fire  does  not  penetrate  deeper  than  one  foot  of  the 
bed  rock  and  that  deeper  pits  become  foul  and  breed 
disagreeable  odors  when  not  used. 

Captain  Guthrie  of  the  Engineer  Corps  has  devised 
a  nest  of  evaporating  pans  for  the  kitchen  incinerators 
which  he  reports  uses  less  fuel  and  gives  better  results. 
These  pans  were  used  in  the  Second  Division  Camp, 
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Texas   City  and  were  reported  on  favorably  by  the 

medical  officers. 

The  Alamo  incinerator  devised  by  Captain  Charles 
is  highly  commended  and  consists  of  a  clay  mound 
through  which  runs  an  ascending  horse-shoe  flue 
opening  about  three  feet  above  the  furnace  below. 
The  base  of  the  Alamo  incinerator  rests  on  a  bed  of 
stones.  The  furnace  and  flue  may  be  made  of  empty 
barrels,  which  ascend  in  the  form  of  a  half  circle  and 
is  surrounded  by  wet  clay  which  hardens  with  burning 
and  becomes  very  durable.     The  furnace  rests  on  the 


Flo.  3322. — Alamo  Garbage  Incinerator. 

stone  bed,  and  flue  above  ends  on  a  platform  into 
which  the  garbage  is  emptied.  Officers  who  have 
used  this  system  pronounce  it  an  improvement  on  the 
regulation  kitchen  incinerator  and  that  it  requires  less 
fuel.     (Fig.  3322.) 

Galvanized  cans  may  be  used  successfully  for  the 
collection  and  disposal  of  kitchen  garbage  and  slops 
if  used  in  connection  with  the  odorless  excavator 
wagon.  In  order  to  carry  out  this  system  properly 
the  solids  should  be  separated  from  the  fluid  by  means 
of  a  strainer  which  may  be  removed  from  can  to  can 
as  they  are  filled.  The  excavator  wagon  sucks  up 
the  fluid  without  soiling  the  ground  if  carefully  done 
and  may  be  hauled  to  a  distance.  The  solid  material 
may  be  burned  on  the  kitchen  fire  or  carted  away  in 
wagons  or  sanitary  carts.  A  platform  twelve  inches 
high  and  long  enough  to  support  two  galvanized  iron 
cans  should  be  built  in  rear  of  each  company  kitchen 
when  cans  are  used.     The  platform  should  be  white- 
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Flu.  3323. — Rock  Pile  Cremator, 


washed   every   day   or  two   during  the  encampment 
and  the  vicinity  kept  scrupulously  clean. 

Where  the  ground  is  sandy  and  porous  the  fluid 
element  of  the  slops  may  be  poured  into  six-inch 
post  auger  holes  or  pits  provided  with  covers  and 
seives  to  catch  the  solids  which  are  easily  consumed 
on  the  kitchen  fires.  The  Rock-Pile  Crematory  has 
been  found  useful  for  the  incineration  of  garbage, 
refuse,  manure  and  liquids  and  is  officially  recognized 
by  the  Quartermaster  Department.  It  consists  of  a 
circular  pit  fifteen  feet  in  diameter,  three  feet  deep 
and  covered  with  loose  stones  to  the  depth  of  fifteen 
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indict,  around  which  Ls  built  a  circular  wall  one  foot 
above  the  ground  line  and  filled  in  with  earth  to  pre- 
\.-ni  surface  water  from  gaining  aca  to  the  pit. 
A  pyramid  of  large  stones,  lour  or  five  feel  high,  occu- 
pies the  cenicr  of  tin-  pit.  This  crematory  has  bet  d 
ased  in  our  service  repeatedly  and  given  general 
satisfaction.     (Fig.  3323.) 

Manure. — The  manure  from  picket  lines  and  corrals 
should  be  raked  up  carefully  each  day  and  hauled 
several  miles  from  camp  and  burned  with  the  aid  of 
crude  oil.  During  hot  weather  the  picket  lines  should 
be  burned  over  at  least  Weekly,  using  hay  bedding 
and  ten  gallons  of  oil  for  each  line.  This  serves  to 
suppress  odors  as  well  as  to  prevent  the  breeding  of 
flies.  Burning  the  manure  within  the  camp  usually 
results  in  a  smudge  which  produces  a  very  disagree- 
able odor  especially  in  hot  weather. 

Disinfection  and  Disinfectants. — Disinfectants 
are  agencies  which  destroy  the  specific  causes  of  in- 
fectious and  contagious  diseases,  and  have  practically 
the  same  action  as  germicides,  with  which  term  they 
are  synonymously  used.  Disinfection  is  therefore 
the  destruction  of  pathogenic  organisms  before  they 
gain  entrance  into  the  system.  Antiseptics  are 
substances  which  lower  the  vitality  of  microorganisms, 
so  as  to  prevent  their  propagation,  and  hence  the 
decomposition  of  organic  matter.  Deodorants  are 
substances  which  correct  or  destroy  disagreeable 
odors  and  mask  foul  smells  from  filth,  which  may  foster 
diseases.  With  absolute  cleanliness,  deodorants  are 
unnecessary  to  preserve  health  and  should  be  dis- 
carded. 

Sunshine  and  dry  fresh  air  have  great  value  as 
disinfectants  and  their  use  should  be  liberally  em- 
ployed by  sanitarians.  This  action  is  more  or  less  due 
to  the  actinic  effect  of  the  ultra-violet  rays  which 
have  a  strong  restraining  influence  on  the  growth  of 
bacteria  and  kills  the  most  of  them  in  time,  especially 
the  sporeless  pathogenic  variety.  The  bacilli  of 
typhoid  fever,  cholera,  and  tuberculosis  are  particu- 
larly sensitive  to  sunlight.  The  bacilli  of  diphtheria 
thus  exposed  live  only  one  or  two  hours  and  Koch 
states  that  the  bacilli  of  tuberculosis  can  live  but  a 
few  minutes  in  the  rays  of  sunshine.  The  germs  of 
typhoid  fever  and  cholera  are  oxidized  within  two  or 
three  feet  of  the  surface  of  water.  The  oxidizing 
influence  of  sunlight  in  water  depending  upon  its 
clearness  and  depth. 

Dry  air  is  more  valuable  than  moist  atmosphere 
as  a  disinfectant,  and  hence  buildings,  tents,  bedding 
and  clothing  should  be  aired  and  exposed  during  sunny 
dry  weather  wdien  possible.  Many 
pathogenic  microorganisms  are 
destroyed  in  the  process  of  putre- 
faction by  the  hardier  saprophytic 
forms.  This  principle  has  been 
employed  in  the  destruction  of 
pathogenic  organisms  and  organic 
matter  pertaining  to  human  ex- 
creta. Dryness,  sunlight,  and 
cleanliness  are  the  keynotes  to 
sanitation. 

Cleanliness  is  a  very  important 
factor  in  the  work  of  disinfection 
especially  washing  and  scrubbing, 
which- not  only  removes  bacteria  but  organic  matter, 
the  pabulum  in  which  pathogenic  organisms  thrive. 
Experimentation  has  shown  that  the  dilution  and 
attenuation  of  bacteria  safeguards  health  and  that 
the  system  can  take  care  of  infection  in  minute  and 
diluted  amounts.  Mr.  Lawson  Tait,  the  great  Eng- 
lish surgeon,  depended  on  absolute  cleanliness  almost 
to  the  exclusion  of  disinfectants.  Desiccation  is  also 
a  very  important  factor  in  natural  or  artificial  disin- 
fection and  sooner  or  later  all  microorganisms  may  be 
destroyed  through  this  process. 

Man}'  methods  of  disinfection  and  sterilization  are 
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employed  by  sanitarians  for  the  prevention  of  infec- 
tious and  contagious  diseases  besides  sunshine  and 
fresh  air,  among  which  may  be  mentioned  heat-, 
chemicals,  and  gases.  Fire  is  a  great  purifier  but  its 
field  of  usefulness  is  limited  on  account  of  its  injurious 
and  destructive  effects.  Hence  disinfection  by  the 
use  of  fire  is  usually  limited  to  the  disposal  of  human 
excreta,  garbage,  manure,  sweepings,  and  the  bodies 
of  dead  animals,  except  when  disinfection  is  necessary 
to  prevont  the  spread  of  malignant  diseases  and  non- 
injurious  disinfectants  are  unavailable.  Dry  heat 
continued  at  150°  C.  for  one  hour  will  destroy  all  forms 
of  life  even  the  most  resistant  spores.  Koch  deter- 
mined that  dry  heat  at  117°  C.  would  destroy  only 
a  few  of  the  least  resistant  microorganisms  but  at 
140°  it  would  destroy  them  all,  although  it  would 
scorch  and  ruin  clothing  at  that  degree.  For  this 
reason  dry  heat  is  practically  useless  for  the  disinfec- 
tion of  clothing,  blankets,  mattresses,  etc. 

Boiling  is  a  very  effective  method  of  destroying 
infection  of  every  kind  and  has  become  a  common  and 
everyday  procedure  for  this  purpose.  Boiling  at 
60°  C.  for  twenty  minutes  will  destroy  the  micro- 
organisms of  cholera,  typhoid  fever,  diphtheria, 
plague,  tuberculosis,  pneumonia,  erysipelas,  and  prac- 
tically all  non-spore  bearing  bacteria.  Boiling  can  be 
applied  in  the  disinfection  of  underclothing,  linen 
towels,  bedding,  and  practically  all  kinds  of  linen  and 
cotton  fabrics.  It  can  also  be  used  for  the  disinfec- 
tion of  cups,  dishes,  pans,  and  kitchen  utensils.  One 
of  the  most  satisfactory  methods  of  disinfection  is  the 
application  of  steam  or  moist  heat. 

Many  kinds  of  autoclaves  and  steam  sterilizers 
have  been  devised  for  the  disinfection  of  surgical 
instruments,  dressings,  infected  clothing,  bedding,  etc. 
Arnold's  and  Boeckman's  sterilizers  have  been  largely 
used  in  Army  hospitals  for  the  disinfection  of  surgical 

instruments  and  sterili- 
zation of  dressings,  and 
have  proven  very  satis- 
factory. Many  of  our 
large  quarantine  sta- 
tions,  hospitals, 
asylums,  etc.,  are  pro- 
vided with  expensive 
disinfecting  outfits,  gen- 
erally consisting  of  the 
Kinyoun-Francis  circu- 
lar disinfecting  cham- 
ber with  the  usual  for- 
maldehyde retort  at- 
tachment. In  cases  of 
emergency  in  the  field, 
a  camp  kettle  may  be 
used  for  the  disinfection 
of  instruments,  etc.,  by 
laying  them  on  sticks 
placed  across  the  top  of 
the  kettle  and  covered 
with  a  towel  or  other  cloth  and  bring  the  water  to  the 
boiling  point.  Koch  found  that  superheated  steam 
at  a  temperature  of  110°  C.  would  destroy  the  spores 
of  anthrax  in  ten  minutes. 

Among  the  chemicals  employed  in  solution  bichlor- 
ide of  mercury  is  the  most  powerful  and  the  most 
commonly  used.  A  solution  of  1  to  1,000  will  destroy 
ordinary  bacilli  free  from  spores  in  a  few  minutes. 
The  corrosive  sublimate  solution  is  used  as  a  disin- 
fectant for  clothing,  furniture,  floors,  walls,  etc.,  but 
is  not  satisfactory  for  sputum  or  excreta  because  it 
coagulates  albumen  and  thereby  protects  the  inner 
bacilli  from  disinfection.  This  may  be  prevented  by 
the  addition  of  five  parts  of  sulphuric,  hydrochloric, 
or  tartaric  acid,  or  ten  parts  of  common  salt,  for  each 
part  of  the  sublimate  (Havard).  Upon  long  exposure 
to  air  and  sunlight  sublimate  solutions  may  undergo 
a  change  to  calomel  and  therefore  become  unreliable. 
Carbolic  acid  three  to  five  per  cent,  gives  general 
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satisfaction  and  is  largely  used  for  the  disinfection  of 

sputum,  excreta,  etc.  it  may  also  be  used  for  the 
disinfection  of  surgical  instruments,  clothing,  leather 

and  other  fabrics.  Tricresol  which  is  also  manu- 
factured from  coal  tar  is  twice  as  powerful  at  carbolic 

acid.  Reed  States  that  a  one  per  cent,  solution  of 
tricresol  will  destroy  pus-producing  organisms  in  half 
a  minute.     It    may   be  used  for  the  disinfection   of 

sputum  and  excreta  as  it  does  not  coagulate  albumin 
as   is   the   case    with    the   sublimate   solution.      Equal 

parts  of  crude  carbolic  acid  and  concentrated  sul- 
phuric, acid  form  a.  soluble  compound  which  possesses 

Superior    germicidal    powers    to    carbolic    acid    alone. 

Formaline  which  is  a  forty  per  cent,  solution  of  for- 
maldehyde iii  water  is  very  valuable  as  a  disinfectant 
and  is  generally  used  in  a  five  per  cent,  solution.  A 
ten  per  cent,  solution  renders  fecal  discharges,  con- 
taining pathogenic  bacteria,  sterile  within  an  hour, 
and  tubercle  bacilli  are  killed  by  a  five  per  cent,  solu- 
tion within  the  same  time. 

Quicklime  or  calcium  oxide  may  be  used  as  a  pow- 
der or  solution  for  disinfecting  purposes  and  possesses 
the  qualities  of  efficiency  and  cheapness.  It  is  a 
strong  and  reliable  disinfectant  and  is  largely  used 
for  the  disinfection  of  latrines  and  grounds  saturated 
with  organic  matter.  Quicklime  is  especially  valuable 
for  sprinkling  on  latrines,  urinals,  company  kitchen 
grounds,  picket  lines,  laundries  and  lavatories.  As 
milk  of  lime  it  has  been  used  successfully  in  the  Heed 
trough  system  for  the  disposal  of  human  excreta. 
Milk  of  lime  is  made  by  mixing  slaked  lime  with  four 
to  eight  parts  of  water  and  white  wash  by  adding 
more  water.  When  exposed  to  the  air  for  some  time, 
quicklime  is  acted  upon  by  carbon  dioxide  and  be- 
comes changed  into  a  carbonate  which  is  practically 
inert. 

Chlorinated  lime  is  one  of  the  most  powerful  germi- 
cides we  possess  and  has  been  largely  used  for  the 
disinfection  of  sewerage  and  water.  Freshly  prepared 
chlorinated  lime  should  have  a  slight  odor  of  chlorine. 
It  is  used  either  in  the  form  of  a  powder  or  solution. 
A  solution  containing  six  ounces  of  the  powder  to  a 
gallon  of  water  is  largely  used  for  disinfecting  dis- 
charges and  scrubbing  floors.  A  convenient  method 
of  using  chlorinated  lime  for  the 
disinfection  of  drinking  water  is  to 
add  one  gram  of  chlorinated  lime 
containing  approximately  thirty- 
five  per  cent,  of  available  chlorine 
to  one  liter  of  water.  This  should 
be  mixed  thoroughly  and  enough  of 
the  mixture  added  to  the  water  in 
question  to  make  one  part  of  chlo- 
rinated lime  to  200,000  parts  of  the 
water.  Labarraque's  solution,  per- 
manganate of  potassa,  creosote, 
cresol,  antiformin,  fer- 
rous sulphate,  sulphate 
of  copper,  and  chloride 
of  zinc  have  all  been 
used  as  disinfectants 
and  germicides. 

There  are  a  number 
of  gaseous  disinfectants 
but  the  only  two  worth 
considering  are  formal- 
dehyde gas  and  sulphur 
dioxide.  Formalde- 
hyde is  one  of  the  best 
known    and    the    most 

powerful  gaseous  disinfectants  we  possess  and  besides 
is  not  injurious  to  cotton  or  woolen  fabrics,  rubber, 
leather,  furs,  colors  and  paintings.  Among  the  many 
appliances  devised  for  the  generation  of  formaldehyde 
gas  Kuhn's  generator  stands  among  the  best. 

Several  methods  for  the  employment  of  formalde- 
hyde as  a  disinfectant  are  used  but  Roseman  regards 
the  potassium  permanganate  and  formalin  and  the 
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formalin,  lime,  and  aluminum  sulphate  the  two  best, 
because  they  do  not  require  any  special  apparatus 
and  besides  "evolve  a  large  amount  of  gas  in  a  short 
time.  To  use  the  pi rmanganate  formalin  method 
500  c.c.  of  formalin  and  250  grains  of  permangan.it. 
of  potassium  are  required  for  1,000  cubic  feet  of  air 
space.  The  permanganate  is  placed  in  a  bucket  or 
basin  and  the  formalin  poured  upon  it.  Galvanized 
pails  with  flaring  tops  should  be  used  to  prevent  the 
effervescence  which  is  evolved  from  splashing  over. 

The  formalin,  lime,  and  aluminum-sulphate  method 
requires  for  1,000  cubic  feel  : 

Solution  A.  Aluminum  Sulphate 160  grams 

Dissolve  in  hot  water 300  c.c. 

Solution   li-    Formalin  40  per  cent 600  c.c. 

And  unslaked  lime 2,000  c.c. 

Mix  solutions  A  and  B  and  pour  upon  the  lime. 
The  lime  should  be  freshly  burned  and  broken  in  small 
pieces.  A  large  bucket  should  be  used.  A  few  min- 
utes after  pouring  in  solutions  A  and  B  upon  the  lime 
it  begins  to  slake  thereby  forming  heat  which  drives 
off  the  gas. 

Sulphur  dioxide  is  one  of  the  best  and  simplest 
methods  of  disinfection  and  simplest  of  operation. 
Five  pounds  of  sulphur  burned  in  an  ordinary  pot  or 
Dutch  oven  will  generate  enough  sulphur  dioxide  to 
disinfect  1,000  cubic  feet.  The  pot  holding  the  sul- 
phur should  be  placed  in  a  tub  of  water  in  order  to 
furnish  the  moisture  necessary  to  hydrate  the  sulphur 
dioxide  upon  which  the  disinfecting  power  of  the  gas 
depends.  A  small  amount  of  alcohol  should  be  poured 
on  the  sulphur  in  order  to  make  it  burn  freely. 


Fig.  3326. — Sulphur  Burning  Pan. 

Major  Munson  of  the  Medical  Corps  of  the  Army 
has  devised  a  simple  but  effective  method  for  field 
disinfection.  It  consists  of  a  copper  or  brass  genera- 
tor for  mixing  the  permanganate  and  formalin  and 
an  impermeable  gas  bag  which  can  be  improvised  in 
the  field  from  ordinary  rubber  sheeting.  A  strip 
six  feet  long  folded  on  itself  makes  a  bag  sufficiently 
capacious  to  hold  the  complete  clothing,  blankets  and 
equipment  of  two  soldiers,  together  with  the  disin- 
fecting apparatus.  The  edges  are  pinned  or  stitched 
together  and  holes  or  cracks  sealed  with  adhesive 
plaster.  The  soldier's  poncho  or  an  ordinary  paper 
bag  may  be  utilized. 

Baths  and  Bathing. — As  personal  cleanliness  is  a 
material  factor  in  health  a  tub,  shower  or  sponge  bath 
should  be  taken  daily  in  warm  weather  and  at  least 
twice  weekly  during  cold  weather  in  addition  to  the 
regular  daily  ablutions,  of  hands  and  face.  Each 
soldier  should  use  his  own  soap  and  towel  in  order  to 
escape  skin  affections  which  may  be  imparted  through 
the  use  of  a  common  towel  and  soap.  Syphilis, 
gonorrheal  ophthalmia,  barber's  itch,  and  other  skin 
diseases  of  an  infectious  nature  may  be  contracted 
in  this  way.  Bathing  is  not  only  essential  to  cleanli- 
ness, but  is  necessary  to  keep  the  skin  healthy  by 
removing  the  semi-fluid  greasy  substance  secreted  from 
the  sebaceous  glands  and  dry  perpsiration  which 
clogs  the  pores.  During  the  bath  the  skin  should  be 
rubbed  with  a  coarse  towel  in  order  to  stimulate  the 
sebaceous  glands  as  well  as  to  remove  the  secretions. 

For  ordinary  cleansing  purposes  the  bath  should  be 
warm  or  tepid",  from  80  to  95°  F.     If  the  bath  is  taken 


for  bracing  purposes,  as  is  frequently  tin-  c:tse  during 
the  summer  months  or  in  the  tropics,  the:  temperature 
should  be  lowered  to  50  or  60°.  For  the  general  use 
of  the  soldier  the  shower  bath  is  more  sanitary  and 
convenient  than  the  tub  bath.  Various  devices  are 
resorted  to  in  the  field  in  lieu  of  tub  or  shower.  An 
empty  five  gallon  coal  oil  can  with  perforated  bottom, 
elevated  over  one's  head,  makes  an  excellent  shower 
with  the  assistance  of  a  comrade  to  pour  the  water. 
In  the  tropics  the  natives  secure  the  same  result  by 
pouring  water  over  themselves  with  a  bucket  or  dip- 
per. The  waste  water  from  the  bath  should  be  re- 
moved by  drainage  and  from  the  street  lavatories  by 
cans. 

Care  of  the  Bedding. — The  soldier's  bedding  con- 
sists of  a  mattress  of  felted  cotton,  mattress  cover, 
pillow,  pillow  cases,  sheets,  blankets  and  mosquito 
bars.  For  the  field  they  are  provided  with  bed  and 
pillow  sacks,  which  are  to  be  filled  with  grass  or  hay. 
Gold  medal  folding  cots  are  provided  for  permanent 
and  semi-permanent  camps,  or  when  transportation 
is  available.  The  mosquito  bars  are  intended  for 
field  or  garrison  in  order  to  protect  the  men  against 
malarial  or  yellow  fever  mosquitoes.  Boughs,  corn- 
stalks, loose  straw,  or  hay,  pine  branches,  or  dry 
leaves  make  quite  a  satisfactory  bed  on  the  march  or 
in  temporary  camps.  Woven  mats  of  native  grass 
(patate)  are  largely  used  in  the  Philippine  Islands 
both  by  the  natives  and  soldiers  in  lieu  of  mattresses. 
The  sheets  and  pillow  slips  should  be  washed  at  least 
once  weekly.  Mattresses  should  be  aired  twice 
weekly  and  the  blankets  every  day  the  weather  per- 
mitting. 

Bedbugs. — Bedbugs  are  commonly  found  in  the 
cracks  and  fissures  of  barracks,  guard  houses  and  old 
wooden  buildings  in  which  they  can  conceal  them- 
selves and  propagate.  They  lay  from  fifty  to  sixty 
eggs  which  hatch  within  ten  days  and  require  seven 
weeks  before  maturity.  Bedbugs  are  not  only  a  great 
annoyance  to  the  men  in  infested  quarters  but  a 
menace  to  their  health  as  well.  While  the  role  they 
play  in  disease  is  not  definitely  known  at  present, 
they  are  held  responsible  by  different  investigators 
for  smallpox,  typhus  fever,  tuberculosis,  and  leprosy. 
It  is  more  than  probable  that,  like  the  tick,  flea,  and 
mosquito,  they  are  the  host  of  some  malignant  proto- 
zoa, which  cause  serious  disease,  not  yet  definitely 
determined.  They  may  find  their  way  into  the  homes 
of  the  most  respectable  people  and  are  not  always  a 
sign  of  careless  housekeeping  or  uncleanliness. 

Very  considerable  trouble  is  experienced  in  getting 
rid  of  bedbugs  at  times.  The  cracks  in  floors  and 
around  the  baseboard  should  be  filled  up  and  waxed 
or  painted.  The  cracks  in  walls  should  also  be  filled 
and  walls  and  ceilings  calsomined,  painted,  or  re- 
papered.  The  beds,  mattresses,  and  bedding  should 
be  carefully  examined  and  exposed  to  the  sun.  The 
insects  will  be  found  in  the  joints  of  the  bed  and  around 
the  seams  and  tufts  of  the  mattresses.  A  number  of 
agencies  are  used  for  destroying  bedbugs  in  rooms  or 
bedding  which  are  badly  infested.  Gasoline,  benzine, 
kerosene,  and  bichloride  of  mercury  (1  to  1,000)  are 
very  effective,  applied  by  brush  or  pouring.  Scald- 
ing water  is  also  effective  and  the  fumes  of  sulphur 
dioxide,  hydrocyanic  acid  gas  or  carbon  bisulphide, 
when  the  floors  and  ceilings  are  infested. 

Lice. — Three  species  of  lice  are  found  on  man:  (1) 
pediculus  capitis,  the  head  louse,  pediculus  vestimenti, 
the  body  louse,  and  the  pediculus  pubis  or  crab  louse, 
which  are  found  respectively  in  the  head,  on  the 
clothing  and  in  the  short  hair  of  the  pubis,  axilla  or 
eyebrows.  The  eggs  or  nits  are  attached  tc  the  hair 
and  hatch  in  about  fifteen  days.  The  blood-sucking 
habits  of  lice  render  them  dangerous  parasites,  and 
no  doubt  they  are  capable  of  transmitting  infectious 
disease  to  man.  The  body  louse  is  supposed  to  be 
responsible  for  typhus  fever.     Lice  may  be  passed 
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directly  from  one  person  to  another  and  are  often 
contracted  from  the  beds  of  hotels  or  sleeping  cars. 
They  may  be  destroyed  by  kerosene,  turpentine, 
carbolic  acid  one  to  fifty,  bichloride  of  mercury  solu- 
tions or  tincture  of  the  cocculus  indicus.  The  hair 
should  bo  cut  short  in  badly  infected  heads.  The 
clothing  should  be  boiled,  baked  or  steamed  for  body 
lice,  and  the  pubis  annointed  with  mercurial  or  white 
precipitate  ointment  for  crab  lice.  A  fine  tooth  comb 
wet  in  vinegar  should  be  used  to  remove  the  nits. 

Mosquitoes,  Flies,  Ticks,  Etc. — Troops  should  be  pro- 
tected against  mosquitoes,  flies  and  other  insects  on 
account  of  their  annoyance  and  powers  of  spreading 
disease.  A  number  of  diseases  are  transmitted  by 
these  insects  notably  among  which  are  malarial  fevers, 
yellow  fever,  typhoid  fever,  spotted  fever,  filariasis, 
etc.  Troops  should  be  required  to  use  mosquito  bars 
in  malarial  districts  and  head  nets  and  gloves  while 
on  guard  at  night.  Smudges  are  serviceable  when 
camping  in  districts  infested  with  mosquitoes.  The 
larvae  of  mosquitoes  and  flies  should  bo  destroyed 
when  practicable  by  means  of  burning,  petroleum  and 
cleanliness.  Screen  kitchens  and  mess  rooms  are 
advisable  in  semi-permanent  camps. 

Spitting  on  Floors. — Spitting  or  expectorating  on 
floors  is  not  only  a  filthy  habit,  but  a  dangerous  one 
as  well,  on  account  of  the  infection  dried  sputum  may 
contain.  Tuberculosis,  diphtheria,  pneumonia,  and 
scarlet  fever  may  be  transmitted  through  expectora- 
tion or  the  secretions  of  the  mouth.  Dried  sputum 
on  floors,  walls,  furniture  or  bedding  may  contain  live 
bacilli  of  tuberculosis  for  many  months  and  become  a 
menace  to  everyone  who  occupies  such  infected  apart- 
ments. Strict  regulations  on  spitting  in  public  build- 
ings have  been  published  by  the  United  States  Govern- 
ment, as  well  as  by  many  municipalities,  railroads  and 
street  car  systems  with  severe  penalties  for  their  viola- 
tion. Soldiers  should  be  instructed  in  regard  to  the 
dangers  of  miscellaneous  spitting  in  quarters,  especi- 
ally its  dangers  from  tuberculosis.  Chewing  tobacco 
is  very  objectionable  for  this  reason,  and  should  not 
be  practised  in  quarters,  or  outside  for  that  matter, 
as  it  is  a  filthy  habit,  which  like  snuffing,  is  rapidly 
disappearing.  Orders  forbidding  spitting  on  the  floors 
in  quarters  should  become  a  barrack  regulation  and 
be  rigidly  enforced. 

Stimulants. — Alcoholic  Beverages. — All  military 
writers  denounce  the  use  of  alcohol  among  troops 
serving  in  the  tropics,  cold  countries,  or  on  the  march, 
while  many  others  regard  it  as  harmful  under  all 
circumstances.  Recently  many  practical  experiments 
have  been  made  with  alcohol  in  marching,  physical 
endurance,  marksmanship,  rapid  firing,  telegraphy, 
signaling  and  many  other  duties  connected  with  the 
school  of  the  soldier,  in  all  of  which  better  results  have 
been  secured  from  abstainers  than  drinkers,  even  in 
moderate  quantities.  The  drinking  soldier  is  also 
badly  handicapped  when  attacked  with  pneumonia, 
erysipelas,  influenza,  typhoid  fever,  and  other  diseases 
of  a  microbic  character  because  their  resisting  powers 
are  lowered  by  alcohol. 

Sickness  among  soldiers  is  more  marked  among  the 
drinking  element  than  among  abstainers,  especially 
venereal  diseases  and  stomach  and  nervous  troubles. 
More  than  ninety  per  cent,  of  the  cases  of  insanity 
sent  home  from  the  Philippines,  1898-1904,  was  due 
to  the  use  of  alcohol.  This  was  also  true  of  many 
other  diseases  among  men  whose  general  health  was 
impaired  through  its  excessive  use.  Alcohol  contrib- 
utes neither  to  health,  efficiency,  discipline,  or  good 
morals  and  should  be  discarded  among  military  men, 
especially  when  on  active  duty.  Temperance  should 
be  encouraged  among  enlisted  men  and  extra  pay 
given  abstaining  soldiers  as  a  reward  for  habits  which 
lead  to  increased  efficiency  and  improved  health. 

Coffee,  Tea,  and  Cocoa. — Coffee,  tea,  and  cocoa  are 
mild  stimulants,  and  in  moderation  are  wholesome, 


agreeable,  and  refreshing  beverages  and  grateful  in 
condh  inns  of  mental  and  physical  weakness.  Used  in 
excess  both  coffee  and  tea  exert  a  harmful  influence 

on    tin-,    nervous   system    and    the   digestive    tract    and 

functions.  Of  the  three  coffee  is  the  most  commonly 
used  iii  the  Army,  and  is  usually  served  at  breakfast 

and  the  mid-day  dinner.  As  a  rule  Army  cooks  pre- 
pare  coffee  very  poorly,  insisting  thai  the  men  like  it 
in  large  quantities  and  very  weak.  Besides  they  fre- 
quently use  a  portion  of  the  old  grounds  in  making 
fiesh  coffee  and  add  the  milk  and  sugar  in  the  kitchen. 
Strong  coffee  should  not  be  taken  freely  because  it 
frequently  causes  nervousness,  insomnia,  functional 
disturbance  of  the  heart  and  derangement  of  the  di- 
gestive functions.  Like  tea,  when  taken  in  moderate 
quantities  coffee  cheers,  refreshes,  and  relieves  the 
sensation  of  fatigue  and  hunger.  In  diseases  of  the 
heart  and  arteries  coffee  is  frequently  interdicted  on 
account  of  its  stimulating  effects. 

Although  the  national  beverage  of  the  Russians, 
Chinese,  and  Japanese,  tea  is  little  used  in  the  Army. 
In  addition  to  the  caffeine  it  also  contains  a  consider- 
able percentage  of  tannin  which  is  liable  to  act  as  an 
astringent  and  cause  constipation  unless  very  care- 
fully infused.  Both  cold  coffee  and  cold  tea  are  ex- 
cellent beverages  to  relieve  thirst  on  the  march,  and 
besides  are  much  safer  than  the  drinking  water  secured 
from  springs  and  streams  in  the  field.  Cold  coffee 
can  be  safely  carried  in  the  vessels  or  the  tin  canteen 
but  cold  tea  attacks  the  metal  and  turns  it  dark. 
However,  cold  tea  may  be  safely  carried  in  the  present 
aluminum  canteen.  Ordinarily  coffee  should  only 
be  issued  the  men  at  breakfast  or  while  on  guard  at 
night.  Tea  or  cocoa  should  be  used  at  the  remaining 
meals.  Cocoa  is  not  only  a  mild  stimulant  but  is  also 
a  valuable  food  in  condensed  form.  Chocolate  is  also 
an  excellent  article  for  the  soldier  and  may  be  used 
either  as  food  or  drink. 

Tobacco. — Although  many  intelligent  men  believe 
the  moderate  use  of  tobacco  harmless,  there  can 
be  no  doubt  of  its  injurious  effects,  inasmuch  as 
with  all  beginners  it  causes  dizziness,  nausea  and  vom- 
iting, pallor,  cold  clammy  sweat,  prostration,  and  con- 
fusion of  ideas.  With  the  majority  of  people,  as  the 
habit  continues,  the  system  becomes  tolerant  to  a 
very  marked  degree.  Many  habitual  users  of  to- 
bacco suffer,  however,  from  indigestion,  heartburn, 
headache,  respiratory  and  nervous  disturbances,  ir- 
regularity of  the  heart  beat,  sore  throat,  cough,  hoarse- 
ness, and  insomnia.  There  can  be  no  doubt  but  that 
its  excessive  use  causes  blindness  (amblyopia),  cancer 
of  the  lips,  tongue,  and  throat,  and  there  are  ex- 
cellent medical  authorities,  who  believe  that  heart 
disease,  arteriosclerosis,  and  a  susceptibility  to  tuber- 
culosis result  also  from  its  continued  use  among 
certain  individuals. 

On  account  of  its  effects  on  respiration  tobacco 
should  not  be  used  on  the  march,  because  it  lessens 
marching  endurance  and  dries  up  the  secretions  of  the 
mouth.  Smoking  should  not  be  permitted  in  dormi- 
tories or  sleeping  rooms  on  account  of  the  carbon 
dioxide  contained  in  the  smoke.  While  the  use  of 
tobacco  may  be  attractive  to  many  men,  especially 
among  those  whose  opportunities  in  life  are  restricted, 
I  believe  its  abstinence  in  the  end  would  offset  through 
increased  health,  all  its  temporary  sensual  pleasures. 
Smoking  cigarettes  and  chewing  are  the  most  objec- 
tionable forms  of  its  use,  because  the  smoke  of  ciga- 
rettes is  generally  inhaled,  and  chewing  results 
in  the  loss  of  saliva,  which  is  so  essential  to  mastica- 
tion and  the  ensalivation  of  food. 

Sexual  Indulgence. — The  exercise  of  the  re- 
productive organs  is  not  necessary  to  the  health  or 
well  being  of  the  individual.  Many  young  men  who 
enter  the  military  service  have  been  raised  with  the 
most  liberal  views  regarding  promiscuous  sexual 
intercourse,    in    fact   some    have    been    taught    that 
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sexual  indulgence  was  actually  necessary  for  the  pre- 
servation of  health  and  the  development  of  the 
organs  of  reproduction.  Dense  ignorance,  as  a  rule 
prevails  among  the  youth  of  the  country,  of  both 
sexes,  regarding  sex  hygiene  and  other  questions  of 
habit,  which  so  deeply  concern  their  mental,  moral 
and  physical  development. 

The  majority  of  our  young  men  have  never  learned 
that  clean  living  is  the  surest  foundation  of  health, 
character  and  usefulness  in  life,  and  the  highest  moral 
obligations  of  mankind.  Everyone  should  be  taught 
that  the  sexual  organs  were  intended  for  the  repro- 
duction of  the  rare  and  not  simply  for  the  gratifica- 
tion of  sensual  pleasures.  Besides  they  should  know- 
that  in  the  functions  of  reproduction  the  testicles 
suppy  a  vital  force  and  energy  to  the  other  organs  of 
the  body  through  a  secretion  which  is  of  the  utmost 
importance  to  life  and  character.  Men  who  ab- 
stain from  promiscuous  sexual  indulgence  can  better 
perforin  mental  and  physical  work.  This  principle 
was  recognized  by  Roman  gladiators  thousands  of 
years  ago  and  by  the  athletes  of  to-day. 

Masturbation  is  occasionally  practised  by  young 
men  who  have  allowed  licentious  thoughts  to  dominate 
their  will  power.  Masturbators  are  usually  recog- 
nized by  their  solitary  habits,  loss  of  freshness,  vigor, 
memory,  will  power  and  ability  to  concentrate  thought. 
Emissions  are  common  to  most  robust  men  and  are 
nature's  method  of  emptying  the  seminal  vesicles  at 
intervals  of  from  ten  days  to  two  weeks.  When 
emissions  occur  as  a  result  of  masturbation,  gon- 
orrheal inflammation,  or  sexual  excesses  they  have 
another  significance  and  require  medical  attention. 

Mastication  op  the  Food. — Whenever  practical 
the  hands  should  be  thoroughly  washed  before  eating 
not  only  for  the  sake  of  discipline  and  self-respect, 
but  in  order  to  prevent  swallowing  diseased  germs. 
This  is  specially  necessary  during  the  presence  of 
cholera  and  typhoid  fever,  and  other  diseases  con- 
tracted through  the  mouth  and  intestinal  canal. 
Food  should  be  simple,  nutritious  and  well  prepared. 
Rich  pastry  and  highly  seasoned  dishes  should  be 
excluded  from  the  dietary  because  they  excite  the  di- 
gestive glands  to  abnormal  activity  and  finally  pro- 
duce indigestion,  dyspepsia,  and  constipation.  The 
food  should  be  eaten  slowly,  adopting  a  modification 
of  the  Fletcher  system,  so  that  it  enters  the  stomach 
well  masticated  and  thoroughly  mixed  with  the  saliva, 
which  in  a  measure  digests  its  starchy  components. 

Well  masticated  and  ensalivated  food  forms  emulsi- 
fied chyme  in  the  stomach  which  is  so  necessary  for 
the  intestinal  digestion  and  hence  if  the  food  is  not 
thoroughly  ground  up  in  the  mouth  the  stomach 
suffers  in  the  end.  Only  moderate  quantities  of  water 
or  other  fluid  should  be  taken  with  the  meals  be- 
cause they  dilute  the  gastric  juice,  and  make  diges- 
tion more  difficult.  Food  should  not  be  eaten  too 
hot  or  cold  because  extremes  of  temperature  check 
the  secretion  of  the  gastric  juice  besides  heat  injuries 
the  enamel  of  the  teeth.  To  insure  perfect  digestion, 
complete  mental  and  physical  rest  should  be  in- 
dulged in  for  at  least  one  hour  after  eating  in  order 
that  the  blood  may  not  be  diverted  from  the  stomach 
at  this  time.  Meals  should  be  eaten  at  regular  in- 
tervals so  as  to  accustom  the  stomach  to  pour  out 
the  gastric  juice  at  the  proper  time. 

Sleep  and  Rest. — Sleep  and  rest  are  nature's 
method  of  relieving  mental  and  physical  fatigue  and 
restoring  to  the  normal  the  process  of  metabolism. 
Sleep  is  therefore  necessary  in  the  vital  processes  of 
life  and  the  prevention  of  physical  and  mental  weak- 
ness, exhaustion  and  depression  which  are  the  pre- 
cursors  of  disease.  Individuals  deprived  of  sleep 
on  account  of  long  hours,  dissipation,  or  insomnia 
suffer  a  train  of  nervous  disorders  which  frequently 
lead   to   serious   consequences.     Regularity   in   sleep- 
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ing,  eating,  and  recreation  is  absolutely  necessary  to 

insure  normal  health. 

Men  who  turn  night  into  day  and  spend  the  sleep- 
ing hours  in  drinking  and  sexual  debauchery  find  out 
thai  they  are  burning  the  candle  of  life  at  both  ends 
and  soon  develop  into  hopeless  mental  and  physical 
wrecks.  Experience  has  taught  us  that  man  should 
devote  eight  hours  to  sleep,  eight  hours  to  work  and 
eight  hours  to  meals,  recreation  and  amusement  dur- 
ing cadi  twenty-four  hours  in  order  to  maintain  good 
health.  During  the  sleeping  hours  one  or  more  win- 
dows should  be  raised  to  insure  ventilation  and  egress 
of  the  poisonous  exhalations  of  the*  body  (carbon 
dioxide). 

Every  soldier  should  be  provided  with  two  or  more 
pairs  of  pajamas  for  use  while  in  barracks.  Sleeping 
in  underclothing  is  an  insanitary  and  vulgar  habit ; 
first  because  underclothing  worn  during  the  day  an' 
damp  with  perspiration  and  the  semi-greasy  fluid 
from  the  sebaceous  glands,  and  second  because  tiny 
usually  carry  disagreeable  odors.  Soldiers  should 
avoid  sleeping  on  the  bare  ground  while  on  the  march 
or  in  camp  on  account  of  dampness.  They  should 
lie  on  the  rubber  poncho,  or  endeavor  to  extemporize 
an  elevated  bed  of  brush,  hay,  or  weeds  if  not  provided 
with  gold  medal  cots  or  bed  sacks. 

Recreation  and  Amusement. — The  recreation  and 
amusement  afforded  the  soldier  have  an  important 
bearing  on  his  health  and  efficiency,  inasmuch  as 
life  frequently  becomes  monotonous  and  irksome  in 
camp  and  garrison,  especially  during  the  "piping 
times  of  peace."  This  is  especially  true  with  young 
recruits  and  enlisted  men,  who  are  deprived  of 
family  life,  home  associations  and  loved  ones.  Med- 
ical officers  and  company  officers  should  carefully 
watch  those  members  of  the  command  who  exhibit 
early  symptoms  of  low  spirits  and  melancholy,  which 
easily  develop  into  serious  and  persistent  nostalgia. 
These  unfortunate  mental  conditions  were  of  common 
occurrence  among  the  volunteer  and  regular  army 
troops  on  duty  in  the  Philippines  at  the  conclusions  of 
the  Insurrection,  1902,  and  necessitated  the  return  of 
hundreds  of  them  to  the  United  States  for  recupera- 
tion. 

There  can  be  no  question  as  to  the  serious  effects  of 
psychic  influences  on  the  general  nutrition  and  health 
of  the  body,  and  the  value  of  cheerfulness  and  con- 
tentment as  a  means  of  preserving  health  and  effi- 
ciency among  troops.  Medical  and  company  officers 
should  regard  the  diversion  and  amusement  of  the 
men  essential  to  their  health  and  general  welfare,  as  a 
part  of  their  sanitary  and  military  duties.  The 
Government  has  erected  in  the  majority  of  our  mili- 
tary garrisons  commodious  exchange  buildings 
which  include  the  gymnasium,  exchange,  and  club 
rooms.  They  are  provided  with  rooms  for  billiards, 
pool,  cards,  library,  kitchen,  restaurant,  besides  the 
exchange  room,  gymnasium,  and  bowling  alley.  The 
gymnasium  is  equipped  with  modern  appliances  for 
exercise,  besides  a  stage  for  plays,  vaudevilles,  con- 
certs and  a  smooth  hardwood  floor  large  enough 
to  entertain  the  entire  command  for  dances  and 
balls. 

The  exchange  officer  should  stud.v  to  make  the  post 
exchange  an  attractive  club  for  the  men  when  off 
duty,  with  provisions  for  the  entertainment  of  the 
men's  families  and  friends  at  least  one  evening  during 
the  week.  The  kitchen,  caf<5,  and  soda  water  counter 
should  become  important  features  of  the  exchange. 
Coffee,  tea,  milk,  soda  water  with  ice  cream,  orange 
and  lemonade,  and  all  kinds  of  soft  drinks  should  be 
kept  fresh  and  at  minimum  prices.  The  kitchen  and 
lunch  room  should  receive  careful  attention  and  a  com- 
petent cook  be  employed. 

The  garrison  should  be  provided  with  baseball 
grounds,  tennis  courts,  and  a  golflinks  where  practic- 
able, and  the  men  encouraged  to  use  them.     Out- 
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door  as  well  as  indoor  sports  and  games  of  all  kinds 
should  be  encouraged  and  competitions  between 
the  different  organizations  encouraged.  Hunting, 
fishing,  and  boating  are  useful,  pleasant,  and  healthful 
recreations  and  are  available  at  many  army  stations. 
A  well  selected  library  with  the  popular  dailies  and 
magazines  should  be  provided  at  every  military  post 
and  the  men  encouraged  to  read  them.  The  post 
school  for  the  enlisted  men  should  become  an  im- 
portant feature  in  the  life  of  the  soldier,  especially 
as  many  of  them  have  been  deprived  of  the  advan- 
tages of  an  early  education.  Attendance  at  school 
should  be  required  during  the 
first  enlistment,  but  subjects 
taught  should  not  extend  be- 
yond the  sixth  or  seventh  grade 
of  our  public  school  system. 
Service  in  the  Army  could  be 
popularized  and  the  soldier 
made  more  contented  through 
the  organization  of  industrial 
education,  in  addition  to  the 
elementary  branches.  No 
doubt  hundreds  of  the  young 
soldiers  would  be  glad  to  serve 
an  enlistment  provided  they 
were  taught  some  useful  trade 
or  occupation.  Such  schools 
might  be  established  in  a  num- 
ber of  the  regimental  or  larger 
posts  and  embrace  typewriting, 
stenography,  bookkeeping,  and 
accounting,  telegraphy  includ- 
ing the  wireless,  electrical  en- 
gineering, cooking  and  baking, 
blacksmithing,  wheelwright ing, 
saddlery,  plumbing,  etc.  The 
mental  and  moral  influence  of 
the  Young  Men's  Christian 
Association    has    been    of   the 

greatest  value  to  the  young  men  of  the  army  and 
it  should  be  established  in  every  Army  post  and  camp. 
Besides  it  adds  greatly  to  the  pleasures  and  content- 
ment of  the  men  as  a  result,  of  the  moving  picture  and 
slide  lecture  features.  Soldiers  should  be  encouraged 
in  attending  divine  services  at  posts  where  chaplains 
are  stationed,  or  in  city  churches  adjoining  the  post. 


sickness,  inefficiency,   (rouble,  and  discontent  in  the 

Army  than  any  other  factor. 

Personal  Hygiene  and  Ci.kam.imoss  The  succi 
of  military  hygiene  and  camp  sanitation,  depend 
largelj  upon  the  intelligent  cooperation  of  the  en- 
listed men,  Every  recruit  should  be  taught  the  im- 
portance of  personal  hygiene  and  cleanliness  and  how 
to  take  care  of  himself.  Be  should  be  taught  the  im- 
portance of  fresh  air,  especially  during  sleep,  of  rest, 
and  sleep,  of  pure  drinking  water,  of  exercise,  of 
bathing  and  personal  cleanliness,  clean  clothing,  skin, 
teeth,  hair  and  bowels.  Every  soldier  not  only  owes 
it  to  himself,  but  to  the  government,  to  supervise 
and    scrutinize    all     the    details    of    his    SUTTOUndingS, 

environment,  and  daily  habits  of  life,  regardless 
of  the  hygienic  supervision  that  may  be  undertaken 
by  the  military  authorities. 

Care  of  the  Feet. — Sound  feet  are  of  the  utmosl   irn- 


332 


-Normal  Foot  and  Foot  Print. 


Drinking  is  one  of  the  most  fertile  sources  of  moral 
and  physical  demoralization  and  should  be  dis- 
couraged by  every  officer  in  the  service,  who  has  the 
interest  of  the  enlisted  men  at  heart.  An  "  Army 
Temperance  League"  should  be  established  at  every 
post  and  the  men  encouraged  to  join.  Directly  or 
indirectly  the  use  of  alcoholic  beverages  causes  more 


Fig.  332S. — Army  Russet  Shoe.     Front  and  side  views. 

portance  to  the  soldier,  especially  to  the  infantry- 
man. In  order  to  preserve  normal  feet  and  keep 
them  in  good  marching  order  properly  fitting  shoes 
should  be  issued  to  the  men.  The  Munson  shoe 
recently  adopted  for  the  Army  appears  to  be  suitable 
in  every  respect.  The  special  advantages  of  this 
shoe  lie  in  the  width  across  the  ball  of  the  toe  and  the 
soft  box,  which  allow  the  toes  to  spread  without 
pressure  or  friction.  Long  marches  are  liable  to 
cause  chafing  and  soreness,  especially  on  the  first 
day,  and  it  is  at  this  time  that  the  greatest  care  should 
be  taken  of  the  feet.  Greasing  the  feet  with  fresh 
beef  or  mutton  suet  as  well  as  applications  of  the 
German  foot  powder  are  wise  provisions  for  men  who 
suffer  from  tender  feet.  Besides  they  should  be 
washed  morning  and  evening,  and  if  opportunity 
offers,  one  or  twice  during  the  day,  and  socks  changed. 
The  feet  may  be  toughened  by  strong  warm  solutions 
of  alum  or  common  salt,  to  which  alcohol  may  be 
added. 

Ft>r  sweating  feet  a  four  per  cent,  solution  of  for- 
malin or  a  weak  solution  of  permanganate  of  po- 
tassium will  be  found  useful.  The  nails  should  be 
kept  trimmed  and  the  corns  removed  by  careful 
cutting  or  scraping.  The  application  of  generous 
strips  of  lead  plaster  over  excoriated  or  chafed  sur- 
face serves  an  excellent  purpose  when  men  are  lamed 
from  these  causes  on  the  march.  Blisters  which  are 
liable  to  form'  on  the  heel  should  be  opened  by  a 
sterilized  needle  on  the  lower  edge.  After  the  fluid 
has  oozed  away  the  blister  should  be  covered  with 
adhesive  plaster.  Men  suffering  from  tender  or  gouty 
feet  should  endeavor  to  keep  them  scrupulously 
clean,  dry,  and  encased  in  clean,  dry  socks. 

Care  of  the  Teeth. — The  teeth  should  be  cleaned 
every  morning  and  just  before  retiring  with  a  stiff 
brush  and  some  suitable  dentifrice,  tooth  powder  or 
soap.     All  the  particles  of  meat  or  food  should  be 
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removed  by  a  wooden  toothpick  or  dental  floss  silk. 
The  soldier  should  have  his  teeth  examined  twice 
yearly  by  the  dental  surgeon,  tartar  removed,  and 
teeth"  placed  in  good  condition.  The  mouth  should 
also  be  rinsed  out  after  each  meal. 

Underclothing  and  Bedding. — The  clothing  and  bed- 
ding of  the  men  should  be  regularly  laundered  and 
aired.  Cleanliness  of  the  underclothing  is  especially 
necessary  on  account  of  the  poisonous  excretions  from 
the  skin.  Men  should  avoid  sleeping  in  the  under- 
clothing by  providing  themselves  with  several  suits 
of  pajamas. 

Care  of  the  Bowels. — -Although  there  is  considerable- 
variation  in  the  frequency  and  regularity  of  the 
movement  of  the  bowels  among  men  who  appear 
well  and  health}',  the  general  habit  of  mankind  has 
fixed  a  daily  morning  movement  as  the  most  con- 
venient and  healthful.  Some  people  feel  a  sense  of 
discomfort  unless  they  have  two  or  three  regular 
evacuations  daily,  while  others  have  established  the 
habit  of  going  to  stool  every  second,  third,  or  fourth 
day,  with  no  apparent  discomfort  or  ill  effects.  Con- 
stipation therefore  seems  to  be  an  interruption  or 
irregularity  in  the  established  habits  of  each  individual 
in  this  regard.  While  no  one  knows  definitely  the 
cause  of  constipation  it  is  believed  generally  to  result 
from  lack  of  peristalsis  or  successive  intestinal  con- 
traction which  forces  the  contents  of  the  intestines 
onward. 

There  are  many  causes  of  constipation,  among 
which  may  be  prominently  mentioned  neglect  of 
nature's  call,  which  is  quite  common  among  both 
men  and  women.  Almost  any  one,  who  neglects  the 
normal  morning  desire  from  time  to  time,  is  liable  to 
contract  an  irregular  habit  which  soon  leads  to  con- 
stipation. Sedentary  habits,  lack  of  exercise,  un- 
suitable diet,  and  heredity  are  given  as  permanent 
causes.  When  constipation  becomes  habitual  it 
frequently  produces  a  feeling  of  lassitude  or  debility, 
headache,  mild  vertigo,  mental  torpidity  or  low 
spirits,  symptoms  which  are  due  to  the  absorption  of 
toxic  material  from  the  intestinal  canal.  Constipa- 
tion frequently  affects  the  soldier's  health  and  effi- 
ciency and  should  be  corrected.  Much  can  be  ac- 
complished through  personal  hygiene,  diet,  exercise 
and  habit.  Those  affected  with  irregularities  of  the 
bowels  should  endeavor  to  establish  a  regular  morn- 
ing habit  by  going  to  the  closet  at  a  fixed  morning 
hour  whether  they  have  the  desire  or  not.  Persist- 
ency in  this  rule  frequently  leads  to  success  although 
it  may  take  weeks  or  months.  Many  people  suffer 
from  constipation  because  they  drink  too  little  water. 
One  or  two  glasses  of  hot  or  cold  water  before  break- 
fast frequently  leads  to  the  morning  movement. 

The  diet  should  consist  of  vegetable  matter  which 
leaves  a  large  intestinal  residue,  such  as  cabbage, 
turnip,  spinach,  beets,  corn,  bran  bread,  or  fruits  such 
as  apples,  pears,  peaches,  prunes,  cherries,  either  dried 
or  fresh.  Molasses  is  especially  useful  in  regulating 
the  bowels  and  is  largely  used  among  students, 
soldiers,  and  sailors.  It  is  always  better  to  establish 
normal  movements  from  the  bowels  through  a  fixed 
habit,  diet,  or  exercise.  It  becomes  necessary  at  times, 
however,  to  resort  to  internal  medicine.  Among 
the  simpler  remedies  are  caseara,  rhubarb,  senna, 
phenophthalein,  agar-agar,  and  the  compound  licorice 
powder.  In  chronic  cases  it  is  always  best  to  consult 
the  medical  officer  and  continue  treatment  until  the 
normal  habit  is  reestablished. 

Camp  Diseases. — While  there  are  no  special  diseases 
peculiar  to  the  army  alone,  the  conditions  and  cir- 
cumstances of  the  soldier's  life  often  make  him  more 
susceptible  to  certain  maladies  than  men  who  follow 
the  ordinary  pursuits  of  civil  life.  Many  of  the 
diseases,  which  are  common  to  camp  life  are  con- 
tagious or  infectious  and  consequently  are  pre- 
ventable.    This  is  also  true  of  diseases  which  arise 
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from  insect  and  parasitic  life.  Exposure  and  climatic 
Conditions  are  responsible  for  a  large  percentage  ol 
military  diseases  during  active  service  or  dutj  in 
the  tropics,  and  immorality  and  intemperance  for 
diseases  of  vice  and  alcoholism.  It  is  gratifying 
to  learn  that  both  of  the  latter  two  evils  are  dimin- 
ishing each  year  as  a  result  of  venereal  prophylaxis 
and  temperance  propaganda. 

The  prevalence  of  certain  diseases  in  army  life  de- 
pends largely  upon  climate,  environment  and  local 
conditions.  Malaria  which  heads  the  list  of  camp 
diseases  in  the  Canal  Zone  is  very  rare  at  many  of 
our  northwestern  posts.  Venereal  diseases,  which 
are  very  prevalent  among  troops  on  the  Mexican 
border,  or  near  towns  with  a  mixed  population,  are 
quite  infrequent  at  posts  in  isolated  sections  of  the 
country.  Bacillary  and  amebic  dysentery,  which 
caused  a  very  large  percentage  of  the  sickness  among 
troops  in  the  Philippines  1898-1904  rarely  occur 
in  the  United  States.  This  is  also  true  of  "dhpbie 
itch,"  tropical  ulcer,  and  other  skin  affections  which 
are  peculiar  to  tropical  countries. 

Acute  Indigestion. — Stomach  and  intestinal  dis- 
turbances are  the  common  forms  of  sickness  experi- 
enced by  newly  organized  troops  in  camp,  and  is 
largely  due  to  change  and  overindulgence  in  food. 
The  greatest  care  should  be  observed  in  the  prepara- 
tion of  the  soldier's  ration  in  the  field  and  he  should  be 
required  to  live  on  it  to  the  exclusion  of  the  various 
articles  of  food  and  drink  sold  by  the  army  of  huck- 
sters, who  are  frequently  allowed  to  establish  their 
booths  in  the  vicinity  of  encampments.  The 
presence  of  hucksters  should  be  forbidden  in  the 
vicinity  of  troops,  or,  if  permitted,  their  wares  should 
be  carefully  examined  by  the  sanitary  inspector. 

Acute  Diarrhea. — Intestinal  disorders  including 
diarrhea,  colic  with  nausea  and  vomiting  commonly 
occur  among  troops  during  camps  of  maneuver 
or  mobilization  from  dietetic  causes  and  respond  to 
treatment  as  a  rule  within  a  few  days.  Diarrhea 
not  infrequently  results  from  exposure,  changes  of 
temperature  and  water.  Among  volunteer  troops 
this  condition  frequently  results  from  the  ingestion 
of  foods  and  drinks  purchased  from  camp  vendors  or 
poorly  prepared  rations,  and  is  more  or  less  pre- 
ventable. 

Constipation. — Conditions  which  disturb  the  habits 
of  men,  such  as  change  from  home  life  and  food  to 
camp  life  and  the  army  ration  frequently  upsets  the 
daily  habits  of  men  and  causes  acute  constipation. 
The  excitement  of  camp  life,  change  of  water  and 
neglect  of  the  morning  call  are  also  conducive  to  con- 
stipation. This  condition  frequently  occurs  among 
raw  militia  and  should  be  carefully  guarded  against 
by  the  responsible  officers. 

Ptomaine  Poisoning. — Toxins  may  form  in  foods 
as  a  result  of  bacterial  action  and  seriously  poison  a 
command.  The  effects  are  violent  gastrointestinal 
irritation  with  vomiting,  purging,  and  extreme  ex- 
haustion. The  change  frequently  occurs  in  hash 
or  other  foods  kept  over  night  in  the  pantry.  Meats 
most  liable  to  undergo  this  change  are  pork  and 
veal.  Milk  is  an  excellent  medium  for  bacteria. 
It  is  probable  that  the  ptomaine  tyrotoxicon,  which  is 
found  in  milk,  cheese,  and  ice  cream  is  due  to  bacterial 
action. 

Alcoholism. — For  many  years  previous  to  the 
Spanish  war  alcoholism  held  a  prominent  position 
among  army  diseases,  averaging  from  thirty  to  sixty 
admissions  per  thousand  annually.  The  rate  has 
been  reduced  greatly  since  then,  there  being  only 
sixteen  admissions  per  thousand  during  the  year  of 
1913.  Alcohol  is  harmful  as  a  beverage  and  should 
hold  no  place  in  the  soldier's  dietary  because  even  in 
moderate  quantities  it  reduces  both  health  and 
efficiency.  The  moderate  user  of  alcohol  finds 
his  marching  endurance  and  accuracy  in  marksman- 
ship  reduced   below  that   of   the   abstainer,   besides 
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every  mental  and  physical  faculty  is  more  or  less 
disturbed.  Drinking  should  be  discouraged  in  every 
way  among  enlisted  men  and  prohibited  among  com- 
missioned officers,  while  on  active  duty,  on  account 
of  its  serious  effects  on  efficiency  and  general  health. 

Malaria. — Malarial  fevers  headed  the  list  of  dis- 
eases in  the  United  States  Army  for  many  years  pre- 
vious to  1898  and  does  so  today  in  the  Panama  Canal 
and  other  localities,  where  the  malarial  mosquito 
abounds.  The  several  types  of  this  disease  result 
from  a  malarial  parasite  which  is  introduced  into  the 
human  system  through  the  bite  of  the  Anophelina. 

Yellow  fever  is  transmitted  by  the  Stegomyia  fasciala 
and  filarial  disease  chiefly  by  the  Culex  faligans.  The 
parasite  in  malarial  fever  completes  its  cycle  in 
twenty-four,  forty-eight,  and  seventy-two  hours  and 
causes  the  quotidian,  tertian,  or  quartan  types  of  the 
disease.  Besides  the  fever,  which  is  known  as  inter- 
mittent, malaria  frequently  becomes  an  important 
factor  in  other  diseases,  such  as  diarrhea,  pneumonia, 
and  typhoid  fever.  Troops  may  avoid  intermittent 
fever  in  malarial  districts  through  prophylactic 
doses  of  quinine  and  use  of  gloves,  headnets,  and 
mosquito  bars,  although  certain  authorities  believe 
the  parasite  transmissible  through  water.  The 
smoke  of  burning  insect  powder  will  free  a  room  of 
mosquitos.  Quinine  in  five-  or  ten-grain  doses  three 
or  four  times  daily  usually  destroys  the  parasites 
within  the  blood  and  body. 

Bacillary  Dysentery. — Although  occurring  in  other 
parts  of  the  world  bacillary  dysentery  may  be  re- 
garded as  a  tropical  disease.  It  was  very  common 
among  our  troops  serving  in  the  Philippines,  Cuba, 
and  Porto  Rico,  and  results  from  a  specific  microor- 
ganism, the  Bacillus  dysenteries,  found  in  drinking 
water.  The  most  favorable  treatment  consists  of 
the  administration  of  magnesium  sulphate,  20  c.c. 
saturated  solution  every  four  hours  followed  by  ten 
drops  aromatic  sulphuric  acid.  When  hemorrhages, 
large  sloughs,  and  offensive  odors  disappear  and  the 
stools  are  reduced  to  three  or  four  daily  the  magnesia 
solution  is  given  about  twice  during  the  day  and  the 
aromatic  sulphuric  acid  proportionately.  Bismuth 
subnitrate  in  sixty  grain  doses  with  three  grains  of 
salol  is  also  given  every  six  hours.  Bacillary  dysentery 
is  a  water-borne  disease  and  is  preventable. 

Amebic  Dysentery. — Amebic  dysentery,  an  in- 
flammatory disease  of  the  colon,  is  caused  by  an 
ameba  prevalent  in  tropical  climates  and  is  found 
in  drinking  water.  The  disease  is  characterized  by 
frequent  evacuations  of  mucous  and  bloody  stools, 
tenesmus,  irregular  fever,  ulceration  of  the  intestinal 
mucosa,  and  not  infrequently,  hepatic  abscess.  The 
most  successful  treatment  consists  of  one-third  grain 
doses  of  emetine  given  hypodermically  three  times 
daily  and  continued  for  eight  days  after  the  disappear- 
ance of  the  ameba.  Both  forms  of  tropical  dysentery 
may  be  prevented  by  sterilizing  the  water  supply 
which   contains  the  pathogenic  agent. 

Typhoid  Fever. — Before  the  use  of  vaccination  as  a 
protective  measure  against  typhoid  fever  it  was  one  of 
the  most  prevalent  diseases  among  soldiers  during 
active  campaigns  or  encampments.  The  specific 
organism  is  a  short  flagellated  bacillus  closely^  re- 
sembling the  bacillus  coli  communis  from  which  it  is 
ordinarily  difficult  to  distinguish.  Typhoid  bacilli 
abound  in  the  feces  and  urine  of  patients  affected  with 
the  disease,  and  is  generally  transmitted  through 
drinking  water  into  which  they  have  found  their  way. 
They  live  and  breed  also  in  earth  contaminated  with 
organic  matter  but  soon  die  when  exposed  to  the  sun. 
They  may  also  live  for  several  weeks  in  clothing  and 
tentage  and  not  infrequently  become  the  focal  center 
of  epidemics  in  this  way.  Typhoid  bacilli  are  killed 
in  boiling  water,  or  water  at  a  temperature  of  140° 
after  fifteen  minutes'  exposure.  They  are  also  killed 
by  solutions  of  carbolic  and  bichloride  of  mercury  and 
other  germicides.     The  infection  is  frequently  spread 


through  flies,  food,  and  dust.  Milk  serves  as  an  ex- 
ri  Mi  mi   medium  for  the  transmission  of  typhoid  in- 

fectinn  and  .should  be  carefully  examined  during  the 
presence  of  the  disease.  During  the  investigation 
of  the  disease  it  has  been  found  thai  certain  individuals 
are  "carriers"  of  the  bacilli  who  otherwise  arc  in  the 
enjoyment  of  normal  health.  As  preventive  measures 
suspected  drinking  water  should  be  boiled  and  in- 
fected clothing  and  tentage  disinfected.  Soldiers 
under  the  age  of  forty-five  should  be  protected  by 
typhoid   vaccination. 

Parasites. — Intestinal  parasites  are  very  common 
among  soldiers  especially  with  men  serving  in  the 
Philippines,  where  they  are  very  prevalent  among 
natives  and  animals.  The  common  human  varieties 
are  the  Ascaris  lumbricoides,  Oxyuris  vermicularis, 
Trichocephalus  dispar,  Dracunculus  medinensis,  Tenia 
saginata,  Tenia  solium,  and  T.  bothriocephalus  latus. 
The  eggs  of  the  first  four  are  discharged  with  the  feces 
into  springs  and  water  courses  and  find  their  way  into 
the  intestines  from  drinking  water.  The  Dracunidus 
medinensis,  the  guinea  worm,  is  also  believed  to  enter 
the  system  through  the  skin.  The  cystercerci  of  the  sag- 
inata, solium,  and  latus  enter  the  muscular  flesh  of  the 
ox,  swine,  and  fish  respectively,  from  which  they  gain 
entrance  into  the  human  system  through  raw  or  par- 
tially cooked  flesh.  Trichiniasis,  a  very  serious 
disease,  is  also  contracted  from  eating  raw  or  smoked 
hog  flesh.  Bilharzia  hematobia  may  also  enter  the 
system  from  drinking  water  containing  the  urine  of 
those  affected  with  the  disease.  Ankylostomum 
duodenale  is  a  common  parasite  among  men  who  go 
bare  foot  and  became  very  prevalent  among  American 
soldiers  in  the  tropics.  Filariasis  is  conveyed  by  the 
bite  of  [the  Culex  faligans  and  possibly  also  by  in- 
fected drinking  water.  Besides  the  above  mentioned 
parasites  there  are  a  number  of  flukes  or  sucking  worms 
which  cause  serious  conditions  in  the  Philippines. 
One  variety  invades  the  lungs  and  causes  blood  spitting 
and  cough  resembling  consumption. 

Skin  Diseases. — These  are  prevalent  among  troops 
in  the  tropics,  especially  an  eczematous  form  classified 
generally  under  the  name  of  "dhobie  itch."  Many 
of  [these  eruptions  are  due  to  the  Tinea  trichophytina 
and  are  believed  transferable  by  means  of  unboiled 
laundry.  The  favorite  site  for  the  eruption  is  under 
the  arm-pits,  between  the  groins  and  toes,  although 
it  may  appear  on  any  part  of  the  body.  Chrysarobin 
or  an  ointment  composed  of  salicylic  and  benzoic  acid 
is  effective.  An  alcoholic  saturated  solution  of  sali- 
cylic acid  destroys  the  fungus  applied  several  times  by 
means  of  a  hair  pencil. 

Scabies. — Camp  itch  is  not  a  common  army  disease 
during  peace,  but  is  not  infrequent  among  troops 
during  war.  It  is  caused  by  a  tiny  insect  the  acarus 
or  sarcoptes,  which  is  an  arachnid,  belonging  to 
the  spider  family.  The  mite  can  be  seen  with  an 
ordinary  watchmaker's  glass.  The  disease  is  ordi- 
narily communicated  by  means  of  infected  bedding  or 
clothing.  The  treatment  consists  of  two  or  three 
applications  of  sulphur  ointment  on  successive  even- 
ings before  retiring.  Boiling  or  disinfection  of  the 
bedding  and  clothing  is  necessary  to  prevent  the 
spread  of  the  disease. 

Poison  Ivy. —  Many  individuals  are  very  susceptible 
to  poisoning  from  the  rhus  toxicodendron  or  poison 
ivy,  a  small  stubby  plant  found  almost  over  the  entire 
United  States,  and  well  known  to  every  one.  It  is 
frequently  found  clinging  to  rocks  and  fences  and 
differs  from  the  Virginia  creeper  by  having  three 
leaflets  instead  of  five.  The  disease  is  apt  to  appear 
on  the  hands  and  face,  and  on  the  genitals  of  those  who 
expose  themselves  to  the  poison  while  at  stool.  The 
treatment  consists  of  applications  of  alcohol  and  alka- 
line solutions,  especially  bicarbonate  of  soda. 

Venereal  Diseases. — Diseases  of  vice  are  usually 
classed  among  the  diseases  of  camp  on  account  of 
their  prevalency  and  ease  of  contraction.     They  may 
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result  from  a  single  exposure  and  are  generally  asso- 
ciated with  the  use  (if  alcoholic  beverages,  which  are 
stimulants  to  the  sexual  desire.  Besides  the  public 
women  of  a  town  or  community,  soldiers  frequently 
contract  venereal  diseases  from  the  dissolute  servant 
class  or  loose  women,  who  frequent  dance  halls  and 
disreputable  saloons  and  brothels  in  the  vicinity  of 
military  camps  and  garrisons. 

There  are  three  distinct  types  of  veneral  disease 
which  are  known  as  chancroid,  gonorrhea,  and  syphilis, 
flic  order  in  which  they  are  named  representing  the 
scale  of  their  gravity. 

Chancroids. — The  least  injurious,  appears  from  three 
to  eight  days  in  the  form  of  numerous  ulcers  on  the  fore- 
skin or  head  of  the  penis.  The  results  following  the 
sores  are  suppurating  buboes  in  the  groins,  large 
sloughing  ulcers  which  sometimes  turn  into  gangrene 
and  partially  destroy  the  penis. 

Gonorrhea  sometimes  as  serious  as  syphilis,  appears 
from  three  to  eight  days  with  itching,  redness,  and 
running  from  the  penis,  and  not  infrequently  results 
in  stricture,  inflammation  of  the  bladder  and  serious 
inflammation  of  the  joints,  known  as  gonorrheal 
rheumatism.  Gonorrheal  pus  is  very  infectious  and 
if  transferred  to  the  eye  by  accident  is  liable  to  cause 
gonorrheal  ophthalmia  and  loss  of  the  eye. 

Syphilis  appears  as  a  small  sore,  usually  on  the  head 
of  the  penis  or  foreskin  from  two  to  four  weeks  after 
contact  and  soon  becomes  a  hard  ulcer  known  as  the 
chancre.  This  is  followed  by  an  eruption  over  the 
body,  enlargements  of  the  glands,  sore  throat,  loss  of 
the  hair,  inflammation  of  the  eye  and  often  loathsome 
ulcers,  disease  of  the  bones,  tumors  of  the  brain, 
paralysis,  locomotor  ataxia,  and  other  nervous  troubles. 

In  order  to  prevent  venereal  diseases  military 
authorities  require  unmarried  men  who  have  exposed 
themselves  while  on  pass  or  otherwise  to  report  to  the 
dispensary  for  disinfection.  The  treatment  consists 
of  a  urethral  injection  of  a  ten  per  cent,  argyrol  solu- 
tion,  or  three  per  cent,  of  protargol  and  application  of  a 
33  per  cent,  calomel  ointment  to  the  genitalia.  Sev- 
eral prophylactic  packets  and  tubes  have  been  devised 
for  individual  use  containing  calomel,  phenol,  and  lard, 
which  have  proven  satisfactory.  The  tube  of  the 
A  and  N  Protection  contains  camphor,  phenol,  calomel, 
lanoline,  and  benzoated  lard  and  has  been  officially 
adopted  by  the  War  Department.  The  contraction 
of  venereal  diseases  and  the  loss  of  mental  and  physical 
stamina  from  promiscuous  sexual  indulgence  are 
entirely  unnecessary  and  rarely  occur  among  that  class 
of  men  who  have  the  higher  standards  of  life  and  under- 
stand the  moral  obligations  of  mankind. 

Mumps  and  Measles. — Mumps  and  measles  are  of 
frequent  occurrence  among  soldiers,  especially  among 
recruits  and  the  infection  can  be  usually  traced  to  the 
post  or  depot  from  which  they  came.  Neither  dis- 
ease is  serious,  per  se,  although  they  may  lead  to 
painful  and  serious  complications.  The  incubation 
period  of  mumps  is  from  fourteen  to  twenty-five  daj-s 
and  measles  from  seven  to  twenty  days.  Men  suf- 
fering from  both  diseases  should  be  isolated  and 
clothing     disinfected. 

Rheumatism  and  neuralgia  are  common  affections 
among  soldiers  although  they  cannot  be  properly 
classed  as  camp  diseases.  Many  of  the  serious 
cases  of  articular  rheumatism  which  are  contracted 
in  the  army  are  probably  due  to  unrecognized  gonor- 
rheal infection.  This  mistake  will  not  be  so  common  in 
future  on  account  of  the  recent  gonorrheal  reaction 
test. 

Tonsillitis. — Acute  tonsillitis  is  a  common  disease 
of  garrison  life  and  usually  occurs  during  the  winter 
and  spring  months,  and  is  supposed  to  be  communi- 
cated directly  from  one  person  to  another.  There  are 
two  forms  of  the  disease,  the  simple  catarrhal  and 
follicular.  Tonsillitis  frequently  occurs  as  mild 
endemics  in  permanent  barracks  and  is  supposed  to 
result   from   overcrowding   and  poor  ventilation.     It 
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rarely   occurs  in   well-ventilated    dormitories  and   in   a 
manner  may  be  regarded  as  a  preventable  disease. 

Oenij  n  Dengue,  which  is  also  known  as  break- 
bone  fever  frequently  becomes  endemic  in  garrisons 
and  camp  life  and  causes  much  sickness.  Break- 
bone  fever  has  been  attributed  to  a  certain  hemameba, 
which  has  not  been  definitely  confirmed.  In  mi 
regards  dengue  resembles  influenza  from  which  it  is 
frequently  difficult  to  differentiate.  Preventive  meas- 
ures beyond  leaving  the  vicinity  when-  the  disease  is 
endemic  are  unknown.  The  treatment  as  a  rule  is 
palliative. 

Influenza. — Influenza  or  La  Grippe  as  it  is  commonly 
called  is  an  acute  affection  which  usually  begins  with 
coryza  and  presents  the  features  of  an  acute  catarrhal 
fever  with  more  or  less  prostration  and  debility.  It 
affects  the  mucous  membrane  of  the  respiratory  tract 
from  the  nose  to  the  air-cells  of  the  lungs.  It  appears 
in  four  forms:  (1)  the  respiratory;  (2)  the  nervous;  (3) 
the  gastrointestinal;  (4)  the  febrile  form.  It  is  sup- 
posed to  result  from  a  special  organism,  Pfeiffer's 
bacillus,  which  is  present  in  the  nasal  and  bronchial 
secretions.  Cases  should  be  isolated  and  the  secre- 
tions disinfected. 

Diphtheria. — Although  diphtheria  has  no  more  re- 
lation to  army  than  civil  life  it  frequently  attacks 
soldiers  who  have  exposed  themselves  to  the  infection 
among  families  living  outside  of  the  garrison  in  which 
the  disease  exists.  Quarantine  is  necessary  in  such 
cases  and  serum  protection  among  the  contacts.  It 
is  injected  in  relatively  small  doses  among  persons 
brought  in  contact  with  the  disease. 

Tuberculosis. — Tuberculosis  frequently  develops 
among  young  soldiers  of  two  years'  service  or  less  and 
is  believed  to  be  due  to  constitutional  tendencies  and 
weakness.  During  service  in  the  Philippines  a  num- 
ber of  cases  occurred  among  our  men  which  were  traced 
to  contact  with  infected  natives  or  their  houses. 
Cases  should  be  quarantined  as  soon  as  discovered 
and  sent  to  the  General  Hospital  at  Fort  Bayard,  New- 
Mexico,  or  discharged  from  the  service. 

Cerebrospinal  meningitis,  may  be  regarded  as  a  camp 
disease  although  no  serious  epidemics  have  occurred 
among  our  troops  for  many  years.  The  disease  re- 
sults from  a  specific  microorganism,  but  the  manner  of 
its  transmission  is  not  definitely  known.  It  is  a  highly 
fatal  disease  and  occurs  occasionally  among  troops  in 
crowded  quarters.  Patients  suffering  from  the 
disease  should  be  isolated  at  once  and  the  quarters 
and  clothing  thoroughly  disinfected. 

Smallpox. — Smallpox  rarely  occurs  among  troops 
on  account  of  systematic  vaccinations  practised  in  the 
army.  Every  recruit  is  vaccinated  shortly  after 
enlistment,  and  as  often  thereafter  as  the  medical 
officer  deems  necessary.  Convalescents  should  be 
kept  isolated  until  the  skin  is  free  from  crusts. 
Infected  clothing,  bedding  and  tentage  should  be 
destroyed  or  thoroughly  disinfected.  On  the  ap- 
pearance of  smallpox  the  command  should  be  examined 
and  those  vaccinated  who  are  regarded  as  unprotected. 

Cholera. — Cholera  may  become  a  serious  army  dis- 
ease during  an  epidemic,  as  was  the  case  during  the 
great  epidemic  in  the  Philippines  which  began  in  1902 
and  continued  until  1910.  It  is  due  to  a  comma 
bacillus  found  in  the  stools  of  patients.  It  is  usually 
propagated  by  means  of  infected  drinking  water  and 
food,  but  is  also  carried  by  flies,  clothing,  cooking 
utensils,  knives,  forks,  dishes,  etc.  During  epidemics 
strict  quarantine  should  be  observed  and  the  greatest 
care  paid  to  drinking  water,  foods  and  personal  cleanli- 
ness. The  official  period  of  detention  is  five  days.  A 
prophylactic  inoculation  introduced  by  Haffkine  has 
given  favorable  results  as  a  protection  against  the 
disease. 

Bubonic  plague,  an  acute  infectious  disease  of  great 
mortality,  prevails  in  the  tropics  and  frequently  be- 
comes a  menace  to  troops  serving  in  the  Philippines. 
The  disease  results  from  a  bacillus  transmitted   by 
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fleas  from  rats,  squirrels,  and  other  rodents  which  are 
also  subject  to  the  disease.  Destruction  of  rodents 
becomes  necessary  during  epidemics. 

Sunstroke,  heat  stroke,  and  heat  exhaustion  arc 
frequently  experienced  by  troops  on  the  march  or 
active  field  service  during  hot  and  muggy  weather. 
The  patient  should  be  removed  to  a  shady  place  if 
possible  and  clothing  loosened.  Stimulation  by  means 
of  strychnia,  digitalis  or  aromatic  ammonia  is  indi- 
cated when  the  skin  becomes  cold  and  temperature 
•subnormal.  Artificial  respiration  may  also  be  neces- 
sary. Cold  applications  are  indicated  when  the  face 
is  congested,  skin  hot  and  dry  and  the  pulse  full. 

Drowning. — A  patient  at  the  point  of  death  from 
asphyxia  may  be  resuscitated  by  keeping  up  the  move- 
ments of  respiration  and  drawing  out  the  tongue  in 
order  to  keep  the  air  passages  clear.  Two  methods 
of  artificial  respiration  are  employed,  Silvester's  and 
Hall's,  both  of  which  possess  special  advantages. 
Officers  and  soldiers  should  be  instructed  in  resusci- 
tation from  drowning  during  their  first  aid  course. 
The  movements  should  be  continued  at  least  one  hour 
before  abandoning  all  hope. 

Malingering. — Cases  of  gross  deception  are  not  in- 
frequently practised  by  enlisted  men  to  escape  un- 
pleasant duty,  or  secure  discharge  from  the  service. 
The  usual  feigned  diseases  and  conditions  are  muscu- 
lar pain,  rheumatism,  neuralgia,  stiffness  in  jonts, 
lameness,  blindness,  deafness,  nocturnal  enuresis,  and 
various  forms  of  fits.  Atropine  and  eserine  have 
been  used  to  produce  chronic  dilatation  or  contrac- 
tion of  the  pupil  for  this  purpose.  Young  medical 
officers  are  frequently  the  victims  of  these  attempts. 

L.  Mervin  Mais. 

Hygiene,  Naval. — See  Naval  Hygiene. 

Hygiene  of  Transportation. — See  Transportation. 

Hygroma. — The  term  "hygroma"  has  been  ap- 
plied to  a  variety  of  conditions  involving  cyst-like 
spaces  filled  with  fluid,  and  widely  different  processes 
have  been  classified  under  the  same  head.  It  seems 
desirable  to  abandon  the  use  of  the  word  and  to  apply 
to  the  various  conditions  names  more  suggestive  of 
their  pathology.  An  increase  in  the  amount  of  fluid 
in  a  tendon  sheath  leads  to  the  formation  of  a  cyst 
sometimes  called  hygroma.  The  term  has  been  ap- 
plied also  to  synovial  bursa;  distended  with  fluid. 

Hygroma  Congenitum  (Cyslicum)  Colli. — This  term 
has  been  applied  to  a  form  of  lymphangioma  of  the 
neck.  The  admirable  description  by  Konig  ("Lehr- 
buch  d.  speciellen  Chirurgie,"  1893)  has  been  largely 
drawn  upon  in  the  following  account. 

The  tumor  is  present  at  birth.  The  surface  is 
irregular  and  the  tumor  itself  is  lobulated.  The 
lobules  sometimes  fluctuate,  and  at  other  times  are 
very  tense.  The  location  is  almost  always  in  the 
submaxillary  region.  It  may  grow  very  rapidly  and 
become  very  large.  In  this  case  it  involves  the  entire 
anterior  surface  of  the  neck,  extends,  to  the  face,  and 
hangs  over  the  clavicle  and  sternum  upon  the  thoracic 
wall.  Cystic  lymphangiomata  may  also  occur  over 
the  clavicle  and  on  the  dorsal  surface  of  the  neck. 
The  ventral  tumors  may  penetrate  toward  the 
pharynx,  larynx,  and  esophagus,  and  disturb  the 
functions  of  these  organs.  The  skin  over  the  tumors 
is  usually  thin  and  may  be  even  translucent.  The 
growth  is  very  prominent,  and  the  portions  lying 
directly  over  the  great  vessels  may  pulsate. 

The  functional  disturbances  in  many  cases  are  not 
marked;  in  others  pressure  upon  the  organs  of  the 
neck  leads  to  dysphagia  and  dyspnea  and  congestion 
of  the  vessels  of  the  head.  The  patients  may  suc- 
cumb to  these  symptoms,  but  this  is  not  the  rule. 
The  prognosis  is  unfavorable,  as  the  majority  of  the 
cases  soon  become  cachectic  and  die.  Operation 
usually  hastens  the  fatal  result. 


The  tumors  occupy  the  subcutaneous  and  deep 
connective  tissues,  extending  close  to  the  vertebral 
column.  They  displace  and  may  infiltrate  organs, 
as  do  the  malignant  tumors.     They  arc  multilocular 

and  consist   of  relatively   thin   connective-tissue  walls 

which  may  bo  lined  by  endothelium.  They  are  filled 
with  a  clear  or  yellowish  liquid,  which  as  a  result  of 
hemorrhage  may  become  thick  and  chocolate  colored. 

The  larger   cysts   are   usually   superficial;   the  smaller 

ones  lie  more  deeply  in  the  tissues,  even  at  the  base 

of  the  skull,  in  the  mediastinum,  and  about  the  trachea 
and  esophagus. 

In  the  tumors  there  occur  spaces  in  the  connective 
tissue  of  various  forms  which  are  not  separated  from 
the  connective  tissue  by  any  special  membrane.  The 
larger  spaces  are  rounded  in  form,  or  are  divided  into 
pockets  by  septa  springing  from  the  wall.  Tie', 
communicate  with  each  other  by  larger  or  smaller 
openings. 

It  is  probable  that  the  spaces  arise  secondarily, 
because  the  smaller  the}  are  the  more  clearly  defined 
are  the  communications.  The  smallest  spaces  con- 
sist of  a  system  of  vessels  constricted  at  irregular 
intervals,  or  of  a  cavernous  tissue  whose  lumina  pre- 
sent an  anastomosing  system  of  channels.  In  either 
case  the  condition  Ls  continuous  with  a  system  of 
small  anastomosing  vessels  wrhose  lumina  are  cylin- 
drical or  cleft-like,  and  have  the  characteristic  dis- 
tribution of  lymph  vessels.  The  spaces  and  channels 
are  lined  by  endothelium.  The  cystic  spaces,  then, 
consist  of  enlarged  and  distended  lymph  vessels,  a 
view  supported  by  Kflster,  von  Winiwarter,  Wegner, 
and  others.  It  was  formerly  held  by  Rokitansky, 
Virchow,  and  Arnold  that  they  originate  from  the 
connective  tissue. 

Perhaps  most  of  the  forms  observed  in  adults  origi- 
nate in  the  same  way.  In  these  rare  cases  the  tumor 
usually  contains  only  a  few  cyst-like  spaces  and  occurs 
near  the  trachea  or  in  the  region  of  the  clavicle.  It  is 
possible  that  some  of  them  originate  from  aberrant 
thyroids. 

Just  twenty  years  after  the  appearance  of  Konig's 
article,  C.  N.  Dowd  of  New  York,  published  a  mono- 
graphic study  of  hygroma  cysticum  colli  (Annals  of 
Surgery,  July,  1913).  He  collected  ninety-one  cases 
in  the  neck  and  thirty-five  in  the  axilla,  while  eleven 
are  characterized  as  general.  Only  such  cysts  should 
be  included  as  have  an  endothelial  lining,  which  ac- 
counts for  the  remarkable  power  of  these  tumors  for 
growth.  They  are  multilocular  in  character.  The 
older  view  of  their  inherent  fatality,  aggravated  by 
the  knife  is  by  no  means  borne  out  by  facts.  In  the 
axillary  type  recovery  is  the  rule.  This  type  has  long 
been  known  but  seems  to  have  been  ignored  by  Konig. 
As  a  rule,  tumors  of  this  region  occur  independently 
of  any  formation  in  the  neck,  and  suggest  the  rarely 
observed  inguinal  hygroma.  See  also  the  section  on 
Lymphangioma,  under  Angioma. 

H.  S.  Steensland. 
Edward  Preble. 


Hygrophila. — The  herb,  also  the  seeds,  of  H. 
spinosa  T.  And.  (fam.  Acanthacea:) ,  an  annual  or 
biennial  plant  of  India,  very  largely  used  medicinally 
by  the  natives.  The  herb  contains  a  crystallizable 
body  which  is  probably  alkaloidal;  the  seeds,  consider- 
able gum  and  much  fixed  oil,  with  indications  of  an 
alkaloid  (Hooper).  The  drug  acts  as  a  diuretic  and 
has  been  sparingly  used  as  such  in  British  practice. 
It  has  also  been  marketed  as  an  adulterant  of  chiretta. 

Henry  H.   Rusby. 


Hymenolepis. — A  genus  of  tape-worms,  Tceniidae; 
with  small  head,  long  neck,  serrated  proglottid-, 
genital  pores  always  on  the  left;  three  testes  and  eggs 
with  three  shells.     Two  species,  //.  diminuta  and  H. 
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nana,  that  are  found  in  nits  and  mice  may  infect  man 
through  contaminated  food.     See  Cestoda.     A.  S.  P. 


Hymenoptera. — An  order  of  insects  which  in- 
cludes bees,  wasps,  and  ants.  These  animals  are  of 
medical  interest  on  account  of  their  poisonous  stings. 
See  Insects,  poisonous.  A.  S.  P. 


Hymenostomata. — A  division  of  holotricous 
infusorians  in  which  the  mouth  is  always  open  and 
provided  with  an  undulating  membrane.  Most  of 
these  ciliates  are  free  living.  One  genus,  Colpoda, 
has  been  recorded  in  connection  with  dysentery. 
See  Protozoa.  A.  S.  P. 


Hyoid  Bone,  Injuries  of  the. — Of  the  few  cases 
on  record  of  fracture  of  the  hyoid  bone,  three  were 
produced  by  hanging;  three  by  the  throat  having  been 
seized  between  the  thumb  and  fingers;  three  by  direct 
blows  or  falls  upon  the  front  of  the  neck ;  and  one  by 
muscular  action  alone. 

In  those  cases  in  which  the  injury  was  produced  by 
hanging,  the  body  of  the  bone  was  broken.  In  all  of 
the  other  examples  the  fracture  involved  one  of  the 
great  cornua,  or  occurred  at  the  junction  of  the  cornua 
with  the  body.  Crepitus  is  generally  absent.  In 
two  of  the  recorded  instances  the  adjacent  mucous 
membrane  of  the  pharynx  was  ruptured. 

The  symptoms  observed  have  been  a  sudden  sensa- 
tion as  if  a  bone  had  been  broken;  in  a  few  instances  a 
profuse  bleeding  from  the  fauces;  difficulty  in  opening 
the  mouth;  in  some  cases  dysphagia  and  aphonia; 
pain  in  movements  of  the  tongue,  with,  usually,  more 
or  less  swelling  about  the  neck  and  ecchymosis;  later, 
cough,  expectoration,  and  hoarseness.  Bleeding,  or 
severe  inflammation  with  edema,  may  render  the  sit- 
uation serious  and  the  swelling  may  encroach  upon 
the  larynx  sufficiently  to  cause  dyspnea.  The  cir- 
cumstances which  indicate  with  certainty  the  nature 
of  the  accident  are  unnatural  mobility  of  the  frag- 
ments, with  or '  without  crepitus,  and  an  angular 
inward  projection,  which  may  generally  be  felt  in  a 
careful  examination  of  the  pharynx.  The  accident 
can  be  regarded  as  dangerous  only  in  view  of  its 
complications.  Of  three  cases  in  which  it  resulted 
from  a  direct  blow  only  one  survived,  while  of  three 
resulting  from  lateral  pressure  upon  the  cornua  all 
recovered. 

The  amount  of  difficulty  in  replacing  the  fragments 
of  the  bone  will  depend  largely  upon  the  extent  of 
displacement  and  the  consequent  laceration  of  the 
neighboring  tissues.  An  attempt  should  be  made  to 
accomplish  replacement  by  introducing  one  finger 
into  the  mouth,  while,  with  the  opposite  hand,  the 
fragments  are  supported  from  without.  In  case  of 
fracture  of  the  cornu,  should  the  displacement  of  the 
fragment  be  great,  or  if  the  cornu  has  penetrated  the 
pharynx  or  become  entangled  in  the  tissues,  attempt 
should  be  made  to  replace  it.  If  this  be  found 
impossible  the  fragment  may  be  removed.  Edema 
of  the  glottis  may  demand  intubation  or  even  trache- 
otomy and  dysphagia  might  call  for  the  use  of  the 
esophageal  tube.  From  the  nature  of  the  parts,  any 
attempt  at  the  application  of  a  splint  or  support  will 
be  useless. 

Rest  to  the  parts,  together  with  general  measures  to 
allay  inflammation,  will  generally  constitute  the  avail- 
able treatment. 

Luxation  of  the  hyoid  bone  is  a  very  rare  accident. 
The  principal  symptoms  noted  have  been  pain  at  the 
seat  of  injury  and  difficulty  in  swallowing.  In  a  case 
observed  by  Daly  (Archives  of  Laryngology,  vol.  i.,  p. 
162)  luxation  of  the  left  cornu  had  been  of  frequent 
occurrence,  caused  usually  by  laughing  or  yawning. 
A  laryngoscopic  examination  showed  no  internal  lesion. 


Reduction  was  effected  by  grasping  the  throat  firmly 
with  the  thumb  and  index-finger  of  one  hand,  steady- 
ing the  head  with  the  other  hand,  and  then  directing 
the  patient  to  swallow  vigorously,  while  at  the  same 
moment  the  parts  were  compressed  between  the  thumb 
and  linger,  and  then  quickly  released  again.  After 
the  third  effort  the  patient  suddenly  declared  that  he 
was  relieved,  and,  in  proof  of  this,  he  moved  his  head 
rapidly  in  all  directions  with  ease  and  comfort,  and 
drank  successfully  a  glass  of  water. 

D.  Bryson  Delavan. 


Hyoscine,  Scopolamine. — (C17H21NO4.)  Analka- 
loid  obtained  from  henbane  and  scopola,  and 
existing  in  other  Solanaeete.  It  occurs  as  a  thick, 
colorless  syrup,  soluble  in  alcohol,  only  slightly  in 
water,  but  all  its  salts  form  in  large,  white,  prismatic 
crystals,  freely  soluble  in  water,  insoluble  in  alcohol 
and  ether.  The  salts  also  resemble  each  other  in 
therapeutic  as  well  as  physical  properties.  The 
hydrobromate,  hydrochlorate,  sulphate,  and  hydrio- 
date  are  prepared,  and  the  first-named  is  official. 

As  a  mydriatic,  it  is  rapid,  energetic,  and  brief,  but 
its  action  is  readily  maintained  During  the  admin- 
istration of  the  drug  its  effect  on  the  pupil  is  an  early 
symptom.  Dilatation  is  said  to  be  more  marked  with 
a  one-fourth  to  one-half-per-cent.  solution  than  with  a 
one-per-cent.  solution  of  atropine;  it  has  to  be  used 
with  caution  on  account  of  the  readiness  with  which 
the  system  is  affected.  In  this  direction,  therefore,  it 
is  to  be  classed  with  atropine.  For  its  effects  upon 
the  peripheral  nervous  system,  and  upon  the  secretions, 
the  action  of  atropine  may  also  be  consulted.  Cen- 
trally, however,  its  action  is  very  different.  The 
stimulant  action  so  characteristic  of  atropine  is  here 
present,  if  at  all,  only  as  a  very  brief  primary  stage, 
and  is  followed  by  sedation,  or  depression,  which  con- 
stitutes the  characteristic  action  of  the  drug.  In  very 
sensitive  subjects  the  period  of  excitement  may  be 
prolonged,  but  usually  it  constitutes  the  slightest  pre- 
liminary stage,  and  is  followed  by  drowsiness,  and  if 
the  dose  be  full,  by  a  natural  sleep.  The  spinal  cen- 
ters are  similarly  depressed,  especially  the  reflexes. 
Depression  of  the  sensory  centers  is  very  mild  and 
does  not  materially  affect  painful  conditions.  Cir- 
culation and  respiration  are  both  reduced,  though  the 
pulse  rate  is  increased. 

Its  toxic  action  is  shown  by  the  dilated  pupil,  rapid 
pulse,  relaxed  arteries  and  redness  of  the  surface,  dry, 
hot  skin,  rapid  breathing,  and  coma  and  convulsions. 
Therapeutically,  hyoscine  has  come  into  prominence 
as  a  sedative  and  hypnotic.  It  has  largely  supplanted 
morphine  in  the  treatment  of  acute  mania  and  de- 
lirium tremens,  in  restlessness,  in  the  violent  mani- 
festations observed  in  all  forms  of  mental  disorders, 
and  in  hysteria  and  epilepsy.  Its  sedative  action  is 
very  rapidly  produced,  and  in  the  majority  of  cases  a 
calm  and  refreshing  sleep  ensues.  From  this  sleep 
the  subject  can  be  readily  and  completely  roused. 
When  pain  is  the  cause  of  insomnia,  the  remedy  is  not 
of  much  service.  Its  action  is  purely  calmative  and 
sedative  on  the  brain,  and  it  should  not  be  adminis- 
tered as  a  powerful  or  decided  hypnotic.  In  insomnia 
it  is  applicable  only  in  cases  in  which  this  arises  from 
central  or  nervous  excitement.  In  mania,  and  when 
there  is  much  excitement,  it  should  be  given  in  full  doses 
of  gr.  ^f,  by  the  mouth,  or  gr.  jij  to  yov  hypodermic- 
ally;  a  small  dose  is  generally  sufficient.  When  the 
symptoms  are  less  acute,  smaller  doses  should  be 
given. 

Hyoscine  has  also  proved  itself  very  efficient  in  the 
treatment  of  chronic  mania  and  all  nervous  affections 
accompanied  by  mental  restlessness;  also  in  nervous 
diseases  characterized  by  debility  and  tremors,  as  in 
paralysis  agitans,  disseminated  sclerosis,  and  chronic 
alcoholism.  In  these  cases  the  stimulating  action  of 
small  doses  is  taken  advantage  of,  and  gr.  tJti  daily  or 
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twice  a  day  is  a  sufficient  dose.  Its  antispasmodic 
action  is  also  secured  with  the  same  small  dose,  and  it 
may  be  used,  and  with  benefit,  in  chorea,  asthma,  and 
other  spasmodic  troubles  of  a  nervous  origin.  The 
system  readily  becomes  accustomed  to  it,  and  calls  for 
increasing  doses.  When  cardiac  disease  is  present  the 
use  of  hyoscine  should  be  avoided  or  it  should  be 
given  with  great  caution,  on  account  of  its  depressing 
action  on  the  heart  and  circulation. 

The  early  physiological  effects  of  the  drug  are  mani- 
fested far  in  advance  of  dangerous  symptoms,  but  in 
some  cases  very  severe  toxic  symptoms  have  been  pro- 
duced by  doses  of  gr.-sV  and  tV, .  Pilocarpine  and 
morphine  are  physiological  antidotes.  The  former  has 
proved  very  serviceable  and  may  be  administered 
freely,  as  much  as  tw-o  grains  having  been  required  in 
a  case  of  delirium  tremens  in  which  a  comatose 
condition  followed  frequent  doses  of  hyoscine.  The 
official  dose  of  the  hydrobromide  is  gr.  Tis  (0.0005). 

Henry  H.  Rtjsby. 


Hyoscyamine. — Hyoscyamina.  (CnH23N03.  An 
alkaloid  obtained  from  henbane  and  also  existing 
in  other  species  of  Hyoscyamus,  and  in  belladonna, 
stramonium,  and  other  Salonaccoe.  Professor  Laden- 
burg  demonstrated  that  atropine,  daturine,  and  du- 
boisine  are  identical  with  hyoscyamine,  both  in  chem- 
ical constitution  and  in  physiological  action.  Any 
difference  is  to  be  found  in  the  molecular  arrangement 
of  the  constituents,  and  not  in  any  fundamental 
change.  The  terms  "atropine"  and  "hyoscyamine" 
have  been  applied  to  the  heavy  and  light  mydriatic 
alkaloids  obtained  from  the  belladonna  and  henbane 
plants,  the  former  being  the  heavy  and  the  latter  the 
light  alkaloid.  It  is  now  known  that  both  the  heavy 
and  the  light  alkaloids  may  be  obtained  from  either 
plant,  according  to  the  process  of  manufacture.  The 
light  may  be  converted  into  the  heavy  by  melting 
under  reduced  pressure,  by  the  addition  of  caustic 
soda  to  its  alcoholic  solution,  and  in  other  ways. 
It  is  of  farther  interest  and  importance  that  it  is 
possible  to  obtain  hyoscyamine  in  two  forms,  one  of 
which  is  practically  inactive,  the  other  twice  as  active 
as  atropine,  and,  by  combining  these  two,  to  produce 
atropine. 

Hyoscyamine  pccurs  in  light,  silky,  snow-white  crys- 
tals, without  odor,  soluble  in  120  parts  of 
water,  freely  soluble  in  alcohol,  and  in  acidu- 
lated water.  There  is  also  an  uncrystallized  or  amor- 
phous hyoscyamine,  of  a  dark-brown  extract-like  mass, 
with  a  strong  disagreeable  odor.  This  appears  to  be  a 
mixture  of  the  various  alkaloids  and  extractive 
matters.  A  sulphate,  hydroehlorate,  hydrobromate, 
and  hydriodate  of  hyoscyamine  are  prepared,  the 
first  and  third  of  which  are  official;  they  are  alike  in 
degree  of  strength  and  character,  forming  white,  fine 
crystals  very  soluble  in  water.  A  sulphate  and  hydro- 
bromate prepared  from  the  amorphous  alkaloid  are 
amorphous,  deliquescent  salts,  and  less  active  and 
certain  in  their  effects. 

The  therapeutic  properties  of  hyoscyamine  are  very 
uncertain.  At  times  it  exactly  resembles  atropine,  at 
others  quite  closely  hyoscine.  The  cause  of  this  varia- 
tion is  not  determined,  but  it  appears  probable  that  it 
is  due  to  the  presence  respectively  of  atropine  and 
hyoscine  in  the  commercial  article,  as  such  is  the 
effect  when  these  impurities  are  known  to  exist.  The 
degree  of  activity  is  equally  variable.  It  is  normally 
weaker  than  both  atropine  and  hyoscine,  and  is  often 
so  weak  as  to  require  doses  which  would  be  dangerous 
in  the  case  of  either  of  those  alkaloids.  On  the  other 
hand,  alarmingly  poisonous  symptoms  sometimes 
follow  the  ordinary  dosage,  which  is  larger  than  that 
of  the  others.  The  presence  of  the  amorphous  salts 
in  the  market  is  the  source  of  much  of  the  uncertainty 
of  its  action,  and  the  cause  of  many  of  the  toxic 
symptoms.     The  dose  of  these  salts  is  usually  much 


larger,  being  from  \  to  1  grain, but  they  should  never  be 
employed. 

The  mydriatic  action  of  hyoscyamine  is  rapid  and 
powerful,  but  not  so  manageable  as  that  of  atropine. 
Cases  are  reported  in  which  it  produced  spasms  of  the 
ciliary  muscle  and  intense  pain  and  distress;  the 
solution  used  was  gr  .\  to  the  drain,  and  relief  was 
obatined  by  placing  in  the  eye  a  stronger  solution  of 
the  same  .alkaloid.  The  toxic  effects  produced  are  the 
same  as  those  of  hyoscine,  viz.,  dryness  of  the  throat 
and  mouth,  and  of  the  skin,  accelerated  pulse,  dilated 
vessels,  and  excitement  followed  by  convulsions  and 
coma. 

This  alkaloid  is  employed  as  an  hypnotic,  nerve 
sedative,  and  antispasmodic,  in  mania,  restlessness, 
delirium,  insomnia,  and  all  conditions  accompanied 
by  mental  excitement;  also  in  asthma,  chorea,  epi- 
lepsy, etc.  The  official  dose  of  both  the  hydrobromide 
and  the  sulphate  is  gr.   ,  \ ,   (0.000.5). 

Henby  II.  Rusby 


Hyoscyamus. — Henbane.  "The  dried  leaves  and 
flowering  tops  of  Hyoscyamus  niger  L.  (fam.  Solanacece) 
collected  from  plants  of  the  second  year's  growth,  and 
yielding  when  assayed  by  the  following  process,  not 
less  than  0.08  per  cent,  of  mydriatic  alkaloids." 
(U.  S.  P.) 

This  definition  has  been  much  criticised  and  its 
wisdom  has  been  recently  clearly  disproven.  It  will 
doubtless  be  radically  changed  in  the  next  edition  of 
our  Pharmacopoeia. 

Commercial  supplies  of  henbane  have  represented 
three  forms  or  stages  of  the  plant's  development. 
Normally,  the  plant  produces  a  large  fleshy  root 
during  the  first  year,  from  which  it  flowers,  fruits  and 
dies  during  its  second.  Frequently,  it  runs  its  entire 
course  as  an  annual.  The  three  forms  of  the  drug 
are  readily  distinguishable.  The  first-year  leaves 
of  the  biennial  form  are  large  and  long  stemmed  and, 
of  course,  have  neither  flowers  nor  flowering  stems 
attached.  Those  of  the  second  year  are  relatively 
small,  nearly  stemless,  and  more  or  less  associated 
with  flowering  and  fruiting  stems.  These  flowers  are 
of  a  sulphur  yellow  and  abundantly  purple  veined. 
The  annual  form,  "seedlings"  as  they  are  often  called 
in  commerce,  consists  of  small  annual  plants,  often 
only  two  or  three  inches  high,  with  slender  roots 
attached,  yet  frequently  bearing  one  or  more  flowers  or 
fruits.  These  flowers  are  mostly  devoid  of  purple 
veins.  It  has  been  assumed  that  only  the  second- 
named  form  is  fully  active,  and  on  this  assumption 
the  above  definition  was  based.  Numerous  assays 
made  by  the  U.  S.  Dept.  of  Agriculture  have  shown 
that  this  difference  does  not  exist.  In  most  cases  the 
seedlings  have  been  found  more  active  than  the  average 
official  form.  Also,  first-year,  leaves  of  the  biennial 
plant  have  been  found  of  excellent  quality  and  Belgian 
cultivated  first-year  leaves  are  now  recognized  as 
first  class  in  every  respect.  All  forms  are  therefore 
likely  to  be  recognized  in  the  forthcoming  edition  of 
the  Pharmacopoeia. 

Henbane  is  a  native  of  Europe  and  Western  Asia, 
where  it  is  a  very  common  and  abundant  weed.  It 
is  also  cultivated  for  medicinal  purposes.  Rarely 
it  occurs  as  a  weed  in  the  United  States.  It  is  so 
eagerly  attacked  by  the  potato  beetle  that  its  produc- 
tion here  is  impossible,  the  use  of  insecticides  upon  it 
being  of  course  prohibited.  It  looks  somewhat  like 
the  stramonium,  but  is  not  so  large  and  is  even  more 
coarse  looking  and  more  strongly  viscid  hairy.  The 
habit  of  the  inflorescence  is  shown  in  the  accompanv- 
ing  illustration      (Fig.  3329). 

The  following  is  the  description  of  the  drug: 

Coarsely,  roughly,  and  glandularly  hairy  through- 
out, except  the  corollas;  larger  leaves  shortly  and 
broadly  petioled,  fifteen  to  twenty-five  centimeters 
(six  to  ten  inches)  long,  and  two-thirds  as  broad,  the 
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upper  becoming  smaller  and  sessile;  blades  angularly 
ovate,  acute,  coarsely  and  angularly  toothed  or 
lobed,  grayish-green  or  slightly  yellowish-green;  flowers 
in  pseudo-racemes,  short-pedicelled,  the  calyx  cylin- 
draceous,  somewhat  contracted  above  the  ovary, 
unequally  five-toothed,  the  teeth  triangular,  acute, 
the  corolla  campanulate,  tive-lobed,  sulphur  yellow  , 
with  deep  purple  veins;  capsule  a  two-celled-pyxis^odor 
heavy,  narcotic; taste  bitter,  somewhat  acrid.  From 
tobacco,  henbane  is  distinguished  by  its  incised 
leaves,  from  stramonium  by  its  hairness,  and  from 
belladonna  by  both  these  characters. 


-At  My? 


■U, 


In;    3329. — Henbane,  Plant  and  Fruit  (about  one-half  natural 
size).     Seed  Enlarged.     (Baillon.) 

A  full  account  of  the  composition  and  properties  of 
henbane  would  constitute,  to  a  great  extent,  a  duplica- 
tion of  our  account  of  belladonna.  It  may  therefore 
be  most  profitably  considered  by  comparing  it  with 
that  drug. 

The  alkaloidal  percentage  of  henbane  is  very  much 
lower  than  that  of  belladonna.  Frequently,  it  falls 
below  the  required  one-twelfth  of  one  per  cent., 
though  this  is  usually  due  to  the  abundance  of  earthy 
impurities,  which  is*  very  apt  to  occur  in  this  drug. 
The  most  of  this  alkaloid  is  hyoscyamine,  separately 
treated.  Whether  any  atropine  is  present,  is  dis- 
puted, but  if  so,  the  amount  is  unimportant.  Atropine 
may  readily  form  during  manufacturing  operations, 
by  conversion  of  the  hyoscyamine.  The  most  im- 
portant variation  from  belladonna  is  in  the  presence 
of  a  small  amount  of  hyoscine  or  scopolamine,  also 
separately  considered,  in  its  alphabetical  order. 

The  general  similarity  of  henbane  to  belladonna  in 
properties  and  uses  will  readily  be  inferred  from  its 
composition;  vet   the  slight  characteristic  differences 


stated  are  sufficient  to  establish  noticeable  differences 

in  these  directions.  These  differences  may  be  stated 
generally  by  saying  that  henbane  is  more  distinctly 
sedative  than  belladonna,  and  that  this  sedative 
action  extends  to  the  cerebral,  motor,  and  sensory 
functions,  though  less  bo  to  the  latter.  The  marked 
tendency  to  delirium  resulting  from  the  use  of  bella- 
donna may  be  quite  absent  in  that  of  henbane,  or 
even  the  opposite  effect  can  be  induced. 

Hence  the  distinct  uses  of  henbane.  It  is  scan 
employed  in  eye  practice,  though  it  produces  very 
similar  effects  to  those  of  atropine.  If  distinct  cere- 
bral-depressant effects  are  desired,  it  is  better  to  give 
hyoscine  itself,  but  when  we  wish  the  effects  of  bella- 
donna, but  desire  to  avoid  its  mental  disturbances, 
henbane  is  chosen.  Its  commonest  uses  are  intestinal 
and  cystic,  or  renal.  The  former  use  is  mostly  in 
combination  with  purgatives  which  would  otherwise 
be  griping.  At  the  same  time  that  this  unpleasant 
effect  is  averted,  the  henbane  itself  powerfully  pro- 
motes peristalsis,  and  is  therefore  laxative,  even 
excelling  belladonna  in  this  respect.  The  second- 
named  use  is  as  a  sedative  diuretic,  relieving  both 
painful  and  spasmodic  conditions  of  the  genito- 
urinary tract.  Here  again  it  is  usually  combined  with 
other  drugs,  such  local  diuretics  as  buchu,  kava,  or  oil 
of  juniper.  It  is,  however,  often  given  alone  in  colic, 
cystitis,  calculus,  etc.  It  is  commonly  given  in  larger 
doses  than  belladonna.  There  are  official  an  extract, 
the  dose  of  which  is  gr.  i.  (0.065);  a  fluid  extract,  dose 
TT1  iii-  (0.2);  a  fifteen-per-cent.  tincture,  dose  TTl  xxx. 
(2.0). 

Henbane  Seeds,  though  unofficial  are  largely  em- 
ployed. Thejr  are  light  brown,  broadly  kidney-shaped, 
and  flattened,  1  to  1.5  millimeters  long  and  nearly 
as  broad,  and  finely  pitted.  Thus  they  bear  a  close 
resemblance  to  stramonium  seed,  except  in  color  and 
in  their  size,  which  is  one-fourth  to  one-third  as  great. 
Their  alkaloidal  composition  is  about  the  same  as  of 
the  herb,  but  they  contain  twenty-five  per  cent,  of 
fixed  oil,  and  a  little  resin.  Since  their  percentage 
of  alkaloid  is  a  little  greater,  the  dose  of  the  seeds  is 
about  one-fourth  or  one-third  smaller  than  that  of  the 
herb. 

There  are  eleven  species  of  hyoscyamus,  and  several 
of  them,  notably  H.  album  L.,  have  similar  properties 
and  uses  to  those  of  H.  niger.       He^by  H.  Rtjsby. 


Hyperemia,  Artificial,  as  a  Therapeutic  Agent. 

During  recent  years,  August  Bier  has  developed  a 
method  of  treating  a  great  variety  of  diseases  by  the 
production  of  localized  hyperemia.  The  exact  posi- 
tion of  this  therapy  cannot  be  defined  at  the  present 
time,  but  in  view  of  the  fact  that  it  has  proven  very 
useful  and  effective  in  the  hands  of  a  great  many 
physicians  and  surgeons,  it  seems  destined  to  play  an 
impoitant  part  in  the  treatment  of  many  diseases.  As 
with  most  new  agents,  hyperemia  produced  by  the 
technique  elaborated  by  Bier  has  been  extolled  by  some 
in  a  most  exaggerated  manner  and  it  will  undoubtedly 
require  years  of  patient  study  and  observation  before 
the  proper  place  is  allotted  to  this  useful  therapeutic 
agent.  Exaggeration  and  overenthusiasm  work  in- 
jury and  are  sure  to  delay  the  general  adoption  of 
Bier's  methods.  Indiscriminate  application  of  this 
therapeutic  agent  also  works  injuriously  in  the  same 
way.  An  attitude  of  scientific  reserve  and  careful 
investigation  should  be  pursued,  and  finally  all  will 
clearly  see  the  advantages  and  the  disadvantages 
as  well  as  the  limitations  of  artificially  produced  hyper- 
emia. At  the  present  time  one  can  already  say  with 
considerable  definiteness  what  this  agent  can  effect 
in  a  great  variety  of  pathological  conditions,  but  in 
the  realm  of  severe  acute  inflammatory  diseases  a 
scientific  scepticism  must  be  maintained  until  the 
post  hoc  developments  are  absolutely  and  irrefutably 
proven  to  be  propter  hoc. 
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Hyperemia,  Artificial 


"Every  working,  functioning  organ  is  hyperemie 
while  doing  its  work."  "  All  growth  and  regeneration 
are  accompanied  by  local  hyperemia,  which  is  all  the 
more  marked  the  more  active  and  energetic  the 
growth."  "AJ1  body  reactions  to  foreign  materials, 
in  the  broadest  sense,  are  accompanied  by  hyperemia" 
(Bier).  Hyperemia  is  then-lore  the  must  common 
agent  that  Nature  avails  herself  of,  in  both  normal 
and  diseased  conditions.  In  following  the  example 
of  Nature,  Bier  has  developed  a  new  therapeutic  field 
as  well  as  a  more  modern  conception  of  many  patho- 
logical conditions. 

During  recent  years  the  medical  world  has  gradually 
faced  about  on  the  question  of  inflammation  so  that 
nowadays  this  process  is  recognized  as  something 
useful  and  reparative.  Bier  has  emphasized  this  more 
than  any  other  writer,  and  upon  this  he  has  based 
much  of  his  work  with  hyperemia.  The  practical 
application  of  the  pathologist's  views  above  mentioned 
we  owe  to  Bier,  who  says,  Away  with  antiphlogistic 
measures,  and  let  us  assist  Nature  and  increase  the 
body's  response,  i.e.  the  inflammation. 

In  producing  localized  hyperemia  one  must  keep 
the  two  types  of  hyperemia  separate,  as  their  thera- 
peutic usefulness  is  very  different.  Active  or  arterial 
hyperemia  is  regularly  seen  after  removal  of  an  Es- 
mareh  bandage  which  has  been  used  to  produce 
ischemia.  The  part  rapidly  becomes  bright  red  after 
removing  the  bandage.  The  same  type  is  produced 
by  active  use  of  our  muscles,  by  massage,  and  by  the 
use  of  electricity.  Chemical  and  thermic  irritants 
produce  this  arterial  hyperemia  very  readily,  and  the 
latter  is  particularly  useful  as  a  therapeutic  means  of 
producing  this  type  of  hyperemia. 

Opposed  to  this  is  the  more  subtle  type  of  hyper- 
emia, the  passive  or  venous.  This  is  most  readily 
produced  by  constriction  of  the  return  circulation, 
which  naturally  produces  a  venous  engorgement  of 
the  distal  parts.  On  removing  the  constricting  band- 
age a  more  or  less  marked  active  or  arterial  hyperemia 
sets  in.  and  takes  the  place  of  the  previous  venous 
hyperemia.  Another  practical  method  of  producing 
this  hyperemia  is  by  the  use  of  dry  cups.  Here,  as 
in  the  constriction  hyperemia,  the  venous  hyperemia 
may  not  be  the  only  type  produced.  Just  as  arterial 
follows  venous  hyperemia  when  a  constricting  band- 
age is  used,  so  under  the  cups  there  may  be  a  combina- 
tion of  the  two  types  of  hyperemia.  This  point  is 
still  unsettled. 

It  is  of  great  interest  to  note  that  Bier  originally 
began  to  use  artificial  localized  hyperemia  in  the 
treatment  of  surgical  tuberculosis  in  the  early  nineties 
of  the  last  century.  His  attention  was  drawn  to  the 
possibilities  of  this  treatment  by  the  following  obser- 
vations, then  generally  accepted: 

1.  That  the  lungs  were  regularly  the  seat  of  tuber- 
culosis, if  the  blood  supply  was  deficient,  e.g.  in  pul- 
monary stenosis  the  patients  with  great  regularit}"  died 
of  tuberculosis  of  the  lungs. 

2.  That,  in  acquired  heart  disease  leading  to  pulmo- 
nary congestion,  active  tuberculosis  rarely  was  found 
in  the  lungs.  If  venous  congestion  effected  so  much 
in  the  pulmonary  circuit,  Bier  reasoned  that  a  similar 
condition  in  the  systemic  circulation  would  probably 
lead  to  an  equally  beneficent  result.  This  stimulated 
him  to  apply  the  constricting  bandage  in  tuberculosis 
of  bones  and  of  joints;  this  marks  the  origin  of  his 
work  with  venous  hyperemia.  It  is  evident  that  the 
above  reasoning  is  not  faultless,  as  it  is  scarcely  prob- 
able that  the  blood  in  the  pulmonary  circuit  is  venous 
in  character,  except  in  the  larger  vessels  close  to  the 
heart.  In  the  capillaries  the  blood  rapidly  becomes 
arterialized,  so  that  the  diseased  areas  are  bathed  in 
arterial  rather  than  venous  blood.  Despite  the  fact 
that  Bier's  superstructure  was  thus  erected  on  a 
faulty  deduction,  it  will  be  evident  in  the  succeeding 
pages  that  it  promises  much  as  a  therapeutic  agent. 

In  general  Bier  ascribed  the  following  activities  to 


hyperemia:  (a)  It  diminishes  pain;  (6)  it  is  bacteri- 
cidal and  works  as  a  diluent;  (c)  It  hastens  re  orption 
and  assists  in  absorption;  (it)  it  aids  nutrition;  (e)  it 
ad      ehanically  in  effecting  good  drainage. 

(a)  There  is  no  doubt  that  hyperemia  has  a  marked 
effect  Oil  pain,  though  for  reasons  still  unclear  it 
occa  tonally  fails  to  diminish  it.  It  is  though!  that 
the  edema  resulting  from  f he  production  of  artificial 
hyperemia  works  much  as  Schleich's  infiltration  anes- 
thesia. At  the  sane-  t  i  1 1 1  <  ■  the  edema  dilutes  the  con- 
centrated and  irritating  exudates  which  surround  the 
nerve  filaments.  Bier  has  called  attention  to  the 
fact  that  in  periostitis  of  the  jaw,  the  pain  cease  a 
soon  as  the  cheek  swells  and  fractures  in  an  ex t remit} 
cause  no  pain  when  the  limb  becomes  swollen.  In 
the  e  observations,  that  as  soon  as  marked  swelling 
develops,  pain  diminishes,  I  do  not  believe  all  surgeons 
will    agree.      Since   my   attention    was  first   drawn   to 

this  contention  some  years  ago,  I  have  noted  the  point 
carefullj  and  failed  to  convince  myself  of  its  accuracy - 

Still  there  is  no  denying  the  fact  that  a  properly 
applied  bandage  producing  constriction  hyperemia  will 
very  frequently  diminish  pain.  Both  arterial  and 
venous  hyperemia  act  in  this  way. 

(b)  Hyperemia  increases  the  local  bactericidal 
powers  and  dilutes  localized  poisons.  The  latter  ac- 
tion is  the  more  readily  understood.  It  is  well 
known  that  what  would  be  a  fatal  dose  of  a  poison 
in  a  concentrated  solution,  can  be  given  in  a  much 
diluted  solution  without  a  fatal  result.  The  edema 
engendered  by  the  constriction  of  a  limb  dilutes  the 
toxins  in  just  this  way,  while  at  the  same  time  the 
same  fluids  are  acting  as  bactericidal  solutions. 
Colley's  experiments  go  to  show  that  the  edema  pro- 
duced in  an  infected  limb  is  much  more  bactericidal 
than  that  produced  in  the  same  way  in  a  non-infected 
limb.  This  property  of  the  serum  is  due  to  a  great 
variety  of  factors.  Hamburger  has  called  attention 
to  the  fact  that  edema  fluid  is  more  bactericidal  than 
the  circulating  blood  plasma,  and  he  ascribes  this  in 
part  to  the  increased  CO2  and  alkali  content.  It  has 
also  been  shown  that  hyperemia  produces  a  local 
increase  in  leucocytes,  and  Heile's  work  demonstrating 
an  increased  excretion  of  pur.n  bases  can  be  best  ex- 
plained by  a  rapid  breaking  down  of  large  numbers 
of  leucocytes.  On  the  other  hand,  Joseph  and 
Schwartzman  have  maintained  that  there  are  very 
few  leucocytes  in  the  edema  fluid.  (Joseph,  Lehrbuch 
d.  Hyperamiebehandlung,  1911.)  It  has  also  been 
shown  that  the  use  of  the  constricting  bandage  raises 
the  local  opsonic  index.  There  can  be  no  doubt  as 
to  this  bactericidal  effect  of  constriction  hyperemia, 
though  whether  all  bacteria  are  affected  equally  is 
doubtful.  Clinical  experience  bears  out  the  experi- 
mental work  done  up  to  date.  How  much  of  the 
bactericidal  and  of  the  diluent  effects  is  produced  by 
the  incomplete  stasis  in  the  veins  and  how  much  by 
the  same  condition  in  the  lymph  circulation,  future 
investigation  will  perhaps  demonstrate.  In  the  past 
the  effect  of  constriction  in  the  lymph  circulation, 
which  surely  is  affected  first  of  all  after  the  bandage 
is  applied,  has  been  almost  entirely  ignored.  My 
clinical  experience  forces  me  to  consider  this  an  im- 
portant element,  especially  in  the  production  of  the 
local  edema  and  in  the  marshalling  of  the  forces  that 
develop  in  this  bactericidal  fluid.  In  1912  Gelinsky, 
in  studying  this  question,  came  to  a  similar  conclu- 
sion. In  fact  he  believes  (Zentralblatt  f.  Chirurgie, 
1912)  that  in  acute  inflammations  the  best  results  are 
obtained  if  only  the  lymphatics  are  compressed,  pro- 
ducing edema  without  marked  congestive  symptoms. 
Venous  hyperemia  is  particularly  useful  in  combating 
the  bacterial  invasions  and  is  therefore  used  instead 
of  arterial  hyperemia  in  localized  infectious  processes. 

(c)  The  clinical  fact  that  hyperemia  aids  in  the 
absorption  of  fluids  and  soluble  matter,  whether  these 
be  within  the  body  or  upon  its  mucous  surfaces,  was 
accepted  long  ago.     Klapp  has  shown  by  experiment, 
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very  recently,  that  arterial  hyperemia  hastens  quite 
markedly  the  absorption  of  injected  lactose.  On  the 
other  hand,  venous  hyperemia,  so  long  as  the  band:.;:'' 
remains  in  place,  diminishes  local  absorption.  On  re- 
moval of  the  bandage,  absorption  increases  markedly. 
Bier  doubts  whether  this  secondary  effect  takes  place 
if  the  constricting  bandage  is  in  place  for  many  hours, 
and  consequently  employs  massage  to  aid  absorption 

Though  venous  hyperemia  is  not  capable  of  acceler- 
ating absorption  of  fluids  and  of  soluble  substances, 
still  it  does  seem  to  have  a  distinct  absorptive  action 
on  certain  pathological  lesions.  Bier  refers  to  cases 
in  which  this  form  of  hyperemia  has  led  to  the  absorp- 
tion of  thickenings  in  and  about  joints,  of  thickenings 
in  tendons,  of  keloids,  etc.  In  this  particular  realm 
it  is  wise  to  reserve  judgment  until  better  evidence 
is  at  hand.  Though  we  cannot  deny  that  in  acute  or 
chronic  suppurative  processes  all  sorts  of  tissues  melt 
away  as  a  result  of  the  disease,  still  in  Bier's  ther- 
apy we  do  not  reproduce  the  condition  of  acute  or 
of  chronic  inflammation,  but  only  one  symptom  of 
this  process.  Dissolution  of  tissues  in  inflammatory 
conditions  is  probably  due  to  some  obscure  activity, 
perhaps  fermentative  or  autolytic,  and  as  yet  the 
proof  is  lacking  that  simple  constriction  of  a  limb  leads 
to  these  activities. 

Despite  these  theoretical  conditions  one  cannot 
deny  that  stiff  joints  inprove  under  arterial  and  venous 
hyperemia.  The  explanation  of  the  process  is  by  no 
means  simple. 

(d)  Another  activity  or  property  ascribed  to  hyper- 
emia is  the  nutritional.  Bier  bases  this  claim  upon 
a  great  variety  of  clinical  data  which  are  best  read  in 
his  monograph.  Regeneration  of  tissue  is  most  active 
in  inflamed  areas,  in  fact  it  is  usually  excessive,  and, 
as  Bier  believes,  here  venous  hyperemia  dominates 
the  field.  In  the  growth  of  the  fetus  a  well-marked 
venous  engorgement  {hyperemia)  prevails  in  the  pla- 
cental channels.  In  patients  suffering  from  femoral 
vein  thrombosis  one  frequently  sees  well-marked 
thickening  of  the  extremity  -which  possibly  is  in  part 
due  to  a  local  hypertrophy  resulting  from  venous 
obstruction.  That  this  thickening  is  not  due  to  deep 
edema  alone,  I  feel  sure  from  a  case  of  bilateral  femoral 
thrombosis  that  I  have  watched  for  a  matter  of  a 
dozen  years  since  the  thrombosis  developed.  The 
observation  that  the  epidermis  becomes  thickened 
and  hairs  increase  in  number  near  chronic  ulcers  points 
to  a  distinct  nutritional  effect.  Arterial  hyperemia 
also  exerts  a  nutritional  effect  in  the  epidermis,  ac- 
cording to  Bier.  On  the  other  hand,  chronic  conges- 
tion of  the  viscera  does  not  lead  to  increase  of  the 
connective  tissue  or  hyperplasia  of  the  parenchyma 
with  any  regularity.  The  latter  result  is  unknown, 
whereas  increase  of  the  connective-tissue  stroma  is  a 
moderately  frequent  result.  While  hyperemia  ap- 
pears to  have  no  nutritional  effect  on  the  viscera,  in 
the  sense  of  leading  to  excessive  growth  and  increased 
size  of  the  parenchyma,  Bier  claims  that  it  has  some 
such  effect  on  bones  and  connective  tissue  as  well  as 
upon  the  epidermis.  Most  of  the  data  which  Bier 
has  gathered  to  prop  this  contention  are  scarcely 
sufficiently  cogent  to  settle  this  particular  point  as  to 
the  nutritional  effects  of  venous  hyperemia,  and  until 
we  obtain  more  data  based  on  more  modern  and  accu- 
rate work  than  that  referred  to  by  Bier,  here  again  it- 
will  be  well  to  reserve  judgment.  On  the  other  hand, 
arterial  hyperemia  probably  does  make  for  a  more 
healthy  nutrition.  For  there  can  be  no  doubt  that 
improvement  in  the  peripheral  circulation  will  fre- 
quently lead  to  a  healing  of  ulcers  or  abort  a  threatened 
gangrene  in  diabetics  or  in  old  arteriosclerotic  patients. 

Until  exact  experimental  evidence  is  produced 
showing  that  a  constriction  bandage  will  actually  and 
regularly  lead  to  increase  in  growth  of  the  tissues  in 
a  limb,  and  until  patients  with  chronic  localized 
cyanosis  show  some  changes  due  to  forced  nutrition, 
it  is  absolutely  necessary  to  exercise  all  our  scientific 


scepticism  as  to  the  nutritional  value  of  venous 
hyperemia. 

(e)  To  any  one  who  has  employed  either  constric- 
tion hyperemia  or  suction  hyperemia  it  is  surely  evi- 
dent that  a  mechanical  irrigation  of  the  diseased 
areas  must  regularly  occur.  In  using  the  suction  cup 
over  an  incised  abscess,  the  most  perfect,  and  complete 
drainage  is  induced.  The  pus  and  debris  are  rapidly 
withdrawn  and,  after  the  cavity  has  been  drained 
of  these,  bloody  serum  pours  into  the-  cup.  The  latter 
acts  as  an  antiseptic  solution  and  washes  out  every 
nook  and  corner  of  the  infected  cavity.  In  addition 
to  this  distinctly  mechanical  effect  the  adjacent 
tissues  under  the  cup  become  edematous  and  hyper- 
emic.  On  the  other  hand,  the  constriction  bandage 
above  an  inflammatory  area  which  has  been  incised 
leads  to  an  identical  result.  It  produces  an  edema, 
and  this  fluid  is  poured  out  copiously  through  the 
incision,  thus  thoroughly  irrigating  the  diseased  tissues 
from  within.  This  constant  flow  from  within  out- 
ward washes  out  all  the  pus  and  debris  and  thoroughly 
disinfects  the  involved  areas.  A  more  ideal  method 
of  irrigation  is  inconceivable,  and  though  I  would  not 
attribute  the  good  results  of  Bier's  method  to  this 
factor  alone,  as  some  are  inclined  to  do,  still  I  do  feel 
confident  that  this  peculiar  activity  is  one  of  the 
most  important  and  beneficent  of  those  exerted  by 
artificially  induced  venous  hyperemia.  That  it  would 
be  an  exaggeration  to  say  that  this  is  the  sole  benefi- 
cent activity  of  hyperemia  will  be  self-evident  to  any 
one  who  has  treated  non-incised  cases  and  effected 
a  cure  without  making  use  of  these  mechanical  prin- 
ciples that  make  for  perfect  drainage. 

This  most  evident  activity  Bier  has  not  emphasized 
as  much  as  it  deserves,  which  probably  explains  the 
zeal  with  which  some  have  seized  upon  this  as  the 
important  process  underlying  artificially  induced 
venous  hyperemia. 

Technique  of  Application. — Arterial  hyperemia 
is  produced  by  the  use  of  heat,  in  the  form  either  of 
hot  air  or  of  hot  applications.  As  both  methods  are 
well  known  to  the  profession,  this  phase  of  the  sub- 
ject can  be  treated  briefly.  Bier  has  employed  the 
skill  of  Eschbaum,  a  local  instrument  maker,  to  per- 
fect a  great  variety  of  hot-air  boxes  which  are  so 
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Fig.  3330. — Hot  Chamber  for  Both  Hips. 

modelled  that  thev  fit  on  most  of  the  surfaces  of  the 
body.  (See  Figs.  "3330  and  3331.)  Large  boxes  with 
vertical  slits  have  been  constructed  to  permit  of  hot- 
air  applications  to  the  spinal  column.  Other  boxes 
have  been  made  so  as  to  encompass  the  pelvis  and  both 
hip  joints.  Smaller  boxes  are  on  the  market  for  appli- 
cations to  the  extremities.  The  openings  in  these 
boxes  are  lined  with  heavy  material  which  prevents 
undue  escape  of  the  heated  air.  A  similar  result  can 
be  obtained  by  surrounding  the  parts  of  the  body  that 
lie  in  the  openings  of  the  box  with  heavy  felt.  The 
air  is  heated  before  entering  the  box  by  means  of  a 
gas  or  alcohol  flame  which  is  placed  below  the  funnel 
tube  that  connects  with  the  interior  of  the  box.     A 
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thermometer,  so  placed  within  the  box  that  it  can  be 
read  without  opening  the  same,  will  aid  in  controlling 
the  temperature  to  which  the  exposed  part  is  sub- 
jected. Marked  active  hyperemia  develops  between 
80°-120°  C.  (176°-248°  F.).  Though  many  prefer  to 
surround  the  exposed  part  with  cotton  or  flannel, 
Bier,  despite  the  fact  that  he  admits  that  this  dimin- 
ishes the  danger  of  burning  the  patient,  has  given 
it  up.     He  thinks  these  enveloping  materials  become 


Fig.  3331. — Hot  Chamber  for  the  Shoulder. 

moist  and  thus  prevent  a  marked  arterial  hyperemia. 
It  is  wise,  however,  to  place  pieces  of  flannel  between 
opposed  skin  surfaces  so  that  no  burns  occur. 

To  obtain  a  more  localized  action  and  where  these 
hot-air  boxes  cannot  be  applied,  e.g.  the  face,  a  great 
variety  of  hot-air  douches  are  used.  Bier  employs 
for  this  purpose  a  simple  machine  (Fig.  3332)  which  is 
so  protected  that  it  can  be  moved  about,  permitting 
the  operator  or  patient  to  throw  the  stream  of  hot  air 


Fig.  3332. — Hot-air  Douche  Applied  tor  Sciatica. 

in  different  directions.  This  instrument  resembles 
the  chimney  of  his  hot-air  boxes  and  is  well  shown  in 
the  accompanying  figures  together  with  several  of  his 
hot-air  boxes. 

Much  difference  of  opinion  as  to  the  duration  of 
each  treatment  prevails.  In  some  cases  short  appli- 
cations (of  ten  minutes)  are  indicated,  in  others  longer 
applications  up  to  an  hour  or  an  hour  and  a  quarter 
might  be  more  useful.  In  general  short  treatments  are 
used  where  there  is  danger  of  gangrene  or  where 
many  joints  are  treated  each  day.     Longer  treatments 


are   used    in   chronic   conditions,   such   a^   rheumatic 

juiril  is. 

The  use  of  hot  fomentations  is  so  general  that  it 
need  nol  be  entered  into  here.  They  produce  hyper- 
emia just  as  hot  air  does  and  by  virtue  of  this  action 
accomplish  much  that  is  beneficial. 

To  produce  venous  hyperemia,  for  most  cases  a 
less  expensive  armamentarium  will  suffice.     The  de- 


Fla.    3333. — Gla88    Cups  for  Suction    Hyperemia-     Other  shapes 

are  shown  in  Figs-  3334-3338- 
velopment  of  part  of  this  field  is  due  to  the  ingenuity 
of  Klapp,  who  deserved  great  credit  for  his  important 
work  along  the  lines  of  suction  hyperemia. 

Suction  Hyperemia  is  induced  by  the  aid  of  a  variety 
of  glass  cups  (Figs.  3333-3338)  which  are  of  various 
shapes  and  sizes,  permitting  their  ready  application 
to  different  surfaces.  The  smaller  cups  are  fitted  with 
hand  bulbs,  whereas  the  larger  cups  require  a  hand 


pump  to  produce  the  necessary  rarefaction  within 
the  cup.  In  fhe  treatment  of  most  cases  the  smaller 
cups  are  perfectly  adequate,  but  in  the  treatment  of 
more  extensive  inflammatory  foci  very  large  cups  are 
required  (Fig.  3338).  Especially  large  cups  are  made 
for  treatment  of  inflammatory  conditions  of  the  breast 
and  hand.  In  cases  of  stiff  joints,  where  the  whole  arm 
or  knee  is  exposed  to  this  type  of  hyperemia  for  ortho- 
pedic   exercises,    expensive    apparatus    is    necessary 


Fig.  3335. 

(Figs.    3339-3341).     All    these    cups    are    made    by 
Eschbaum  and  are  now  to  be  had  in  this  country. 

As  the  suction  in  inflammatory  cases  draws  out 
pus,  bacteria,  etc.,  the  cups  are  very  regularly  con- 
taminated. Cups  such  as  shown  in  Figs.  3334  to 
3337  are  designed  to  prevent  the  entrance  of  infectious 
materials  into  the  rubber  ball  or  rubber  tubing.  The 
cups  must  be  kept  clean  by  boiling  or  by  use  of  anti- 
septic  solutions.     In  using  the  very  large  vacuum 
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glasses  for  orthopedic  purposes,  naturally  no  such 
measures  are  necessary,  as  these  cups  are  not  contami 
nated.  They  are  nol  employed  in  the  treatment  of 
inflammatory  diseases,  but  are  apparently  of  use  in 
stretching  stiffened  joints  and  adherent  tendons  |.\ 
virtue  of  the  pressure  exerted  by  the  atmosphere. 
This  is  most  clearly  seen  in  Fig.  3341. 

On  the  other  hand,  venous  hyperemia  produced  by 
constriction  requires  very  little  in  the  way  of  appli- 
ances.    A  thin  rubber  bandage  suffices  for  all  extrem- 


Fig.  333G. 


Fig.  3337. 


ity  cases  except  the  most  proximal  parts.  In  the  hip 
there  is  no  way  of  producing  this  type  of  hyperemia; 
whereas  in  the  shoulder-joint,  as  shown  in  Fig.  5187, 
a  rubber  tube  must  be  employed.  To  produce  hyper- 
emia distal  to  the  neck  elastic  webbing  is  used.  These 
neck  bands  are  so  arranged  with  hooks  and  eyes  thai 
their  tension  can  be  readily  regulated.  It  is  evident 
that  this  useful  type  of  hyperemia  can  be  employed 
without  any  great  expense,  and  for  the  benefit  of 
those  who  wish  to  try  this  new  therapeutic  agent  I 
can  say  with  perfect  honesty  that  they  need  not 
purchase  at  once  a  great  variety  of  suction  cups;  a 
few  sizes  and  shapes,  e.g.  such  as  are  represented  by 
Figs.  3333,  3336,  3338,  and  a  Martin's  rubber  bandage, 
two  and  one-half  inches  in  width,  will  suffice  to  begin. 


Fig.  3338. 

Technique  of  Suction  Hyperemia. — After  making  a 
small  incision  provided  pus  is  present  (and  gently 
squeezing  this  out*)  the  cup  is  applied.  Two  cardinal 
rules  must  be  followed.  The  application  of  the  cup 
must  be  painless  and  intermittent.  If  the  suction  is 
extreme  it  causes  pain  and  damages  the  tissues.  In 
acute  inflammatory  conditions  the  suction  should 
regularly  be  mild,  whereas  in  more  chronic  conditions, 

*  Bier  advises  pressing  out  the  pus,  which  is  not  necessary 
either  in  suction  or  in  constriction  hyperemia,  as  both  make  for 
excellent  drainage  and  painless  evacuation  of  the  inflamed  foci. 
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especially  over  sinuses,  one  may  exert  Considerable 
suction.  Pain  on  the  part  of  the  patient  is  an  indi- 
cation of  faulty  application.  Subcutaneous  hemor- 
rhages about  the  diseased  focus  tire  another  sign  of 
faulty  technique.  Just  as  important  as  the  observa- 
tion  of  painless  application   is  the  intermittent  sue- 


in.     .'.139. — Orthopedic  Apparatus  for  Producing  Hyperemia  and 
Forced  Dorsal  Flexion  in  Ankle-joint. 

tion.  Suction  should  not  be  continuous.  There 
should  be  intermissions  every  four  or  five  minutes, 
and  then  suction  again  for  four  or  five  minutes  after 
a  two-  to  three-minute  pause.  This  routine  is  kept 
up  for  forty  to  forty-five  minutes,  and  the  whole  con- 
stitutes one  treatment.  Such  a  treatment  may  be 
given  once  or  twice  a  day.     It  is  frequently  advisable 


Fig.  3340 


-Orthopedic  Apparatus  for  Producing  Hyperemia  and 
Forced  Flexion  of  Knee-joint. 


to  grease  the  edge  of  the, cup  with  sterile  vaseline  so 
that  the  cup  takes  better  hold  on  the  skin.  The  cups 
that  are  used  for  the  fingers  (Fig.  3337)  or  for  the  hands 
are  supplied  with  a  rubber  cuff  which  must  be  made 
to  enclose  the  more  distal  part  snugly  to  permit  of 
the  production  of  a  rarefaction  of  the  air  in  the  cup. 
While  the  cup  is  drawing  on  the  exposed  part,  the 


Fig.  3341. — Orthopedic     Apparatus     for     Hyperemization     and 
Stretching  of  Knee-joint. 

latter  becomes  hyperemic  and  swells.  It  projects 
into  the  glass.  The  circulation  of  the  exposed  tissues 
becomes  sluggish.  The  incised  focus  of  the  sinus 
discharges  more  or  less  freely.  On  removing  the  cup, 
which  is  done  gently  by  squeezing  the  rubber  bulb 
together  or  by  allowing  air  in  by  the  stopcock,  the 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES 


Hyperemia,  Artificial 


exposed  part  has  an  opportunity  to  regain  a  more 
normal  circulation.  Fresh  blood  pours  into  it  and 
some  of  the  artificial  edema  disappears.  After  a  short 
pause  suction  is  again  applied,  and  so  on  till  the  treat- 
ment is  concluded. 

To  make  the  technique  absolutely  clear  I  will 
briefly  narrate  three  cases  that  were  treated  by  this 
suction  method.  These  will  illustrate  more  graphic- 
ally just  how  to  use  the  cups  and  at  the  same  time 
show  some  of  the  advantages  of  suction  hyperemia. 

Case  I. — F.,  thirty-five  years.  For  one  week  the  patient  has 
had  a  painful,  rod  swelling  on  outer  side  of  forearm.  This  has 
gradually  grown  in  size.  When  I  first  saw  it  it  measured  about  one 
and  one-half  inches  in  diameter  and  fluctuated.  Diagnosis: 
Abscess.  After  selecting  a  properly  shaped  cup  which  would 
encompass  the  whole  area  of  inflammation,  I  made,  under  local 
anesthesia,  a  one-half-inch  incision  over  the  middle  of  the  abscess 
and  at  once  applied  moderate  suction  hyperemia,  without  produc- 
ing any  pain.  Large  quantities  of  pus  and  of  blood  discharged  into 
the  cup,  and  after  four  or  five  minutes'  suction  the  cup  was  removed. 
After  two  or  three  minutes'  rest  the  cleaned  cup  was  reapplied  as 
at  first  and  more  pus  and  blood  discharged.  The  adjacent  skin 
became  deep  red  in  color  and  the  whole  area  became  turgid  with 
congested  blood.  After  four  or  five  minutes'  suction  another  period 
of  rest  and  then  suction  again.  After  doing  this  for  forty  to  forty- 
five  minutes,  suction  no  longer  withdrew  pus  and  the  small  incision 
was  choked  with  blood  clot.  The  arm  was  then  dressed  with  a 
wet  dressing,  no  drain  being  used.  The  patient  declared  that  after 
all  the  manipulation  her  arm  felt  much  better  and  almost  all  the 
pain  had  left.  As  the  patient  was  sufficiently  intelligent  to  make 
proper  use  of  the  cup,  I  gave  her  the  cleaned  cup  to  apply  as  I  had 
done.  She  employed  it  that  evening,  and  returned  to  me  next  day 
for  the  third  treatment,  which  was  scarcely  required.  Almost  all 
signs  of  inflammation  had  disappeared.  There  was  very  little 
tenderness  or  redness.  The  swelling  had  gone  down.  There  was 
no  pus.  For  safety's  sake  I  gave  her  one  more  treatment  and  ap- 
plied a  light  wet  dressing.  In  this  case,  within  thirty-six  hours 
after  the  incision,  the  inflammatory  focus  had  practically  disap- 
peared without  causing  the  patient  any  of  the  usual  pain  incidental 
to  the  older  methods  of  treatment  by  broad  incision  and  packing. 

Case  II.— F.,  twenty  years.  Three  days  previous  had  been 
manicured.  Since  then  painful,  red  swelling  about  nail,  especially 
over  the  matrix.  Since  this  morning  there  was  a  slight  discharge 
of  pus  from  below  the  cuticle.  Diagnosis:  Paronychia.  As  the 
focus  was  discharging,  I  immediately  began  to  employ  suction 
hyperemia  without  incising,  using  the  cup  represented  in  Fig. 
5181.  The  same  technique  was  employed  as  in  the  previous  case. 
Some  pus  and  bloody  Berum  discharged.  The  finger  became  red 
with  the  slightest  tinge  of  blue.  The  next  day  and  the  day 
following  I  used  the  cup  again,  bandaging  the  finger  with  a  wet 
dressing  between  treatments,  and  by  that  time  the  infection  was 
controlled  and  the  patient  was  discharged.* 

Case  III. — M.,  fifteen  years.  Has  sinus  over  head  of  tibia 
following  operation  for  supposed  tuberculosis  of  the  bone.  The 
sinus,  which  was  one  and  one-half  inches  long,  did  not  lead  to  bare 
bone.  Diagnosis:  Postoperative  sinus.  After  greasing  the  lips 
of  the  small  sinus  cup  with  sterile  vaseline  to  assist  in  gaining  proper 
apposition,  the  treatment  as  above  outlined  was  carried  out. 
Suction  was  applied.  Serum  and  blood  escaped  into  the  cup  and 
the  granulations  became  turgid.  After  one  such  treatment  the 
sinus  was  closed  so  that  when  seen  two  days  later  no  further 
suction  therapy  was  necessary. 

In  the  use  of  the  very  large  cups  for  orthopedic 
purposes  Bier  gives  less  explicit  rules.  The  part  to 
be  exercised  or  stretched  is  first  made  hyperemic  and 
after  this  is  thoroughly  done  the  air  is  rarefied  even 
more,  the  degree  of  rarefaction  required  being  tested 
on  one's  own  arm,  or  other  part  first,  or  by  close 
scrutiny  of  the  patient's  limb.  The  atmospheric 
pressure  forces  the  limb  into  the  vacuum;  as,  for  in- 
stance, in  the  case  of  a  plantar-flexed  foot  the  pressure 
would  force  the  extremity  against  the  glass  base  and 
thus  stretch  the  involved  parts,  gradually  extending 
the  foot  further  and  further,  until  pain  becomes  too 
severe  or  complete  extension  has  been  obtained.  The 
same  process  of  stretching  is  carried  out  in  this  way 
in  the  knee-,  wrist-,  elbow-,  and  finger-joints  with  the 
proper  appliance.  Special  instruments  with  spiral 
groove  and  fitted  with  a  hand  piece  to  develop  sup- 
ination and  pronation  are  warmly  recommended  1>\ 
Bier. 

*  In  some  hand  cases  large  hand  cups  are  very  useful  in  pro- 
ducing hyperemia. 
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constricting  bandage  b.a  been  u  ed  a  great  deal,  the 
exact  application  of  it  is  -till  difficult.  Henle  tried  to 
simplify  the  technique  by  using  a  rubber  lube  con- 
nected with  a  i j i ■  1 1 1 . > 1 1 1 1 ■  1 1 •  r .  This  can  be  applied  in 
produce  the  same  pressure  each  time  after  one  has 
determined  the  pressure  one  desires  in  the  particular 
case.  Biir  finds  this  useful  in  difficult  eases.  A  a 
rule,  a  thin  rubber  Martin's  bandage  suffices.  This 
is  applied  over  a  piece  of  gauze  or  direct  ly  to  the  skin, 
one  fold  of  the  bandage  overlapping  the  other.     The 

end  of  the  bandage  is 
fixed  with  a  safety  pin. 
The  exact  ten -inn  cjf  t  hi- 
bandage  is  best,  st  lldied 
on  one's  own  arm. 
Such  a  preliminary 
study  prevents  man; 
awkward  experiences 
for  tiie  physician  and 
many  painful  moments 
fur  t  lie  pat  nut . 

Though  Bier  does  not 
specify  accurately  t  hat 
Uiese  constricting 
bandages  are  applied 
differently  in  chronic 
ia,   3342  and  in  acute  conditions, 

still  his  reference  to  the 
treatment  of  tuberculosis,  and  my  own  extensive  ex- 
perience with  his  methods,  have  led  me  to  use  firm 
constriction  in  the  more  chronic  cases  and  mild  con- 
striction in  acute  cases.  (See  below,  Indications  for 
Constriction  Hyperemia.) 

The  technique  is  very  similar,  though  much  more 
difficult  in  the  acute  cases.  It  is  undoubtedly  due 
to  this,  and  to  the  fact  that  such  cases  require  most 
careful  watching,  that  the  hyperemia  method  has  not 
geen  generally  adopted.  The  bandage  is  wrapped 
about  the  limb  proximal  to  the  diseased  part,  as  de- 
scribed above,  and  the  tension  is  regulated  by  the 
subjective  and  objective  symptoms.  In  chronic  cases 
the  bandage  is  applied  firmly  until  the  veins  stand  out 
and  the  part  distal  to  the  constriction  becomes  reddish 
blue  in  color.  Such  an  application  should  not  produce 
a  mottling  of  the  skin,  nor  an  appearance  of  dull-red 
spots.  It  should  not  cause  pain,  only  a  sensation 
of  fulness  of  the  engorged  part.  After  forty-five  min- 
utes to  an  hour  the  patient 
may  have  some  paresthesia.. 
In  chronic  cases,  treated  with 
firm  application  of  the  band- 
age, a  treatment  should  last 
only  forty-five  minutes  to  an 
hour.  If  the  proper  degree 
of  constriction  is  not  obtained 
the  bandage  must  be  loosened 
or  tightened  as  the  case  may 
be.  The  pulse  should  never 
be  affected.  After  removing 
a  bandage  applied  in  this 
way,  the  limb  becomes  bright 
red,  and  arterial  hyperemia 
sets  in.  This  reaction,  what- 
ever may  be  its  physiology, 
whether  due  to  a  vasomotor 
paresis  or  to  a  specific  "tissue  thirst"  (Bier),  I  believe 
is  most  important  in  the  treatment  of  chronic  cases. 
As  yet  it  has  received  very  little  attention. 

As  said  above,  the  application  of  the  bandage  in 
acute  cases  is  in  many  respects  similar  to  that  in  chronic 
cases.  The  bandage  is  applied  very  lightly  so  asto 
produce  a  mild  venous  congestion  and  edema  of  the 
distal  part.  If  a  cellulitis  is  being  treated,  such  a 
bandage  properly  applied  produces  an  exaggeration 
of  all  the  local  signs  of  inflammation,  up  to  the  produc- 
tion of  an  intensely  red,  "fiery  red"  edema.  The 
part  never  should  be  as  blue  as  in  the  chronic  cases, 
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though  occasionally  there  may  be  a  tinge  of  blue  in 
the  deep-red  coloration.  This  bandage  should  not 
cause  pain,  and  usually  relieves  it.  It  remains  in 
place  for  ten  to  twenty  hours  at  a  time,  producing  a 
marked  swelling  of  the  limb,  and  during  the  intervals 
between  applications,  two  to  four  hours  daily,  the  edema 
is  allowed  to  subside,  elevation  and  massage-  (rarely) 
being  employed  to  assist.  It  must  be  remembered 
that  the  fiery-red  reaction  in  acute  cases  becomes 
less  and  less  marked  as  the  focus  of  inflammation  is 
controlled.  This  lessening  of  the  reaction  is  indica- 
tive of  improvement,  and  if  it  fails  to  take  place,  Bier 
says  an  abscess  that  should  be  incised  is  present. 

As  the  bandage  remains  in  place  in  most  acute 
cases  for  ten  hours,  in  severer  cases  twenty  hours,  at  a 
time,  naturally  its  position  must  be  shifted  at  succes- 
sive applications  to  avoid  pressure  sores  and  atrophy 
of  the  deeper  parts  (muscles).  It  is  advisable  to 
select  two  levels  and  to  apply  the  bandage  first  at 
one  and  then,  after  the  pause  between  applications, 
at  the  other.  If  the  second  application  be  made  distal 
to  the  first  the  bandage  will  have  to  be  tightened 
repeatedly  as  the  edema  caused  by  the  first  application 
disappears. 

Another  point  to  bear  in  mind  is  that  the  applica- 
tions are  gradually  shortened  as  the  cure  progresses. 
Sudden  cessation  of  treatment  may  lead  to  a  recrudes- 
cence of  the  trouble,  so  that  it  is  well  to  keep  up  the 
treatment  for  several  days  after  the  signs  of  inflamma- 
tion have  subsided. 

Although  in  some  cases  the  proper  application  of  the 
constricting  bandage  may  effect  a  cure  without  in- 
cision, it  is  advisable  to  make  small  openings  into  all 
pus  foci  before  commencing  hyperemia  treatment. 
Whenever  there  is  pus  it  should  be  evacuated  by  incision. 
The  incisions,  however,  should,  as  a  rule,  not  be 
drained.  Gauze  drains  should  never  be  used.  Occa- 
sionally rubber  tubes  are  needed  to  keep  the  incisions 
wide  open  and  to  permit  of  the  proper  drainage  of  the 
artificial  transudate  into  the  dressing.  In  treating 
acutely  inflamed  parts  with  constriction  hyperemia, 
many  fail  to  get  good  results  because  the  part  that  is 
diseased  is  bandaged  so  firmly  that  an  artificial 
edema  and  hyperemia  cannot  be  produced.  The  best 
and  simplest  method  of  enveloping  the  treated  part  is 
without  a  bandage.  The  limb  is  covered  with  gauze 
and  the  whole  is  then  surrounded  with  a  towel  that  is 
pinned  together  without  exerting  any  pressure  on  the 
diseased  tissues.  If  the  area  has  been  incised  a  vo- 
luminous dressing  will  be  required  to  soak  up  all  the 
discharge,  which,  as  said  above,  is  markedly  increased 
under  this  therapy.  In  such  cases  as  the  latter,  it 
is  advisable  to  give  the  patient  plenty  of  fluid  to  take 
the  place  of  all  that  is  washed  out  through  the 
incisions. 

In  the  more  acute  cases,  after  removal  of  the  band- 
age the  products  of  the  local  inflammation,  toxins,  etc., 
may  be  swept  into  the  general  systemic  circulation 
and  lead  to  constitutional  symptoms  which  were  not 
manifest  while  the  bandage  was  in  situ.  Chills, 
increase  in  temperature,  headache,  malaise  develop 
occasionally.  Severe  or  dangerous  intoxication  or 
sepsis,  as  dreaded  by  Lexer,  I  have  not  seen.  The 
opinion  of  those  who  are  using  this  constriction  hyper- 
emia is  gradually  coming  to  the  standpoint  that  I 
emphasized  in  1906.  All  chronic  cases  that  are 
treated  with  short  applications  may  be  so  treated 
in  the  office  or  in  the  dispensary;  whereas  all  cases 
that  require  protracted  application  must  be  carefully 
supervised  and  should  be  in  hospital. 

To  illustrate  the  application  of  constriction  hyper- 
emia I  will  cite  several  cases  both  chronic  and  acute. 

Case  IV. — -M.,  fifteen  years.  Had  been  operated  upon  for 
acute  osteomyelitis  of  the  tibia.  The  wound  had  never  healed, 
and  as  bone  was  felt  at  the  bottom  of  the  sinus  another  operation 
was  performed  to  remove  the  dead  tissue.  After  this  a  sinus  per- 
sisted for  many  months  over  the  head  of  the  tibia,  and  exposed 
bone  was  felt  at  the  bottom  of  the  Binus.     At  this  stage  I  began 
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treating  with  constriction  hyperemia,  using  firm  constriction  for 
furty-five  minutes,  three  times  a  week.  The  bandage  wan  applied 
to  the  thigh  just  above  the  patella,  and  the  leg  was  left  exposed. 
The  bandage  was  applied  tight  enough  to  produce  a  ruddi^h-blue 
coloration  of  the  leg  without  causing  pain.  Toward  the  end  of 
the  treatment,  the  patient  complained  of  numbness  in  his  toes. 
While  the  bandage  was  in  place,  the  discharge  from  the  sinus  in- 
creased. After  removal  of  the  bandage  the  leg  became  bright  red. 
The  sinus  was  dressed  with  a  wet  dressing.  No  drain  was  used. 
Under  this  therapy  the  sinus  gradually  closed  and  in  a  month  or 
so  no  evidence  of  diseased  bone  was  recogniznbl'- 

Case  V. — F.,  sixty  years,  had  fallen  from  a  ladder  and  received 
a  compound  fracture  of  her  ankle.  Pott's  fracture.  This  became 
infected  and  was  operated  upon  several  times,  pus  being  evacuated 
and  bone  removed.  After  four  months  of  daily  dressings  with 
drainage  the  patient  came  to  me.  She  had  severe  pain  in  her  ankle 
and  leg.  She  had  no  use  of  her  foot,  though  its  position  was  satis- 
factory. There  was  very  little  motion  in  the  ankle  joint.  Sinuses 
ran  down  to  the  bone  from  all  four  aspects  of  the  joint.  There  was 
chronic  thickening  with  edema  of  the  ankle  and  foot.  Drains  were 
immediately  discontinued  and  a  firm  constriction  bandage  was 
applied,  twice  daily,  for  forty  minutes  about  the  thigh.  This 
produced  a  marked  venous  congestion  and  induced  freer  drainage 
from  the  tortuous  sinuses.  Pain  rapidly  disappeared  and  motion 
in  the  joint  became  freer.  Gradually  the  sinuses  closed  after  dis- 
charging several  particles  of  dead  bone.  Daily  hot  foot  baths  aided 
in  hastening  the  absorption  of  the  infiltrating  edema  about  the 
ankle.  Within  six  weeks  of  the  beginning  of  treatment  the  ankle 
had  assumed  much  more  normal  outlines,  pain  had  ceased,  fair 
motion  had  been  restored,  all  but  one  of  the  sinuses  had  closed, 
and  the  patient  was  beginning  to  walk  on  her  foot. 

These  cases  illustrate  the  use  of  artificial  venous  hyperemia  in 
which  the  bandage  is  applied  firmly.  In  the  treatment  of  tuber- 
culosis of  bones  and  joints,  in  endeavoring  to  stimulate  callus  for- 
mation in  pseudarthrosis,  etc.,  this  type  of  hyperemia  is  employed. 

Case  VI. — M.,  forty  years.  No  history  of  injury.  Developed 
an  acute  painful  swelling  of  right  knee.  Knee-joint  was  full  of 
fluid  and  very  tender.  Temperature  104.5°  and  pulse  120-126. 
Aspiration  of  the  knee-joint  removed  a  thin  purulent  fluid  which 
contained  streptococci  as  shown  in  spread  and  in  culture.  A  mild 
application  of  the  rubber  bandage  on  the  middle  of  the  thigh  was 
begun  at  once.  The  bandage  was  tightened  until  the  leg  became 
red.  It  was  left  in  place  for  twenty  hours  at  a  time  and  a  massive 
edema  developed.  During  the  four  hours  that  the  bandage  was 
off,  the  leg  was  elevated  and  much  of  the  edema  disappeared. 
During  this  period  the  patient's  temperature  gradually  rose  and 
then  fell  a  little  as  the  bandage  was  reapplied  at  another  level. 
For  several  days  the  bandage  was  employed  for  twenty  hours  at  a 
time,  and  then  the  periods  were  shortened  as  it  became  evident 
that  the  therapy  was  proving  effective.  Evidence  of  this  was  fur- 
nished by  the  gradual  lytic  fall  of  the  temperature  and  the  diminu- 
tion of  pain  and  of  tenderness.  In  the  course  of  two  weeks  the 
temperature  became  normal  and  the  knee  was  freely  movable, 
though  still  somewhat  distended  with  fluid.  It  is  interesting  to 
relate  that,  though  the  inflammatory  condition  in  the  knee-joint 
cleared  up  so  completely,  two  abscesses  developed  above  the  joint 
eading  down  to  the  fascia  lata.  These  were  small  foci  and  in  no 
wise  connected  with  the  joint.  Judging  from  their  situation,  I 
suspect  they  were  occasioned  by  the  pressure  of  the  rubber  bandage. 
This  is  all  the  more  striking  as  it  is  difficult  to  understand  why  the 
hyperemia  cures  the  original  focus  and  still  does  not  prevent 
such  a  complication  as  the  above  in  the  hyperemic  area.  After 
incision  these  small  abscesses  closed,  and  in  less  than  a  month  the 
patient  was  discharged  with  a  perfect  limb. 

Case  VII. — -M.,  thirteen  years.  Shot  three  days  prior  to  ad- 
mission, bullet  entering  skin  over  left  knee-joint.  Pain,  swelling, 
tenderness,  impaired  function,  and  fever  developed.  When 
brought  to  the  hospital,  the  patient  had  a  temperature  of  103°  and 
all  the  signs  of  an  infected  knee-joint  full  of  fluid.  The  joint  was 
opened  by  two  lateral  incisions  and  a  large  quantity  of  pus  was 
evacuated.  The  bullet  was  found  in  the  intercondylar  area.  The 
capsule  of  the  joint  was  closed  on  both  sides  except  for  two  small 
openings  at  which  rubber  tubes  were  sewed  in  place.  The  skin 
was  closed  similarly  except  at  the  site  of  the  drainage  tubes.  An 
ample  dry  dressing  was  loosely  applied  and  Bier's  hyperemia  was 
immediately  instituted.  The  bandage  was  applied  lightly,  ten 
hours  on  and  two  hours  off,  then  on  again.  The  discharge  was 
copious,  and  after  two  days  active  and  passive  motion  was  begun. 
This  assisted  in  expelling  the  transudate  that  continuously  col- 
lected in  the  joint  and  ballooned  the  cavity.  After  three  days 
the  tubes  were  removed  and  the  same  therapy  continued,  gradually 
cutting  down  the  periods  of  constricting  hyperemia,  so  that,  within 
a  week,  the  patient's  temperature  was  practically  normal,  and 
within  three  weeks  the  patient  was  discharged  with  a  normal  knee- 
joint. 

Case  VIII. — M.,  twenty  years,  had  been  ill  for  almost  a  week 
with  very  marked  swelling  of  the  left  leg  up  to  the  knee.  There 
was  fluctuation  in  the  calf  on  the  outer  and  inner  sides.  Here 
small  incisions  were  made  and  over  a  pint  of  pus  evacuated  from 
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the  abscess,  which  extended  from  the  popliteal  space  to  the  os 
calcis.  After  drainage  tubes  had  been  placed  in  the  incisions  to 
keep  them  wide  open  and  a  loose  dressing  had  been  applied,  hyper- 
emia of  the  mild  constrictive  type  was  at  once  begun.  A  marked 
red  edema  developed  under  the  bandage,  which  was  used  as  in 
Case  VII.,  ten  hours  on  and  two  hours  off.  The  drainage 
astonishing.  The  tubes  were  rapidly  shortened,  and  as  the  !i»:il 
conditions  improved  the  treatments  were  shortem  d.  In  less  than 
three  weeks  the  patient's  huge  abscess  cavity  hud  completely 
closed  and  the  leg  was  a  normally  useful  member. 

These  last  three  cases  will  demonstrate  in  a  general 
way  the  method  of  employing  this  type  of  hyperemia. 
The  main  points  in  technique  that  they  emphasize 
are:  (a)  Light,  painless  application  of  the  bandage,  so 
that  the  part  becomes  edematous  and  red — looks  more 
inflamed  than  before;  (b)  incisions  where  there  is  pus; 
(c)  loose  and  copious  dressings;  {d)  gradual  short- 
ening of  the  periods  of  treatment;  (<■)  tube  drainage 
only  if  necessary  to  make  incisions  gape. 

Before  discussing  the  advantages  and  the  various 
criticisms  of  these  methods  that  are  grouped  under 
the  name  of  Bier's  hyperemia,  it  is  essential  that  an 
analysis  be  made  of  the  various  conditions  in  which 
these  types  of  hyperemia  have  been  used.  The  total 
number  of  treated  cases  is  naturally  beyond  compu- 
tation, as  so  many  are  using  the  method.  A  review 
of  the  conditions  in  which  hyperemia  has  been  used, 
with  a  description  of  the  results  obtained,  naturally 
must  precede  a  discussion  of  the  relative  advantages 
of  these  over  other  methods. 

Indications. — Arterial  Hyperemia  is  particularly- 
useful  in  conditions  associated  with  or  due  to  poor 
local  circulation.  As  it  relieves  pain  and  assists  ab- 
sorption, it  is  also  used  when  these  activities  are 
required. 

Neuralgia.  The  use  of  heat  is  an  old  household 
remedy  in  various  types  of  severe  pains,  and  the  hot- 
air  douches  are  an  effective  method  of  employing 
heat.  These  are  employed  in  all  types  of  neuralgia, 
e.g.  facial,  sciatic,  and  they  undoubtedly  bring  relief 
and  occasionally  they  may  cure.  How  often  they 
effect  a  permanent  result  cannot  be  said  with  any 
accuracy. 

Chronic  Rheumatism.  The  use  of  superheated  air 
in  this  condition  is  a  well-recognized  therapeutic 
agent,  and  there  can  be  no  denying  its  beneficial 
action  even  if  it  does  not  regularly  prove  effective. 
This  method  of  treatment  in  such  cases  obtains  al- 
most everywhere.  In  this  condition  the  artificial 
hyperemia  leads  to  absorption  as  well  as  to  relief  of 
pain.  Bier  emphasizes  the  fact  that  if  many  joints 
are  treated,  each  joint  should  be  exposed  a  short  time, 
or  the  worse  joints  should  be  selected  and  treated  for 
thirty  minutes;  for  very  protracted  treatments  of  each 
joint  are  liable  to  lead  to  constitutional  effects, 
neurasthenia,  anemia,  and  general  enfeeblement. 
After  using  this  therapy  for  several  weeks  or  months 
it  is  discontinued,  and  for  one  to  four  weeks  the  joints 
are  envloped  each  night  in  wet  dressings  or  in  irri- 
tating, hyperemia-inducing  fomentations.  Bier  pre- 
fers constriction  hyperemia  to  this  arterial  hyperemia 
in  the  acute  exacerbations  of  chronic  rheumatism 
and  in  involvement  of  smaller  joints,  e.g.  elbow, 
hand,  or  finger. 

In  arthritis  deformans  Bier  believes  he  has  seen 
good  results.  Personally,  I  have  seen  no  real  bene- 
fit in  this  condition  from  arterial  hyperemia,  though 
pain  may  be  relieved  temporarily.  Others,  includ- 
ing Habs,  Bum,  and  Leyden,  have  seen  good  results 
in  chronic  rheumatism',  but  nothing  in  arthritis 
deformans. 

Posttraumatic  stiffness  of  joints  is  beneficially  in- 
fluenced by  hyperemia.  Bier  uses  hot  air  in  these 
cases  and  obtains  rapid  improvement.  Motion  in- 
creases and  pains  cease.  Everybody  has  seen  ex- 
cellent results  following  the  use  of  hot  baths  that  induce 
well-marked  hyperemia,  so  that  it  is  needless  to  waste 


man]  words  on  this  subject.  In  addition  to  hob-air 
therapy,  Bier  employs  the  large  orthopedic  iictior 
cups  to  tretch  the  joints,  and  also  constricl  ion  hyper- 
emia, as  will  be  seen  later 

[n  scoliosis  Klapp  has  employed  hot-air  treatment 

to  assist,  in   loosening   the  more  or  less  fixed  vertebral 
column.     This    combined    with    gymnastic    exerei  e 
he  considers  the  best,  therapy  thus  far  discovered. 
Gonorrheal   rheumatism   ill   the   mure  chronic  stage 

is  beneficially  influenced  by  arterial  hyperemia,  ac- 
cording to  Bier.  In  the  more  acute  I  ages  constriction 
hyperemia  is  indicated.  In  these  difficult  cases  hyper- 
emia ought,  surely  to  be  tried,  as  it  will  relieve:  fre- 
quently. It  is,  however,  no  panacea  and,  in  my 
experience,  frequently  fails  to  do  anything  just  when 
most  needed. 

In  the  reparative  stage  following  acute  infectious 
osteomyelitis  and  suppurative  tenosynovitis,  short 
daily  applications  of  hut  air  are  beneficial  in  stimulat- 
ing rapid  repair  of  the  injured  tissues.  Hut  baths 
do  practically  the  same  thing  and  are  simpler.  In 
the  latter  way  most  surgeons  have  employed  arterial 
hyperemia  for  this  class  of  eases  a  long  lime. 

In  senile  and  diabetic  gangrene  the  use  of  arterial 
hyperemia  will  frequently  lead  to  a  rapid  demarcation, 
and  if  the  process  is  just,  beginning  such  hyperemia 
may  save  the  limb.  In  the  form  of  hot  baths  this 
type  of  hyperemia  has  long  been  used,  especially  in 
the  limited  processes,  e.g.  in  gangrene  of  :i  toe  or  in 
diabetic  mal  perforant.  In  such  cases  short  appli- 
cations of  superheated  air  beginning  with  low  tempera- 
ture may  produce  practically  a  restitutio  ad  integrum. 

In  skin  conditions,  e.g.  frost  bite,  chronic  eczema, 
psoriasis,  arterial  hyperemia  induced  by  hot  air  has 
led  to  good  results. 

To  hasten  absorption  of  extravasatcd  blood,  edemas, 
chronic  hydrops  (non-tuberculous)  of  joints,  hemar- 
throsis,  Bier  employs  hot-air  hyperemia  and  obtains 
excellent  results.  He  mentions  a  large  number  of 
cases  in  which  this  therapy  was  employed  effectively. 
In  chronic  edema  of  the  lower  extremities  due  to  vari- 
cose veins,  and  in  varicose  ulcers,  good  results  follow 
arterial  hyperemia.  I  have  regularly  used  cardiac 
stimulants  to  improve  the  local  circulation,  and  these 
with  nitroglycerin  probably  worked  much  in  the  same 
way  as  hot-air  therapy.  In  recent  thrombotic  cases 
Bier  advises  against  arterial  hyperemia.  In  cases  of 
thrombosis  of  the  deep  veins  it  is  well  to  be  chary  in 
the  use  of  superheated  air,  as  in  one  case  of  thrombosis 
of  the  femoral  vein  treated  in  this  way  six  months 
after  the  thrombosis  Bier,  lost  his  patient  from  a 
pulmonary  embolus. 

In  fresh  fractures  and  in  fresh  injuries  to  soft  parts, 
Bier  uses  daily  hot-air  therapy  for  one  hour,  as  it 
hastens  absorption  of  extravasatcd  blood,  etc.,  and 
he  believes  it  surpasses  massage  in  efficacy. 

Suction  Hyperemia. — This  type  of  hyperemia  is 
used  in  a  great  variety  of  conditions  both  acute  and 
chronic,  both  in  general  surgery  and  in  the  specialties. 
It  has  been  received  with  great  favor  by  most  of  the 
profession  and  is  destined  to  be  a  useful  therapeutic 
agent.  Among  the  more  important  conditions  in 
general  surgery  in  which  it  has  been  successfully  em- 
ployed are  the  following: 

In  prophylaxis  against  infection  this  type  of  hyper- 
emia is  as  old  as  the  birth  of  the  higher  animals,  that. 
have  always  employed  their  lips  to  suek  freshly 
inflicted  wounds.  To  prevent,  infection  of  incised 
or  of  not  overdeep  perforating  wounds  there  is  no 
better  agent  than  suction  hyperemia.  Its  regular 
use  undoubtedly  will  obviate  manj  an  infection  and 
save  many  a  patient  and  many  a  surgeon  much  pam 
and  loss  of  time. 

In    stitch-hole   infections    there    is   no    therapy    so 
effective,    bo    simple,   and    so   rapidly    curative.     In- 
cisions   are    rarely    required,    and    extensive    ab 
formation   is  usually   prevented   by   an   early   use  of 
suction  hyperemia. 
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In  abscesses,  furuncle* ,  acne,  infected  wounds,  cel- 
lulitis of  fingers  or  of  hand  one  almost  regularly  suc- 
ceeds in  curing  the,  condition  with  small  incisions 
into  the  pus  foci  and  regular  use  of  suction  hyperemia. 
In  some  of  the  more  extensive  cases  of  cellulitis, 
occasionally  also  in  ca  es  of  paronychia,  the  mild 
application  of  a  constricting  bandage — constriction 
hyperemia — is  decidedly  more  effective  than  suction 
hyperemia.  In  those  cases  of  deep  infection  of  the 
fingers — so-called  panaritium — constriction  hyperemia 
should  be  regularly  employed,  as  some  have  reported 
poor  results  with  suction  hyperemia. 

In  suppurative  mastitis  suction  hyperemia  has 
scored  a  triumph,  even  though  in  every  single  case  it 
may  not  be  successful.  Instead  of  the  old  radial 
incisions  and  copious  gauze  drainage,  small  incisions 
into  the  pus  pockets,  and  suet  ion  hyperemia  with  large 
cups  encompassing  the  whole  breast,  lead  to  rapid  cure 
without,  mutilation  and  painful  dressings.  In  puer- 
peral cases  the  milk  should  be  withdrawn  before  each 
hyperemization  of  the  breast.  Occasionally,  after 
one  focus  has  been  healed  a  fresh  one  develops  and  must 
be  treated  in  the  same  way.  The  end  result  is  almost 
regularly  excellent  both  functionally  and  cosmetically. 

In  carbuncles,  especially  the  non-diabetic,  the  best 
of  results  have  been  published.  In  these  no  broad 
incisions  are  demanded.  Suction  draws  pus  out  of 
t  he  many  suppurating  areas  and  a  rapid  cure  is  effected. 
(Bier,  ten  to  fifteen  days.) 

In  diabetic  cases  special  care  must  be  observed,  as 
the  tissues  may  not  bear  this  therapy.  Grube  and 
Korte  have  employed  artificial  hyperemia  in  diabetics 
without  injury,  whereas  Colley  saw  gangrene  of  the 
skin  following  its  use.  The  last  word  has  not  been 
spoken  concerning  this  group  of  cases,  but  the  varied 
results  surely  prompt  us  to  be  very  cautious. 

In  acute  suppurative  adenitis,  especially  in  buboes, 
one  frequently  obtains  rapid  results  after  incising 
the  purulent  focus.  If  many  glands  are  involved, 
and  there  are  multiple  pus  foci  scattered  through  the 
different  glands,  hyperemia  may  fail  to  accomplish 
anything.  In  these  cases  preliminary  use  of  poultices 
followed  by  small  incisions  and  then  by  suction 
hyperemia  with  large  cups  will  usually  prove  effective. 
In  some  cases  every  attempt  will  fail  and  recourse  to 
wide  incisions  and  excision  of  the  suppurating  glands 
will  be  finally  necessitated. 

In  acute  bursitis,  especially  suppurative  bursitis, 
suction  hyperemia  works  well.  If  pus  is  present  a 
small  incision  followed  by  hyperemia  will  lead  to 
excellent  results,  painlessly  and  rapidly. 

In  infected  hematomata  and  in  contusions,  suction 
hyperemia  is  very  effective.  In  infected  hematomata, 
suction  hyperemia,  after  a  small  incision,  is  excep- 
tionally useful.  The  suction  evacuates  clots  and  fluid 
blood  rapidly  and  painlessly.  In  black  eyes  this 
therapy  leads  to  rapid  oxidation  of  the  extravasated 
blood  and  prompt  absorption. 

In  more  chronic  inflammatory  conditions,  e.g. 
chronic  sinuses  both  tuberculous  and  non-tuberculous, 
suction  hyperemia  has  scored  a  distinct  success. 
Bier  and  Klapp  regularly  use  it  in  fistulous  bone  and 
joint  cases  of  tuberculous  causation.  In  sinuses  lead- 
ing to  tuberculous  glands  I  have  seen  rapid  healing 
without  excision  of  the  gland.  I  have  seen  good  re- 
sults in  fistulse  about  the  anus.  Applications  over 
tuberculous  glands  through  the  skin,  if  the  glands  are 
Mil  icutaneous,  may  be  of  use.  I  have  seen  such  glands 
become  smaller  and  firmer  under  this  therapy. 

In  keloids  Bier  and  others  report  absorption  of  the 
tumor.  Although  I  have  failed  signally  in  this 
condition,  a  positive  result  is  more  valuable  from  a 
therapeutic  standpoint  than  a  negative  one.  In  view 
of  the  successes  of  Thomas  and  of  Bier,  suction 
hyperemia  should  be  tried  in  keloids. 

In  the  removal  of  foreign  bodies,  e.g.  pieces  of  glass, 
splinters,  etc.,  it  is  almost  self-evident  that  suction  will 
assist,  not  only   in  drawing  out  the  foreign  matter, 
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but  also  in  producing  a  local  immunization  and  thuj 
prevention  of  infection. 

In  orthopedic  surgery  the  very  large  cups  are 
employed,  So  far  as  the  use  of  these  large  suet  ion  cupe 
i-  concerned,  very  fe^  have  had  any  experience  with 
them,  so  that  we  shall  have  to  Confine  our  remarks 
to  the  statements  of  Bier  and  Klapp.  They  use  tl 
large  cups  to  stretch  joints  that  have  been  rendered 
more  or  less  stiff  as  the  result  either  of  trauma  or  of 
rheumatism.  The  combined  action  of  the  hyperemia 
plus  pressure  of  the  atmosphere  produces  marked 
changes  and  restores  excellent  motility.  Bier  advises 
against  the  use  of  these  orthopedic  cups  in  joint 
tuberculosis  so  long  as  the  disease  is  active.  In 
tuberculosis  of  the  knee  with  marked  flexion  deform- 
ity, however,  Bier  employs  these  cups  to  assist  in 
overcoming  the  deformity  even  though  the  tuber- 
culous process  is  not  quiescent. 

In  nasal,  aural,  and  ophthalmologieal  surgery  this 
type  of  hyperemia  has  been  employed  to  some  extent, 
but  until  more  publications  are  forthcoming  no  final 
verdict  as  to  its  usefulness  will  be  possible.  In  both 
the  nose  and  the  middle  ear  anatomical  conditions 
are  such  that  it  is  not  easy  to  duplicate  the  suction 
hyperemia  induced  on  other  surfaces.  In  various 
types  of  tonsillitis  good  results  have  been  reported. 
Of  eye  conditions  treated  in  this  way  very  few  reports 
have  been  published. 

In  gynecology  suction  hyperemia  has  been  em- 
ployed quite  extensively.  Its  field  of  usefulness  is 
still  undetermined.  It  has  been  used  in  chronic 
endometritis,  perimetritis,  and  metritis,  with  morp 
or  less  success.  In  amenorrhea  the  results  have  been 
variable. 

Constriction  Hyperemia. — As  was  said  in  the  discus- 
sion of  the  technique  of  this  type  of  hyperemia,  the 
rubber  constricting  bandage  should  be  applied  very 
lightly  in  acute  cases,  and  more  firmly,  producing 
more  marked  venous  congestion,  in  the  treatment  of 
more  chronic  cases.  In  the  following  conditions  the 
firm  application  of  the  bandage  has  been  employed 
to  induce  a  marked  venous  hyperemia  and  thus  a 
cure  of  the  pathological  condition.  Later  the  appli- 
cability of  the  milder  constriction  hyperemia  will  be 
discussed. 

Pseudarthrosis. — In  delayed  union  of  fractures  due 
to  deficient  callus  formation,  constriction  hyperemia 
has  frequently  been  of  great  benefit.  This  use  of  a 
constriction  proximal  to  the  threatened  pseudarthrosis 
is  very  old.  Ambrose  Par6,  Dumreicher,  and  Nicol- 
adoni  recommended  it.  Herferich  in  1881  used  this 
type  of  hyperemia  for  insufficient  callus  formation 
after  fracture;  also  in  insufficient  involucrum  produc- 
tion after  bone  necrosis.  Thomas  has  made  use  of 
it  to  obtain  firm  union  in  fractures. 

This  method  of  treating  the  condition  under  discus- 
sion is  simple.  The  part  is  bandaged  in  flannel  up  to 
the  site  of  the  fracture,  and  proximal  to  the  fracture 
the  rubber  bandage  is  applied.  This  technique 
localizes  the  activity  of  the  venous  congestion  at  the 
point  of  fracture.  Of  course,  this  application  is  not 
always  feasible  if  the  fracture  is  so  situated  that  a 
distal  flannel  bandage  cannot  be  used,  nor  is  it 
absolutely  necessary. 

In  view  of  the  painlessness,  simplicity,  and  lack  of 
danger  of  this  method  it  should  regularly  be  used,  and 
judging  from  my  own  experience,  employing  it  as  I 
do  in  all  delayed  unions  as  a  routine  procedure,  I 
believe  patients  very  frequently  will  be  spared  more 
serious,  uncertain,  and  dangerous  methods  which  are 
used  to  accomplish  the  same  result. 

In  chronic  suppurating  osteomyelitis,  especially 
cases  that  have  been  operated  upon  or  cases  following 
compound  fractures,  venous  congestion  without  the 
use  of  drains  in  the  sinuses,  which  are  regularly  pres- 
ent, leads  to  most  gratifying  cures.  The  illustrative 
cases  cited  above  are  instances  of  the  beneficent  action 
of  venous   congestion   in   this   class   of   cases.     The 
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necrotic  bone,  provided,  of  course,  the  size  of  the 
sequestrum  permits,  is  after  a  rapid  separation  from 
healthy  tissue  discharged  through  sinuses.  Conges- 
tion leads  to  belter  drainage  from  within,  and  after 
removal  of  the  bandage  the  reactive  hyperemia  in 
turn  has  a  good  effect. 

In  tuberculosis  of  bones  and  of  joints  the  therapy 
under  discussion  was  first  tried.  According  t.« >  Bier  s 
statement  in  February,  1912,  at  the  Berlin  Surgical 
Society,  he  had  given  up  the  ten-  to  fifteen  hour 
sessions  of  constriction  in  the  tuberculous  cases  and 
advocated  strongly  the  one-  to  two-hour  sessions,  as 
described  above.  This  change  was  made  to  avoid 
the  development  of  cold  abscesses,  large  granulomata 
and  secondary  acute  infections  which  followed  the 
older  long  constrictions.  He  had  thus  come  to  the 
position  advocated  in  this  review,  especially,  that 
chronic  cases  require  short  and  more  intense  applica- 
tions, while  long  applications  of  a  mild  constriction 
are  required  in  the  acute  cases.  He  now  combines 
"eine  kriiftige  Stauungshyperamie"  with  use  of 
iodides  (three  grams  pro  die)  and  again  uses  longer 
applications.  Wohlgemuth  and  Hollaender  also  re- 
ported good  results  in  tuberculosis  with  this  combina- 
tion of  hyperemia  and  iodides.  Whether  Bier  will 
again  modify  this  therapy  after  further  experience 
time  will  tell.  It  is  in  use  since  July,  1911,  and  he 
believes  the  use  of  iodides  prevents  the  above- 
mentioned  accidents,  when  employing  twelve-hour 
(divided  into  three  sessions)  daily  constriction 
(Deutsche  med.  Wochensch.,  1912).  As  said  under 
suction  hyperemia,  fistulous  cases  are  treated  with 
suction  and  constriction  hyperemia.  This  therapy 
has  led  to  excellent  results  not  only  in  Bier's  ehnic, 
but  also  in  the  hands  of  v.  Eiselsberg,  Kocher,  Habs, 
Luxembourg,  Tillmanns,  and  Henle  (Mikulicz). 
There  seems  no  reason  to  doubt  the  efficacy  of  this 
therapy  in  this  class  of  cases,  from  what  I  have  seen 
in  my  own  work.  To  get  a  good  idea  of  Bier's  results 
it  is  worth  while  enumerating  his  series  of  cases: 

1.  Carpal  Tuberculosis;  17  cases.  Of  these  4  had 
fistula?.  In  5,  abscesses  developed  during  the  treat- 
ment and  were  opened.  Results:  Fifteen  cases  cured, 
3  had  perfect  motion,  2  were  improved.  Average 
duration  of  treatment  twelve  months. 

2.  Elbow-joint  Tuberculosis;  11  Cases.  Five  had 
fistula;,  8  developed  abscesses  that  were  incised. 
Results:  Eight  cases  cured.  Normal  motion  in 
no  case,  though  in  all  it  was  adequate.  The  worst  re- 
sult showed  a  mobility  of  from  50°  to  115°. 

3.  Tarsal  Tuberculosis;  13  cases.  Eight  had 
fistute.  In  6  cases,  abscesses  had  to  be  opened  during 
treatment.  Results:  Eight  cured,  3  improved,  1 
unimproved,  1  came  to  amputation.  Perfect  motion 
in  3  of  the  cured  cases,  satisfactory  in  the  others. 
Duration  of  treatment  averaged  ten  months. 

4.  Knee-joint  Tuberculosis;  5  Cases.  One  had 
fistula.  Results:  Three  were  cured,  2  with  perfect 
motion,  1  was  fixed  in  good  position,  2  were  improved. 
In  8  other  knee  cases  after  short  trial  with  hyperemia 
Bier  did  a  resection. 

5.  Shoulder-joint  Tuberculosis;  1  Case.  Result: 
Cure  with  perfect  motion. 

From  these  data  it  is  evident  that  this  conservative 
method  of  treatment  leads  to  excellent  results  in 
carpal,  tarsal,  and  elbow  tuberculosis.  In  the  knee- 
joint  i  he  results  of  this  therapy  are  not  good. 

While  employing  this  method  of  combating  tuber- 
culosis the  involved  part  is  not  immobilized,  as  one  of 
the  objects  of  this  whole  therapy  is  to  obtain  a  good 
functional  limb.  In  the  lower  extremity  I  do  not  feel 
ready  to  abandon  removable  splints.  One  cannot 
gainsay  that  Bier's  treatment  requires  a  great  deal 
of  time,  nine  months  on  an  average,  but  all  conserva- 
tive measures  in  these  cases  are  very  slow  in  effecting 
a  cure. 

This  therapy  is  contraindicated,  according  to  Bier, 
in   (1)  amyloid  degeneration;   (2)  severe  pulmonary 


tuberculosis;  (3)  large  distended  pyarthrosis  (knee); 
(4)  faulty  position,  when  operation  will  give  better 
end  results.  In  tuberculosis  of  bones  Bier  regularly 
operates  unless  such  a  procedure  would  interfere  with 
the  function  of  the  part..  In  cases  of  spina  ventot-a 
Klapp  has  been  successful  with  suction   livpercma. 

Tuberculosis  of  the  testis   Bier  has  subjected   to 

venous   hyperemia   by  tying  a   rubber   band   or  tube 

about  the  root  of  the  scrotum.  If  both  te  fcei  are  in- 
volved both  are  treated  simultaneously  otherwise 
only  the  diseased  organ.  The  hyperemia  is  induced 
for  one  to  three  hours  daily,  and  the  scrotum  is  sup- 
ported by  a  suspensory.  Bier  has  seen  the  best  re- 
sults in  fistulous  cases.  He  has  published  no  con- 
vincing data  up  to  date,  so  that  it  is  proper  to  reserve 
judgment,    especially    as    he    says   the   therapy    is   less 

efficient  in  beginning  tuberculosis  of  the  epididymis. 

He  recommends  the  Same  hyperemia  therapy  fur 
tuberculous  disease  of  the  tendon  sheaths  and  skin, 
and  for  lupus. 

In  stiff  joints  following  contusions,  fractures, 
healed  cellulitic  area,  etc.,  I  have  been  pleased  with 
this  therapy.  Bier  recommends  the  mild  application 
for  ten  to  twenty  hours  at  a  time.  This  I  have  not 
employed,  as  these  patients  are  not  willing  to  give  ud 
the  time  necessitated  by  such  long  applications.  With 
three-quarter  to  one  hour  treatments,  and  marked 
venous  congestion,  good  results  can  be  obtained  and 
the  patient  need  not  enter  a  hospital  for  surveillance. 
While  the  bandage  is  in  place,  active  and  passive 
exercises  are  carried  out  and  motion  is  gradually  in- 
creased by  stretching  the  hyperemic  tissues.  Because 
of  the  anesthetizing  effect  of  the  hyperemia  the  parts 
can  be  more  readily  moved  and  the  involved  tissues 
stretched  with  less  discomfort. 

In  vague  joint  cases  in  which  the  diagnosis  is  ob- 
scure, as  well  as  in  old  rheumatic  cases  and  chronic 
gonorrheal  joints,  this  firm  application  of  the  bandage 
can  readily  be  employed  without  putting  the  patient 
in  a  hospital.  Bier  favors  long  applications  of  the 
milder  constriction  hyperemia.  Which  method  is 
better  I  cannot  say.  The  method  I  have  used  is 
simpler  and  liable  to  appeal  to  the  patient,  if  the  results 
are  equally  good. 

In  addition  to  vague  joint  cases,  there  are  many 
other  posttraumatic  vague  neuralgic  or  painful  con- 
ditions in  the  extremities  which,  strange  to  say,  are 
benefited  by  this  therapy.  The  diagnosis  is  never 
made,  but  the  patient  gets  well. 

It  is  in  interpreting  the  curvative  effect  of  the  milder 
constriction  hyperemia  that  one  must  be  particularly 
guarded.  There  is  no  doubt  that  one  sees  most 
astonishing  results  in  the  most  diverse  acute  conditions 
under  this  therapy,  and  to  be  strictly  scientific  in  the 
face  of  these  is  often  practically  impossible.  In  the 
following  conditions  it  has  been  repeatedly  employed, 
and  found  favor. 

Prophylaxis  against  Infection.  As  mentioned  un- 
der the  uses  of  suction  hyperemia,  in  this  field  we 
have  a  very  useful  agent  in  artificial  hyperemia. 
While  suction  hyperemia  is  useful  in  the  smaller 
injuries,  in  the  more  extensive  wounds  of  extremities 
constriction  hyperemia  must  be  employed.  As  a 
prophylactic  agent  hyperemia  has  proven  to  be  our 
very  first  and  most  effective  agent.  Prior  to  its  intro- 
duction the  surgeon  did  little  or  nothing  in  the  treat- 
ment of  fresh  wounds  that  could  be  interpreted  as 
truly  prophylactic  against  infection.  If  a  patient 
acquired  a  compound  fracture  and  the  ends  of  the 
bone  pierced  the  skin,  the  surgeon  could  rely  on  seeing 
an  infection,  perhaps  a  most  serious  infection  that 
would  lead  to  incision  and  drainage,  at  times  to  am- 
putation or  to  death.  Now  in  hyperemia,  in  the  mild 
constrictive  type  of  hyperemia,  I  believe  we  have  at 
last  an  agent  that  will  produce  a  local  immunization 
and  prevent  in  many  cases  the  development  of  a  seri- 
ous or  even  slight  infection.  The  most  striking 
instance  of  the  efficacy  of  this  therapy  that  I  have  seen 
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was  in  a  case  of  fracture  of  the  fibula  and  tibia.  Both 
bones  perforated  the  skin,  and  their  fractured  ends 
were  thoroughly  contaminated.  After  replacement  of 
the  broken  bones  Bier's  hyperemia  for  twenty-hour 
periods  was  applied  for  at  least  ten  days  and  a  perfect 
recovery  took  place,  as  far  as  infection  was  concerned. 
Another  series  of  eases  in  which  I  have  employed 
this  type  of  hyperemia  to  prevent  trouble  are  the 
postoperative  cases  mentioned  below. 

This  use  of  hyperemia  I  feel  sure  will  be  a  boon  to 
humanity — it  markes  a  distinct  advance.  As  yet 
the  literature  has  paid  but  scant  attention  to  this 
subject. 

Acute  Inflammations:  (1)  Cellulitis,  lymphangitis; 
(2)  Tendon-sheath  phlegmon;  (3)  Suppurative  arthri- 
tis; (4)  Acute  osteomyelitis;  (5)  Erysipelas. 

The  use  of  mild  constriction  hyperemia  in  the  above 
inflammatory  conditions  is  one  of  the  most  important 
developments  in  this  field  of  therapy.  Bier  has  seen 
the  most  remarkable  results  in  all  these  conditions, 
but  even  he  must  admit  that  hyperemia  may  not 
be  effective  in  some  cases.  To  any  one  who  has  read 
the  literature  of  this  subject,  even  if  he  has  not  em- 
ployed the  method  and  demonstrated  to  his  own  satis- 
faction the  effects  of  this  therapy,  it  will  be  clear  that 
hyperemia  accomplishes  a  great  deal  that  our  older 
methods  did  not  accomplish  as  simply,  as  painlessly, 
and  as  rapidly.  Still,  until  cases  are  reported  with 
bacteriological  examinations  it  will  remain  unde- 
cided whether  hyperemia  has  an  equally  beneficent 
effect  against  all  invading  bacteria.  Lexer  deserves 
credit  for  bringing  out  this  point  when  he  claims  that 
hyperemia  does  not  work  successfully  against  severe 
streptococcic  infections.  Although  I  have  repeatedly 
seen  this  therapy  cure  infections  due  to  streptococci, 
still  we  must  in  the  future  study  this  problem  and  de- 
termine whether  our  new  agent  is  as  effective  against 
one  type  of  organism  as  another. 

Bier  believes  he  has  been  able  to  cut  short  beginning 
suppurative  processes  with  this  method.  His  cited 
cases  are  not  so  conclusive  as  they  should  be,  as  I 
have  seen  similar  pyemic  deposits  disappear  without 
therapy  just  as  rapidly.  In  fact,  only  recently  on  one 
patient,  who  had  pyemic  deposits  in  several  extremities, 
I  compared  hyperemic  treatment  wdth  no  treatment  at 
all.  The  different  deposits  did  equally  well.  Hyper- 
emia was  no  more  effective  than  leaving  nature  alone. 
Though  I  have  not  seen  very  severe  cases  of  cellulitis 
disappear  without  suppuration,  I  have  seen  milder 
cases  behave  in  that  way.  There  is  no  doubt  in  my 
mind  that  this  therapy  will  cut  short  many  an  acute 
postoperative  infection  of  an  extremity.  Here  it  is  the 
only  agent  we  can  avail  ourselves  of,  and  I  have  re- 
peatedly employed  it  to  prevent  suppuration.  It  is 
particularly  useful  after  joint  resections,  and  in  these 
it  might  even  be  used  prophylactically  to  insure  a 
good  result. 

Good  results  following  the  use  of  this  constriction 
hyperemia  in  acute  inflammatory  conditions  have 
been  reported  by  Habs,  Korte,  Sick,  Stich,  Danielsen, 
Bardenheuer,  fieidenhain,  Lexer,  Heller,  Haaster, 
Losser,  Derlin,  v.  Brunn,  and  others.  I  have  used 
Bier's  methods  in  considerably  more  than  400  cases, 
of  which  over  100  were  acute  inflammations,  and  I 
have  usually  seen  excellent  results.  The  great  diffi- 
culty that  we  meet  with  is  in  deciding  whether  the 
results  are  due  to  the  hyperemia  therapy.  I  have 
frequently  been  in  doubt  and  have  hesitated  to 
ascribe  all  the  post  hoc  developments  to  our  thera- 
peutic agent.  Unfortunately,  parallel  cases  and 
parallel  observations  cannot  be  studied.  Although 
one  has  the  impression  that  hyperemia  almost 
regularly  benefits,  still  it  will  require  time  and  much 
more  experience  to  furnish  positive  and  irrefutable 
proof. 

Cellulitis  and  lymphangitis  cases  seem  to  do  well 
under  this  therapy.  The  pus  foci  naturally  are 
opened,   by    small   incisions   if  possible,   before   this 
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treatment  is  begun,  and,  as  said  above,  no  gauze 
drains  are  employed,  as  gauze  devitalizes  the  tissues 
with  which  it  comes  in  contact.  There  is  great 
unanimity  of  opinion  that  staphylococcus  infections 
respond  nicely  to  this  treatment,  whereas  strepto- 
coccus infections  may  be  less  easily  controlled.  Lexer 
and  Sick  have  emphasized  the  latter. 

Tendon-sheath  infections  have  been  very  success- 
fully treated.  The  avoidance  of  gauze  drainage  and 
the  constant  bathing  of  the  tendons  in  plasma  fre- 
quently save  tendons  which  would  under  the  old 
therapy  become  necrotic.  Bardenheuer,  after  exten- 
sive trial,  is  most  enthusiastic,  having  had  exception- 
ally good  results.  He  states  that  if  nothing  else 
had  been  effected  by  this  new  therapeutic  agent, 
its  excellent  effects  in  tendon-sheath  infections 
would  establish  a  place  for  it  in  our  therapeutic 
armamentarium. 

Suppurative  arthritis  cases  have  frequently  done 
well.  As  shown  in  one  of  my  illustrative  cases,  the 
joint  may  not  require  incision,  though  usually  it 
will  be  safer  to  aspirate  and  wash  out  or  even  to  incise 
whenever  there  is  pus.  In  addition  to  Bier,  Barden- 
heuer, Habs,  and  many  others  have  reported  good 
results. 

In  acute  osteomyelitis  considerable  difference  of 
opinion  exists.  Some  have  had  good  results,  others 
have  not.  Garry's  advice  to  open  the  bone  in  the 
usual  way  will  probably  be  followed  until  more  con- 
vincing proof  is  presented  that  hyperemia  with  small 
incisions,  or  aspiration,  or  hyperemia  alone  can  effect 
a  cure.  I  personally  am  a  little  loath  to  follow  Bier 
in  this  field,  though  he  reports  some  remarkable  results, 
in  which  the  focus  in  the  bones  healed,  and  frequently 
without  necrosis.  For  when  the  process  has  extended 
from  the  marrow  into  the  bone  itself,  I  fail  to  see  how 
we  can  produce  an  adequate  hyperemia  in  the  dieased 
tissue.  It  may  be  possible  to  effect  an  inflammation 
that  is  limited  to  the  marrow,  though  even  here  it 
must  be  difficult  to  induce  hyperemia  and  edema 
at  any  but  the  earliest  stage  of  the  disease. 

In  erysipelas  the  claims  of  hyperemia  are  even  more 
doubtful.  Bier  was  inclined  to  think  it  useful  in  this 
condition.  Now  even  he  is  in  doubt.  Hochhaus  and 
Sick  have  been  pleased  with  its  effect.  In  my  experi- 
ence some  cases  get  well  rapidly  under  this  treatment 
and  others  are  not  affected.  Those  that  get  well 
rapidly  frequently  show  a  lytic  fall  in  temperature, 
which  is  about  the  only  symptom  that  might  induce 
one  to  ascribe  the  result  to  hyperemia;  but  as  many 
cases  of  erysipelas  behave  in  other  points  just  as  those 
treated  with  hyperemia,  it  surely  is  dangerous  to 
express  a  favorable  view  of  the  therapy  in  these  cases. 
Moreover,  it  has  frequently  been  noted  that  acute 
inflammatory  cases  develop  erysipelas  under  hyper- 
emia therapy.  Provided  these  are  real  erysipelas 
cases  this  would  speak  against  the  efficacy  of  hyper- 
emia therapy  in  such  a  condition. 

Acute  Conditions  (Inflammatory)  of  the  Head. 
Under  these  are  included  mastoiditis,  otitis  media, 
parotitis,  parulis,  meningitis,  lymphadenitis,  coryza, 
tonsillitis,  dacryocystitis.  Bier  says  in  all  these 
conditions  he  and  others  have  seen  good  results. 
Here  the  bandage  or  webbing  surrounds  the  neck  and 
produces  thus  a  hyperemia  of  the  distal  parts.  It  is 
even  more  difficult  to  judge  of  the  effect  of  the  therapy 
in  these  cases  than  in  most  of  the  other  inflammatory 
diseases  just  mentioned.  Here  prognosis  is  particu- 
larly difficult,  for  it  is  almost  impossible  to  say  ac- 
curately what  would  happen  without  hyperemia.  In 
this  category  of  cases,  scepticism  has  every  right  to  an 
excellent  hearing.  How  frequently  patients  with 
mastoid  symptoms  get  well  without  surgical  inter- 
vention after  they  have  been  persuaded  that  they 
should  go  to  the  hospital  for  operation!  It  is  more 
than  difficult  to  understand  how  an  adequate  edema 
and  hyperemia  can  be  produced  in  the  mastoid, 
especially  when  its  cells  are  filled  with  exudate.     Here 
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we  encounter  the  same  difficulty  as  mentioned  under 
acute  osteomyelitis  cases.  From  what  1  have  seen  of 
the  results  of  hyperemia  treatment  in  the  extremil  ies, 
I  see  no  reason  to  doubt  that  in  inflammation  of  tin- 
soft  parts  and  of  the  mucosa  of  the  middle  ear  and  of 
the  nose,  etc.,  good  may  be  effected  here  also. 

Chronic  rheumatism,  stiff  joints  following  injury, 
gonorrheal  joints  are  treated  by  this  mild  constriction 
hyperemia  by  Bier.  As  mentioned  previously,  Bier 
employs  long  applications  of  the  constricting  bandage 
for  the  acute  attacks  of  chronic  rheumatism  and  also 
for  involvement  of  the  smaller  joints.  He  treats 
stiff  joints  similarly  or  with  superheated  air.  As 
said  previously,  I  have  had  good  results  in  these 
cases  treated  in  the  dispensary  with  short  applications 
and  marked  venous  congestion.  In  gonorrheal  joints 
the  constricting  bandage  may  at  first  increase  tin' 
pain  (Bier),  but  if  the  patient  can  be  made  comfort- 
able _  this  soon  diminishes  and  the  inflammation  will 
subside.  Opinions  as  to  the  efficacy  of  this  therapy  in 
all  kinds  of  gonorrheal  joints  are  still  at  variance.  As 
some  cases  seem  to  respond,  it  surely  should  be  given 
a  fair  trial. 

In  malignant  edema  this  type  of  hyperemia  should 
be  employed.  Both  experimental  and  clinical  work 
have  demonstrated  its  efficacy  against  anthrax. 

In  the  following  conditions  Bier  has  employed  mild 
constriction  hyperemia  with  some  success:  (1)  acute 
gout,  (2)  insect  bites,  (3)  chorea,  (4)  epilepsy,  (5) 
subcutaneous  hemorrhagic  extravasations,  (6)  chronic 
headache.  There  seems  to  be  some  justification  for 
his  claims  in  acute  gout,  in  insect  bites,  and  sub- 
cutaneous hemorrhagic  extravasations.  The  other 
conditions,  however,  require  more  study  and  further 
trials  before  a  favorable  opinion  can  be  given. 

Further  Possibilities  of  Hyperemia  Therapy. — Pul- 
monary Tuberculosis.  It  was  quite  natural  that  an 
attempt  should  be  made  to  influence  tuberculosis  of 
the  lungs.  Both  the  autoptic  material  and  Bier's 
clinical  material  seemed  to  point  the  way  to  applying 
hyperemia  in  this  condition.  The  experience  with 
bone  and  joint  tuberculosis  has  demonstrated  the 
value  of  venous  congestion  in  this  disease,  and  it 
would  seem  probable  that  pulmonary  tuberculosis 
might  respond  to  similar  therapy.  Unfortunately,  as 
yet  there  is  no  method  of  producing  a  venous  conges- 
tion in  the  pulmonary  circuit,  as  emphasized  some 
pages  back.  Even  Bier  admits  that  the  blood  in  a 
congested  lung  must  be  mainly  arterial,  as  it  is  rapidly 
arterialized  in  the  pulmonary  capillaries.  Moreover, 
experience  has  shown  that  arterial  hyperemia  is 
ineffective  in  bone  and  joint  tuberculosis.  Despite 
this  evident  contradiction,  despite  the  fact  that  clin- 
icians in  testing  the  effect  of  hyperemia  in  pulmonary 
tuberculosis  are  employing  arterial  hyperemia,  which 
is  ineffectual  in  bone  tuberculosis,  and  are  not  pro- 
ducing a  marked  venous  hyperemia,  still  their  work 
may  develop  something  of  value  in  the  treatment  of 
this  disease. 

Kuhn's  mask,  which  compels  the  patient  to  breathe 
under  difficulty,  inspiration  against  resistance,  expira- 
tion unimpeded,  producing  a  suction  hyperemia  in  the 
lungs,  is  used  for  the  treatment  of  pulmonary  tuber- 
culosis. Whether  this  will  lead  to  any  definite  results 
time  and  careful  observation  alone  will  tell. 

Suppurative  meningitis  has  always  appealed  to  me 
as  likely  to  respond  to  constriction  hyperemia,  pro- 
vided the  exudate  and  transudate  are  very  frequently 
withdrawn  or  drained  from  the  subdural  space.  If 
a  mild  constriction  hyperemia  of  the  head  be  induced 
by  a  bandage  about  the  neck,  the  brain  and  meninges 
become  hyperemic  and  displace  the  cerebrospinal 
fluid  that  is  within  the  cranium  into  the  non-com- 
pressed spinal  column.  Such  endocranial  hyperemia 
produces  in  this  way  a  marked  increase  in  pressure  in 
the  spinal  fluid.  If  in  cases  of  acute  meningitis  this 
spinal  fluid  were  frequently  withdrawn,  or  constant 
drainage  were  made  in  the  lumbar  region,  we  might  be 


able  to  influence  the  inflammatory  condition,  just  as 
we  do  in  peripheral  infections.  Cases  of  compound 
fracture  of  the  skull  : 1 1 1 ( 1  of  basal  fracture  (\V.  Meyer; 
might  be  treated  prophylactically  with  hyperemia  with 
or  without  lumbar  puncture,  to  insure  against 
meningitis. 

As  yet,  the  publications  in  this  field  are  few  and  nut, 
in  any  way  conclusive.  In  the  few  cases  treated 
allowance  lias  not  been  made  for  a  proper  hyper- 
emization  of  the  endocranial  structures  by  frequent, 
lumbar  puncture,  and  till  that  is  done  nothing  final 
may  be  said  on  this  subject. 

In  addition  to  these  two  conditions  many  others  will 
probably  suggest  themselves  as  amenable  to  hyper- 
emic therapy.  All  new  therapeutic  agents  when 
looked  upon  from  every  standpoint  will  be  used  in  a 
variety  of  conditions  for  which  t  hey  were  not  originally 
suggested,  and  perhaps  will  prove  particularly  effect- 
ive in  some  of  these. 

Contraindications  and  Dangers. — These  cannot 
be  gathered  and  stated  dogmatically  at  the  present 
time.  Superheated  air  must  be  used  cautiously  in 
all  conditions  associated  with  lowered  vitality,  and 
should  not,  be  employed  in  eases  of  thrombosis  of  the 
veins.  Suction  and  constriction  hyperemia  should 
be  used  very  cautiously  in  diabetics.  In  very  severe 
streptococcus  infections  one  should  be  guarded  in 
relying  exclusively  upon  these  agents.  In  cases 
that  do  not  respond  to  constriction  hyperemia  this 
should  be  stopped.  This  applies  particularly  to 
those  acute  cases  in  which  there  does  not  seem  to  be 
sufficient  power  to  check  the  infective  process. 

The  methods  above  described,  provided  these  con- 
traindications are  avoided  and  provided  the  technique 
is  perfectly  applied,  have  very  few  dangers.  Erysip- 
elas may  develop  in  the  treated  part.  At  the  site 
of  the  bandage  necroses  of  fascia  or  skin  occasionally 
develop.  Once  I  saw  a  deep-vein  thrombosis  at  the 
site  of  the  bandage  in  a  streptococcemia  case.  Others 
have  seen  this  also. 

If  the  technique  is  faulty,  naturally  serious  accidents 
may  occur.  Whenever  a  bad  result  is  reported  there 
is  a  distinct  tendency  to  attribute  it  to  faulty  tech- 
nique. No  doubt  many  poor  results  are  due  to  this, 
but  the  tendency  to  attribute  all  these  to  technical 
failures  is  a  mistake.  Hyperemia  is  surely  no 
panacea  and  not  infallible,  so  let  us  group  all  bad 
results  together,  whether  due  to  the  operator  or  the 
method,  till  we  have  some  definite  criteria  to  distin- 
guish between  these  two  sources  of  trouble.  In 
practice  the  two  are  associated — the  hyperemia 
demands  an  operator,  and  the  therapy  must  be  viewed 
in  that  light,  rather  than  as  a  simple  hyperemia  unit. 

Criticisms  of  hyperemia  are  based  chiefly  upon  its 
therapeutic  use  in  acute  infections.  The  application 
of  arterial  hyperemia  is  rather  generally  accepted  at 
its  proper  value.  As  hyperemia  in  acute  infections 
marshals  Nature's  forces  to  fight  the  invader,  it  avails 
itself  of  Nature's  weapons  alone.  If  these  are 
inadequate  it  will  fail  to  win  the  battle.  That  is 
self-evident.  Fortunately  these  forces  are  usually 
adequate. 

Lexer's  criticism  of  Bier's  method  in  acute  cases  is 
more  spirited  than  sound.  He  indulges  in  many 
theoretical  points  which  were  brought  together  to 
overwhelm  this  therapy  just  at  the  time  that  it  was 
creating  such  a  furor  in  Germany.  Lexer  claims 
that  hyperemia  assists  in  just  those  cases  where  older 
methods  succeed  as  well.  In  severe  cases  it  is  danger- 
ous, as  it  allows  of  a  local  culture  of  bacteria  and  a 
local  destruction  of  tissues  by  the  bacterial  endo- 
toxins. These  points  are  still  unproven.  though,  as 
frequently  said  in  this  essay,  great  caution  must  be 
observed  in  severe  streptococcus  infections,  lest, 
relying  on  hyperemia  too  much,  the  patient 's  interests 
suffer. 
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In  the  treatment  oi  peripheral  tuberculosis,  Mosetig- 

Moorhof  has  taken  the  position  that  this  hyperemia 
therapy  is  dangerous,  as  if  may  lead  to  a  dissemination 
of  the  disease.  As  yet  no  cases  have  behaved  in  this 
way. 

Another  and  more  practical  objection  to  Bier's 
methods  relates  to  the  time  they  demand.  No  suc- 
tion treatment  can  be  properly  carried  out  in  less  than 
forty-five  minutes.  Constriction  hyperemia  in  acute 
cases  requires  continuous  watching  for  hours.  This 
is  a  hardship  for  the  busy  surgeon,  and  will  be  one  of 
the  chief  obstacles  to  the  wide  use  of  Bier's  methods. 
By  teaching  patients  how  to  cup  themselves,  by 
treating  a  number  simultaneously,  by  placing  others 
in  hospitals  under  the  eyes  of  the  house  staff,  we  can 
avoid  this  difficulty.  Those  who  are  not  so  situated 
that  they  can  do  these  things  will  be  slow  to  take  up 
these  new  methods,  unless  they  dread  the  older 
methods  of  long  incisions  which  Bier  has  supplanted 
in  the  treatment  of  most  cases. 

Advantages  of  Bier's  Hyperemia. — It  is  proper  to 
close  this  essay  by  a  brief  reference  to  the  advantages 
of  the  methods  under  discussion.  As  they  have  al- 
ready been  touched  on  in  the  course  of  this  essay,  it 
will  suffice  to  enumerate  them  briefly. 

Arterial  hyperemia  has  a  field  of  its  own,  and  there 
are  no  therapeutic  agents  that  have  proven  more 
effective  in  the  conditions  for  which  it  is  used. 

Suction  hyperemia  in  acute  inflammatory  cases 
avoids  long  incisions  and  painful  and  injurious  gauze 
packing,  and  leads  to  a  cure  more  rapidly  than  older 
methods.  In  prophylaxis  both  types  of  hyperemia 
are  distinct  additions,  as  prior  to  Bier's  discovery  we 
knew  no  method  of  avoiding  infections  after  injuries. 
Like  suction  hyperemia,  constriction  hyperemia  does 
away  with  long  incisions  and  their  resulting  scars; 
it  also  frequently  prevents  necrosis  and  sloughing  of 
tendons  where  older  methods  failed.  Constriction 
hyperemia  in  acute  infections  usually  shortens  the 
time  of  illness. 

Even  if  venous  hyperemia  did  no  more  than  provide 
excellent  drainage  from  within  outward,  in  acute 
infections  I  should  employ  it  regularly  as  it  avoids 
all  painful  manipulation  of  the  infected  area.  As  it 
accomplishes  much  more  than  drainage,  I  am  all  the 
more  glad  to  make  use  of  it. 

In  the  more  chronic  conditions  both  suction  and 
constriction  hyperemia  are  very  useful  in  just  such 
cases  as  are  mentioned  in  the  previous  pages,  and  that 
are  frequently  encountered  wandering  from  pillar  to 
post  looking  for  relief. 

With  such  marked  advantages  over  older  methods, 
with  a  broad  usefulness  in  conditions,  that  up  to  date, 
have  not  been  amenable  to  therapy,  it  does  seem 
likely  that  artificial  localized  hyperemia,  both  arterial 
and  venous,  has  come  to  stay,  both  as  a  boon  to  man- 
kind and  as  an  interesting  field  for  scientific  study. 

Edwin  Beer. 


Hyperidrosis  is  a  functional  disorder  of  the  sweat 
apparatus  accompanied  by  a  more  or  less  excessive 
increase  of  the  normal  amount  of  sweat  excreted. 
This  increase  may  be  local  or  general.  Local  forms 
are  symmetrically  confined  to  certain  regions  such  as 
the  palms  of  the  hands,  soles  of  the  feet,  axilla?,  or 
genital  regions.  Cases  of  unilateral  excessive  sweat- 
ing, confined  to  one  side  of  the  body  wholly,  have  been 
observed,  but  they  are  rare;  of  more  frequent  occur- 
rence, although  still  not  common,  are  the  cases  of 
unilateral  sweating  limited  to  one  side  of  the  head  or 
to  one  limb.  Usually  intermittent,  the  sweating  in 
some  cases  may  be  continuous  and  is  aggravated  by 
hot  weather,  emotion,  depression  of  general  health, 
etc.;  and  the  disturbance  may  be  temporary  or  per- 
manent, depending  upon  its  exciting  cause.  Subjects 
of  the  disorder  are  nearly  always  in  a  lowered  state  of 


health,  sometimes  hysterical  and  often  nervous.  The 
direct  causes  which  lead  to  local  hyperidrosis  are  quite 
undetermined.  Examinations  of  sections  from  the 
palms  <jf  the  hand  fail  to  show  any  abnormal  features 
of  either  the  glands  or  the  epithelium.  The  disorder 
is  to  be  regarded  as  purely  functional,  connected  with 
a  disturbance  of  the  vasomotor  control,  no  doubt, 
but  as  yet  the  exact  links  of  the  chain  have  not  been 
definitely  placed. 

In  the  treatment  of  hyperidrosis,  whether  local  or 
general,  the  condition  of  the  patient's  general  health 
is  of  prime  importance;  the  various  ferruginous  tonics, 
mineral  acids,  arsenic,  strychnine,  and  quinine,  are 
all  of  value.  Belladonna  and  atropine,  though  but 
of  temporary  benefit,  are  of  service  at  the  outset  of 
treatment  in  most  cases.  Cold  baths  for  general 
toning  of  the  circulation  are  strongly  recommended. 
External  treatment  must  be  resorted  to  and  is  often 
very  efficacious.  In  the  local  form  that  attacks  the 
hands  much  benefit  will  be  derived  from  immersing 
the  palms  for  a  few  moments  only  in  water  as  hot  as 
can  be  borne,  dabbing  dry  with  a  soft  cloth,  and  then 
dusting  on  boric  acid  powder.  The  same  treatment 
for  the  soles  of  the  feet  may  be  employed.  A  satur- 
ated alcoholic  solution  of  boric  acid  dabbed  on  the 
palms  during  the  day  will  control  very  well  the  excess- 
ive sweating  of  the  hands  that  is  so  annoying  to  those 
who  do  much  writing.  Hebra's  treatment  for  hyperid- 
rosis of  the  feet  consists  of  enveloping  the  feet,  the 
toes  separately,  after  thorough  washing  and  drying,  in 
strips  of  cotton  cloth,  over  which  is  spread,  to  the 
thickness  of  a  knife  blade,  his  unguentum  diachyli. 
The  parts  are  well  bandaged  and  the  patient  may 
subsequently  either  remain  at  rest  or  pursue  his  voca- 
tion, wearing  shoes  and  stockings  that  have  not  been 
previously  used.  In  twenty-four  hours  the  feet  are 
redressed  without  washing,  after  dry  rubbing  and  a 
dusting  powder.  This  process  is  repeated  daily  for 
from  ten  to  twenty  days,  after  which  a  dusting  pow- 
der, preferably  boric  acid,  may  be  substituted  for  the 
local  dressing.  There  occurs  a  parchmenHike  des- 
quamation of  the  skin  in  thick,  yellowish-brown 
flakes,  beneath  which  is  formed  a  new  and  at  first 
tender,  but  apparently  normal,  epidermis.  When 
the  latter  has  lost  its  tenderness,  the  feet  are  for  the 
first  time  washed  with  water.  The  process  is  to  be 
repeated  in  case  of  failure.  Among  the  soldiers  of 
the  infantry  of  the  German  army,  hyperidrosis  is 
quite  common  and  has  resulted  indirectly  in  the 
temporary  disablement  of  an  important  percentage  of 
men  owing  to  maceration  of  the  skin  of  the  feet.  To 
prevent  this  it  is  now  the  duty  of  each  sergeant  to 
inspect  daily  the  feet  of  his  men  and  to  see  the  feet 
are  washed  with  soap  and  cold  water  before  and  after 
each  day's  work.  In  addition,  the  soldiers  are  obliged 
to  wear  woolen  socks  in  all  seasons  and  to  use  as  a 
dusting  powder  for  the  feet  a  combination  of  powdered 
talc  and  starch  in  equal  proportions  with  from  five 
to  ten  per  cent,  of  salicylic  acid.  This  powder  is  very 
generally  used  throughout  Europe  for  hyperidrosis 
and  gives  excellent  therapeutic  results. 

Prognosis  in  any  case  of  hyperidrosis  is  uncertain. 
At  times  treatment  may  meet  with  brilliant  success; 
again,  it  is  followed  by  complete  failure.  The  disorder 
may  disappear  spontaneously,  only  to  recur  and  prove 
obstinate  to  all  measures. 

Charles  Townshend  Dade. 


Hypermetropia — H. — Far-sight  or  hypermetropia 
(iirtp,  over,  nirpov,  measure,  &4>,  eye)  is  that  form  of 
ametropia  in  which  the  principal  focus  of  the  eye,  i.e. 
its  focus  for  parallel  rays  such  as  come  from  a  distant 
object,  is  situated  behind  the  retina.  In  hyperme- 
tropia the  anteroposterior  axis  of  the  eyeball  is 
shorter  than  the  focal  length  of  the  dioptric  apparatus. 
By  dioptric  apparatus  we  mean  the  three  refracting 
surfaces  of  the  eye,  namely,  the  anterior  surface  of  the 
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cornea  and  the  anterior  and  posterior  surfaces  of  the 
crystalline  lens.  Fig.  3344  shows  the  essential  points 
of  difference  between  the  emmetropic,  myopic,  and 
hypermetropic  eye.  In  the  normal  or  emmetropic 
eye  the  focal  length  of  the  dioptric  apparatus  corre- 
sponds exactly  with  the  length  of  the  visual  axis,  so 
that  parallel  rays  are  brought  to  a  focus  on  the 
retina  without  accommodative  effort.     Such  an  eye 


Fig.  3344. — Comparison    of   the   Length    of   the    Anteroposterior 
Axis  in:  a,  Emmetropia;  b,  hypermetropia;  c,  myopia. 

is  perfectly  adapted  for  both  near  and  distant  vision 
and  glasses  are  not  required  for  close  work  until  about 
the  forty-fifth  year,  when  the  power  of  accommodation 
loses  some  of  its  strength.  The  emmetropic  eye  has 
an  average  length  of  about  22  millimeters  and,  in 
a  strict  mathematical  sense,  is  rare,  occurring  in  not 
more  than  two  per  cent,  of  eyes.  Any  deviation  from 
this  ideal  state  of  refraction  is  termed  ametropia. 
When  parallel  rays  focus  in  front  of  the  retina  the 
eye  is  myopic  and  when  parallel  rays  focus  behind  the 
retina,  the  eye  is  hypermetropic. 


Fig.  3345. — Focus  of  Parallel  Rays  in  Hypermetropia.     (Swanzy.) 

In  hypermetropia  (Fig.  3345)  as  the  retina  is  situ- 
ated in  front  of  the  principal  focus  of  the  eye,  parallel 
rays  come  to  a  focus  behind  the  retina  at  c,  forming  on 
the  retina  a  circle  of  diffusion,  de.  Rays  coming  from 
anv  point  R  on  the  retina  will  emerge  as  divergent  rays 
and  if  these  rays  are  prolonged   backward  they  will 


meet  at  ;i  point  li  I  fig.  3340,1  behind  the  retina.  The 
point  A"  is  called  the  far  point,  or  the  point  for  which 
the  hypermetropic  eye  is  adjusted  when  the  dioptric 

apparatus  is  in  a  state  of  rest.  The  higher  the  degree 
of  hypermetropia  is,  the  nearer  the  far  point   is  to  the 

eye,  and  converse!}  ,  the  lower  the  degree  of  hyperme- 
tropia, the  farther  the  far  point  is  from  the  eye. 
Hence,  the  di  tance  of  the  far  point  behind  the  eye 


Fig.  334G. —  Far    Point    of    a    Hypermetropic    Eye. 

will  represent  the  degree  of  the  hypermetropia.  For 
example,  if  the  far  point,  lies  fifty  centimeters  behind 
the  eye  a  lens  of  fifty  centimeters  focal  length  (2  D) 
will  render  parallel  rays  so  convergent  that  they  will 
be  brought  to  a  focus  upon  the  retina.  To  be  quite 
exact,  a  slight  allowance  would  have  to  be  made  for 
the  distance  of  the  glass  from  the  eye.  In  myopia 
the  far  point  lies  in  front  of  the  eye  (Fig.  3347)  and 
as  its  distance  from  the  eye  is  equal  to  the  degree  of 


Fig.  3347. — Far  Point  of  a  Myopic  Eye.     (Swanzy.) 

the  myopia,  the  latter  can  be  measured  directly  by 
finding  the  greatest  distance  at  which  fine  print  can 
be  read.  For  example,  if  the  distance  is  fifty  centi- 
meters then  a  concave  glass  of  that  focus  (2  D)  is  the 
measure  of  the  myopia.  In  hypermetropia  the  far 
point  is  an  imaginary  point  behind  the  eye  (negative) 
hence  H  can  only  be  measured  indirectly  by  means  of 
convex  glasses.  As  the  emmetropic  eye  with  its  diop- 
tric apparatus  at  rest  is  adjusted  for  the  focussing  of 


4-D  r=  '3$-=-*D  .of  H. 


Fig.  3348. — Correction  of  Hypermetropia  by  a  Convex  Lena 
7?.  far  point;  r,  error  of  refraction;  F,  principal  focus:  c,  point  on 
retina  when  parallel  rays  are  focussed  by  the  lens.     (Swanzy  ) 

parallel  rays,  so  the  hypermetropic  eye  is  similarly 
adapted  for  the  focussing  of  convergent  rays.  As  all 
rays  in  nature  are  either  divergent  or  parallel  it  follows 
that  the  hypermetropic  eye,  in  a  state  of  aecommodat- 
tive  rest,  is  not  naturally  adapted  for  the  focussing 
of  any  rays  and  consequently,  both  distant  and  near 
objects  will  appear  blurred. 

There  are  two  ways  in  which  parallel  or  divergent 
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rays  can  be  rendered  convergent  and  thus  adapted 
for  the  hypermetropic  eye,  namely,  by  the  use  of  a 
convex  glass,  or  by  an  effort  of  accommodation.  Fig. 
3348  shows  parallel  rays  rendered  convergent  by  pass- 
ing through  a  convex  lens  placed  in  front  of  the  eye. 
The  hypermetropic  eye  receiving  and  focussing  such 
rays  is  practically  equivalent  to  an  emmetropic  eye 
focussing  parallel  rays,  and  as  any  required  degree  of 
convergence  may  be  given  parallel  rays  by  a  convex 
lens  of  suitable  power,  so  the  vision  of  a  hypermetrope 
may  alwa3's  be  perfectly  corrected  for  distance  by 
wearing  a  convex  glass  of  the  required  strength. 
Hypermetropia  does  not  ordinarily  manifest  itself 
by  impaired  vision  at  a  distance,  at  least  in  young 
persons,  because  the  eye  itself  is  able  to  make  rays 
convergent  by  bringing  into  play  its  power  of 
accommodation. 


Fig.  3349. — Correction  of  Hypermetropia  by  Accommodation. 

In  Fig.  3349  the  hypermetropic  eye  is  adjusted  for 
the  focussing  of  parallel  rays  through  the  increase  of 
the  convexity  of  the  crystalline  lens  incident  to  the  act 
of  accommodation.  The  focussing  of  the  rays  which 
form  the  retinal  image  is  here  as  perfect  as  in  the  case 
shown  in  Fig.  3344,  a,  but  with  the  difference  that  some 
part  of  the  accommodation  is  expended  in  bringing 
the  rays  to  a  focus  on  the  retina,  so  that  there  is  less 
accommodation  available  for  the  further  adjustment 
of  the  eye  for  near  vision.  From  this  it  follows  that 
the  near  point  of  the  hypermetropic  eye  lies  farther 
from  the  eye  than  the  near  point  of  the  emmetropic 
eye  and  is  therefore  limited  in  its  power  of  adjustment 
for  near  vision  and  the  higher  the  grade  of  hypermetro- 
pia the  greater  the  limitation. 

Varieties  of  Hypermetropia. — It  is  difficult  to 
determine  the  exact  amount  of  hypermetropia  for  the 
reason  that  the  hypermetrope  is  able  to  see  distinctly 
by  an  effort  of  accommodation.  Thus  if  we  examine 
the  same  individual  at  different  times  for  hyperme- 
tropia we  may  find  that  at  first  1  D  is  the  strongest 
glass  accepted  while  soon  afterward  1.5  D  or  2  D  may 
be  chosen.  If  the  muscle  of  accommodation  is  para- 
lyzed by  the  use  of  atropine  and  the  eye  then  tested 
it  will  be  found  that  the  hypermetropia  is  consider- 
ably higher  than  before — e.g.  3  or  4  D.  The  suppres- 
sion of  the  greater  part  of  the  hypermetropia  in  young 
subjects  is  explained  in  this  way — the  hypermetrope 
necessarily  makes  use  of  some  part  of  his  accommo- 
dation in  distant  vision,  besides  being  compelled  to 
accommodate  in  excess  of  the  normal  degree  in  order 
to  see  near  objects  distinctly.  He  thus  forms  the 
habit  of  associating  some  degree  of  accommodation 
with  the  act  of  directing  the  eyes  upon  a  distant  ob- 
ject, and  he  generally  continues  to  accommodate  to 
some  extent  even  when  the  proper  glasses  render  this 
unnecessary.  Hence  it  may  happen  that  a  hyperme- 
trope will  not  only  reject  the  convex  glasses  which 
accurately  correct  his  refraction,  but  even  the  weak- 
est convex  glasses,  and  not  infrequently  this  habitual 
tension  or  spasm  of  accommodation  may  be  so  great 
as  closely  to  simulate  myopia.  The  convex  glass  with 
which  the  hypermetrope  sees  most  distinctly  is  not  the 
measure  of  the  total  hypermetropia  but  only  that 
portion  of  it  which  has  been  set  free  by  the  relaxation 
of  the  accommodation.     This  is  called  the  manifest 
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hypermetropia  (Ilm).  The  remaining  portion  which 
is  concealed  by  the  accommodation  is  the  latent 
hypermetropia  {III).  The  total  hypermetropia  is  the 
sum  of  the  manifest  and  the  latent  (Hi  equals  lim 
plus  111).  The  ratio  between  the  manifest  and  latent 
hypermetropia  is  not  constant  but  is  dependent  upon 
the  extent  of  the  range  of  accommodation,  and  there- 
fore upon  the  age  and  vigor  of  the  individual.  In 
childhood  and  youth  much  of  the  hypermetropia  is 
Lit int  and  consequently  a  cycloplegic  is  essential  in 
estimating  the  amount  of  hypermetropia.  The  latent 
hypermetropia  diminishes  year  by  year  and  the  mani- 
fest increases,  until  at  the  age  of  fifty-five  or  sixty 
(lie  latent  hypermetropia  disappears  and  the  total 
hypermetropia  becomes  manifest.  In  testing  old 
people  the  convex  glass  which  gives  the  greatest  vis- 
ual acuity  at  a  distance  of  six  meters  is  the  measure 
of  the  total  hypermetropia.  The  emmetrope  at  about 
the  age  of  forty-five  years  has  usually  lost  so  much  of 
his  power  of  accommodation  as  to  require  convex 
glasses  for  reading  at  thirteen  inches.  The  hyper- 
metrope finds  his  near  point  receding  beyond  this  limit 
of  distance,  but  at  an  earlier  age  determined  by  the 
grade  of  hypermetropia,  and  so  will  need  reading 
glasses  comparatively  early  in  life  and  will  have  to 
change  them  frequently  for  stronger  ones.  These 
lenses  will  always  be  stronger  than  those  required  by 
the  emmetrope  at  the  same  age.  This  frequent 
change  of  lenses  for  stronger  ones  naturally  causes 
the  hypermetrope  to  fear  that  at  last  no  spectacles 
can  be  found  strong  enough  to  correct  his  defect. 
But  this  is  not  true,  for  if  once  the  deficient  power  of 
the  eye  shall  be  entirely  made  good,  the  eye  is  then 
in  the  position  of  the  emmetropic  eye,  and  in  the 
future  will  require  only  such  additions  as  are  usual 
in  the  correction  of  presbyopia. 

Manifest  hypermetropia  is  further  divided  into 
facultative,  relative,  and  absolute. 

In  facultative  hypermetropia,  the  hypermetropia  is 
overcome  by  an  effort  of  accommodation  and  objects 
can  be  seen  clearly  with  or  without  glasses.  For 
example,  in  childhood  and  youth  with  normal  accom- 
modation, even  a  manifest  hypermetropia  of  3  or  4  D 
may  be  unattended  with  fatigue,  but  sooner  or  later 
after  some  transient  illness,  or  in  consequence  of 
physiological  limitations  the  eyes  are  no  longer  equal 
to  the  demands  made  upon  them  and  the  hypermetro- 
pia becomes  relative.  In  relative  hypermetropia  it  is 
only  possible  to  accommodate  for  a  near  point  by 
converging  to  a  point  still  nearer,  or  in  other  words  by 
squinting  inward.  In  relative  hypermetropia  accom- 
modation and  convergence  are  out  of  harmony; 
because  there  is  a  desire  to  focus  accurately  in  order 
to  see  distinctly  and  at  the  same  time  a  desire  to 
converge  accurately  upon  the  object  to  avoid  seeing 
it  doubled.  One  of  two  alternative  conditions  follows, 
namely,  distinct  vision  with  a  single  eye,  the  other 
squinting  inward,  or  binocular  vision,  but  with  in- 
sufficient accommodation  and  consequent  imperfect 
vision.  In  absolute  hypermetropia,  the  hypermetropia 
cannot  be  overcome  by  any  effort  of  accommodation 
or  of  convergence,  therefore  distinct  vision  is  impossi- 
ble. With  the  advent  of  absolute  hypermetropia  the 
unavailing  efforts  of  accommodation  cease  and  for 
that  reason  an  internal  squint  may  become  less  marked 
or  disappear  entirely.  In  youth  absolute  hyperme- 
tropia is  rarely  seen,  except  as  a  sequel  of  diphtheria. 
As  the  power  of  convergence  remains  the  same,  while 
the  range  of  accommodation  diminishes  progress- 
ively, it  follows  that  in  youth  the  hypermetropia  is 
facultative,  in  middle  age  relative,  and  in  old  age 
absolute. 

Relation  between  Accommodation  and  Convergence. — 
In  considering  the  importance  of  accommodation  in 
the  production  of  clear  images  in  hypermetropia 
nothing  has  been  said  of  binocular  vision  and  the  power 
of  convergence.  In  binocular  vision  the  images  of  the 
two  eyes  are  formed  on  identical  points  of  the  two 
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retinas  and  are  then  fused  by  the  brain  info  cine  image. 
When  the  eyes  fix  an  object,  two  different,  adjustments 
are  necessary,  namely,  accommodation  for  the  dis- 
tance of  the  object  and  convergence  of  the  axes  of  the 
eyes  for  the  same  point.  In  emmetropia  these  two 
adjustments  correspond  exactly,  so  that  with  parallel 
visual  lines,  the  accommodation  is  completely  relaxed 
and  with  every  degree  of  convergence  a  certain  ef- 
fort of  accommodation  is  associated.  A  convenient 
method  for  the  numerical  denotation  of  the  degree  of 
convergence  is  in  meter  angles,  as  proposed  by  Nagel. 
A  meter  angle  (MA)  is  the  angle  of  convergence 
required  for  an  eye  to  fix  a 
point  situated  at  a  distance  of 
one  meter.  In  Fig.  3350  the 
angle  of  convergence  is  the 
angle  through  which  the  eye 
has  to  be  rotated  from  a  posi- 
tion of  parallelism  in  order  to 
fix  a  point.  This  method  has 
the  advantage  of  correspond- 
ing to  similar  terms  used  in 
measuring  the  accommodation. 
Thus  if  the  eyes  are  fixed  on  an 
object  fifty  centimeters  dis- 
tance 2  D  of  accommodation 
and  2  M  A  of  convergence  are 
required  for  binocular  vision. 
A  convergence  of  20  M  A, 
which  is  about  the  limit  in 
health,  enables  the  eyes  to  be 
directed  toward  an  object  at  a 
distance  of  fifty  centimeters. 
According  to  Landolt,  con- 
vergence can  only  be  main- 
tained with  comfort  for  any 
length  of  time  if  only  about 
one-third  of  the  possible  num- 
ber of  M  A  is  made  use  of. 

In  hypermetropia  the  har- 
mony of  relation  between  ac- 
commodation and  convergence 
is  disturbed  and  we  find  that 
one  meter-angle  of  convergence 
calls  for  one  dioptric  of  accommodation  plus  the 
amount  of  accommodation  required  to  neutralize  the 
hypermetropia.  In  other  words,  for  any  given  amount 
of  convergence,  a  stronger  effort  of  accommodation  is 
necessary  for  distinct  vision  and  vice  versa,  any  given 
amount  of  accommodation  calls  for  a  weaker  effort  of 
convergence.  While  there  is  a  close  relation  between 
convergence  of  the  visual  lines  and  accommodation, 
yet  this  relation  is  not  absolute.  It  is  easy  to  prove 
that  accommodation  may  be  increased  or  decreased, 
while  the  object  is  seen  distinctly  without  change  of 
convergence.  If  weak  concave  glasses  are  placed  be- 
fore the  eyes  the  accommodation  is  increased,  if  weak 
convex  glasses  are  used,  the  accommodation  is  les- 
sened, and  in  both  instances  the  object  is  seen  distinctly 
while  the  convergence  remains  unchanged.  With 
equal  ease  it  can  be  shown  that  the  convergence  may 
be  altered,  while  the  accommodation  remains  un- 
changed. If  a  weak  prism  with  its  base  turned  in- 
ward or  outward  is  held  in  front  of  one  eye,  the 
object  can  be  seen  distinctly  with  both  eyes,  notwith- 
standing the  altered  convergence.  There  is,  however, 
a  limit  to  these  varying  adjustments  of  accommoda- 
tion and  convergence. 

The  amplitude  of  accommodation  may  be  absolute, 
binocular,  or  relative.  The  absolute  is  the  accommo- 
dation from  the  far  point  to  the  near  point  for  each 
eye.  Binocular  is  the  accommodation  from  the  far 
to  the  near  point  for  both  eyes  at  once.  Relative  is 
the  degree  in  which  accommodation  is  independent  of 
convergence  and  is  found  by  the  strongest  convex 
and  strongest  concave  glasses  with  which  the  object 
can  still  be  distinctly  seen  for  a  given  point  of  conver- 
gence.    That  part  'which  is  already  in  use  is  termed 


Fig.  3350— The  Angle 
of  Convergence,  EIM. 
(Swanzy.) 


negative  and  is  represented  by  the  convex  lens;  the 
part  not  in  use  is  the  positive  part  and  is  represented 
by  the  concave  lens.  A  considerable  surplus  of  the 
posit i vr  pari  ..I  the  relative  amplitude  of  accommoda- 
tion is  essential  for  sustained  accommodation  at  any 

distance.      The  maximum  of  accommodation  (absolute 

A)  is  attained  only  when  the  convergence  is  exerted 
to  the  lit  most  and  in  hypermetropia  is  developed 
only  in  conjunction  with  an  internal  squint.  As 
every  act  of  convergence  calls  for  a  greater  exercise 
of  accommodation,  in  binocular  vision  the  relative 
accommodation  is  always  less  than  the  absolute. 

The  following  table  shows  the  relation   of  range  of 

accommodat  ion  to  age. 


10  years.  . Refractive  power 

15  years  Ref  ractive  power 

20  years  Refractive  powei 

2")  y.-;ir*  .  I;.-]  r.'irti  \  ■    pow.  i 

■''.II  y;trH Refract ive  powi 

35  year* Refractive  powei 

40  years Refractive  power 

1")  years Refractive;  power 

50  years Refractive  power 

55  years Refractive  powi 

60  years Refractive  power 

fi.">  years Refractive  power 

70  y.-:lrs  Refractive  power 

75  years  .  Refractive  power 


14D     Near  point 


12  Near  point 

10  Near  point 

8.6  \<::ir  point 

7  Near  point 

5.5  Near  point 

4.5  Near  point 

3.5    Near  point 

2     •.  '>':"     | I 

I  .  75  Near  point 

L.OO        .  .  .Near  point   1011 

0.75 Near  point   133 

0.25.  Near  point  100 

0        Near  point  a> . 


cm. 
3  cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 


Etiology  of  Hypermetropia. — Hypermetropia  may 

be  due  to:  1.  A  shortening  of  the  anteroposterior  axis 
of  the  eyeball  (axial  hypermetropia).  This  is  the 
most  common  cause.  2.  Diminished  convexity  of  the 
refracting  surfaces  of  the  eye  (curvature  hyperme- 
tropia). This  may  be  due  to  a  flattening  of  the  cornea, 
the  result  of  scars,  or  to  a  flattening  of  the  lens  the 
result  of  senile  changes.  In  advanced  age  the  re- 
fractive power  of  the  lens  becomes  diminished  so  that 
the  hypermetropic  eye  becomes  more  hypermetropic, 
the  emmetropic  eye  becomes  slightly  hypermetropic, 
and  the  myopic  eye  less  myopic.  3.  Diminution  in 
the  index  of  refraction  of  the  transparent  media  of  the 
eye.  4.  Absence  of  the  crystalline  lens  (aphakial 
hypermetropia).  5.  Profusion  or  detachment  of  the 
retina,  the  result  of  exudation  or  of  a  tumor. 

In  the  incipient  stage  of  senile  cataract  owing  to 
swelling  of  the  crystalline  lens  a  shortening  of  its  focus 
is  frequently  observed.  Hypermetropia  may  thus 
pass  into  emmetropia  or  even  into  such  a  degree  of 
myopia  as  to  admit  of  reading  without  the  aid  of 
glasses.  This  so-called  "second  sight"  is,  however, 
only  temporary  and  vision  fails  as  the  cataract 
develops.  A  case  is  reported  by  Landoldt  in  which 
hypermetropia  was  produced  by  too  great  refractive 
index  in  the  vitreous.  A  woman  with  diabetes  had  at 
the  same  time  a  moderate  hypermetropia  that  dis- 
appeared when  the  sugar  disappeared  and  returned 
with  the  return  of  sugar.  The  explanation  was  that 
while  sugar  was  present,  the  vitreous  became  sugary, 
and  its  refractive  power  was  increased. 

The  most  common  cause  of  hypermetropia  is  a 
shortening  of  the  anteroposterior  diameter  of  the  eye- 
ball. The  following  table  taken  from  Xettleship 
shows  the  amount  of  shortening  for  each  diopter  of 
hypermetropia. 


Hypermetropia  of 
Hypermetropia  of 

Hypermetropia  of 
Hypermetropia  of 
Hypermetropia  of 
Hypermetropia  of 
Hypermetropia  of 
Hypermetropia  of 


1  D  represents 

2  D  represents 

3  D  represents 

5  D  represents 

6  D  represents 
9  D  represents 

12  D  represents 
IS  D  represents 


a  shortening  of  0.3  mm. 
a  shortening  of  0.5  mm. 
a  shortening  of  1.0  mm. 
a  shortening  of  1.5  mm. 
a  shortening  of  2.0  mm. 
a  shortening  of  3.0  mm. 
a  shortening  of  4.0  mm. 
a  shortening  of  6.0  mm. 


Hypermetropia  is  by  far  the  most  frequent  form  of 
ametropia.  Almost  all  new-born  babies  are  hyper- 
metropic; with  the  growth  of  the  child  the  eyeball 
may  elongate  and  become  less  hypermetropic,  em- 
metropic, or  even  myopic.     As  a  rule  hypermetropia 
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remains  stationary  after  ehildhood.  Hypermetropia 
is  due  to  an  imperfect  development  of  the  eyeball,  is 
congenital  and  often  hereditary,  especially  ils  higher 
grades.  If  one  of  the  parents  is  hypermetropic  we 
are  apt  to  find  the  same  anomaly  in  one  or  more  of 
the  children.  While  slight,  degrees  of  hypermetropia 
are  very  common,  high  grades  are  much  rarer  than 
are  high  grades  of  myopia. 

Anatomical  Peculiarities  of  the  Hypermetropic 
EyE. — The  eye  is  smaller  in  all  its  diameters  than  the 
emmetropic  eye,  but  especially  so  in  that  of  the  visual 
axis.     The  sclerotic  near  the  cornea  has  a  flat,  slightly 


Fio.  3351. 


-Angle  Gamma  (y) ;  in  emmetropia  (Em),  myopia  (.V). 
and  hypermetropia  (//).     (Swanzy.) 


curved  appearance;  if  the  eye  is  turned  strongly  in- 
ward and  the  lids  separated,  the  eyeball  in  the  region 
of  the  equator  is  seen  to  make  a  sharp  curve  back- 
ward. The  anterior  chamber  is  shallow,  the  pupil 
is  small  and  the  center  of  motion  of  the  eyeball  is 
displaced  slightly  backward.  Frequently  an  ap- 
parent divergent  strabismus  is  observed  due  to  the 
fact  that  the  visual  line  is  often  very  much  displaced 
to  the  inner  side  of  the  cornea,  owing  to  a  large  angle 
gamma.  In  Fig.  3351  is  shown  the  angle  gamma 
formed  between  the  visual  and  the  optic  axis.     The 


Fin.  3352. — Comparative  Size  of  the  Ciliary  Muscle  in  Vary- 
ing Conditions.  A,  An  emmetropic  eye;  B,  a  myopic  eye;  C,  a 
hypermetropic  eye.      (After  Fuchs.) 

size  of  this  angle  depends  upon  the  position  of  the 
yellow  spot  in  reference  to  the  axis  of  the  cornea.  In 
the  hypermetropic  eye,  owing  to  the  shortness  of  the 
eyeball  and  to  an  anatomical  peculiarity,  the  distance 
between  the  yellow  spot  and  the  optic  axis  is  increased 
which  accounts  for  the  larger  angle  gamma.  In 
myopia,  on  the  other  hand,  the  angle  gamma  is  quite 
small  so  that  there  is  often  an  apparent  convergent 
strabismus.     When    in    doubt    as    to    whether    the 
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strabismus  is  real  or  only  apparent,  the  folio 
experiment  .will  disclose  the  true  condition.  Have  the 
patient  lix  his  gaze  on  an  <.l i.j<«-i  two  feet  distant, 
then  cover  one  of  his  eyes  with  the  hand  or  a  card. 
If  the  covered  eye  makes  a  movement  inward  or 
outward  to  fix  the  object  as  soon  as  the  hand  or  card 
is  withdrawn,  the  squint  is  real;  if  no  movement 
follows  the  uncovering  of  the  eye,  the  squint  is  only 
apparen  i . 

In  hypermetropia  the  ciliary  muscle  is  increased  in 
size,  especially  its  circular  fibers,  due  to  excessive  use 
in  accommodating  for  both  near  and  distant  objects. 
In  Fig.  3352  is  shown  the  comparative  size  of  the  ciliary 
muscle  in  emmetropia,  myopia  and  hypermetropia. 
In  the  extreme  degrees  of  hypermetropia,  termed 
microphthalmus,  the  eyeball  as  a  whole  is  abnormally 
small,  the  diameter  of  the  cornea  is  much  less  than  is 
usual,  the  visual  acuity  is  greatly  diminished  and  there 
may  be  a  coloboma  of  the  choroid  and  other  signs  of 
disordered  development.  Finally,  the  existence  of 
hypermetropia  is  not  infrequently  indicated  in  the 
form  of  the  face.  The  eyes  are  apt  to  be  set  far  apart, 
the  eyelids  flat  and  broad,  the  orbits  shallow  with 
flattened  margins,  the  nose  but  slightly  prominent 
and  the  face  as  a  whole,  flattened.  As  a  rule,  however, 
peculiarities  of  physiognomy  are  not  sufficiently 
marked  to  attract  attention. 

Vision  in  Hypermetropia. — In  moderate  degrees  of 
hypermetropia  the  visual  acuity  is  normal,  but  in 
high  degrees  it  is  very  apt  to  be  found  diminished 
even  with  the  proper  correcting  glasses.  This  lowered 
visual  acuity  is  partly  due  to  high  degrees  of  astig- 
matism to  which  the  hypermetropic  eye  Ls  peculiarly 
liable,  and  partly  due  to  the  imperfect  development 
of  the  eye.  The  optic  nerve  Ls  abnormally  small,  has 
fewer  fibers,  and  the  expansion  of  the  retina  is  less. 
The  retinal  images  are  also  smaller  than  in  emme- 
tropia, notwithstanding  the  use  of  strong  convex 
glasses.  When  a  high  degree  of  hypermetropia  is 
confined  to  one  eye,  that  eye  is  but  little  used  and 
soon  becomes  amblyopic.  The  same  is  true  of  the 
squinting  eye  in  internal  strabismus,  a  special  tendency 
to  which  exists  in  hypermetropia. 

The  most  important  difference  in  the  vision  of 
hypermetropes  is  not  the  defective  sight  but  the  ab- 
normal call  upon  the  power  of  accommodation.  The 
emmetrope  relaxes  the  muscle  of  accommodation  as 
much  as  possible  in  looking  at  an  infinite  distance; 
convergence  and  accommodation  work  in  harmony 
and  without  strain.  On  the  other  hand  the  hyper- 
metrope  must  bring  his  power  of  accommodation  into 
action  in  order  to  see  at  a  distance.  Starting  with 
this  deficit,  he  has  still  for  each  act  of  convergence  to 
add  as  much  range  of  accommodation  as  the  emme- 
tropic person.  He  is  forced  by  necessity  to  the 
constant  use  of  a  greater  effort  of  accommodation 
than  of  convergence,  and  finally  this  increased  tension 
becomes  a  habit.  With  each  visual  act  there  is  a 
nearer  approach  to  the  maximum  of  possible  tension 
and  both  the  absolute  and  binocular  nearest  point 
lie  farther  from  the  eye  than  they  do  in  the  emme- 
trope. In  the  facultative  hypermetropia  of  youth 
the  eyes  may  perform  their  daily  task  without  symp- 
toms of  distress  despite  this  abnormal  tension.  But 
with  the  lapse  of  years  the  absolute  range  of  ac- 
commodation diminishes  and  the  relative,  for  a  defi- 
nite convergence,  falls  short.  The  eyes  are  now  easily 
fatigued  and  premature  presbyopia  occurs.  In  rela- 
tive hypermetropia  the  difficulty  is  increased.  Ac- 
commodation for  parallel  and  even  diverging  rays 
is  possible  but  only  on  condition  that  the  eyes  con- 
verge to  a  point,  situated  nearer  than  that  to  which 
the  rays  proceed.  It  is,  therefore,  impossible  to  have 
acute  vision  and  binocular  vision  at  the  same  time; 
such  attempts  are  followed  by  periodical,  and  later, 
persistent  strabismus.  Relative  hypermetropia  is 
unusual  in  children,  but  frequently  occurs  after  the 
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twenty-fifth  year.  Vision  in  these  cases  is  never 
distinct  for  distant  or  for  near  objects  and  the  extra 
effort  to  attain  it  is  rapidly  followed  by  fatigue.  Such 
persons  often  hold  the  book  quite  close  to  the  eyes 
in  an  effort  to  see  well;  they  knit  the  brows,  half  close 
the  lids,  and  seek  a  bright  light  in  order  to  contract 
the  pupils  and  lessen  the  circles  of  diffusion.  In 
absolute  as  well  as  in  the  higher  degrees  of  relative 
hypermetropia,  small  print  cannot  be  read  at  all 
and  larger  type  must  be  held  very  close  to  the  eyes 
in  order  to  be  seen.  The  reason  printed  matter  can 
be  seen  near  the  eye  more  easily  than  at  some  distance 
is  because  the  retinal  image  increases  in  magnitude 
more  than  the  circles  of  diffusion. 

Symptoms  of  Hypermetropia. — In  hypermetropia 
there  is  usually  distinct  vision  for  distance,  but  diffi- 
culty in  maintaining  clear  vision  for  reading  or  other 
close  work  for  any  considerable  length  of  time.  This 
disability  is  more  marked  if  the  reading  is  done  by 
artificial  light  or  in  a  gloomy  place.  In  many  cases 
hypermetropia  presents  no  symptoms  whatever.  In 
childhood  and  vigorous  youth  if  the  hypermetropia 
is  of  moderate  degree  (1  to  3  D)  the  extra  amount  of 
accommodation  used  in  the  focussing  of  distant  and 
near  objects  may  cause  no  inconvenience  or  fatigue 
In  other  cases  and  especially  after  an  illness  or  the1 
close  application  of  school  life  the  eyes  are  not  equal 
to  the  demands  made  upon  them  and  symptoms 
of  accommodative  asthenopia  develop.  In  reading 
vision  may  be  clear  for  a  short  time  but  presently  the 
print  becomes  blurred  and  a  feeling  of  fatigue  and 
tension  comes  on  in  and  especially  above  the  eyes. 
After  rubbing  the  eyes  and  resting  them  for  a  few 
moments,  the  print  is  once  more  seen  distinctly  and 
the  work  may  be  resumed,  but  only  for  a  shorter  time 
than  before.  If  the  effort  is  persisted  in,  the  symp- 
toms of  eyestrain,  headache,  tension  and  pain  pro- 
gressively increase  until  the  accommodation  becomes 
exhausted  and  the  work  must  be  laid  aside.  The 
patient  now  finds  that  at  first  even  distant  vision  is 
blurred,  and  is  obliged  to  give  the  eyes  a  prolonged 
rest.  As  a  rule,  the  higher  the  degree  of  H,  the  earlier 
the  symptoms  of  asthenopia  appear.  As  long  as  the 
eyes  are  not  fixed  on  near  objects,  vision  appears 
normal  and  the  eyes  are  entirely  free  from  any  un- 
pleasant symptoms. 

Hypermetropia  frequently  gives  rise  to  spasm  of 
the  accommodation,  especially  in  children  who  hold 
their  work  too  close  to  the  eyes.  In  such  cases  the 
excessive  tension  of  accommodation  may  even  be  so 
great  as  to  cause  parallel  rays  to  focus  in  front  of  the 
retina  and  make  the  eye  apparently  myopic.  One 
should  be  on  guard  against  spasm  of  the  accommo- 
dation, otherwise  concave  glasses  might  be  prescribed, 
aggravating  instead  of  relieving  the  symptoms.  In 
childhood,  one  of  the  earliest  symptoms  of  hyper- 
metropia is  convergent  strabismus.  Impelled  by  the 
strong  desire  to  see  distinctly  the  child  learns  to  force 
his  accommodation  by  a  powerful  impulse  of  conver- 
gence and  thus  acquires  the  power  of  sustained  appli- 
cation by  sacrificing  binocular  vision  and  laying  the 
foundation  of  a  convergent  squint.  As  stated  before 
hypermetropes  sometimes  have  the  habit  of  half 
closing  the  lids  and  holding  a  book  quite  near  to  the 
eyes  so  that  the  family  and  friends  think  they  are 
near-sighted.  As  a  result  of  the  eyestrain  in  hyper- 
metropia,  conjunctivitis,  blepharitis,  styes,  congestion 
of  the  choroid  and  retina,  headache,  and  various 
reflex  nervous  symptoms  are  frequently  observed. 
The  hypermetrope  is  predisposed  to  glaucoma. 

Determination  of  Hypermetropia. — In  the  diag- 
nosis and  measurement  of  hypermetropia  both  sub- 
jective and  objective  methods  are  employed.  The 
subjective  method  consists  in  finding  the  strongest 
convex  glass  which  gives  the  best  visual  acuity  in 
looking  at  test-types  placed  at  a  distance  of  five  or 
six  meters.     The  objective  method  consists  in  esti- 


mating the  amount  "f  tin-  hypermetropia  by  mean    ol 
retino  ladow  test)  and  with  the  ophthalmo- 

scope. The  examination  is  begun  by  the  subjective 
method,  the  visual  acuity  is  noted  and  the  mani 
hypermetropia  e  timated.  The  total  hypermetropia 
is  ascertained  after  the  ciliary  muscle  is  paralyzed  by 
tlic  use  of  a  cycloplegic.  The  examination  is  con- 
tinued in  the  chirk  room  using  both  object  ive  methoi 
i.e. retinoscopv  and  the  ophthalmoscope.  The-  objective 
methods,  especially  retinoscopv,  arc-  of  greet  value-  in 
estimating  the  refraction  of  young  children  and  illit- 
erate persons.  Finally  the  examination  is  concluded 
by  a  return  to  the-  subjective  method,  when  the-  find- 
ings of  the  dark  room  arc  checked  up  with  the  best 
vision  attained  with  the  test-types. 

Measurement  (if  II upcrnii  Irnpia  irith  '/'<  st-l ///»■.•;  ni,>l 
Trial-lenses. — The  card  of  test  letters  is  hung  upon 
the  opposite  wall  in  a  good  light  (day  light  or  arti- 
ficial light)  and  at  a  distance  of  five  or  six  nieters 
from  the  patient.  Kays  of  light  are  practically 
parallel  at  this  distance.  A  trial  frame-  is  place 
the  patient's  eyes,  and  cine  eye  covered  with  an  opaque 
disc.  Testing  one  eye  at  a.  time  the  patient  is  directed 
to  read  the  smallest  letters  cm  the  card  which  he  can 
see  distinctly.  He  may  hesitate,  but  if  given  sufficient 
time  will  eventually  read  them  all.  If  vision  is  shown 
by  this  test  to  be  of  normal  acuteness  ( ■  or;;)  myopic 
and  any  considerable  degree  of  astigmatism  are  both 
excluded.  The  manifest  hypermetropia  is  measured 
by  finding  the  strongest  convex  glass  with  which  the 
patient  can  read  f.  To  encourage  relaxation  of  the 
ciliary  muscle  it  is  a  good  plan  to  begin  by  placing 
before  the  eye  a  convex  lens  stronger  than  the  one 
required  and  gradually  weaken  it  by  holding  in  front 
of  it  concave  glasses  of  increasing  strength  until  the 
maximum  vision  is  attained.  The  manifest  hyper- 
metropia is  then  the  difference  between  the  two  glasses. 
For  example,  if  plus  4  D  is  placed  in  the  spectacle 
frame,  and  minus  2  D  held  in  front  of  it  is  the  weakest 
concave  glass  with  which  full  visual  acuity  is  attained, 
then  plus  4  D  plus  minus  2  D  equals  plus  2  D  and  plus 
2  D  is  the  measure  of  the  manifest  hypermetropia. 
If  there  is  reason  to  suspect  spasm  of  accommodation 
stronger  glasses  may  often  be  accepted  by  testing 
both  eyes  together  and  also  by  placing  a  prism  of 
2  or  3  (centrads)  before  one  eye  with  its  base  inward. 
By  thus  rendering  the  axes  of  the  eyes  parallel  and  by 
relaxing  the  internal  recti  muscles,  the  accommoda- 
tion is  indirectly  affected. 

The  total  hypermetropia  is  estimated  after  the 
muscle  of  accommodation  is  paralyzed  by  the  use  of  a 
cycloplegic;  atropine  one  per  cent.;  scopolamine  one- 
tenth  per  cent.;  or  most  frequently,  homatropine 
two  to  three  per  cent.  It  will  now  be  found  that  a 
much  stronger  glass  will  be  required  to  enable  the 
patient  to  read  f.  This  glass  represents  the  total 
hypermetropia  and  the  difference  between  the  total 
and  the  manifest  equals  the  latent  hypermetropia. 

Objective  Tests. —  1.  Retinoscopy  or  the  Shadow  Test. 
This  is  a  method  of  estimating  the  refraction,  by 
reflecting  light  into  the  eye  by  means  of  a  mirror 
(usually  a  plane  mirror)  and  observing  the  direction 
in  which  the  light  or  its  shadow  appears  to  move 
across  the  pupil  when  the  mirror  is  rotated.  The 
observer  sits  at  a  distance  of  one  meter  from  the 
patient  and  looking  through  the  sight-hole  of  a  plane 
mirror,  reflects  light  into  the  eye  from  a  lamp  placed 
near  the  mirror  and  covered  with  an  opaque  chimney 
having  an  aperture  five  to  eight  millimeters  in  di- 
ameter. On  slightly  rotating  or  tilting  the  mirror  a 
shadow  is  seen  to  pass  more  or  less  rapidly  across  the 
illuminated  area  of  the  pupil.  A  bright  reflex  and  a 
rapidly  moving  shadow  denote  a  low  degree  of  re- 
fractive error,  while  a  dim  reflex  and  a  slowly  moving 
shadow  denote  a  high  degree  of  error.  If  the  shadow 
moves  in  the  same  direction  as  the  rotation  of  the 
mirror,  "vrith  the  mirror."  the  eye  is  hypermetropic; 
if  the  shadow  moves  in  the  opposite  direction  to  the 
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movement  of  the  mirror  "against  the  mirror"  the  eye 
is  myopic.  When  the  shadow  moves  "with  the  mir- 
ror," a  weak  convex  glass  plus  0.50  is  placed  in  the 
trial  frame  which  the  patient  is  wearing  and  the  mir- 
ror rotated  first  on  its  vertical  : i r i <  1  then  on  its  hori- 
zontal axis.  If  plus  0.50  sph.  causes  the  shadow  to 
be  reversed,  move  "against  the  mirror,"  there  is 
probably  a  slight  degree  of  myopia;  if  plus  1  D  re- 
verses theshadow,  emmetropia  is  present;  any  stronger 
lens  than  this  indicates  hypermetropia.  Stronger 
and  stronger  convex  glasses  are  then  placed  in  the 
trial  frame  until  the  shadow  which  moved  with  the 
mirror  disappears  and  is  replaced  by  a  shadow  which 
moves  "against  the  mirror."  This  is  the  point  of 
reversal  and  if  plus  1  D  is  deducted  from  this  glass  we 
will  have  the  measure  of  the  hypermetropia.  For 
example,  suppose  the  point  of  reversal  is  found  with  a 
4  D  convex  lens;  1  D  of  the  strength  of  the  lens  was 
used  in  making  the  rays  convergent  while  the  other 


Fia.   3353. — Rays  Emerging  from   a  Hypermetropic  Eye.       (De 
Schweinitz,  Diseases  of  the  Eye,  W.  B.  Saunders  Co.) 

3  D  have  been  used  to  render  parallel  the  diverging 
rays  coming  from  the  eye,  hence  3  D  represents  the 
amount  of  the  hypermetropia.  (See  Fig.  3353.)  In 
practice,  therefore,  we  deduct  1  D  from  the  strongest 
convex  lens  with  which  we  still  get  a  faint  movement 
of  the  shadow  with  the  mirror. 

2.  The  Ophthalmoscope. —  With  the  mirror  at  a  short 
distance  (two  feet)  from  the  patient,  an  erect  image  of 
the  disc  is  seen,  which  moves  in  the  same  direction  as 
the  movement  of  the  mirror. 

Indirect  Method. — If  the  object  lens  is  gradually 
withdrawn  from  the  eye,  the  optic  disc  will  appear 
to  diminish  in  size. 

Direct  Method. — In  order  to  measure  the  amount  of 
the  hypermetropia  with  any  degree  of  accuracy  by 
this  method  it  is  necessary  that  the  accommodation 
of  the  patient  and  of  the  observer  be  fully  relaxed. 
This  is  accomplished  for  the  patient  by  directing  him 
to  gaze  into  vacancy  across  the  dark  room  and  to 
make  no  effort  to  recognize  anything  sharply.  The 
ability  of  the  observer  to  fully  relax  his  accommoda- 
tion at  will  comes  only  after  long  practice.  The 
observer  must  also  be  emmetropic  or  rendered  so  by 
using  the  proper  correcting  glass  in  the  form  either  of 
spectacles  or  of  a  lens  placed  behind  the  sight  hole  of 
the  ophthalmoscope  and  should  approach  as  close  as 
possible  to  the  eye  under  observation.  In  measuring 
the  refraction  we  use  as  points  of  observation  the 
smaller  retinal  vessels  in  the  neighborhood  of  the  fovea 
centralis.  Under  ophthalmoscopic  examination  in  a 
dark  room  the  accommodation  is  generally  found  to 
be  so  completely  relaxed  that  the  measurements  ob- 
tained may  be  accepted  as  a  close  approximation  to 
the  total  hypermetropia.  The  measure  of  the  hyper- 
metropia is  then  the  strongest  convex  lens  placed  be- 
hind the  ophthalmoscope  through  which  the  observer 
sees  distinctly  the  details  of  the  fundus.  This  convex 
glass  in  the  ophthalmoscope  causes  the  diverging 
rays  from  the  hypermetropic  eye  to  be  brought  to  a 
focus  on  the  retina  of  the  observer. 

The  Treatment  of  Hypermetropia. — Having 
determined  the  total  amount  of  the  hypermetropia 
one  would  naturally  suppose  that  the  proper  treat- 
ment would  consist  in  ordering  such  convex  glasses 
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as  would  cause  parallel  rays  passing  through  them  to 
converge  to  a  focus  on  the  retina  without  any  effort 

of  the  accommodation.  By  this  means  we  would 
advance  the  position  of  the  principal  Incus  of  tin-  eye 
to  the  actual  position  of  the  retina  and  render  the  eye 
emmetropic.  But  in  practice  such  is  not  the  case. 
While  the  eye  is  under  the  influence  of  the  cycloplegic 
distant  vision  is  distinct  with  the  full  correction,  but 
after  the  effects  of  the  drug  have  disappeared  the  same 
glass  causes  objects  to  appear  blurred.  This  is  be- 
cause in  hypermetropia  the  ciliary  muscle  is  larger 
than  normal  from  excessive  use,  and  is  unable  sud- 
denly to  relax  itself  completely.  The  hypermetrope, 
therefore,  rejects  a  full  correction  as  impairing  distant 
vision,  and  compelling  him  to  work  or  read  at  an  un- 
comfortably short  distance.  He  accepts  a  somewhat 
weaker  glass  which  can  be  worn  with  comfort  and 
which  is,  at  the  same  time,  of  sufficient  strength  to 
relieve  the  symptoms  of  accommodative  asthenopia. 
The  glass  to  be  ordered  in  hypermetropia  will  depend 
upon  various  factors,  i.e.  the  age  of  the  patient,  the 
amount  of  the  manifest  hypermetropia,  and  the  symp- 
toms complained  of.  In  childhood  and  youth,  with 
vigorous  accommodation,  a  partial  correction  will 
suffice.  If  very  little  of  the  total  hypermetropia 
is  manifest,  an  undereorreetion  is  ordered  and  the 
strength  of  the  glass  increased  from  time  to  time  as 
symptoms  of  fatigue  manifest  themselves.  There  is 
a  difference  of  opinion  as  to  the  amount  of  the  total 
hypermetropia  to  be  corrected.  A  few  surgeons  give 
the  full  correction  deducting  0.25  D  from  the  total 
for  the  reason  that  rays  coming  from  a  distance  of 
six  meters  are  not  strictly  speaking  parallel,  so  that 
the  glass  which  gives  6/6  vision  at  that  distance  is 
an  overcorrection  of  \  D.  Some  surgeons  make  a  rule 
of  deducting  1  D  from  the  total,  others  correct  the 
manifest  hypermetropia  only.  A  good  rule  is  the  one 
advised  by  Donders — correct  the  manifest  and  one- 
fourth  of  the  latent  hypermetropia.  For  example,  the 
manifest  hypermetropia  is  2  D,  the  total  is  4  D,  there- 
fore, the  latent  is  2  D.  Adding  one-fourth  of  the 
latent  (0.50  D)  to  the  manifest  (2  D)  would  give 
2.50  D  as  the  glass  to  be  ordered.  When  there  are 
symptoms  of  asthenopia,  headache,  eyestrain,  weak- 
ness or  spasm  of  the  accommodation,  blepharitis  or 
reflex  nervous  symptoms  a  glass  should  be  ordered 
that  approximates  the  total  hypermetropia  When 
there  is  a  tendency  to  excessive  convergence  or  an 
actual  convergent  squint,  the  total  correction  less 
0.50  D  should  be  worn  constantly.  The  effect  of  this 
treatment  is  to  do  away  with  the  cause  of  the  squint, 
to  diminish  the  degree  of  the  deviation,  and  in  recent 
cases  to  cause  its  immediate  disappearance.  If  the 
squint  has  existed  for  some  time  the  correcting  lenses 
must  be  worn  constantly  for  several  years  before 
resorting  to  operation.  If  a  tenotomy  is  done  at  once 
and  the  correcting  lenses  ordered  afterward,  an  ex- 
ternal squint  is  apt  to  develop  in  the  course  of  a  few 
years.  On  the  other  hand,  if  weakness  of  conver- 
gence is  present,  an  undereorreetion  is  desirable  in 
order  to  stimulate  the  accommodation  and  with  it 
the  convergence. 

In  the  treatment  of  hypermetropia,  whether  a  glass 
shall  be  worn  at  all,  be  worn  for  close  work,  or  be 
worn  constantly  will  depend  upon  the  symptoms  and 
the  character  of  the  patient's  work.  Glasses  will  be 
unnecessary  if  distant  vision  is  normal  and  close  work 
is  unattended  by  fatigue.  The  objection  to  wearing 
glasses  constantly  is  that  if  the  hypermetrope  accus- 
toms himself  to  their  use,  he  will  gradually  lose  the 
power  of  distinct  vision  without  glasses,  because  the 
muscle  of  accommodation  is  not  sufficiently  exercised. 
Consequently  in  young  persons  when  the  hypermetro- 
pia does  not  exceed  2  or  3  D  glasses  will  be  required 
for  reading  only.  When,  however,  they  have  become 
somewhat  older  and  facultative  H  has  given  place  to 
relatively  absolute,  glasses  should  be  worn  for  distance 
also.     On  the  other  hand,  if  distant  vision  is  improved 
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by  glasses,  then  spectacles  which   corrects  the  mani- 
fest hypermetropia  may  be  worn  constantly. 

Aphakia  (a,  priv.  <t>aK6s,  lens)  is  the  name  given  by 
Donders  to  indicate  an  absence  of  the  crystalline  lens 
in  the  dioptric  system  of  the  eye. 

Etiology. — Aphakia  is  most  frequently  the  result  of 
cataract  operations,  or  of  a  wound  which  ruptures  its 
capsule  and  gives  rise  to  gradual  absorption  of  the 
lens.  Aphakia  may  also  be  caused  by  a  dislocation 
of  the  lens  from  injury  or  as  a  congenital  defect,  in 
which  the  lens  gradually  disappears  from  the  plane  of 
the  pupil. 

Refraction  in  Aphakia. — In  the  condition  of  aphakia 
we  have  only  one  refracting  surface,  namely,  the  an- 
terior surface  of  the  cornea,  and  if  its  curvature  is 
normal,  the  eyeball  should  have  a  length  of  30.58 
millimeters  in  order  to  bring  parallel  rays  to  a  focus 
upon  the  retina.  Since  the  anteroposterior  diameter 
of  the  normal  eye  is  only  about  22. 8S  millimeters, 
aphakia  necessarily  causes  a  high  degree  of  hyper- 
metropia, in  the  emmetropic  eye,  corresponding  to 
about  11  D.  The  degree  of  hypermetropia  will  be 
increased  if  the  eye  was  previously  hypermetropic  and 
diminished  if  the  previous  refraction  has  been  myopic. 
Indeed  if  the  pre-existing  myopia  has  been  of  very  high 
grade  the  loss  of  the  crystalline  lens  may  render  the 
eye  emmetropic. 

Symptoms. — Owing  to  the  entire  absence  of  accom- 
modation the  aphakial  eye  either  sees  distinctly  when 
it  is  perfectly  corrected  or  indistinctly  when  it  is  left 
uncorrected.  The  conflict  between  accommodation 
and  convergence  has  ceased  and  there  are  no  symptoms 
of  asthenopia  or  a  tendency  to  internal  strabismus  so 
frequently  observed  in  the  ordinary  forms  of  hyper- 
metropia. The  vision  in  aphakia  is  usually  imperfect. 
In  very  favorable  cases  after  a  cataract  operation 
vision  may  be  restored  to  normal  by  means  of  a 
properly  selected  convex  glass.  More  usually,  how- 
ever, vision  does  not  reach  normal,  owing  to  astig- 
matism and  to  a  slight  loss  of  transparency  of  the 
media. 

Diagnosis. — The  diagnosis  of  aphakia  is  made  by  a 
search  for  the  reflected  images  of  Purkinje.  If  a 
lighted  candle  is  held  in  front  of  and  a  little  to  one 
side  of  a  normal  eye,  three  reflected  images  of  the 
light  are  seen,  one  erect  on  the  cornea,  one  erect  on  the 
anterior  surface  of  the  lens,  and  an  inverted  image  on 
the  posterior  surface  of  the  lens.  If  the  lighted 
candle  is  moved  slightly,  the  erect  images  move  with 
the  light  and  the  inverted  image  moves  in  the  opposite 
direction.  In  aphakia  the  two  reflected  images  of  the 
lens  are  absent.  Moreover,  by  means  of  focal  illumi- 
nation and  with  the  aid  of  a  magnifying  glass  the  sec- 
tors and  stria?  of  the  lens  are  easily  seen;  if  these  are 
absent  we  may  infer  the  existence  of  aphakia.  Fi- 
nally, the  strength  of  the  convex  lens  necessary  to 
restore  distinct  vision  taken  in  conjunction  with  the 
form  of  the  eye  and  the  entire  absence  of  accommoda- 
tion will  render  the  diagnosis  certain. 

Treatment. — The  deficiency  in  refractive  power 
occasioned  by  the  absence  of  the  lens  will  necessitate 
the  wearing  of  a  strong  convex  lens,  its  strength 
depending  upon  the  previous  refraction  of  the  eye. 
Under  ordinary  circumstances  a  lens  of  about  10  D  is 
required  to  bring  parallel  rays  to  a  focus  on  the  retina. 
As  there  is  an  entire  loss  of  accommodation  stronger 
lenses  will  be  required  for  reading  and  close  work. 
The  usual  distance  for  reading  being  thirty-three 
centimeters,  a  lens  having  a  focal  distance  of  thirty- 
three  centimeters  (plus  3  D)  is  added  to  the  distance 
glass  (plus  10  D  plus  3  D  equals  plus  13  D)  and  the 
resulting  plus  13  D  will  enable  the  eye  to  read  at 
thirteen  inches. 

The  effect  of  the  correcting  glass  in  aphakia  is  to 
advance  the  position  of  the  nodal  point  of  the  combined 
dioptric  system,  and  thus  to  give  a  larger  retinal  image 
than  in  the  normal  eye;  and  the  farther  the  correcting 


glass  is  placed  from  Ihi  eye  tin  greater  is  the  enlarge- 
ment. Iri  the  ordinary  position,  the  glass  is  about 
half  an   inch   from   the  eye,   and  the  spectacles   can 

easily  descend  an  inch  farther  on  the  nose.  Henci 
a  sort  of  artificial  accommodation  may  be  obtained 
by  moving  the  spectacles  nearer  or  farther  from  the 
eyes,  thereby  changing  the  position  of  the  reading 
(iist.-i.ncc. 

It  is  the  usual  custom  to  give  two  pairs  of  spectacles, 
one  for  reading  and  the  other  for  distance.  In  uni- 
ocular  aphakia  so  long  as  the  fellow  eye  retains  satis- 
factory  vision,  it  is  not  advisable  to  correct  the 
aphakial  eye  because  the  dissimilar  retinal  images 
confuse  thi'  patient.  Notwithstanding  the  imperfect, 
definition  of  its  retinal  image,  an  aphakial  eye,  though 

uncorrected,  may  take  part  in  binocular  and  periscopic 
vision  and  aid  in  maintaining  the  normal  binocular 
field  of  vision. 

Historical  Notes. — While  myopia  was  recognized 
and  studied  for  centuries  the  first  accurate  description 
of  hypermetropia  was  given  by  .James  Ware  in  1812. 
His  paper  entitled  "observations  relative  to  the  near 
and  distant  sight  of  different  persons"  was  published 
in  the  Philosophical  Transactions  of  the  Royal  Society 
of  London.  After  speaking  of  the  senile  changes  of 
the  eye  he  said:  "There  are  also  instances  of  young 
persons  who  have  so  disproportionate  a  convexity  of 
the  cornea  or  crystalline  or  of  both  to  the  distance  of 
these  parts  from  the  retina,  that  a  glass  of  considerable 
convexity  is  required  to  enable  them  to  see  distinctly, 
not  only  near  objects,  but  also  those  that  are  distant, 
and  it  is  remarkable  that  the  same  glass  will  enable 
many  such  persons  to  see  both  near  and  distant 
objects;  thus  proving  that  the  defect  in  their  sight  is 
occasioned  solely  by  too  small  a  convexity  in  one  of  the 
parts  above  mentioned,  and  that  it  does  not  influence 
the  power  by  which  their  eyes  are  adapted  to  see  at 
distances  variously  remote.  In  this  respect  such 
persons  differ  from  those  who  had  the  crystalline  humor 
removed  by  an  operation;  since  the  latter  always  re- 
quire a  glass  to  enable  them  to  discern  distant  objects 
different  from  that  which  they  use  to  see  those  that 
are  near. "  In  these  remarkable  words,  James  Ware, 
the  English  surgeon,  earns  the  credit  of  having  dis- 
covered hypermetropia.  The  value  of  Ware's  obser- 
vations were  not  recognized  at  the  time,  and  not 
for  almost  half  a  century  afterward.  In  1845  Sichel 
sketches  a  distinct  picture  of  high  degrees  of  hyper- 
metropia, to  which  he  gives  the  name  of  amblyopie 
presbytique  congenitale.  He  did  not,  however,  com- 
prehend the  nature  of  the  affection  and  although  he 
states  that,  convex  glasses  improve  vision,  he  would 
never  allow  his  patients  to  wear  them,  declaring  that 
the}'  must  in  the  end  cause  a  total  loss  of  sight.  Even 
as  late  as  1853  this  singular  prejudice  against  the  use 
of  convex  glasses  for  distance  continued.  Mackenzie 
in  his  text-book  speaking  of  the  prognosis  of  astheno- 
pia now  known  to  be  caused  by  hypermetropia  says: 
"It  is  our  duty  to  declare  the  disease  incurable," 
and  advises  change  of  occupation  and  emigration,  stat- 
ing that  though  they  never  could  employ  their  eyes 
advantageously  where  much  reading  or  writing  was 
required,  they  might  see  sufficiently  to  follow  the 
pastoral  pursuits  of  an  Australian  colonist."  Mac- 
kenzie also  reports  the  following  case:  "A  child,  the 
subject  of  asthenopia,  engaged  in  learning  his  lesson, 
complains  he  cannot  see,  and  repeats  the  complaint 
so  frequently,  especially  by  candle  light,  that  his 
father  or  grandfather  at  last  snys:  'Try  my  glasses.' 
The  child  now  sees  perfectly .  and  night  after  night  the 
loan  of  the  glasses  is  required  before  his  task  can  be 
finished."  And  yet,  he  adds,  "It  would  have  been 
better  had  glasses  been  selected  of  the  longest  focus 
which  would  have  enabled  the  child  to  read  or,  better 
still,  he  had  been  put  to  bed,  and  the  lessons  left  till 
daylight."  In  1S53  Ruete  describes  hypermetropia 
under  the  name  of  oversightedness  (uebersichtigkeit), 

447 


II  >  perilll'tropla 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIEN<  I  - 


but  incorrectly  supposes  thai  the  power  of  accommo- 
dation is  in  these  eyes  almosl  wholly  wanting.  In 
1855  Stellwag  in  an  essay  on  accommodation  speaks 
of  hypermetropia  as  hyperpresbyopia. 

Finally,  in  1860,  Donders  published  the  first  accu- 
rate description  of  hypermetropia  and  suggested  the 
name  which  it  now  bears.  The  present  article  is 
largely  drawn  from  his  remarkable  work  "On  the 
anomalies  of  Accommodation  and  Refraction  of  the 
Eye,"  the  new  Sydenham  Society,  London,  lSti4,  in 
which  he  treats  the  subject  so  exhaustively  that  since 
his  time  nothing  of  importance  has  been  added  to  our 
knowledge  of  the  subject,  J.  Ellis  Jennings. 


Hypernephroma. — By  this  term  (from  iV<?p,  above, 
vlvpos,  kidney,  and  «m«,  signifying  a  growth)  is  under- 
stood a  tumor  composed  of  hypemephroid  or  adrenal 
tissue. 

The  discovery  of  what  appear  to  be  adrenal  rests, 
especially  in  the  kidney,  and  the  possibility  that  these 
may  give  rise  to  malignant  neoplasms,  have  opened 
wide  the  door  of  speculation.  We  do  not  know  to 
what  extent  the  embryonic  misplacement  of  tissue  of 
various  organs  may  be  responsible  for  the  development 
of  abnormal  growths.  At  any  rate,  the  presence  of 
adrenal  rests  in  the  kidney  is  now  pretty  generally 
recognized  as  the  origin  of  the  hypernephromata,  the 
most  frequent  class  of  malignant  growths  found  in  the 
kidney. 

Von  Bergmann  describes  hypernephroma  as  a  nodu- 
lar tumor  of  yellowish  or  brownish  color  with  a  harder 
center  and  a  softer  periphery  which  either  presses  aside 
the  neighboring  tissue  or  infiltrates  it,  and  destroys  it 
by  the  formation  of  new  nodules.  The  mass  of  the 
tumor  is  made  up  of  connective-tissue  stroma,  whose 
meshes  are  filled  by  cubical  or  polygonal  cells  contain- 
ing fat  or  glycogen.  In  the  older  portion  of  the  tumor 
there  may  be  cysts  of  degeneration  and  hemorrhagic 
areas. 

I.  W.  Blackburn,  declares  that  we  have  in  hyper- 
nephroma a  potentially  malignant  tumor  derived  from 
aberrant  or  normal  adrenal  epithelium,  which  is  of 
mesoblastic  derivation  and  which  cannot  be  grouped 
with  either  of  the  two  great  classes  of  malignant 
growths,  carcinomata  or  sarcomata;  although  at 
present  we  have  to  acknowledge  that  carcinoma  may 
be  derived  from  all  three  layers  of  the  blastoderm, 
yet  this  tumor  differs  in  important  details  from  the 
carcinomata,  and  the  resemblance  to  ordinary  sar- 
comata is  still  more  remote. 

Hypernephroma,  the  struma  lipomatodes  aberrata 
renis  of  Grawitz,  is  the  most  frequent  of  the  tumors 
that  occur  as  primary  growths  in  the  kidney.  Where- 
as the  number  of  reported  cases  of  sarcoma  and  car- 
cinoma of  the  kidney  is  decreasing,  there  has  been  a 
notable  increase  in  the  hypernephromata.  It  has 
been  held  that  these  tumors  originate  from  particles 
of  fetal  tissue  intended  to  develop  into  adrenal  bodies 
but  which  have  become  enclosed  in  the  renal  anlage. 
At  any  rate  particles  resembling  adrenal  tissue  are 
often  observed  in  the  kidney,  usually  just  beneath  the 
capsule,  and  from  these  tumors  not  infrequently 
develop.  Such  tumors  vary  greatly  in  their  rapidity 
of  growth,  sometimes  appearing  larger  from  week  to 
week  and  again  requiring  a  number  of  years  for  their 
development.  Metastases  may  occur  through  both 
the  blood  and  lymph,  but  chiefly  through  the  venous 
channels.  The  tendency  to  spread  by  continuity  or 
contiguity  is  not  marked.  In  many  of  the  reported 
cases  metastases  caused  death  through  general  infec- 
tion while  the  growth  in  the  kidney  was  small  in  size. 
In  other  cases  the  tumor  has  attained  considerable  size 
with  few  or  no  metastases. 

Grawitz  held  that  hypernephromata  developed  from 
supernumerary  adrenals,  since  these  tumors  show  a 
somewhat  similar  microscopic  appearance  to  the  zona 
fasciculata   of   the   adrenals    (Virchow's  Archiv,    Bd. 


xciii.,  1883;  Berl.  klin,  Woch.,  L884).  Objection  to 
this  view  is  founded  partly  upon  the  observation  that 
hypernephromata  arc-  ran-  in  the  adrenals.     Further- 

more  tin'  so-called  adrenal  rests  are  most  frequent  in 
the  upper  pole  of  the  kidney,  whereas  hypernephrom 
are  more  common  in  the  lower  pole.  Similar  islets 
of  adrenal  tissue  occur  in  the  liver,  where  hyperneph- 
romata have  not  been  found.  It  is  altogether  prob- 
able that  many  cases  reported  as  hypernephromata 
are  really  carcinomata  arising  from  the  epithelium  of 
the  renal  tubules. 

Hypernephromata  are  most  common  in  middle  life 
but  have  been  reported  at  both  extremes.  There 
seems  to  be  a  slight  preference  for  t  he  male  sex  and  the 
right  kidney. 

Secondary  infection  of  the  opposite  kidney  is  not 
infrequent,  probably  due  to  the  fact  that  mestast 
in  these  cases  is  specially  prone  to  follow  the  venous 
routes. 

Adrenal  rests  are  found  most  frequently  in  the  kid- 
ney but  may  occur  in  various  other  organs,  notably  the 
ovary,  testicle,  spermatic  cord,  liver,  and  pancreas. 
Hall  was  able  to  find  such  remnants  but  once  in  2. (HID 
postmortem  examinations.  They  are  usually  located 
in  the  region  of  Bertin's  columns  (Lubarsch).  Recent 
investigations  place  the  hypernephromata  among  the 
mesotheliomata.  The  adrenal  rests  usually  vary  in 
size  from  a  split  pea  to  a  walnut;  the  hypernephro- 
mata may  attain  the  size  of  an  adult  head  or  larger. 
They  show  a  tendency  to  grow  into  the  veins  as  soft 
friable  masses,  which  Weiler  has  observed  may  extend 
even  up  to  the  right  auricle.  Metastases  occur  especi- 
ally in  the  lungs,  liver,  and  bones,  less  often  in  the 
brain  and  opposite  kidney.  It  would  seem  that  they 
may  occur  almost  anywhere  in  the  body. 

Dunn,  in  eighty  consecutive  postmortem  examina- 
tions, found  suprarenal  rests,  adenopapillary  tissue, 
and  papuliferous  cysts  fairly  frequently,  and  of  these 
he  believes  the  last  named,  from  their  peculiar  his- 
tological features,  are  the  most  probable  origin  of 
tumors  of  the  Grawitz  type. 

Hypernephroma  of  the  adrenal  may  lead  to  various 
developmental  anomalies.  Precocious  obesity  may 
assume  prominence.  Adrenal  hypernephroma  in  the 
female  may  be  associated  with  male  secondary  sex 
characters.  Glynn  and  Hewetson  studied  adrenal 
hypernephroma  in  its  relation  to  sex  characters  and 
summarized  their  observations  as  follows:  1.  In 
children  they  are  almost  invariably  present  in  the 
form  of  hirsuties  and  often  other  abnormalities  (sev- 
enteen cases  of  hypernephroma  collected;  in  sixteen, 
namely,  thirteen  "females  and  three  males,  sex  abnor- 
abnormalities  were  present).  2.  In  women  before 
the  menopause  they  are  frequently  present  (twelve 
cases  collected;  sex  abnormalities  present  in  seven, 
while  in  two  others  menstrual  disturbance  occurred 
before  death).  3.  In  women  after  the  menopause 
they  are  not  recorded,  though  a  growth  of  hair  on  the 
face  or  change  in  the  voice,  etc.,  might  be  thought 
worthy  of  note  (eight  cases  collected).  4.  In  men 
they  are  probably  invariably  absent.  In  this 
connection  it  is  of  great  interest  that  adrenal  cortical 
rests  or  bilateral  hyperplasia  of  the  adrenal  cortex  were 
noted  in  fifteen  per  cent,  of  female  pseudohermaphro- 
dites, but  in  only  0.7  per  cent,  of  male  pseudoher- 
maphrodites. 5.  There  is  no  evidence  that  hyper- 
nephroma in  the  kidney,  which  has  a  totally  different 
histological  structure  from  that  in  the  adrenal,  is  ever 
associated  with  abnormal  sex  characters. 

Symptoms. — The  symptoms  of  renal  hypernephroma 
are  more  or  less  vague.  Usually  there  is  pain  in  the 
region  of  the  kidney  and  more  or  less  of  the  dragging 
sensation  so  common  in  nephroptosis.  With  the 
growth  of  the  tumor,  pressure  symptoms  assume 
prominence,  such  as  edema  of  the  lower  extremities 
and  venous  congestion,  which  may  present  a  caput 
medusse  or  an  enlargement  of  the  spermatic  veins. 
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Pain  in  or  near  the  kidney,  often  radiating  to  a 
considerable  distance,  is  a  fairly  constant  symptom, 
Thus  Mayo  Robson  observed  ;i  case  in  which  the  pain 
was  most  severe  in  the  shoulder.  The  pain  may  be 
due  to  the  pressure  and  weight  of  the  growth,  or  to  the 
passage  of  blood  clots  or  casts  of  the  renal  pelvis  or 
ureter.  In  the  former  cases  there  is  pain,  usually  dull 
in  character,  with  the  dragging  sensation  so  common  in 
nephroptosis;  in  the  latter  instances,  there  is  renal 
colic,  similar  to  that  observed  in  the  passage  of  a 
calculus. 

The  gross  appearance  of  blood  (hematuria)  is  not  the 
rule,  probably  because  the  growth  usually  begins  near 
the  capsule.  With  the  encroachment  of  the  growth 
upon  the  renal  pelvis,  hemorrhage  is  more  likely  to 
occur.  In  some  cases,  hematuria  is  the  first  sign  of 
hypernephroma,  appearing  sometimes  long  before 
the  patient  complains  of  pain  or  other  discomfort . 

Metastases  may  occur  in  various  parts  of  the  body. 
The  location  of  the  metastases  is  not  of  much  value  in 
diagnosis,  because  they  show  such  great  variations  in 
the  reported  cases.  They  occur  especially  in  the 
lungs,  liver,  bones,  and  in  or  near  the  line  of  inci- 
sion, should  the  growth  be  incised. 

Diagnosis. — As  is  so  often  true  in  the  diagnosis  of 
tumors,  frequently  an  exact  histological  diagnosis 
cannot  be  made  save  by  a  microscopic  examination  of 
the  growth.  In  early  life  these  growths  are  to  be  dif- 
ferentiated especially  from  sarcoma,  and  in  later  life 
they  should  be  separated  from  carcinomata.  At  all 
times,  renal  tuberculosis  and  calculus  must  be  con- 
sidered in  diagnosis. 

The  clinical  diagnosis  is  not  easy  as  a  rule  when  the 
tumors  are  small  in  size  and  of  slow  growth.  Hema- 
turia may  occur  early  in  renal  tumors,  especially  when 
they  involve  the  pelvis  of  the  kidney.  Hyperneph- 
roma usually  originates  in  the  cortex,  near  the  capsule. 
When  the  tumor  has  increased  sufficiently  in  size  to 
enlarge  or  deform  the  kidney,  radiography  may  aid  in 
diagnosis  and  is  of  especial  value  in  cases  presenting 
thick  abdominal  walls  through  which  the  kidney 
may  not  be  readily  palpated.  Usually  palpation 
reveals  the  kidney  enlarged  and  deformed.  The 
growth  is  fixed,  posterior  to  the  intestine,  and  often 
shows  some  tendency  to  bulge  posteriorly.  It  is 
more  firm  than  a  cystic  kidney. 

Renal  calculus  may  present  hemorrhage  as  an  initial 
symptom.  Pain  may  be  absent  but  is  usually  present. 
The  stone,  especially  if  large,  may  not  become  im- 
pacted in  the  ureter  to  produce  the  colic  so  often  pres- 
ent in  nephrolithiasis. 

Tuberculosis  may  be  primary  in  the  kidney  and 
for  a  time  present  hemorrhage  as  its  only  symptom. 

The  malignant  neoplasms  of  the  kidney,  including 
the  hypernephromata,  may  exist  for  a  number  of 
months  without  causing  pain,  to  reveal  their  presence 
first  by  hemorrhage. 

In  hypernephroma  the  correct  diagnosis  is  sug- 
gested as  a  rule  by  the  absence  of  the  usual  signs  of 
calculus  or  tuberculosis  of  the  kidney  and  the  absence 
of  pus  irritating  the  neck  of  the  bladder.  The 
renal  neoplasms  may  cause  hemorrhage,  so  that  the 
examination  of  the  interior  of  the  bladder  will  show  a 
blood  clot  protruding  from  the  ureter,  but  there  will 
be  no  eroded  zone  around  the  ureter  such  as  may  be 
observed  when  there  is  an  irritating  discharge  from 
the  pelvis  of  the  kidney. 

Palpation  and  percussion  show  increased  dulness 
only  when  the  growth  has  attained  considerable  size. 
There  are  marked  anemia  and  general  debility.  Leu- 
cocytosis  is  rarely  over  12,000,  with  a  diminution 
of  the  hemoglobin.  In  many  cases  high  blood 
pressure  has  been  noted.  Pigmentation  of  the  skin, 
so  common  in  tuberculosis  of  the  adrenals,  is  rare  in 
hepatic  hypernephromata.  Saalmann  has  reported  a 
case  of  Recklinghausen's  disease  with  hypernephroma, 
which  may  have  been  only  a  coincidence. 


Several  authors  have  mentioned  varicocele  as  a 
complication.  Meta  ta  e  should  not  be  mistaken 
for  enlarged  veins. 

Differential  diagnosis  must  often  take  into  account 
tuberculosis,  cyst,  and  neoplasm.  Tuberculosis  of 
the  kidney  usually  shows  fever  and  pyuria,  and  pain 
less  intense  and  (•■■.tensive  than  in  hypernephromata. 
A  cyst  may  attain  a  lar^e  size  without  causing  much  or 
any  pain.  It  has  been  observed  that  cysts  are  more 
prone    to   raise    the    blood    pressure.      Renal    calculus 

may  cause  hematuria  bul  does  not  produce  a  tumor. 
Renal  pain  that  is  relieved  by  hematuria  is  distinctly 
Characteristic  of  renal  neoplasms. 

From  a  clinical  standpoint,  it  is  good  practice  to 
subject  all  cases  of  renaltumortothe  wassermann  test, 
unless  we  are  absolute^  sure  of  our  diagnosis. 

Treatment. — Whether  or  not  t.,  operate  is  a  f(\ies- 
tion  that  is  often  difficult  to  decide.  The  individual 
with  but  one  kidney  is  not  so  well  able  to  withstand 
many  of  the  vicissitudes  of  life.  In  many  ways  the 
loss  of  a  kidney  is  a  greater  defeel  than  the  loss  of  an 
eye  or  one  of  the  extremities.  Furthermore  it  is 
often  difficult  to  make  a  positive  diagnosis  of  hyper- 
nephroma before  the  development  of  metastases. 
In  general  the  greater  the  loss  of  renal  function  on  tin- 
affected  side,  the  less  will  be  the  immediate  danger 
following  the  removal  of  the  diseased  kidney. 

Should  the  other  kidney  lie  healthy,  the  affected 
kidney  should  be  removed  entire  and  without  incising 
the  tumor,  as  soon  as  the  diagnosis  of  hypernephroma 
is  made  and  before  metastasis  occurs. 

Any  incision  of  the  tumor  may  be  followed  later 
by  a  recurrence  in  the  line  of  (lie  cut.    • 

George  E.  Malsbary. 


Hypertrichosis. — (Greek  Mp,  in  excess;  »/>(£,  hair.) 
Synonyms:  Hypertrophy  of  the  hair;  superfluous 
hair;  hairiness;  hirsuties;  hypertrichiasis;  polytrichia: 
trichauxis;  trichosis  hirsuties;  (French)  poils 
accidentels. 

Hypertrichosis  is  an  excessive  growth  of  hair  in 
relation  to  length,  thickness,  region,  and  age  and  sex  of 
the  subject. 

Man  of  all  the  primates  has  the  smoothest  skin, 
the  only  parts  that  are  in  general  covered  thickly  with 
hair  being  the  scalp,  axilla',  and  pubic  region.  Males 
have  often  in  addition  a  heavy  growth  on  chin,  chest, 
abdomen,  and  extensor  surfaces  of  the  limbs.  Hair 
follicles  are  present  over  the  entire  surface  of  the  skin 
with  the  exception  of  the  palms  and  soles,  the  dorsal 
surfaces  of  the  last  phalanges  of  the  fingers  and  toes, 
the  upper  eyelids,  and  the  red  mucous  membranes  of 
lips,  vulva,  and  anus. 

The  first  sign  of  hair  appears  at  about  the  third 
month  of  intrauterine  life.  It  occurs  in  the  region  of 
mouth,  eyebrows  and  forehead  as  a  downgrowth  of 
cells  into  the  rete.  About  the  sixth  month,  the  hair, 
having  developed,  pierces  the  skin,  and  the  entire 
fetal  integument  excepting  those  regions  already 
named  becomes  covered  with  lanugo  hair.  Before 
birth  the  lanugo  is  shed  and  new  hair  growing  out  of 
the  old  follicles  replaces  the  primary  growth.  In 
some  instances  this  process  is  not  completed  in  utero 
but  extends  into  the  first  few  months  after  birth. 
All  fetal  hair  is  non-medullated.  After  birth,  al- 
though a  new  growth  of  lanugo  hair  covers  the  greater 
part  of  the  body  surface,  the  scalp,  lips,  chin,  axilla', 
andpubes  are  supplied  with  medullated  hairs.  Unlike 
some  animals,  human  beings  have  no  moulting  season. 
Instead  there  is  a  slow  continuous  shedding  of  old 
hairs  that  are  forced  out  and  replaced  by  a  fresh 
growth.  Besides  this  continuous  process  there  are 
periods  of  more  active  growth.  Hair  grows  quickly 
on  the  scalp  of  the  newly  born.  At  pubertx  the  chin, 
axilla',  and  pubes  become  covered  with  hair.  At 
middle  age  and  in  old  age  there  commonly  occurs  a 
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growth  of  coarse  hairs  from  nostrils,  ears,  and  eye- 
brows.    These  hairs  are  called  vibrissas. 

In  certain  women  at  the  time  of  the  menopause 
there  develops  a  vigorous  growth  of  hair  on  various 
parts,  especially  on  tin'  fare.  This  growth  sometimes 
occurs  during  pregnanes  . 

Hypertrichosis  maj  lie  congenital  or  acquired;  and 
local  or  universal.  In  congenital  hairiness  it  is  not 
unusual  for  infants  at  birth  to  exhibit  a  growth  of 
very  long  hairs  on  the  parts  generally  covered  with 
hair.  In  general  such  growth  is  later  succeeded  by 
shorter  hairs. 

Local  congenital  hairiness  is  not  uncommonly  ob- 
served, a  familiar  example  being  nffivus  pilosus,  or 
the  hairy  mole.  The  hairs  may  be  few  or  many; 
light  colored  or  dark;  but  they  are  nearly  always 
coarse  and  long.  These  moles  may  occur  singly  or  in 
numbers,  and  although  they  may  appear  on  any  part 
of  the  skin,  the  most  usual  site  is  the  sacral  region. 
Hyde  and  Montgomery  call  attention  to  cases  in 
which  extensive  regions  of  the  body  are  the  site  of 
large  pigmented  moles  covered  with  warts,  fibromata, 
and  other  tumors  of  benign  nature,and  having  a  thick 
coat  of  long  or  short  hairs.  "All  such  cases  exhibit 
a  striking  development  in  either  symmetrically  or 
asymmetrically  disposed  areas  of  distribution  of  cuta- 
neous nerves."  Another  instance  of  local  congenital 
hypertrichosis  is  observed  in  spina  bifida  occulta  and 
other  abnormalities  of  the  spinal  cord.  A  lock  of  hair 
is  sometimes  seen  growing  from  skin  otherwise  normal, 
as  for  instance  that  covering  the  shoulder. 

Universal  congenital  hirsuties  is  a  rare  condition. 
Longer  or  shorter  downy  hairs  of  various  colors  then 
cover  the  entire  body.  The  element  of  heredity 
commonly  plays  an  important  role  in  such  cases. 
In  some  of  these  subjects  the  body  is  covered  by  a 
marked  downy  growth  which  is  accentuated  in  such 
parts  as  the  axillae  and  pubes. 

The  vortex-like  arrangement  of  the  hairs  on  limbs 
and  back  is  familiar  to  dermatologists.  The  umbilicus 
and  sacrum  offer  examples  of  the  radial  arrangement. 
In  general  the  face  is  most  affected.  The  few  strik- 
ing instances  of  universal  congenital  hypertrichosis 
have  become  a  matter  of  history,  having  been  reported 
from  time  to  time.  Andrian  Jeftichjew  (the  "Rus- 
sian dog-faced  man")  and  his  son  Fedor  are  noted 
examples  of  this  deformity.  They  were  exhibited  in 
various  countries  in  the  latter  part  of  the  last  century. 
The  face  and  region  of  the  spinal  column  were  the 
special  sites  for  the  hairy  growth,  although  the  general 
growth  was  marked.  Certain  races,  among  them  the 
Burmese,  are  specially  prone  to  this  anomaly.  Per- 
haps the  most  noted  examples  of  this  race  were  Shwe- 
Maon  and  his  daughter  Maphoon.  Shwe-Maon's 
entire  body  and  face  excepting  hands,  feet,  and  the 
mucous  membranes  of  the  lips  were  covered  with  light 
gray  hair  several  inches  in  length.  Maphoon  was 
also  covered  with  hair.  Both  showed  dental  anoma- 
lies which  are  commonly  associated  with  hypertri- 
chosis. So  are  other  stigmata  of  arrested  develop- 
ment such  as  retarded  puberty.  A  daughter  of 
Maphoon  was  also  hairy,  the  abnormality  showing 
itself  without  break  to  the  third  generation. 

In  some  of  these  cases  there  is  entire  absence  of 
molar  or  canine  teeth.  Strieker  reports  the  case  of 
Barbara  Urster,  who  lived  in  the  sixteenth  century, 
and  who  is  said  to  have  had  a  beard  falling  to  her 
waist.  Perhaps  a  better  known  example  of  general 
hairiness  including  a  luxuriant  beard  was  Julia  Pas- 
trana, a  dancer.  This  woman  had  a  daughter  also 
exhibiting  marked  hypertrichosis. 

The  hairy  Ainos,  inhabitants  of  the  islands  of 
Jesso  and  Kurile  north  of  Japan,  are  historical  figures, 
although  there  appears  to  be  room  for  doubt  as  to 
whether  all  of  these  people  are  thus  afflicted.  At  any 
rate  it  is  said  that  the  peculiarity  is  far  more  marked 
in  the  men  than  in  the  women.  But  this  greater 
prevalence  in  the  male  is  universally  true. 

450 


Acquired  Hypertrichosis. — Freshwater  in  a  recent 
report  on  hypertrichosis  has  collected  several  interest- 
ing instances  of  the  acquired  type.  An  unmarried 
woman,  aged  thirty-three,  showed  general  hairiness 
at  the  age  of  puberty.  A  bald  plaque  on  the  vertex 
of  the  scalp  was  the  only  uncovered  spot.  This 
patient  suffered  from  amenorrhea. 

A  married  woman,  twenty-three  years  old,  devel- 
oped general  hirsuties  after  a  miscarriage  followed  by 
amenorrhea  which  lasted  eleven  years.  The  hyper- 
trichosis was  succeeded  by  general  alopecia. 

A  temporary  hypertrichosis  sometimes  occurs  dur- 
ing pregnancy,  but  disappears  after  labor. 

The  same  phenomenon  has  occurred  after  inter- 
ruption of  the  menstrual  flow,  the  hairiness  disappear- 
ing on  reestablishment  of  normal  conditions.  An- 
other case  is  that  of  a  woman  who  after  bearing 
several  children,  passed  through  a  period  of  prolonged 
amenorrhea  during  which  time  her  face  became 
covered  with  coarse  hair.  Later  she  again  became 
pregnant  and  after  the  child's  birth  the  hairs  dis- 
appeared spontaneously. 

The  acquired  form  does  not  compare  in  severity 
with  the  congenital  type.  But  women,  nevertheless, 
suffer  keenly  from  this  affliction.  To  them  the 
growth  on  the  face  is  peculiarly  distressing.  Men, 
too,  not  infrequently  present  themselves  for  the  re- 
moval of  coarse  hairs  from  nostrils,  ears,  between  the 
eyebrows,  and  from  the  backs  of  the  hands. 

Heredity  is  as  clearly  to  be  traced  in  acquired 
hypertrichosis  as  in  the  congenital  form.  In  certain 
families  a  degree  of  hairiness  develops  in  the  adults 
or  older  members. 

In  some  individuals,  tufts  or  scattered  hairs  or 
groups  of  hairs  appear  in  various  parts;  in  others,  a 
general  downy  growth  becomes  marked.  The  hair 
of  the  head  sometimes  reaches  a  great  length  as  in  the 
case  of  the  dancer  Xegreni  whose  hair  grew  to  more 
than  nine  feet  in  length.  Allworthy  reports  the  case 
of  a  man  whose  beard  measured  ten  feet,  ten  inches  in 
length.  These  local  growths  may  occur  without  any 
trace  of  general  hirsuties.  Very  rarely  premature 
beards  appear  on  the  faces  of  youths.  Even  girls 
have  exhibited  this  disfigurement.  Chown,  in  1852, 
reported  the  case  of  an  eight-year-old  boy  who  had  a 
beard  and  pubic  hair.  A  more  recent  case  is  that  of 
Lesser's,  a  girl  who  began  to  menstruate  at  the  age  of 
three  and  who  had  pubic  hair  at  four  years  of  age. 

In  all  instances  of  hypertrichosis,  whether  con- 
genital or  acquired,  the  regions  normally  unprovided 
with  hair  follicles  are  not  the  site  of  pilosis. 

Plica  polonica  originally  took  its  name  from  the 
supposition  that  it  was  a  disease  peculiar  to  Poles. 
It  has  long  been  known,  however,  to  be  the  result  of 
prolonged  neglect,  filth,  parasitic  invasion  and  the 
sequelae.  In  this  condition  the  crown  of  the  head  is 
covered  with  a  matted  mass  of  hairs.  The  natives 
of  Alaska  are  sometimes  thus  afflicted. 

Hypertrichosis  neurotica  is  a  term  applied  to  an 
excessive  growth  of  hair  which  sometimes  follows 
spinal  paralysis  and  other  morbid  states  of  the  nerve 
centers.  Similar  changes  may  be  associated  with 
hyperidrosis,  changes  in  the  nails,  and  extensive 
tylosis  of  palms  and  soles. 

Neuropathic  plica  is  that  condition  in  which  hairs 
in  "lumps"  or  "festoons,"  looped,  curled,  flat  and 
tangled  appear  on  one  part  of  the  scalp  in  patients  who 
have  previously  suffered  from  neuralgia  at  that  site. 

In  trichiasis  certain  of  the  eyelashes  are  so  turned 
inward  as  to  irritate  or  injure  the  conjunctiva. 

Distichiasis  is  the  condition  in  which  there  is  a 
double  row  of  lashes  which  are  often  the  source  of 
similar  suffering. 

Etiology. — Although  some  of  the  apparent  causa- 
tive factors  have  already  been  alluded  to,  they  will 
be  mentioned  again  \mder  this  heading,  together  with 
others.     The   causes   of   hypertrichosis   are  obscure. 
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The  general  congenital  type  seems  to  be  duo  to 
transitory  arrested  development  of  the  normal  hairy 
covering  followed  by  postembryonic  growth  of  fetal 
lanugo. 

Hirsuties  may  be  congenital  or  acquired.  When 
acquired,  the  growth  may  occur  during  childhood, 
adolescence,  at  the  age  of  puberty,  in  middle  life,  or 
in  old  age. 

Racial  tendency,  heredity  and  family  idiosyncrasy 
are  frequently  influential  factors. 

It  is  more  common  in  males  than  in  females  and 
in  brunettes  than  in  blondes. 

A  theory  concerning  hirsuties  in  women  suggests 
that  the  daughter  inherits  to  a  greater  degree  the 
paternal  than  the  maternal  characteristics.  To 
strengthen  this  theory  attention  is  called  to  the  greater 
prevalence  of  hirsuties  in  masculine  women.  How- 
ever, this  suggestion  seems  open  to  question. 

The  increase  of  hair  at  puberty  is  normal,  and  during 
pregnancy  it  is  sometimes  marked.  The  period  at 
which  it  is  most  common  is  that  of  the  menopause 
and  later. 

Whatever  brings  an  excess  of  blood  to  any  part  of 
the  body  supplied  with  hair  follicles  may  act  as  an 
indirect  cause.  This  would  offer  an  argument  against 
much  facial  massage.  The  very  common  superstition 
that  'greasy'  cosmetics  cause  the  growth  of  super- 
fluous hair  has  little  weight  with  most  modern  der- 
matologists. The  theory  that  the  application  of 
animal  fats  in  particular  is  responsible  for  the 
unwelcome  appearance  partakes  more  of  fable  than 
fact.  It  may  be  added  that  massage  of  the  scalp 
even  with  grease  or  stimulating  lotions  often  fails  to 
stimulate  the  hair  growth  or  even  stop  its  falling.  In 
those  individuals  with  a  natural  tendency  to  hair 
growth,  hyperemia  of  the  parts,  however  produced, 
may  be  the  exciting  cause  of  stimulation.  Severe 
illness  is  sometimes  associated  with  hair  growth  on 
the  face.  Certain  diseases  as  malignant  endocarditis 
appear  to  be  related  to  the  appearance  of  superfluous 
hair.  Hypertrichosis  is  observed  in  those  with  con- 
genital deformities  of  various  types,  as  an  epiphenom- 
enon  in  dwarfs  and  monsters. 

In  rare  instances  irritation  of  the  skin  by  the  per- 
sistent application  of  certain  stimulating  and  oily 
liniments,  sinapisms,  or  warmth  to  a  region  racked 
by  neuralgic  pains,  has  after  a  long  period  been 
followed  by  an  abundant  growth  of  hair  on  the  part. 
Injury  by  pressure  or  otherwise  may  bring  about 
similar  results.  The  local  hyperemia  is  doubtless 
the  influential  factor.  The  growth  at  times  appears 
in  the  vicinity  of  wounds  or  ulcers  particularly  after 
the  use  of  irritating  applications.  But  in  such 
instances  the  abnormal  crop  is  apt  to  fall  out  after 
the  irritation  ceases. 

Again,  disorders  of  the  nervous  system  are  believed 
to  be  the  etiological  factor.  It  is  not  infrequently 
noted  in  insane  women.  Disease  of  the  genito- 
urinary system  whether  functional  or  organic,  as  in 
amenorrhea,  and  in  cancer  of  the  suprarenal  capsules 
in  either  sex,  is  pointed  out  as  an  exciting  cause. 
Hirsuties  has  occurred  in  "perverted,  precocious,  or 
arrested  activity  of  the  sexual  function."  Baum 
declares  that  the  majority  of  cases  occur  among 
women  living  absque  marilo.  In  two  of  his  cases 
hairiness  developed  after  interruption  of  the  marital 
relation  and  disappeared  on  its  resumption.'  In 
another  patient  the  superfluous  hair  on  lip  and  chin 
disappeared  after  marriage  and  the  birth  of  her  first 
child.  Still  another  rejoiced  in  the  loss  of  this 
growth  after  the  correction  of  dysmenorrhea  from 
acute  uterine  flexion,  and  the  reestablishment  of 
normal  menstruation.  Overworked  spinster  school 
teachers  furnish  this  investigator's  largest  quota  of 
cases.  Hypertrichosis  is  often  observed  in  diabetics. 
Seborrheids  are  not  uncommonly  associated  with  su- 
perfluous hair.  The  presence  of  indican  in  the  urine 
is   conspicuous   in   many   of   these   cases.     There   is 


..Hen  :i     cantj   growth  mm  tin-  scalp  with  an  exuberant 

growth  on  the  fare  "Just  as  toxemias  de  troj  hair 
mi  the  t..p  of  the  head,  where  hair  ought  to  grow,  so 

toxemias    seem      responsible     for    the    overgrowth    of 

hair  on  Hie  face."  And  although  the  convenient 
term  "poil  accidentel  "  accidental  hair-  i-  often 
applied  since  no  apparent  cause  can  tie  determined, 

and  although  many  patients  insist  and  believe  that 
they  areotherwi  eperfectlj  normal  and  in  good  health, 
recent    students    of     this     anomaly,     after     searching 

anal;  i  ,  have  invariably  found  some  departure  along 
the  lines  previouslj  emphasized. 

Prognosis.  The  outlook  is  by  no  means  a  happy 
one  for  either  patient  or  physician,  The  growth  as 
a  rule  is  permanent.  Spontaneous  cure  can  be  cx- 
pected  in  only  those  ca  e  in  which  the  growth  has 
been  due  to  a   transitory  cause 

In  women  facial  superfluous  hair  tends  to  increase 
in  length  and  coarseness,  and  deepen  in  color  with 
the  passage  of  time,  this  luxuriance  being  most  con- 
spicuous at  the  menopause. 

The  hair  on  moles  is  also  permanent  in  character. 
Electrolysis  is  the  best  form  of  treatment,  since 
plucking  and  other  irritating  measures  are  not  un- 
likely to  result  in  a  malignant  growth.  Then,  too, 
after  the-  hairs  in  a  mole  have  been  removed  by  elec- 
trolysis, the  growth  generally  shrinks,  leaving  a  slight 
pigmented  spot  in  place  of  the  original  large  dark 
growth. 

Treatment. — Recent  observations  would  point  to 
the  importance  of  careful  analysis  of  each  case.  And 
although  as  yet  the  field  of  prophylaxis  is  little  ex- 
plored, if  pains  were  taken  to  remove  all  possible 
causes,  and  to  build  up  the  general  health  as  well  as 
to  correct  local  troubles,  many  dermatologists  are 
convinced  that  there  would  be  fewer  instances  of 
superfluous  hair  needing  operation. 

The  aim  of  treatment  is  chiefly  to  destroy  the  growth 
or  at  least  to  make  it  as  inconspicuous  as  possible. 

The  arrest  of  the  growth,  only  by  the  indirect  means 
already  mentioned,  is  practically  impossible. 

Most  of  the  patients  who  present  themselves  for 
treatment  are  women  suffering  from  the  growTth  on 
their  faces.  These  patients  are  extremely  sensitive 
and  morbid.  Many  become  so  depressed  and  bitter 
as  to  affect  both  their  physical  and  mental  well-being. 
They  feel  that  they  are  the  objects  of  ridicule,  scorn, 
and  pity.  Many  become  so  self-centered  that  they 
can  think  of  little  else  than  this  distressing  deformity. 
They  lose  aC  ambition  and  interest  in  life  and  not 
infrequently  do  such  individuals  express  a  preference 
for  death  rather  than  life  with  such  a  heavy  burden. 

Although  facial  hirsuties  is  the  predominant  trouble 
in  these  patients,  there  are  not  a  few  who  are  annoyed 
with  the  growth  on  arms,  hands,  legs,  and  breast. 

Hair  on  the  shins  is  especially  annoying  to  those 
who  indulge  in  sea-bathing  and  likewise  to  those  who 
are  fond  of  wearing  thin  stockings. 

It  is  only  the  physician  who  has  observed  the  keen 
suffering  of  the  victims  of  hypertrichosis  who  appre- 
ciates the  importance  of  the  skilful  relief  of  this  trouble. 
Hair  on  the  face  in  women  is  a  repulsive  deformity 
and  justifies  the  greatest  pains  on  behalf  of  both 
patient  and  physician  in  its  removal.  Many  methods 
obtain  for  the  removal  of  superfluous  hair,  but  most 
of  these  are  practicable  in  only  those  cases  in  which 
there  is  a  limited  growth. 

These  methods  may  be  grouped  as  follows:  (1) 
plucking;  (2)  cutting,  shaving,  singeing;  (3)  pumice- 
stone;  (4)  bleaching:  (.">)  depilatories;  (6)  x-rays; 
(7)  Kromayer's  method;    (8)  electrolysis. 

1.  Plucking. — Various  authorities  advise  persistent 
epilation.  This  method  is  commonly  employed  in 
the  Orient. 

Many  women  use  tweezers  for  this  purpose.  The 
transitory  effect  is  discouraging,  and  besides  the  later 
growths  are  apt  to  become  coarser  and  coarser. 
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The  savage  method  of  using  pitch  plasters  is  not 
in  high  favor  on  account  of  the  pain  incident  to  its 
employment. 

Single  hairs  may  be  removed  by  the  resin-pencil 
suggested  by  Unna.  This  instrument  slightly  soft- 
ened by  heat  is  attached  to  a  single  hair,  and  by  a 
little  jerk  on  the  pencil  the  hair  is  forcibly  dislodged. 

2.  Cutting,  Shaving,  Singeing. — Certain  authorities 
advocate  cutting  the  hairs  with  scissors  close  to  the 
skin. 

Shaving  stimulates  a  stronger  growth  of  hairs  but 
nevertheless  is  a  method  advised  in  special  cases. 
The  effects  are  similar  to  those  of  depilatories.  Hut 
at  least  shaving  will  not  cause  the  growth  of  new  hairs. 
In  brunettes  after  shaving,  a  tiny  area  about  the  sepa- 
rate hairs  sometimes  darkens  in  tint.  If  the  patient 
decides  to  shave,  a  safety  razor  should  be  used.  The 
frequency  of  the  process  will  be  regulated  by  indi- 
vidual conditions. 

Singeing  with  the  spirit  flame  or  with  red  hot  nut- 
shells (an  old-fashioned  method)  is  a  substitute  for 
shaving.  This  when  used  is  generally  confined  to 
the  removal  of  hairs  from  the  backs  of  the  hands  in 
men  and  from  the  axilla?  and  legs  in  women.  It  may 
be  well  to  note  here  that  serious  cases  of  infection  often 
occur  after  the  removal  of  hair  from  the  axillae. 

3.  Pumice-stone. — Some  dermatologists  favor  the 
use  of  a  piece  of  smooth  pumice-stone.  After  the 
hair  is  shaved  or  cut  close,  the  stone  is  rubbed  gently 
over  the  surface  against  the  direction  of  the  hair 
growth.  Then  a  simple  emollient  is  applied  to  the 
parts.  The  periods  of  treatment,  six  months  each, 
are  interrupted  from  time  to  time  by  an  interval  of  a 
month.  The  results  of  this  treatment  are  disputed. 
Schwenter-Trachler  reports  252  successful  cases. 

4.  Bleaching. — Bleaching  by  hydrogen  peroxide 
is  especially  in  vogue  among  brunettes.  Here  again 
final  results  seem  to  vary.  As  a  rule  this  method  is 
advised  in  case  of  down  too  fine  for  treatment  by 
electrolysis.  Hydrogen  peroxide  may  be  used  in  solu- 
tion or  it  may  be  employed  in  the  form  of  a  cream. 
First,  the  parts  are  washed  with  hot  water  and  soap 
and  a  little  ammonia,  or  with  a  mixture  of  ether  and 
spirit,  in  order  to  remove  the  natural  oil,  thus  giving 
an  opportunity  for  the  hydrogen  peroxide  to  have  an 
effect.  The  solution  is  then  applied  to  the  super- 
fluous hair  with  a  soft  cloth.  Several  applications 
may  be  necessary  to  obtain  the  desired  result.  The 
hydrogen  peroxide  should  at  first  be  diluted  with  an 
equal  amount  of  water  in  order  that  the  effect  on 
the  skin  may  be  noted,  for  in  some  cases  it  is  irritat- 
ing, even  causing  blisters.  Certain  authorities  be- 
lieve that  hydrogen  peroxide  in  time  makes  the  hair 
brittle,  and'  finally  destroys  the  growth.  Others 
believe  that  it  makes  the  hairs  coarser. 

The  cream  is  made  of : 

Perhydrol 5  iiss. 

Adip.   lanse  anhyd 5  v'i- 

The  cream  is  far  slower  in  its  action  but  is  more 
convenient  to  use  than  the  liquid  form. 

Still  another  preparation  is  sodium  peroxide  soap 
which  is  made  up  in  various  strengths.  It  is  left 
on  the  skin  for  a  few  minutes,  the  period  being  regu- 
lated by  the  effect.  Hair  on  the  arms  and  legs  is 
conveniently  bleached  by  this  method. 

5.  Depilatories. — Depilatories  have  been  well  called 
chemical  razors.  These  preparations  originated  in 
the  East  where  they  have  been  used  from  early  days. 
Probably  the  oldest  depilatory  is  orpiment  or  yellow 
arsenic;  this  is  not  in  great  favor  on  account  of  its 
poisonous  character  for  it  contains  a  large  quantity 
of  arsenious  acid.  When  used  it  is  always  mixed  with 
quicklime,  the  special  action  on  the  hair  being  due 
to  the  chemical  combination  of  these  two  ingredients. 

Among  other  substances  employed  as  depilatories 
are  barium  sulphide,  sodium  sulphide  and  calcium 
sulphide  which  is  formed  when  orpiment  and  lime  are 

452 


mixed.  Many  formulas  are  used  ami  the  patent 
medicine  vender  appreciates  the  rich  harvest  that  i- 
i     er  ready  for  him  in  this  field. 

Rhusma  tun-arum  lias  the  following  formula. 

R.     Orpiment ",  as  2.0 

Calcii  hydrat 3  ijss.  10.0 

i  i     externa    application. 

Plenck's  depilatory  also  contains  orpiment: 

R.    Orpiment gr.  xv.  1.0 

Calearise  ust 3  ijss.  10.0 

Amyli 3  jss.  6.0 

M. 
S.  For  external  application. 

These  preparations  are  rubbed  to  a  soft  paste  with 
water  and  are  then  applied  with  a  wooden  spatula  to 
the  affected  skin.  As  soon  as  the  caustic  action 
begins  the  mass  is  wiped  off  and  the  part  washed  with 
v  arm  water;  an  emollient  is  then  applied  followed  by 
a  powder.  In  from  two  to  five  minutes  the  desired 
result  is  obtained  from  the  use  of  orpiment. 

Boettger  first  recognized  the  depilatory  action  of 
sulphides,  i.e.  hydrosulphates  of  the  alkalies  and  alka- 
line earths,  especially  that  of  calcium  sulphide.  This 
must  always  be  freshly  made.  It  is  prepared  by 
saturating  lime  paste  with  sulphureted  hydrogen. 
This  preparation  is  almost  insoluble  in  water;  sodium 
sulphide  on  the  other  hand  is  easily  soluble  in  water. 

Anhydrous  barium  sulphide  is  likewise  used  as  a 
depilatory.  Depilatories  dissolve  the  horny  substance 
of  the  hair  into  a  gelatinous  mass  which  is  wiped 
from  the  skin.  In  time  the  skin  as  well  as  the  hair 
would  be  destroyed  leaving  an  ugh'  scar.  Other- 
wise the  hair  root  is  not  affected. 

Boettger' s  depilatory  is  often  employed  for  finer 
hair.  This  preparation  is  applied  in  a  layer  one  to 
two  millimeters  thick  and  is  allowed  to' remain  from 
ten  to  thirty  minutes: 

R.     Calc.  hyd.  sulph.  in  aqua  .  .  . .  3vi.         20.0 
Ung.  glyeerini. 

Amyli aa3iii  10.0 

Ess.  citri gtt.  s. 

Other  depilatories  are  Debay's: 

R.     Calc.  ust gr.  cxx.    8.0 

Orpiment  gr.  xv.     1.0 
Liq.  it- 
Album,  ovi .  ...            aa  q.  s. 

F.     pasta  mollis. 

Redwood's  which  must  be  made  fresh  for  each 
application  on  account  of  its  ready  decomposition: 

R.     Solut.  concentrat.  barii  sulphidi..  .  5i.  5vj.  50.0 

Amyli q.s.  ut  f.  pasta. 

S.     For  external  application. 

Clasen's: 

R.     Barii  sulphidi 3vj.gr.xxvj.  25.0 

Zinci  oxydi, 

Amyli aa    3iij.gr.  xij.  aal2.5 

S.     For  external  application. 

Boudet's: 

R.     Sodii  sulphidi .        gr.  xlvi.  3.0 

Calcii  hydrat., 

Amyli aa  3u'ss.       aa  10.0 

S.     For  external  application. 

Duhring's: 

R.     Barii  sulphidi 5iii- 

Pulv.  zinc,  oxyd., 

Amyli aa  Si. 

This  last  formula  is  excellent,  but  it  is  important 
that  the  sulphide  be  fresh,  and  the  preparation  be  in 
the  form  of  impalpable  powder  which  is  made  into  a 
thin  paste  with  water  just  before  using.  Within 
two  weeks  after  the  use  of  a  depilatory  the  hair  begins 
to  be  annoying.  The  patient  should  be  warned  to 
remove  the  depilatory  in  a  short  time  and  to  watch 


REFERENCE  HANDBOOK  OF  THE   MEDICAL  SCIENCES 


IlyperlrliliuslH 


its  effect  on  the  skin  in  order  that  no  harm   may  be 
done. 

It  will  save  disappointment  if  the  patient  is  told 
in  the  beginning  that  the  results  will  be  merely 
temporary,  that  the  hairs  will  return  stronger  than 
ever,  and  that  when  once  the  use  of  depilatories  is 
begun,  it  must  bo  continued  and  at  shorter  and  shorter 
intervals. 

6.  X-rays. — A  few  years  ago,  hopes  were  high  in 
regard  to  the  results  of  this  method.  Hut  they  have 
proved  deceptive.  The  majority  of  dermatologists 
now  believe  that  the  results  are  too  uncertain  and  the 
possibility  of  injury  is  too  great  to  risk  tin'  t  reatment. 
In  the  early  days  of  the  x-ray,  very  serious  burns  were 
inflicted.  In  some  cases  after  this  treatment,  atrophy 
of  the  skin,  a  parchment-like  condition,  occurred,  in 
others  telangiectasis,  in  still  others  cyanosis,  and 
marked  pigmentation.  "However  careful  and  pre- 
cise the  dosage  of  x-rays,  the  margin  of  error  is  so 
small  that  one  can  never  be  sure  that  what  is  sufficient 
to  produce  a  permanent  epilation  will  not  cause 
marked  changes  in  the  skin  which,  if  occurring  on  a 
woman's  face,  would  never  be  forgiven  and  might 
render  the  operator  liable  to  an  action  for  damages." 
Thick,  disfiguring  black  growths  of  beard  are  even 
yet  sometimes  treated  by  the  x-ray.  But  it  a  patient 
decides  to  undergo  this  treatment,  the  risks  should 
be  made  very  plain  by  the  physician  before  the  sittings 
are  begun. 

7.  Kromayer's  Method. — Kromayer  has  used  and 
described  the  punching  method  of  epilation  which 
consists  in  punching  out  small  discs  of  skin  with  a. 
rotary  circular  knife.  "The  attachments  of  the  hair 
follicle  to  the  cutis  are  fairly  close,  but  the  root  itself 
in  the  subcutaneous  tissues  is  but  loosely  fixed.  The 
author  employs  circular  cutters  varying  in  diameter 
from  0.7  to  1.2  millimeters,  which  are  driven  by  a 
treadle  machine  or  a  motor,  and  with  which  it  is 
possible  to  punch  out  minute  discs  of  skin,  the  result- 
ing wound  healing  without  leaving  a  scar.  The 
method  of  application  is  to  cut  the  hairs  short  and 
with  a  quick  touch  of  the  cutter  to  punch  out  a  tiny 
piece  of  skin  having  a  hair  in  its  center,  the  knife 
being  carried  just  through  the  cutis.  The  stump 
with  the  root  attached  may  then  readily  be  removed 
with  forceps.  The  course  taken  by  the  knife  should 
follow  that  of  the  hair,  but  usually  the  instrument 
need  not  penetrate  to  a  greater  depth  than  1.5  milli- 
meters. The  pain  caused  is  about  the  same  as  that 
attending  the  prick  of  a  needle,  and  for  sensitive 
patients  freezing  with  ethyl  chloride  is  recommended. 
Depending  upon  the  circumstances,  from  one  to  two 
hundred  hairs  may  be  removed  at  a  sitting  and  the 
author  has  gone  as  high  as  three  hundred."  All 
dermatologists  are  not  so  optimistic  about  this  treat- 
ment as  Kromayer.  Some  recommend  it  for  rare 
cases  only  when  there  is  a  condition  of  isolated  thick 
stubbly  hairs.  Attention  is  also  called  to  the  dis- 
advantage of  the  cumbersome  apparatus  required 
and  the  hemorrhage. 

Kromayer's  new  method  of  multiple  epilation  is  car- 
ried out  by  means  of  the  simultaneous  use  of  five  gilt 
and  insulated  needles  attached  to  wires.  Each  needle 
is  introduced  into  a  hair  follicle  and  thus  five  hairs. 
instead  of  one  are  removed  at  a  time.  It  is  claimed 
that  instead  of  50  per  cent.,  only  from  10  to  20  per 
cent,  of  the  removed  hairs  return  to  bo  removed  a 
second  time. 

8.  Electrolysis. — Variations  in  the  technique  are 
numerous.  Baura  has  recently  described  an  excellent 
method.  He  believes  that  with  patience  "it  is  possi- 
ble to  remove  any  growth  of  hair,  permanently,  with- 
out scarring  and  without  pain  worth  considering." 
The  patient  sits  in  a  chair  high  enough  for  the  opera- 
tor to  work  without  bending  over.  A  good  light  is 
essential,  northern  exposure  being  best.  The  working 
area  is  mopped  with  absolute  alcohol.  The  orifice  of 
the  hair  follicle  is  frequently  filled  with  inspissated 


sebum  and  epil  tielial  debris.      The  alcohol  softens  this 

mass  thus  making  easj   the  introduction  of  the  elec 
trode,     To  a  certain  extent  absolute  alcohol  is  germi- 
cidal; it  also  blunts  sensation. 
The  needle  is  introduced  gentlj  and  passed  to  the 

bottom  of  the  follicle  or  until  it.  meets  resistance. 
The  current  is  turned  on  until  the  follicle  becomes 
white,  or  the  bul  idles  show  t  In-  p.  i  ition  of  the  hair  fol- 
licle. The  hair  is  then  withdrawn  and  (he  needle  is 
returned  into  (In-  orifice  till  it  meets  the  papilla. 
Sufficient  current,  is  used  tu  destroy  the  papilla.  By 
this  method  the  lea  I  i">  nil.-  ti  sue  is  destroyed 
At  the  end  of  the  sitting  the  patient  should  trash  the 
face  in  hot  water  and  apply  :i  cold  cream.  During 
the  day  an  antiseptic  evaporating  lotion  such  as 
aluminium  acetate  or  calamine  lotion  may  In-  used. 
Additional  internal  treatment  is  given  by  many 
dermatologists.  As  a  rule  neither  redness  nor  swelling 
results  even  after  an  hour's  work  although  results 
vary  in  different  patients,  and  in  the  same  patient  at' 
different  times.  Often  slight  traces  of  the  work 
remain  for  a  day  or  two,  but  these  fade  away  and  the 
skin  is  left  free  from  any  blemish. 

Baum  uses  a  needle  rounded  on  the  end  and  prefer- 
ably olive-pointed.  The  needle-holder  has  in  the 
two  jaws  rivets  with  channeled  heads  which  grasp 
the  needle  admitting  a  pivotal  movement  and  allow- 
ing a  rapid  adjustment  of  the  needle  to  any  angle 
conforming  with  the  axis  of  the  hair  shaft.  Thus  the 
operator  can  rest  his  hand  on  the  patient's  face.  The 
hand  does  not  encroach  on  the  field  of  vision  and 
steadiness,  speed,  and  accuracy  are  assured.  The 
patient  grasps  the  positive  pole.  Should  there  be 
difficulty  in  returning  the  needle  to  the  empty  follicle, 
the  patient  breaks  the  connection  until  the  intro- 
duction of  the  needle  in  order  to  avoid  superficial 
electrolysis.  The  current  used  is  from  one-third  to 
one  milliampere.  Although  with  this  current  more 
tune  is  required  for  the  work  than  with  a  stronger 
current,  no  pain  is  caused,  and  better  results  are 
secured. 

It  is  important  to  measure  accurately  the  amperage. 
The  development  of  bubbles  about  the  needle  is  not 
a  safe  guide. 

The  LeClanche  type  of  cell  (the  carbon  cylinder, 
ammonium  chloride  type)  furnishes  the  smoothest 
and  most  satisfactory  current.  This  is  bulky,  but 
on  the  other  hand  it  is  both  cheap  and  durable. 

In  case  the  skin  is  irritable  to  treatment  it  is  better 
to  postpone  the  sitting.  The  application  of  cocaine 
or  the  like  is  to  be  avoided. 

Closely  grouped  hairs  should  not  all  be  removed  at 
one  time,  and  the  areas  treated  should  be  as  sym- 
metrically arranged  as  possible.  All  reaction  from 
the  treatment  must  be  allowed  to  pass  before  the  re- 
maining hairs  are  removed. 

Within  practical  limits  the  smaller  the  diameter  of 
the  needle's  shaft,  the  better  will  be  both  technique 
and  results.  The  minimum  current  that  will  destroy 
the  papilla  should  be  used.  Even  a  few  returns  are 
preferable  to  scarring.  Baum  reports  that  his  pa- 
tients often  fall  asleep  during  a  treatment.  He  lias 
frequently  removed  from  sixty  to  seventy  hairs  in  an 
hour.  The  number  of  hairs  removed  at  one  sitting 
depends  upon  the  sensitiveness  of  the  individual 
skin,  varying  on  the  average  from  forty  to  sixty  or 
seventy. 

Scarring  and  pain  depend  upon  the  sensitiveness 
of  the  skin  and  the  dexterity  of  the  operator.  Pain 
is  often  due  to  too  strong  a  current.  The  upper  lip 
is  the  most  sensitive  part  of  the  face  operated  on. 
There  seems  to  be  special  danger  ot  scarring  in  the 
region  of  the  eyebrows,  although  the  result  is  some- 
times satisfactory.  There  is  frequently  at  the  base  of 
the  coarse  hairs  a  sort  of  underbrush  of  finer  filaments. 
After  the  coarse  hairs  are  removed  these  finer  hairs 
become  noticeable.  They  would  probably  in  any 
case    have    grown    coarse    in    time.     Electrolysis    is 
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generally  believed  to  be  suitable  for  only  the  coarser 
hairs.     Even  at  the  best,  it  is  tedious  and  expensive. 

As  the  direction  of  the  hair  root  may  lie  perpendicu- 
lar or  oblique,  the  operator  does  not  always  reach  the 
papilla  and  such  hairs  consequently  grow  out  again 
and  require  a  further  operation.  This  is  especially 
true  in  regard  to  the  hairs  on  the  chin. 

The  reliability  and  skill  of  the  operator  are  very 
important  factors  of  successful  treatment.  "This 
operation  has  unfortunately  found  its  way  into  the 
hands  of  the  unprincipled  and  the  ignorant,  who,  in 
their  efforts  to  extract  money  from  the  credulous,  have 
in  some  of  the  larger  cities  brought  electrolysis  for 
hypertrichosis  into  ill  repute."  The  hair  is  destroyed 
by  the  electrolytic  action  at  the  negative  pole  during 
the  passage  of  the  current. 

A  new  growth  often  occurs  in  the  vicinity  of  the 
region  of  operation.  The  patient  should  be  impressed 
with  the  inherent  tendency  of  a  hypertrichotic  skin 
to  produce  hair.  By  giving  treatment  regularly 
every  few  months  the  hair  may  be  kept  inconspicuous. 

Michel  of  Saint  Louis  first  devised  this  treatment  in 
1875  for  the  removal  of  ingrowing  eyelashes.  Harda- 
way  of  the  same  city  later  popularized  it  for  the  pur- 
pose of  removing  superfluous  hair.  But  as  is  the  case 
with  other  methods,  the  results  of  electrolysis  vary 
largely  with  the  individual  patient  and  with  the 
skill  of  the  operator.  The  method  is  most  successful 
in  cases  in  which  a  few  scattered  hairs  are  present  in 
women  of  middle  age.  A  good  percentage  of  hair 
permanently  destroyed  at  one  treatment  may  be 
placed  at  about  eighty  per  cent. 

Electrolysis  requires  a  delicacy  of  touch  that  most 
men  do  not  possess.  One,  indeed,  must  be  an  artist 
to  use  the  electric  needle  effectively.  Nevertheless 
on  account  of  the  advantages  of  this  method  in  com- 
parison with  other  methods  of  epilation,  electrolysis 
may  well  be  considered  at  present  as  the  best  treat- 
ment for  the  removal  of  hypertrichosis. 

Emma  E.  Walker. 


Hypertrophy. — In  its  broadest  sense  hypertrophy- 
is  an  increase  in  substance  of  an  organ  or  tissue,  due 
either  to  an  increase  in  the  number  or  size  of  its 
individual  elements,  or  to  a  combination  of  both  these 
changes,  without  other  alterations  of  structure.  An 
increase  in  size  alone  of  the  individual  cells  is  known 
as  quantitative  or  true  hypertrophy;  increase  in  the 
number  of  cells  alone  as  numerical  hypertrophy  or 
hyperplasia.  The  gross  changes  in  hypertrophy  are: 
increase  of  size  and  weight,  in  the  case  of  hollow  organs 
a  thickening  of  the  walls;  increase  in  consistence;  and 
in  the  case  of  muscle  a  darker  color  due  to  an  increased 
formation  of  muscle  pigment.  Hollow  organs  when 
viewed  externally  may  not  give  evidences  of  hyper- 
trophy, since  the  increase  of  size  may  take  place  at 
the  expense  of  the  cavity,  as  in  the  case  of  concentric 
hypertrophy  of  the  heart.  The  weight  of  an  organ  is 
the  most  reliable  standard  for  the  judgment  of  hyper- 
trophy, but  it  must  be  borne  in  mind  that  both  in- 
crease in  size  and  weight  of  tissues  may  be  due  to 
other  pathological  conditions  than  true  hypertrophy 
or  hyperplasia.  It  therefore  becomes  necessary  to 
make  sure  than  an  apparently  hypertrophic  organ  is 
of  normal  structure,  and  this  is  possible  only  on  micro- 
scopical examination. 

Microscopically,  true  hypertrophy  is  shown  by 
increase  in  size  of  the  individual  cells  with  increase  in 
size  and  staining  power  of  their  nuclei.  Since  there 
are  individual  differences  in  the  size  of  cells  a  standard 
of  comparison  can  be  obtained  only  by  the  most  exact 
measurement  of  the  cells  of  the  tissue  in  question 
Hypertrophy  of  the  nucleus  may  exist  without  enlarge- 
ment of  the  cell  body.  The  practical  distinction 
between  true  hypertrophy  and  hyperplasia  is  often 
difficult;  they  usually  exist  together.  Numerical 
atrophy  may  be  combined  with  true  hypertrophy,  the 
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cells  may  be  increased  in  size,  while  diminished  in 
number;  on  the  other  hand  hyperplasia  is  often 
accompanied  by  a  loss  of  bulk  on  the  part  of  the 
individual  elements.  Only  very  rarely  do  all  the 
cells  of  a  tissue  or  organ  show  a  uniform  hypertrophy; 
atrophic  cells  usually  exist  side  by  side  with  those 
of  increased  size. 

The  causes  leading  to  hypertrophy  may  be  either 
intrinsic  or  extrinsic.  In  the  former  case  morbid 
impulses  to  growth  or  multiplicat  ion  either  exist  in  the 
germinal  cells  or  arise  through  germ  variation.  Such 
impulses  may  develop  during  either  intra-  or  extra- 
uterine life;  the  hypertrophy  may  be  present  at  birth 
or  develop  in  early  life  without  the  participation  of  any 
extrinsic  factor.  They  may  be  ascribed  to  an  increased 
tendency  to  growth  and  cell  multiplication  or  to  an  ab- 
sence of  the  normal  inhibitory  influences,  but  beyond 
such  theoretical  explanation  we  cannot  as  yet  venture. 
Intrinsic  hypertrophy  is  usually  spoken  of  as  congeni- 
tal or  inherited  hypertrophy.  The  hypertrophies  not 
dependent  upon  congenital  tendencies  are  usually  the 
result  of  an  increased  functional  demand,  increased 
nutritional  activity,  or  of  a  disturbance  of  the  normal 
equilibrium  between  growth  and  decay.  Underlying 
hyperplasias  are  the  factors  leading  to  cell  division. 

Intrinsic  Hypertrophy. — -The  more  common  forms  of 
overgrowth  due  to  congenital  tendencies  are:  general 
and  partial  giantism,  ichthyosis,  localized  hyper- 
keratosis, verrucose  nevi,  elephantiasis,  macroglossia, 
macromeilia,  macrocheilia,  lipomatosis,  hypertricho- 
sis, hyperonychia,  onychogryphosis,  leontiasis,  exos- 
toses, etc.  Hypertrophy  due  to  congenital  excessive 
impulses  of  growth  rarely  affects  the  internal  organs; 
but  certain  hypertrophies  of  brain,  thymus,  lymph 
glands,  spleen,  etc.,  are  at  present  explained  as  being  of 
congenital  origin.  The  early  development  of  the  sex- 
organs  (pubertas  prseeox),  and  the  hypertrophy  of  the 
breasts  at  puberty  and  during  pregnancy  are  likewise 
due  to  congenital  tendencies.  Hypertrophy-  of  the 
mammce  in  the  male  (gynecomastia)  may  be  an 
inherited  condition,  all  of  the  males  in  the  family  line 
showing  this  peculiarity.  It  is  impossible  to  say  to 
what  extent  the  various  forms  of  hypertrophy  men- 
tioned above  as  being  of  congenital  origin  are  in  reality 
the  result,  of  intrinsic  forces,  since  similar  prolifera- 
tions, ichthyosis,  elephantiasis,  etc.,  may  be  caused  by 
external  influences.  However,  in  those  cases  in  which 
the  hypertrophic  growth  is  of  hereditary  nature  and 
appears  early  without  adequate  extrinsic  cause,  the 
grounds  for  considering  the  existence  of  a  congenital 
predisposition  are  very  good.  Even  in  those  cases  in 
which  the  overgrowth  was  excited  by  external  injuri- 
ous influences  the  existence  of  a  congenital  predis- 
position is  not  precluded,  since  we  know  by  experience 
that  such  causes  give  rise  to  pathological  changes  of 
this  nature  only  when  there  is  a  special  predisposition 
inherent  in  the  tissues. 

Acquired  Hypertrophy. — The  most  common  varie- 
ties of  hypertrophy  due  to  extrinsic  influences  without 
the  cooperation  of  congenital  predispositions  are: 
hypertrophy  due  to  increased  functional  activity 
(overwork),  hypertrophy  caused  by  lessened  wear, 
hypertrophy  resulting  from  failure  of  involution, 
hypertrophy  caused  by  removal  of  pressure  (hyper- 
trophia  ex  vacuo),  and  finally  hypertrophy  caused  by 
chronic  irritation,  either  chemical,  mechanical,  or 
infectious. 

Hypertrophy  from  overwork  occurs  most  frequently  in 
muscles  and  glands,  rarely  in  other  tissues.  The 
physical  and  chemical  changes  in  the  muscle  cell  or 
gland  cell  resulting  from  increased  function  in  some 
way  stimulate  cell  growth.  Any  increase  in  func- 
tional stimuli  not  too  intense  is  attended  by  an 
increase  in  the  substance  of  the  organ.  The  degree  of 
the  hypertrophy  depends  upon  the  age  of  the  indi- 
vidual and  the  general  state  of  the  nutrition.  Increased 
work  on  the  part  of  the  heart  due  to  valvular,  arterial, 
pulmonary,  or  renal  conditions  causes  a  more  or  less 
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marked  hypertrophy  of  that  part  of  the  heart  upon 
which  the  greater  share  of  the  work  falls.  Such 
hypertrophy  being  in  compensation  for  the  disturb- 
ances of  circulation  produced  by  the  primary  patholog- 
ical condition  is  known  as  compensatory  hypertrophy. 
Either  side  of  the  heart  alone  may  be  affected  or  the 
entire  organ  may  become  enlarged.  Further,  hyper- 
trophy of  individual  muscle  bands  or  layers  may  occur 
according  to  the  functional  demands  of  the  ease. 
Compensation  is  more  nearly  complete  in  the  case  of 
young  and  well-nourished  individuals.  Increase  in 
bulk  of  the  voluntary  muscles  follows  increased  mus- 
cular exercise.  The  fibers  increase  both  in  length  and 
in  thickness,  and  there  is  most  probably  an  increase 
also  in  the  number  of  the  fibers.  Hypertrophy  of 
individual  muscle  groups  occurs  in  certain  trades  or 
occupations  (laborer's  hypertrophy).  Hypertrophy 
of  the  involuntary  muscle  occurs  physiologically  in  the 
pregnant  uterus,  the  muscle  cells  attaining  a  size  of 
seven  to  twenty  times  the  normal  length  and  five  times 
the  normal  breadth.  In  the  case  of  uterine  tumors 
and  hematometra  hypertrophy  of  the  uterine  wall 
may  also  occur  but  to  a  less  degree.  Hypertrophy  of 
the  muscular  coat  of  blood-vessels  occurs  in  conditions 
of  increased  blood  pressure,  particularly'  in  the  case  of 
the  dilatation  of  vessels  in  the  establishment  of  a  col- 
lateral circulation.  In  the  case  of  enlarged  prostate, 
urethral  stricture,  calcvdi,  etc.,  the  bladder  walls  may 
become  greatly  thickened;  a  similar  hypertrophy  of 
the  muscularis  of  stomach  and  intestines  may  occur 
above  a  stricture. 

The  functional  glandular  hypertrophies  are  chiefly 
vicarious  or  compensatory,  and  occur  especially  in  those 
glands  that  have  but  little  capacity  for  regeneration, 
but  are  capable  of  compensatory  hypertrophy.  Such 
compensatory  hypertrophy  occurs  in  the  liver,  kidneys, 
adrenals,  testis,  thyroid,  mamma,  and  parathyroid. 

Of  the  glandular  organs  the  kidneys  and  liver  are 
most  capable  of  undergoing  hypertrophy.  In  in- 
creased functional  activity  of  the  kidney,  as  in  the  case 
of  diabetes  and  excessive  drinkers,  both  kidneys  may 
become  enlarged.  Compensatory  hypertrophy  of  one 
organ  may  take  place  after  the  destruction  or  removal 
of  the  other,  so  that  the  remaining  kidney  may  in  size 
and  weight  equal  or  exceed  that  of  two  normal  kid- 
neys. The  younger  the  individual,  the  more  complete 
the  compensation.  On  microscopical  examination 
the  enlargement  is  found  to  be  due  chiefly  to  a  hyper- 
trophy of  existing  structures;  the  glomeruli  are  larger, 
the  tubules  dilated,  more  convoluted  and  longer,  with 
larger  epithelial  cells;  but  in  young  individuals  a 
hyperplasia  of  tubules  and  glomeruli  may  occur. 

Hypertrophy  of  the  liver  as  a  whole  is  extremely 
rare.  Destruction  of  a  portion  of  the  liver  substance  is 
followed  by  a  hypertrophy  of  the  remaining  normal 
liver  tissue.  The  lobules  become  larger  and  also  increase 
in  number.  The  liver-rods  are  broader,  more  cellular, 
and  the  individual  cells  much  larger.  New  liver-cells 
are  formed  from  proliferating  bile-ducts.  In  animal 
experiments  it  has  been  shown  that  complete  restora- 
tion of  as  much  as  half  of  the  organ  is  possible.  In 
simple  or  inflammatory  atrophies  of  the  liver  hyper- 
trophy of  single  cells  is  very  common. 

Destruction  of  one  adrenal  may  be  followed  by  com- 
pensatory hypertrophy  of  the  other.  In  the  case  of 
the  salivary  glands,  mammae,  ovaries,  and  testicles, 
compensatory  hypertrophy  does  not  take  place  at  all  or 
only  to  a  siight  degree,  except  during  the  devel- 
opmental period.  Hypertrophy  of  the  mamma 
has  been  found  in  connection  with  galactorrhea,  and 
in  one-sided  lactation  after  loss  of  one  breast. 

Removal  or  destruction  of  a  portion  of  the  thyroid  is 
rarely  followed  by  hypertrophy  of  the  remaining 
thyroid  tissue,  but  the  hypophysis  suffers  an  enlarge- 
ment which  must  be  regarded  as  compensatory  in 
nature.  The  writer  has  seen  in  a  case  of  acromegaly 
an  enormous  hypertrophy  of  the  parathyroids  which 
might  possibly  be  explained  as  being  of  trie  nature  of  a 


compensation  for  the  hypophysis.  Between  thyroid 
and  hypophysis,  and  thyroid  and  thymu    then 

close  functional  relationships,  so  thai  disturbance  ol 
the  function   of  one  organ   may  cause  the  other  to 

become  hypertrophic  (cretinism,  myxedema,  cach- 
exia strumipriva,  exophthalmic  goiter).  Such  vicari- 
ous hypertrophj  can  be  explained  as  the  result  of  the 
chemical  correlation  of  different  organs;  a  disturbance 
of  such  correiat ion  may  lead  to  t he  ii\  pert rophy  of  an 

organ  of  rut  irely  different  struct  ore  from  the  one  that 

has  lost  its  function.     Hypertrophy  of  the  hypophysis 

alter  castration,  during  pregnancy,  and  after  de- 
struction of  the  adrenals,  thymus,  and  lymph-node 
hyperplasia  in  exophthalmic  goiter,  thymus  hy- 
perplasia after  loss  of  the  chromaffinic  tissue  of  the 
adrenals,  enlargement,  of  the  thyroid  in  pregnancy, 
the  development  of  acromegaly  in  adenoma  of  the 
hypophysis,  precocious  puberty  with  disease  of  the 
hypophysis,  hypertrichosis  associated  with  her- 
maphrodismus  or  disease  of  the  adrenals,  hypertrophy 
of  adrenals  in  hermaphrodismus  and  after  castration, 
general  obesity  in  disease  of  the  hypophysis, 
functional  hypertrophy  of  mamma  in  malignant. 
syncytioma  of  testis,  etc.,  are  striking  examples  of 
vicarious  hypertrophy  due  to  disturbance  of  chemical 
correlation  (theory  of  hormone-action). 

Agenesia  or  aplasia  of  one  lung  may  be  com  pen  sated 
by  hypertrophy  of  the  normal  organ,  and  a  similar 
compensation  may  occur  in  early  life  in  conditions 
leading  to  disuse  of  one  lung.  In  later  years,  however, 
the  loss  of  one  lung  is  followed  only  by  an  emphysem- 
atous distention  of  the  other,  which  usually  leads  to 
atrophy  of  the  alveolar  walls  and  not  to  hypertrophy. 
Emphysematous  distention  of  the  air  spaces  with 
hyperplastic  thickening  of  their  walls  has  been 
observed  in  the  lungs  of  athletes,  singers,  and  players 
of  wind  instruments. 

Compensatory  hyperplasia  of  the  different  blood- 
forming  organs,  spleen,  lymph  glands,  and  bone  mar- 
row in  conditions  affecting  one  or  the  other  is  not 
uncommon.  In  various  forms  of  anemia,  leukemia, 
etc.,  where  the  function  of  either  the  spleen  or  bone 
marrow  is  inadequate,  the  hemolymph  glands  become 
enlarged  and  suffer  structural  changes  by  which  they 
come  to  resemble  either  splenic  tissue  or  lymphoid 
marrow. 

Compensatory  hyperplasia  of  the  fibula  has  been 
observed  in  cases  in  which  through  disease  the  tibia 
had  been  rendered  useless  in  the  support  of  the  body. 

Hypertrophy  from  lessened  wear  occurs  particu- 
larly in  the  case  of  the  nails  and  teeth.  If  the  wear 
of  the  nails  be  prevented,  or  if  they  are  left  uncut, 
they  may  become  very  much  enlarged.  Such  condi- 
tions are,  of  course,  not  true  hypertrophies  in  the 
narrower  sense.  Teeth  growing  irregularly,  so  that 
the  cutting  or  grinding  surfaces  are  not  brought 
into  apposition  develop  into  the  so-called  tusks.  In 
animals  the  claws  and  beaks  of  birds,  and  the  teeth  of 
rodents  may  through  disuse  form  extensive  over- 
growths. 

Removal  of  pressure  as  in  the  case  of  atrophy  of  the 
brain  may  lead  to  a  thickening  of  the  inner  table  of  the 
skull.  Similarly  in  other  regions  of  the  body  removal 
of  the  normal  pressure  is  often  followed  by  hyperplasia 
of  the  adipose  tissue  (increase  of  fatty  capsule  and 
pelvic  fat  in  atrophic  kidney,  infiltration  of  fat  in 
atrophic  pancreas,  lymph  nodes,  heart  and  voluntary 
muscles).  Such  fatty  infiltrations  are  not  true 
hypertrophies  but  are  fatty  metaplasias  of  existing 
connective  tissue  as  the  result  of  local  or  general 
metabolic  disturbances. 

Failure  of  the  normal  involution  of  the  uterus  after 
pregnancy  gives  rise  to  an  abnormally  large  uterus 
during  the  non-pregnant  state.  The  thymus  gland 
instead  of  disappearing  at  the  usual  period  may  per- 
sist or  even  show  enlargement.  Failures  of  involu- 
tion, Likewise,  are  not  hypertrophies  in  the  narrow- 
sense. 
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As  tin-  result  of  slight  prolonged  or  frequently  re- 
peated mechanical  irritation  local  hyperplasias  of 
tissue  may  arise  (local  ichthyosis,  callus,  corns,  etc.); 
hyperplastic  overgrowths  arc  also  caused  bv  chemical 
a. ■lam    (hypertrophy    of   hone    caused    bv    phosphorus 

and  arsenic);  and  finally  infective  inflammations 
frequently  give  rise  to  overgrowths  or  new  formal  ions 
of  tissue  (condyloma,  tuberculous  and  syphilitic 
processes,  actinomycosis,  etc.).  Chronic  inflamma- 
tions of  the  skin  are  often  characterized  by  hyperplasia 
of  fibrous  connective  (issue  resembling  elephantiasis; 
in  syphilis  extensive  overgrowths  of  bone  not  infre- 
quently occur.     In   inflammatory  affections  of   the 

lung  and  pleura,  as  well  as  in  congenital  heart  lesions 
enlargement  of  the  terminal  phalanges  and  articular 
ends  of  the  long  bones  may  occur  (osteoarthropathie 
hypertrophiante).  The  so-called  clubbed  or  drum- 
stick fingers  acquire  an  important  diagnostic  sig- 
nificance in  these  conditions.  Hyperplasia  of  the 
spleen  and  of  the  lymphadenoid  'tissue  throughoul 
the  body  is  of  not  infrequent  occurrence.  ~  The 
nature  of  such  overgrowth  is  as  yet  obscure,  but  it  is 
most  likely  of  infectious  or  toxic  origin.  In  a  number 
of  eases  the  hyperplasia  of  the  lymph  glands  has  been 
shown  to  be  an  atypical  tuberculous  process,  and  very 
recently  diphtheroid  bacilli  are  reported  as  a  probable 
cause  of  the  lymph  node  hyperplasia  of  Hodgkin's 
disease. 

The  extensive  hypertrophy  of  the  bones  and  internal 
organs  observed  in  the  condition  known  as  acromegaly 
forms  one  of  the  most  interesting  varieties  of  the  ac- 
quired hypertrophies.  The  nature  of  this  disease  is 
as  yet  unknown;  in  the  majority  of  the  cases  an  aden- 
omatous hyperplasia  of  the  hypophysis  has  been  pres- 
ent and  this  has  been  regarded  as  the  cause  of  the 
disease.  Other  writers  have  explained  it  as  due  to  a 
congenital  predisposition,  to  disturbances  of  the  pineal 
body,  sexual  organs,  thymus,  or  thvroid,  or  to  abnor- 
mal nervous  influences.  Closely  related  to  acrome- 
galy are  the  conditions  of  giantism,  leonliasis  ossea, 
and  Paget's  disease  (ostitis  fibrosa).  That  disturb- 
ances of  the  hypophysis  play  an  important  part  in 
acromegaly  and  many  cases  of  giantism  cannot  be 
doubted;  but  the  relationship  is  not  vet  clear.  The 
other  forms  of  osseous  hypertrophy"  still  require  a 
satisfactory  explanation  of  their  cause  and  nature. 

General  Considerations. — Both  true  hypertrophy  and 
hyperplasia  are  to  be  regarded  as  being  of  unstable 
nature,  inasmuch  as  they  depend  upon  the  duration  of 
the   cause   and    the   increased   supply   of   nutrition. 
Increase  of  size  demands  also  increase  of  space,  and 
in  the  case  of  some  of  the  organs  and  tissues  a  space 
limit     may     be   ultimately     reached.     Hypertrophic 
tissue  requires  hypertrophic  vessels   to  "furnish   the 
increased  amount  of  blood  needed.     Changes  in  the 
vessels  or  in  the  circulation  by  which  the  supply  of 
nutrition  is  diminished  lead  quickly  to  atrophy  and 
fatty  degeneration  of  hypertrophic  tissue.     Similarly 
diminished   functional    activity,    particularly   in   the 
case  of  the  heart  and  voluntarv  muscles,  is  followed  by- 
rapid  fatty  degeneration  of  the  muscle  fibers.     Fur- 
ther, the  inherent  vitality  of  cells,  particularly  their 
histogenetic  vitality,  is  limited;  tissues  which  have 
used  up  their  reserve  in  compensating  for  some  defi- 
ciency are  the  sooner  exhausted.     A  heart  in  a  state 
of  compensatory   hypertrophy  may  not  be  able  to 
meet    ordinary    emergencies    which    under    normal 
conditions  have  no  effect  upon  the  non-hvpertrophied 
heart;  that  is,  a  heart  though  hypertrophic  may  be 
insufficient.     Sooner  or  later,  therefore,  a  failure  of 
compensation    must    occur,    such    failure   depending 
upon  many  factors:  inherent  cell  vitality,  conditions 
ot  nutrition  and  removal  of  waste  products,  functional 
activity,  etc.     In  general  it  may  be  said  that,  while 
fully    developed    heart    and    voluntarv    muscles    are 
desirable,  compensatory  enlargement  due  to  excessive 
exercise,   increased   nervous   stimuli,   etc.,   as   in   the 
case  of  the  "athletic  heart,"  "smoker's  heart,"  etc., 
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must  be  regarded  at  distinctlj  pathological,  inasmuch 
as  such  hypertrophy  is  at  the  expense  of  the  hi 
reserve  power.  Aumtn  Scott  Wabthi 

Hyphomycetes.— Most  of  the  hyphomycetes  or 

mould  fungi  are  not  pathogenic  and  are  i 
to  US  only  as  organisms  which  are  apt  to  contain! 
our  bacteriological   media.      Some  of  them     howi 
are  true  parasites,  among  which  the  best  known  an 
Achorion   schonleinii,   Trichophyton,  Oidium  albica 
and  Microsporon  furfur.     These  can  be  only   brii 
touched  upon  in  this  article,  as  thev  are  not  bactl 
and  yet  some  reference    to    them   would    seem    to    be 
called  for  here. 

Achorion  Schonleinii  (Favus  Fungus).— This  fun- 
gus, which  is  the  cause  of  favus  in  man  and  animals 
(horses  cattle,  dogs,  cats,  rabbits,  mice),  was  dis- 
covered by  Schonlein  in  1839.  The  disease  is  com- 
municated to  man  by  contact  with  animals.  Want 
of  cleanliness  is  a  contributing  factor.  The  fungus 
seems  to  find  a  more  favorable  soil  for  its  development 
on  the  skin  of  persons  in  a  debilitated  condition 
especially  from  phthisis,  than  in  healthy  individua 

Pathologically  the  disease  represents  the  reaction  of 
the  tissues  to  the  irritation  caused  by  the  growth  of  the 
fungus,  the  spores  finding  their  way  into  the  hair 
follicles  where  they  develop  around  the  hair  seat 
1  he  achorion  grows  in  the  epidermis,  the  density  of 
the  growth  causing  pressure  on  the  parts  below,  thus 
crushing  out  the  vitality  of  the  hair  and  giving  rise  to 
atrophic  scarring.  This  disease  shows  a  marked 
preference  for  the  scalp  possessing  hair  but  it  is  also 
found  on  skin  devoid  of  hair,  and  even  the  mucous 
membranes  or  the  nails  may  be  attacked.  Kaposi 
describes  a  case  of  favus  universalis.  On  the  scalp  it 
first  appears  as  a  tiny  sulphur-yellow  disc  or  scutum 
depressed  m  the  center  like  a  cup  and  pierced  bv  a  hair 
this  is  the  characteristic  lesion.  The  cup  shape  is 
attributed  by  Unna  to  growth  at  the  sides  proceeding 
more  vigorously  than  at  the  center. 

According  to  Unna,  Quincke,  and  others  there  are 
several  varieties  of  favus  fungi,  but  later  investigations 
would  seem  to  indicate  that  the  achorion  Schonleinii 
is  the  only  species  of  fungus  producing  favus. 

As  seen  under  the  microscope  the  mvcelium  consists 
of  branched  radiating  hyphas.  Some  of  the  hvphaj 
swell  at  their  free  ends,  becoming  club-shaped,  while 
others  give  off  lateral  buds  containing  Krai's  so-called 
yellow  bodies,  which  rupture,  allowing  their  con- 
tents to  escape  as  free  bodies.  When  this  takes  place, 
moss-like  offshoots  develop  in  the  form  of  dense, 
twisted  threads.  Later,  the  individual  threads  break 
up  into  cell-like,  oval  structures. 

The  favus  fungus  is  readily  cultivated  at  both  room 
and  bodv  temperatures  on  the  ordinary  nutrient 
media.  The  growth  develops  slowly  and  shows  a 
preference  to  grow  beneath  the  surface  of  the  medium. 
1  he  characteristic  form  of  growth  is  that  of  moss-like 
projections  from  a  central  bodv,  the  color  being  at 
first  grayish  white  and  then  becoming  yellow.  To 
obtain  the  fungus  in  pure  cultures  the  "favus  crusts" 
are  mixed  with  sterile  silicic  acid,  reduced  in  a  sterile 
mortar,  and  plate  cultures  on  gelatin  or  agar  are  made 
from  this  mixture.  Blood  serum  is  the  onlv  medium 
on  which  the  spores  are  developed,  the  most" favorable 
temperature  being  30°  C.  Artificial  infection  can  be 
produced  only  with  material  containing  spores. 

^TSICJHOPHYTON  (Rin9vorm  Fungus).— Ringworm  of 
the  body  or  hairless  parts  (tinea  circinata),  and  ring- 
worm of  the  hairy  parts  (tinea  tonsurans  and  tinea 
barba?  or  sycosis)  are  due  to  the  fungus  trichophyton, 
discovered  by  Gruby  in  the  human  hair,  and  between 
the  epidermal  cells  by  Hebra. 

According  to  Sabouraud  (whose  conclusions  are  based 
on  an  exhaustive  series  of  microscopical  examinations 
of  cases  of  tinea  in  man  and  animals,  of  cultivation  of 
artificial  media,  and  of  inoculation  experiments),  there 
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are  two  distinct  types  of  the  fungus  trichophyton, 
causing  ringworm  in  man;  they  are  distinguished  bj 
the  size  of  their  spores — one  with  small  spores  2  to  3m 
in  diameter,  which  he  calls  Trichophyton  microsporon, 
and  another  with  large  spores,  7  to  8//  in  diameter, 
which  he  calls  Trichophyton  megalosporon.  These 
differ  both  in  their  mode  of  growth  on  artificial  media 
and  in  their  pathological  effects  on  the  human  ski 
and  its   appendages. 

Trichophyton  microsporon  is  the  common  fungus  of 
tinea  tonsurans  in  children,  more  particularly  the 
severe  affection  known  as  the  "Maladie  de  Gruby," 
which  is  rebellious  under  treatment,  and  its  special 
seat  of  growth  is  the  substance  of  the  hair.  Tri- 
chophyton megalosporon  is  essentially  the  fungus  of 
ringworm  of  the  beard  and  of  the  smooth  parts  of  the 
skin  in  adults. 

Under  the  microscope  the  single  mycelial  threads 
are  distinctly  separate  and  from  them  conidia  are 
given  off.  The  spores  of  T.  microsporon  are  contained 
in  a  mycelium;  but  this  is  not  visible,  the  spores  ap- 
pearing irregularly  piled  up  like  zooglea  masses;  and 
growing  outside,  they  form  a  dense  sheath  around 
the  hair.  The  spores  of  T.  megalosporon  are  always 
contained  in  distinct  mycelium  filaments,  which  may- 
be either  resistant  when  the  hair  is  broken  up,  or 
fragile  and  easily  separating  into  spores. 

The  trichophyton  grows  at  room  temperature,  but 
best  at  30°  C.  on  the  usual  media.  It  liquefies  gelatin, 
agar,  and  blood  serum.  The  two  types  when  grown 
on  artificial  cultures  also  show  a  downy  surface  and 
white  color;  those  of  T.  megalosporon  a  powdery 
surface,  with  arborescent  peripheral  rays,  and  often  a 
yellowish  color. 

Although  the  morphological  appearances,  mode  of 
growth  and  pathological  effects  of  each  type  of 
trichop  hyton  show  certain  characters  in  common,  yet 
there  are  some  constant  minor  differences  which 
point  to  the  fact  that  there  are  several  varieties  or 
species  of  fungi  included  under  each  type.  The 
species  included  under  T.  microsporon  are  -few  in 
number,  and  with  one  exception  (that  which  causes 
the  contagious  herpes  of  the  horse)  almost  entirely 
human.  The  species  of  T.  megalosporon  are  numer- 
ous, and  many  animals  as  well  as  man  are  subject  to 
affections  caused  by  the  various  species. 

In  contradistinction  to  other  fungi,  the  cultures  of 
trichophyton  retain  their  vitality  for  a  long  time. 
The  disease  has  been  produced  artificially  in  animals 
by  inoculation  with  material  containing  spores. 

Oiditjm  Albicans  (Thrush  Fungus). — This  fungus, 
which  was  discovered  by  Bery  and  fully  described  by 
Gruby,  is  the  cause  of  thrush,  and  occurs  in  all  mucous 
membranes  with  squamous  epithelium,  especially  in 
the  mouths  of  infants,  where  it  is  manifested  by  white 
points  or  patches  on  the  inflamed  surface.  The  usual 
seat  of  thrush  is  the  buccal  membrane  of  children, 
but  occasionally  it  occurs  in  the  faucial  and  esophageal 
surfaces;  rarely  in  the  middle  ear,  trachea,  and  sub- 
diaphragmatic portion  of  the  digestive  tract. 

tJnder  the  microscope  this  parasite  is  seen  to  consist 
of  mycelial  threads;  numerous  spherical  or  ovoid 
spaces  or  conidia  are  also  present  surrounding  the 
mycelium  and  covering  the  epithelial   cells. 

The  oi'dium  albicans  is  strongly  aerobic,  growing 
on  all  the  usual  culture  media  in  the  presence  of 
oxygen,  best  at  37°  C.  It  does  not  liquefy  gelatin, 
upon  this  medium  forming  white  colonies.  On  agar 
a  yellowish-white  growth  is  developed. 

It  is  pathogenic  for  rabbits  when  inoculated  intra- 
venously, the  fungus  becoming  localized  in  the 
internal  organs. 

Haller  considers  that  this  organism  is  identical  with, 
or  very  closely  allied  to,  the  o'idium  laclis,  which  occurs 
in  milk  undergoing  acid  fermentation. 

Microsporon  Furfur  (Pityriasis  Fungus). — This 
fungus  is  the  cause  of  tinea  or  pityriasis  versicolor, 


and  is  found  in  the  scales  cast  off  by  the  skin  in  this 

affection.  When  the  e  rale  are  treated  with  a  five- 
per-cent.  solution  of  cau  tic  potash  and  examined 
microscopically,    short,    slightlj     branched    mycelial 

threads  are  seen  with  very  large  conidia  lying  together 
in  clusters.  The  fungus  has  no1  been  cultivated 
artificially,  but  tinea  versicolor  has  been  produced  by 

experimental  inorul:iliun,  buth  in  men  and  animal. 

Aktiiik  H.   Guerabd. 


Hypnotics. — These  are  remedies  which  aid  in  the 
production    of   sleep.     In    general    they   are   greatly 

abused  by  the  laity,  and  even  by  t  he  physician.  Sleep 
is  as  often  a  function  lit  ilized  to  push  out  of  conscious- 
ness the  petty  pin-pricks  of  life  as  it  is  to  overcome  the 
effects  of  bodily  fatigue.  Sleep  is  more  utilized  to  pre- 
venl  tire  than  as  a  function  of  recovery  from  fatigue. 
There  is  little  doubt  that  most  people  sleep  too  much, 
just  as  they  eat  too  much,  and  it  is  notorious  that  the 
ablest  productive  workers  in  the  community  are 
seldom  those  who  sleep  excessively.  It  is  rarely  the 
smoothly  working,  busy  individual  who  needs  hypnot- 
ics. When  such  a  one  wishes  to  sleep,  he  withdraws 
his  attention  from  the  external  work,  starts  a  pleasing 
fantasy  which  soon  passes  him  into  the  depths  of  un- 
conscious fantasy,  i.e.  into  his  instinctive  feeling  life 
of  dreams.  It  is  the  troubled  and  worried  and  dis- 
tracted person,  one  who  is  discontented,  or  idle,  or  ill 
who  requires  help  to  shut  out  the  external  world 
which  claims  attention.  Sensory  stimuli,  either  as 
hallucinated  forecasts  of  the  future,  as  anxiety  and 
desire,  as  the  replacement  of  one  unpleasant  image  by 
another,  or  as  the  result  of  actual  pain,  these  constantly 
pour  into  the  cerebrum  and  demand  attention,  and 
some  adequate  motor  outlet.  It  is  not  enough  that 
optic,  auditory,  temperature,  and  tactile  stimuli  be 
reduced  to  a  minimum.  Such  patients  need  either  a 
psychical  freeing  from  their  conflicts,  or  a  physico- 
chemical  dulling  of  the  sensory  pathways  which  inter- 
feres with  the  cortical  functioning.  If  they  cannot 
find  the  adequate  answer  to  their  problems  they  must 
prevent  the  brain  attempting  to  offer  a  solution,  by 
short  circuiting  it  as  it  were.  This  is  the  function 
of  the  hypnotic,  and  because  it  can  so  readily  rid  the 
individual  of  his  conflicts  it  is  no  wonder  that  hyp- 
notics are  greatly  abused. 

The  hypnotics  can  be  grouped  generally  under  three 
heads :  (1)  Those  containing  the  alcohol  radical  in  some 
combination,  (2)  those  containing  the  bromine  ion, 
and  (3)  a  group  not  really  hypnotic,  but  really  anal- 
gesic. The  members  of  this  group  are  capable  of 
alleviating  pain,  and  hence  aid  sleep  by  cutting  off 
pain  stimuli;  they  should  never  be  used  as  hypnotics 
unless  there  is  pain,  and  only  then  when  the  cause  for 
this  pain  is  definitely  perceived  by  the  physician. 
The  presence  of  psychical  pain  is  no  excuse  for  the  use 
of  the  members  of  this  group;  it  is  an  unconscious 
subterfuge  on  the  part  of  the  patient  to  obtain  an 
artificial  nirvana  at  the  risk  of  developing  serious 
consequences  as  a  drug  habitue. 

The  Alcohol  Group. — These  are  the  most  widely 
used  and  the  most  valuable.  Their  pharmacological 
action  is  similar,  with  certain  variations  due  to  rate 
of  absorption,  elimination,  and  diffusibility,  as  well 
as  their  specific  activity  upon  the  nervous  system. 
This  selective  action  of  the  hypnotics  of  what  is  here 
called  en  bloc  the  alcohol  group — containing  many 
substances  not  distinctly  of  this  chemical  character — 
is  due  to  the  affinity  of  the  hypnotic  for  the  lipoid  or 
fatty  substances  within  the  protoplasm:  The  central 
nervous  system  is  characterized  by  its  high  percentage 
of  such  fatty  substances.  Any  narcotic  (hypnotic) 
substance  depends  for  its  distribution  upon  its  relative 
solubility  in  fat  and  in  aqueous  media.  The  solution 
affinity  of  the  narcotics  for  lipoids  determines  the 
proportions   in    which   they   accumulate   in   different 
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tissue  cells,  and  the  narcotic  (hypnotic)  action  is 
essentially  due  to  the  solution  reaction  with  the  nerve 
tissue  lipoids.  This  solution  reaction  with  the  lipoids 
also  diminishes  oxidation  which  in  its  turn  aids  in 
]i  pressing  not  only  the  cells  of  the  nervous  system 
but  all  of  the  cells  of  the  body. 

Hence  the  hypnotics  of  this  general  group  act  by 
depriving  the  protoplasm  (lipoid  constituents  chiefly) 
of  their  activity  thus  interfering  with  the  passage 
of  impulses  (blocking).  They  thus  shut  out  the  ex- 
ternal world  from  the  psychical  mechanisms  and 
permit  the  patient  to  pass  into  the  depths  of  the  un- 
conscious.    This  is  sleep  in  its  various  grades. 

The  chief  members  of  this  group  are  alcohol,  paral- 
dehyde, chloral  hydrate,  chloralamid,  dormiol,  isopral. 
amylene  hydrate,  methane,  hedonal,  sulphonal,  trional, 
veronal,  and  proponal.  Others  appear  on  the  market 
constantly. 

Certain  general  laws  underlie  the  strength  of  action 
of  these  various  hypnotics,  and  it  is  upon  the  basis  of 
their  chemical  composition  that  this  relationship  is 
established.  Thus  the  primary  alcohols  are  less 
hypnotic  than  the  secondary,  and  these  less  than  the 
tertiary  alcohols.  Therefore  with  the  substitution  of 
higher  radicals  the  hypnotic  power  increases;  thus 
in  the  tertiary  alcohols 


CH3 


CH3 


C2Hs 


CH,— C— OH,         <II,-C— OH,         C:Hs-C-OH, 

/  /  / 

CH3  C2H5  C2HS 

the  narcotic  power  gradually  increases  with  the  sub- 
stituting of  ethyl   C.Hi   radicals   for  the   lower   I'll 
methyl  radicals. 

This  is  also  true  for  certain  alcohol  radicals  intro- 
duced   into    the   sulphone   series,    as    sulphonal   and 
trional,  for  example. 
Sulphonal 

CHj  S02— C2H6 

/  \ 

ch3        .soy-  c,h5 

is  less  active  than 

CHs  SO,— C2H5 


trional 


C2H5 


/ 


bv  reason 


S02— C2H„ 


of  the  two  ethyl  radicals  of  the  latter  replacing  the 
relatively  weaker  methyl  radicals  in  the  former.  A 
similar  result  works  out  in  the  chemical  composition 
of  veronal: 

(Ml,  CO—  XH 

V  Xco 

/  \         / 

C2H5  CO— NH 

From  the  toxieological  side  it  is  noted  that  the  ten- 
dency is  toward  a  dissociation  of  function,  in  which  the 
ancestral  pattern  of  the  nervous  system  is  a  determin- 
ing factor.  The  members  of  this  group  dissociate  or 
separate  the  constituent  metameres  of  the  nervous 
system.  The  highest  functions,  that  is  those  latest 
acquired,  are  first  involved;  hence  the  more  intricate 
psychical  processes  of  intelligent,  logical,  social  value 
are  first  affected;  the  coordination  of  motor  activity 
between  different  levels  next  commences  to  break 
down,  first  in  the  higher  mechanisms,  speech,  ocular, 
etc.,  then  those  of  the  midbrain  and  spinal  cord,  until 
finally  the  medullary  centers  controlling  the  oxidation 
(respiration)  of  the  bodily  cells  succumbs  and  death 
results  from  respiratory  paralysis. 

With  these  general  actions  are  a  number  of  side 
ai-t  ions. 


Alcohol  itself  is  frequently  used  as  a  hypnotic, 
chiefly  as  beer,  porter,  or  stout  the  heavier  wines,  or 
whiskey  and  gin.  As  continuous  hypnotic  thi  -<  are 
highly  disadvantageous,  no1  only  inducing  alcohol 
as  such,  but  because  of  the  general  tendency  to  pro- 
duce cellular  degenerations  of  the  nervoue  system,  of 
the  kidneys,  and  of  the  liver.  Furthermore,  in  -mall 
doses  a  slight  motor  excitement  produced  may  inter- 
fere with  its  hypnotic  action,  which  only  larger,  hence 
harmful  doses,  can  overcome. 

It  is  often  a  tenuous  line  that  separates  the  need  for 
a  hypnotic  as  an  aid  to  ;i  needed  sleep  from  an  un- 
conscious self-indulgence  of  an  alcoholic  drink  to  gain 
refuge  from  self,  which  refuge  should  be  gained  in 
some  more  healthy  manner. 

In  temporary  upsets,  the  milder  alcoholic  drinks 
may  be  advantageously  used,  but  one  should  recom- 
mend them  with  great  caution. 

1'iinililrlii/iir  (CH3COH)  is  a  useful  hypnotic.  It  is 
w  idely  used  where  it  is  needed  frequently  as  in  allaying 
mental  excitement  in  a  number  of  psychotic  states. 
Its  large  dose,  3i-ii,  and  its  disagreeable  taste  tend  to 
reduce  the  habit  formation  to  a  minimum,  although 
some  acquire  the  taste  for  it.  It  has  relatively  few 
harmful  side  actions  and  at  times  may  be  given  up  to 
5i  (30.0).  Much  of  it  is  excreted  by  the  lungs, 
thus  giving  a  peculiar  breath  persisting  for  twenty- 
four  to  forty-eight  hours  after  its  administration. 

Chloral  hydrate  (CC1,  CH(OH)-.)  which  is  easily 
administered  by  reason  of  its  ready  solubility  in  water, 
but  which  has  an  irritating  odor  and  biting  taste, 
should  be  well  diluted  to  avoid  an  irritating  effect  upon 
the  stomach.  It  should  never  be  administered  hypo- 
dermically.  It  acts  as  chloral,  not  being  broken  up  in 
the  body,  and  is  mainly  excreted  by  the  urine  un- 
changed, or  chiefly  as  urochloralic  acid  (reducing 
copper  oxide,  hence  false  sugar  reaction). 

The  dose  is  from  five  to  fifteen  grains,  the  hyp- 
notic effects  are  prompt  and  sleep  is  usually  pro- 
longed. In  excited  individuals,  acute  maniacal  excite- 
ment, from  delirium  tremens,  paresis,  manic  phase  of 
a  manic  depressive  psychosis,  hysterical  delirium, 
exhaustion  delirium,  doses  of  gr.  xv-xxx  (1.0-2.0)  may 
be  given  but  doses  over  two  to  three  grams  may  prove 
very  dangerous  chiefly  by  reason  of  its  side  action 
on  the  heart  and  blood-vessels.  It  is  to  be  avoided 
with  fatty,  arteriosclerotic,  and  myocarditic  hearts, 
as  sudden  death  has  resulted  even  in  hvpnotic  doses 
of  gr.  xv  (1.0). 

Continuous  usage  of  chloral  is  dangerous.  It  leads 
to  a  protein  decomposition  as  in  phosphorus  poison- 
ing, and  causes  pronounced  parenchymatous  degen- 
eration in  many  important  organs.  Acute  poisoning 
by  chloral  as  shown  by  coma,  cyanosis  with  abolition 
of  reflexes  (corneal,  patellar)  and  weak  heart  action,  is 
best  treated  by  washing  out  of  the  stomach,  artificial 
respiration,  caffeine  [coffee  by  mouth  or  rectum] 
camphor  and  strychnine.  The  patient  should  be 
kept  warm.     A  habit  may  be  formed. 

Chloralamid.— (C  Cl3  CH(OH)  N  (CHO)  H)  is  a 
chloral  substitute.  It  is  broken  down  into  chloral 
when  taken  by  mouth.  Hence  it  has  the  same  action. 
It  acts  more  slowly — one-half  to  two  hours — and  is 
given  in  larger  doses,  gr.  xxx-xlv  (2.0-3.0). 

Dormiol  and  Isopral  are  more  recent  substitutes 
neither  of  which  offer  any  special  advantages.  The 
former  is  a  mixture  of  chloral  and  amylene  hydrate. 
It  is  a  camphor-like  liquid  administered  in  capsules  of 
gr.  viiss  (0.5)  to  gr.  xx  (1.5)  and  acts  in  from  half  an 
hour  to  an  hour.  The  latter  is  a  higher  alcohol  with 
chlorine,  acts  rapidly  (fifteen  minutes  to  half  an  hour) 
and  is  administered  in  doses  of  from  gr.  viiss-xv 
(0.5  to  1.0).  It  has  a  distinct  cardiac  depressing  ac- 
tivity and  should  be  given  with  caution. 
Amylene  Hydrate  CH3v 

CH3  >COH    is    a    tertiarv    alcohol 

of  this  group.     It  is  a  thiekish  oily  liquid  somewhat 
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resembling  paraldehyde  and  is  slightly  more  toxic.  It 
has  a  depressing  cardiac  action  similar  to  but  less  than 
chloral  and  is  given  in  doses  of  from  gr.  xv-xxx 
(1.0-2.0),  causing  sleep  in  from  a  half  to  three- 
quarters  of  an  hour.  At  times  if  increases  rather 
than  decreases  motor  restlessness.  It  is  given  by 
mouth,  in  capsules,  or  by  enema. 
Urelkane  NH.V 

>C  =  0  is  of  clear  crystalline  appear- 

C2H50/ 

ance,  soluble  in  water,  with  a  salty  taste  It  is  an 
uncertain  hypnotic  in  doses  of  gr.  xxx  (2.0).  although 
apparently  free  from  deleterious  side  effects. 

aedonal  is  related  chemically  to  urethane.  The 
ethyl  radical  in  urethane  is  replaced  by  hydrogen.  It 
is  also  crystalline, 


NH2 


\ 


H 


C=  O 


CH3^C-0 


C3H7 

soluble  in  water  with  a  peppermint-like  odor  and  is 
given  in  doses  of  from  fifteen  to  thirty  grains.  Like 
urethane,  it  is  inconstant  in  its  activities.  It  is  apt 
to  cause  polyuria. 

Sulphonal,  trional,  and  veronal  are  later  devised 
hypnotics  of  great  value  though  their  unrestricted  use 
is  not  without  great  dangers. 

Sulphonal  CH3  S02 — C2H5  was  first  introduced. 

\     / 
C 

/  \ 
CH3  S02— C,H5 
It  is  a  crystalline,  slightly  soluble  in  water,  bitter  in 
hot  liquids,  and  causes  sleep  in  from  one  to  two  hours 
in  doses  of  gr.  xv-xxx  (1.0-2.0).  Its  relatively  slow 
absorption  and  decomposition  give  it  a  relatively 
longer  action,  hence  it  useful  in  combination  in  smaller 
doses  with  a  more  rapidly  acting  hypnotic. 

From  large  doses,  or  continued  smaller  doses,  unde- 
sirable toxic  effect  may  result.  These  vary  from 
dizziness  to  confusion,  incoordination  to  ataxia  and 
impaired  renal  efficiency.  The  hemoglobin  of  the 
blood  is  also  effected.  Faulty  oxidation  or  other 
unknown  chemical  changes  cause  the  appearance  of 
hematoporphyrin  in  the  urine.  This  gives  the  urine  a 
reddish  discoloration  and  is  one  of  the  signs  to  be  on 
guard  for  in  the  use  of  sulphonal  or  trional.  The  con- 
tinuous use  of  sulphonal  or  trional  is  highly  disad- 
vantageous and  frequently  leads  to  disaster. 

Trional  and  tetronal  are  closely  related  to  sulphonal. 
Here  the  methyl  group  is  replaced  by  ethyl  radicals. 
Trional  acts  more  rapidly  than  sulphonal.  While 
tetronal  is  the  more  forceful,  it  is  to  be  rejected  be- 
cause of  its  toxic  qualities.  Trional  is  useful,  if  not 
used  too  often,  in  doses  of  from  fifteen  to  twenty 
grains  (1.0-1.3).  Both  trional  and  sulphonal  show 
hang-over  effects. 

Veronal  C2H5  CO— NH  is  a  urea 

X 

C2H^         CO— NH 

compound  with  ethyl  radicals  introduced.  It  is  only 
slightly  soluble  in  water,  and  the  average  dose  is  gr. 
viiss  (0.5).  An  initial  dose  should  not  exceed  gr.  v 
(0.3)  in  an  unknown  woman  patient.  It  causes  sleep 
in  from  a  half  hour  to  an  hour.  Larger  doses  cause 
severe  coma,  the  kidneys  become  irritated  and  death 
may  result.  The  indiscriminate  use  of  veronal  by  the 
laity  is  highly  dangerous.  Carefully  given  it  is  a 
valuable  hvpnotic. 

Proponal,  Neuronal,  Bromural,  and  Adalin  are  re- 
lated   compounds,    the    latter    with    bromine    added. 


They  have  no  particular  advantages  over  veronal  but 
may  be  used  as  alternatives  or  adjuvants. 

With  reference  to  this  entire  group  of  hypnotics, 
those  containing  halogen  groups  (particularly  Clj  have 
a  more  deleterious  effect  upon  the  heart  and  blood 
vessels  than  those  free  from  such  combinations.  Hab- 
its may  be  formed  by  any  one  of  the  group  and  those 
more  in  vogue,  such  as  veronal,  sulphonal,  etc.,  are 
not  free  from  danger  from  the  standpoint  of  habit 
formation. 

The  Bromide  Group. — A  second  group  of  sleep- 
producing  drugs  is  the  bromide  group.  They  con- 
tain the  bromine  ion.  They  are  si  rietlv  speaking  more 
sedative  than  hypnotic.     They  diminish  central  reflex 

excitability.  They  apparently  are  able  to  block  out. 
certain  reflex  pathways,  often  motor,  causing  relief 
from  discomfort  arid  hence  often  stimulate  mental 
activity.  The  bromides  are  therefore  valuable  not  so 
much  as  producing  sleep  per  se  as  they  are  in  acting  as 
agents  capable  of  blocking  off  motor  excitement;  hence 
they  are  particularly  valuable  in  combination  with 
certain  hypnotics  if  restlessness  is  a  marked  feature 
combined  with  sleeplessness. 

Single  doses  are  not  very  effectual,  for  the  bromides 
act  more  particularly  after  a  certain  saturation  has 
been  reached.  This  is  apt  to  take  place  because  of  the 
slow  elimination  of  the  bromide.  Although  elimina- 
tion begins  shortly  after  ingestion,  less  than  a  fourth 
of  the  dose  taken  is  as  a  rule  eliminated  within  twenty- 
four  hours,  and  complete  elimination  takes  place  only 
after  from  ten  to  twenty  days.  Hence  one  must  be  on 
one's  guard,  in  giving  bromides,  to  avoid  oversatura- 
tion  and  poisoning.  Bromide  poisoning  is  extremely 
common  and  frequently  overlooked.  With  the  con- 
tinued use  of  bromides,  saturation  takes  place  with  a 
more  or  less  stable  equilibrium  of  income  and  outgo, 
but  if  the  amount  taken  goes  up,  or  some  reasons  de- 
velop limiting  the  outgo,  poisoning  takes  place.  (See 
Casamajor  on  Drug  Addictions,  Vol.  II,  White  and 
Jelliffe,  Modern  Treatment  of  Nervous  and  Mental 
Disease.)  The  bromides  replace  twenty-five  to  thirty 
per  cent,  of  the  chlorides  in  the  blood  and  plasma,  and 
those  organs  with  rich  chlorine  content.  The  gastric 
juice  may  be  taken  as  an  index  for  bromine  saturation. 
There  is  thus  a  relationship  between  the  chlorine  and 
bromine  in  the  bodily  fluids  under  bromide  therapy, 
and  more  rapid  saturation  can  take  place  if  a  salt-free 
diet  is  used.  This  fact  lies  at  the  basis  of  the  Toulouse- 
Richet  salt-free  diet  therapy  for  epileptics.  The  in- 
judicious use  of  bromides  results  in  bromism. 

The  chief  bromides  used  are  those  of  sodium,  potas- 
sium, and  ammonium.  They  are  all  soluble  in  water 
and  are  given  in  doses  of  gr.  x-lx  (0.6-4.0).  They 
should  be  administered  well  diluted.  Organic  bro- 
mine preparations  are  numerous.  They  all  depend  for 
their  action  on  the  bromine  ion  in  the  alkaline 
bromide  preparations.  Some  of  these  are  bromopin, 
5i—  5 ii ;  brominized  sesame  oil,  5i-5ii;  bromocol, 
5i-5ii;     bromigone,   3>i. 

The  general  indications  for  the  use  of  the  bromide 
preparations  have  been  outlined.  They  are  valuable 
chiefly  to  quiet  states  of  motor  excitement.  They  are 
not  sleep  producing  drugs  in  the  narrow  sense  of  the 
word.  They  are  valuable  in  cases  of  restlessness, 
particularly  of  emotional  origin,  and  in  forms  of  poi- 
soning— particularly  alcoholic  or  from  other  drug 
abuse.  They  are  comparatively  safe  if  kept  within 
legitimate  needs,  but  are  to  be  discontinued 
when  signs  of  bromism  appear. 

Analgesic  Group. — The  members  of  the  third 
group  are  very  various.  Chief  among  them  are  the 
opium  and  atropine  groups,  particularly  hyoscyamus. 
Digitalis  may  be  a  hvpnotic  if  sleeplessness  is  due  to 
cardiac  disease.  The  use  of  opium  as  a  hypnotic  is  to 
be  deprecated.  Only  in  extreme  cases  of  pain,  in  old 
age  or  in  incurable  disease  is  one  justified  in  using 
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opium    salts    for   producing   sleep.     Hence   they  are 
mentioned  heir  only  to  be  condemned. 

Hyoscine  lently  employed  to  quiet  stair 

maniacal    excitement.      It    is    rarely    called    for    as    a 
hypnotic.  Smith  Ely  Jelliffe. 


Hypnotism. — Definition. — Hypnotism  (from  Cirws, 
sleep)  has  to  do  with  the  study  and  practical  appli- 
cation of  hypnosis.  Hypnosis  is  a  peculiar  mental 
condition  more  or  less  closely  resembling  sleep,  in 
which  the  patient  is  susceptible  to  suggestion  to  a 
greatly  increase.  1  degree.  The  use  of  various  expe- 
dients to  increase  suggestibility  dates  back  to  the 
earliest  periods  of  culture.  As  long  as  the  idea  pre- 
vailed that  disease  was  due  to  the  entrance  into  the 
body  of  an  evil  spirit — and  it  is  not  absolutely  given 
up  even  at  the  present  day — in  all  methods  of  cure 
there  was  naturally  a  religious  element  and  procedures 
having  as  their  object  the  exorcism  of  the  evil  one 
predominated.  As  many  functional  diseases  seem  to 
depend  upon  the  obsession  of  the  patient  by  some 
dominant  idea,  which  may  well  carry  out  the  role  of 
the  actual  demon,  it  is  not  strange  that  procedure 
tending  most  forcibly  to  convey  the  suggestion  of 
recovery  have  in  all  ages  achieved  striking  cures. 
Since  suggestion  usually  works  most  strongly  in 
conditions  in  which  the  bodily  functions  being  asfar 
as  possible  in  abeyance,  the  attention  is  concentrated 
upon  the  words  or  actions  of  the  operator  or  upon  a 
fixed  idea,  and  a  certain -relaxation  and  feeling  of 
fatigue  are  encouraged,  it  is  natural  that  procedure. 
having  as  their  result  this  condition  of  partial  mental 
dissociation  which  we  know  to-day  as  hypnosis  (or  the 
hypnotic  state)  were  early  discovered  and  practised. 

Hypnosis  may  be  produced  through  the  influence 
and  manipulation  of  another  or  by  the  individual's 
own  concentration  and  abstraction  (autohypnosis). 

Theories  with  Regard  to  Hypnosis. — It  is  a  fact 
that  in  hypnosis  there  is  an  altered  mental  condition, 
but  as  to  the  nature  of  this  there  is  still  discussion. 
That  it  in  many  ways  resembles  normal  sleep  is  true, 
but  between  the  two  conditions  there  are  also  points 
of  difference.  The  idea  that  it  depends  upon  the 
entrance  into  the  body  of  some  mysterious  fluid,  or 
upon  animal  magnetism,  developed  by  Mesmer,  is 
practically  given  up  to-day;  at  least  by  all  those  of 
any  authority,  while  the  view  that  it  is  due  purely  to 
suggestion,  originally  formulated  by  Braid  and  worked 
out  by  Liebeault  and  his  successor,  Bernheim,  is  quite 
generally  accepted.  There  has  been,  however,  a 
wide  difference  in  the  conceptions  as  to  its  nature,  on 
the  one  hand  of  Bernheim  and  the  Nancy  school, 
and  on  the  other  of  Charcot  and  his  followers;  the 
former  insisting  that  it  is  a  natural  phenomenon  which 
has  nothing  to  do  with  hysteria  while  the  latter  holds 
that  the  hypnotic  state  is  a  condition  of  induced 
hysteria  and  nothing  more. 

As  to  the  intimate  nature  of  the  phenomena,  how- 
ever, no  one  has  been  able  to  inform  us:  it  is  not  con- 
fined to  human  beings  but  is  equally  inducible  in  the 
lower  animals. 

Methods  of  Production. — The  methods  of  pro- 
ducing hypnosis  have  varied  considerably,  depend- 
ing upon  the  views  as  to  its  nature  which  have  pre- 
vailed, but  they  all  depend  actually,  upon  putting  the 
subject  into  a  state  of  lowered  resistance  to  sugges- 
tion by  encouraging  mental  concentration  upon  the 
matter  in  hand  to  the  exclusion  of  everything  else 
and  upon  setting  up  a  certain  feeling  of  calm  and 
slight  fatigue  through  the  monotonous  stimulation 
of  one  or  more  senses.  They  all  make  use,  either  singly 
or  in  combination,  of  sensory  impressions,  con- 
tinued and  monotonous  (although  occasionally  sud- 
den and  violent);  of  the  production  of  a  certain  degree 
of  fatigue,  and  of  hallucinations  or  conceptions  of  sleep 
aroused  by  suggestion. 
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Gazing  steadily  at    some  object,  bright    or  dull,  the 

ticking  of  a  watch,  the  buzzing  oi  Hie  faradic  bat- 
tery, a  monotonous  strain  of  music,  the  rushing  of 
i ,  or  the  roar  of  a  train,  all  h  ive  a  soporific  effect, 
as  has  also  gentle  stroking,  always  in  one  direc- 
tion, of  the  surface  of  the  body.  These  impressions 
being  uniform  and  monotonous,  produce  a  -ens,.  ,,f 
fatigue;  the  attention  is  arrested  and   I  -tion 

of  sleep  is  favored.  The  sudden  flare  of  a  light  or  a 
loud  noise  may  also  cause  the  desired  effect,  which 
when  s,,  produced  has  been    called  "fright   hypnosis." 

Indian  fakirs  have  for  thousands  of  years  hypno- 
tized themselves  by  gazing  fixedly  at  the  tips  of  their 

.  while  the  monks  of  Mount  Athos  get  the  si 
effect    by   prolonged    contemplation    of     the    navel. 
.Magic,  mirrors,  or  crystal  globes  and  so  forth,  have  also 
been   used  with   effect.     Mesmer    in    violet    garments 
passed    around    among  his  expectant    p  t>  the 

rhythm  of  solemn  music,  touching  them  with  a  "magic 
wand"  of  iron,  or  made  passes  with  his  hands  before 
their  eyes.  Various  bright  objects  as  small  mirrors, 
metallic  balls,  or  the  flame  of  a  candle  held  near  the 
eyes  and  somewhat  above  the  field  of  vision,  as  well 
as  small  magnets,  have  been  used.  Again  the  eyes 
are  closed,  and  the  face  or  forehead  stroked  or,  the 
arms  being  raised,  the  stroking  is  carried  from  the 
hands  down  the  arm  and  along  the  trunk,  all  these 
with  the  verbal  suggestion  that  the  subject  is  sleepy 
and  cannot  keep  awake.  The  monotonous  audi- 
tory stimulus  of  these  constantly  repeated  verbal 
suggestions,  introduced  by  Liebeault,  is  to-day  the 
favorite  method  of  producing  hypnosis. 

The  patient  is  placed  in  a  quiet  room,  seated  in  an 
armchair  or  reclining  upon  a  couch  or  bed,  the  operator 
standing  before  him  should  in  a  steady,  low  and 
monotonous  voice,  continue  to  repeat"  You  are  sleepy," 
"Your  eyes  are' closing,"  You  are  going  to  sleep," 
etc.  In  more  refractory  subjects  the  fixation  of  the 
eyes  upon  one  of  the  small  objects  already  indicated 
may  be  added,  while  the  verbal  suggestion  of  sleep  is 
kept  up. 

The  sequence  of  events  is  as  follows:  The  verbal 
suggestion  of  sleep  together  with  stroking,  passes 
before  the  eyes,  or  their  fixation  upon  some  bright 
object,  being  used,  the  eyelids  of  the  subject  begin 
to  droop,  where  the  eyes  have  been  fixed,  they  cease 
to  converge  and  the  pupils  dilate,  the  body  relaxes 
and  the  patient  presents  the  appearance  of  sleep. 

Success  depends  very  largely  upon  the  degree  of 
confidence  in  himself  which  the  operator  has,  and  upon 
the  extent  to  which  the  patient  surrenders  himself 
to  the  suggestive  influences.  A  number  of  attempts 
may  have  to  be  made  before  a  result  is  obtained;  it 
has  been  said,  indeed,  that  no  one  can  be  hypnotized 
against  his  will,  but  Bernheim  asserts  that  from  80 
to  100  per  cent,  of  people  are  hypnotizable.  Probably 
nationality  plays  a  considerable  part. 

Onset  of  Hypnosis. — The  test  of  success  is  the 
presence  of  suggestibility;  the  patient  appearing  to 
sleep,  for  example,  the  arm  may  be  raised,  and  while 
gently  stroking  it,  the  statement  is  made  that  it  is 
stiff  and  cannot  be  moved.  If  it  remains  fixed  against 
the  action  of  gravity — or  cataleptoid— the  patient  is 
hypnotized;  or  he  may  be  awakened,  asked  if  he  has 
been  sleeping,  and  the  suggestion  repeated.  The 
latter  procedure  is  known  as  the  fractional  method. 
Hypnotization  is  usually  easier  after  it  has  been  once 
accomplished;  a  patient  who  has  been  often  hypnotized, 
in  fact,  becomes  liable  to  fall  into  hypnosis  upon  the 
slightest  suggestion  or  even  upon  fixing  his  eyes  upon 
a  bright  object. 

After  the  desired  suggestion  has  been  conveyed, 
the  patient  if  let  alone  will  probably  awaken  spon- 
taneously after  a  time,  longer  or  shorter,  depending 
upon  how  profound  the  hypnosis  has  been;  or  he 
may  be  roused  by  calling  to  him,  by  shaking  him,  and 
so  forth.     He  is  apt,  however,  to  be  confused  and  dazed 
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and  to  complain  of  headache,  a  sense  of  fatigue  and 
oppression  for  some  time,  hence  it  is  recommended  to 
proceed  as  follows:  After  suggesting  that  he  can  be 
hypnotized  by  no  one  else  but  the  operator,  he  is 
told  that  he  will  presently  awaken  and  will  experience 
no  unpleasant  sensations,  but  will  feel  comfortable 
and  well,  that  his  eyes  are  opening,  that  ho  is  awake, 
perhaps  accompanying  this  last  statement  by  raising 
the  eyelids;  or  it  may  be  suggested  that  the  patient 
will  awaken  at  a  certain  time  or  upon  a  given  signal, 
as  a  knock  at  the  door.  Again,  stroking  in  a  reverse 
direction  is  sometimes  used. 

Phenomena  of  the  Hypnotic  State. — Hypnosis 
has  been  divided  by  different  authors  into  a  number  of 
different  stages  but  the  division  proposed  by  Forel 
into  (1)  somnolence,  (2)  light  sleep,  and  (3)  somnam- 
bulism, meets  all  requirements.  In  (1)  the  subject, 
while  his  consciousness  is  impaired,  can  still  resist 
the  suggestions  offered,  can  open  his  eys,  and  can 
perform  other  acts;  in  (2)  he  can  no  longer  open  his 
eyes  and  is  ready  to  accept  suggestions,  but  later 
remembers  what  has  occurred  during  the  hypnosis; 
in  (3)  there  is  deep  sleep  or  somnambulism,  the 
subject  is  readily  suggestible,  later  has  loss  of  memory 
for  events  during  this  period,  and  may  manifest  post- 
hypnotic phenomena,  particularly  those  of  cataleptoid 
character. 

Catalepsy  is  an  important  symptom  in  deep  hyp- 
nosis, both  in  man  and  in  animals;  Charcot  was  ac- 
customed to  induce  it  by  asking  the  subject  to  gaze 
intently  upon  a  bright  object  held  some  centimeters 
before  his  eyes  and  then,  after  a  few  moments,  suddenly 
withdrawing  it.  In  a  successful  experiment  the 
patient  becomes  immobile,  his  eyes  are  fixed  and 
staring,  the  pupils  dilated,  and  there  is  muscular 
rigidity  of  the  waxy  sort  with  anesthesia  more  or  less 
extensive.  This  condition,  if  long  continued,  some- 
times passes  over  into  an  attack  of  major  hysteria. 
Suggestibility  is  great,  and  after  the  attack  there  is 
complete  amnesia  for  events  during  the  hypnotiza- 
tion  and  also  a  sense  of  fatigue.  If  the  bright  object 
is  not  withdrawn,  but  is  held  continuously  before  the 
eyes,  the  patient  falls  asleep  but  his  muscles  are  re- 
laxed, not  rigid,  while  mental  clouding  is  profound. 
Charcot  gave  to  this  condition  the  name  of  lethargy. 
Cataleptoid  phenomena  are  common  in  animals,  as 
witness  the  inability  to  move  of  a  bird  "charmed" 
by  a  snake,  the  lethargy  of  the  opossum,  etc.  Cata- 
lepsy may  be  induced  in  a  rabbit  by  holding  him  firmly, 
his  nose  to  the  table,  then  drawing  a  piece  of  chalk 
gently  over  his  head  and  nose  and  on  to  the  table, 
when  the  animal  suddenly  sprawls  with  head  and 
limbs  rigidly  extended. 

Posthypnotic  Suggestion. — Since  suggestions 
which  exert  their  effect  only  during  the  hypnotic  state 
can  be  but  of  limited  value  therapeutically,  to  get  a 
useful  result,  it  is  necessary  either  that  their  accept- 
ance is  continuous  after  the  patient  comes  out  of  the 
hypnosis,  or  that  their  action  is  to  become  manifest 
only  at  some  future  time,  posthypnotic  suggestion 
(suggestion  a  echeance).  This  persistence  as  a  rule 
does  not  occur  naturally,  but  in  order  to  secure  it, 
it  is  necessary  for  the  operator  to  insist  at  the  time  of 
conveying  the  suggestion  either  that  its  action  will 
be  continuous  or  that  it  will  not  be  evident  until  later. 
The  commonest  instance  is,  that  at  a  given  hour  the 
patient  will  perform  some  definite  act,  perhaps  foreign 
to  his  usual  habits.  This  act  maybe  a  very  compli- 
cated one  and  may  be  accompanied  by  hallucinations 
more  or  less  vivid,  or,  on  the  contrary,  the  subject 
while  carrying  out  the  act  may  himself  be  surprised 
and  embarrassed  and  unable  to  explain  why  he  does  so. 

Forel  narrates  a  number  of  remarkable  instances 
illustrating  the  effect  of  posthypnotic  suggestion, 
among  which,  one  of  the  most  curious  is  the  following: 

Under  hypnosis  it  was  suggested  to  a  nurse  who  slept 
near  the  room  of  a  very  disturbed  insane  patient  whose 


accouchement  was  expected,  but  the  exact  tune  was 
not  accurately  known,  that  she  would  sleep  soundly 
every  night  until  the  event  was  at  hand,  when  she 
was  to  awaken  and  at  once  summon  the  doctor. 
These  instruet  ions  she  carried  out  to  the  letter  and  it 
is  declared  thai  she  had  no  warning  from  the  patient, 
who  was  this  night  continuously  noisy  as  usual,  and 
gave  no  sign  of  going  into  labor.  The  doctor  hastily 
answering  the  call,  found  the  child  just  about  to  be 
born. 

While  these  phenomena  are  curious,  they  are  hardly 
more  remarkable  than  some  things  which  occur 
spontaneously  and  are  undoubtedly  explainable  by 
natural  laws. 

The  Nature  of  Hypnosis. — Of  the  various  theories 
as  to  the  cause  and  nature  of  hypnosis,  none  are 
satisfying.  The  question  as  to  whether  the  hypnotic 
state  is  or  is  not  pathological  and  really  a  manifesta- 
tion of  hysteria  has  been  vehemently  disputed  be- 
tween the  Paris  and  Nancy  schools  and  their  respect- 
ive adherents,  without  either  side  having  succeeded 
in  convincing  the  other.  Both  conditions  present  in 
common  increased  suggestibility,  and  under  the  influ- 
ence of  suggestion  under  hypnosis,  it  is  claimed  not 
only  that  the  subject  may  be  made  to  carry  out  a 
number  of  queer  and  contradictory  acts  after  he  comes 
out  of  it,  but  that  various  objective  symptoms  are 
also  to  be  produced.  Forel  expresses  himself  with 
regard  to  this  as  follows:  "One  can  say  that  one 
can  produce,  influence,  and  prevent  (inhibit,  modify, 
paralyze,  or  stimulate)  all  the  subjective  phenomena 
of  the  human  mind  by  means  of  suggestion  and 
hypnosis,  and  a  large  proportion  of  the  known 
objective  functions  of  the  nervous  system." 

He  goes  on  to  describe  how  suggestion  can  control 
menstruation,  pollutions,  sweat  secretion,  digestion, 
the  formation  of  vesicles  on  the  skin,  and  can  call 
forth  both  positive  and  negative  hallucinations  of 
the  various  senses.  One  cannot  but  be  impressed 
by  the  extraordinary  similarity  of  the  phenomena  de- 
scribed to  those  known  to  occur  in  hysteria.  Dercum 
has  expressed  his  opinion  that  "To  induce  hypnosis 
in  a  patient  is  to  induce  hysteria."  Sidis  has  recently 
described  a  condition  short  of  sleep,  in  which  there  is 
increased  suggestibility,  under  the  name  of  the  hyp- 
noid  state.  This,  he  asserts,  is  different  from  light 
hypnosis,  but  the  distinction  is  not  clear. 

Therapeutic  Uses. — Of  the  therapeutic  utility  of 
suggestion  there  can  be  no  question,  but  as  to  how  it 
is  best  to  be  conveyed,  there  are  great  differences  of 
opinion  varying  from  such  views  as  those  embodied 
in  the  statement  of  Dercum  quoted  above,  to  those 
of  the  extreme  advocates  of  hypnotism,  who  profess 
ability  by  its  use  to  cure  organic  diseases  of  the 
nervous  system,  as  hemiplegia  and  myelitis.  As  in 
all  such  cases  the  truth  probably  lies  between  the  two 
extremes.  That  a  large  number  of  psychoneurotic 
manifestations  may  be  removed  under  suggestion  is 
true,  but  much  of  this  can  be  affected  by  suggestion 
in  the  waking  state  apart  from  hypnosis,  which,  how- 
ever, may  be  justifiable  in  those  who  cannot  be  in- 
fluenced while  awake. 

Suggestion  under  hypnosis  has  been  asserted  to 
cure  headaches  and  other  pains,  menstrual  irregulari- 
ties, disturbances  of  digestion,  constipation  and  diar- 
rhea, psychic  impotence,  masturbation,  sexual  per- 
versions, and  a  host  of  other  disorders,  both  functional 
and  organic,  too  numerous  to  mention.  Strange  to 
say,  many  even  of  its  most  ardent  advocates  are 
cautious  in  their  claims  as  to  its  value  in  hysteria 
and  prefer  suggestion  in  the  waking  state  in  this 
disease.  It  is  certainly  of  no  use  in  epilepsy,  the  in- 
sane as  a  rule  cannot  be  hypnotized,  and  even  in 
the  obsessions  of  the  psychoneurotic  its  influence  is 
doubtful.  As  to  the  extravagant  claims  of  cures  in 
organic  diseases,  we  may  well  be  skeptical,  though 
it  is  to  be  remembered,  that  along  with  organic  disease 
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there  are  frequently  functional  neurotic  symptoms 
alleviablc  by  suggestion.  Hypnosis  to  produce 
analgesia  during  surgical  operations  has  proved  to 
have  but  limited  application,  though  suitable  sugges- 
tions conveyed  before  anesthetization  by  ether  or 
chloroform  maj  well  aid  in  the  production  of  loss  of 
consciousness  and  keep  down  the  quantity  of  the 
drug  needed,  as  well  as  in  promoting  recovery. 

The  tendency  of  recent  years  has  been  to  use  hypno- 
sis rather  as  an  aid  to  diagnosis  in  the  newer  pscho- 
analysis  than  as  a  therapeutic  measure,  for  which 
last  purpose  the  methods  of  explanation,  persuasion, 
and  re-education,  are  in  most  cases  found  preferable, 
The  lighter  forms  of  hypnosis  are  still  regarded  with 
some  favor,  however,  while  the  deeper  are  for  the  most- 
part  avoided.  That  these  last  have  real  disadvan I 
and  dangers  even  is  undoubted.  If  one  holds 
the  opinion  of  the  Paris  school  and  expressed 
by  Dercum,  he  cannot  but  doubt  the  advisability  of 
risking  the  exchange  of  what  is  perhaps  a  trivial  symp- 
tom for  major  hysteria.  In  such  complaints,  how- 
ever, as  sexual  perversions,  alcoholic  and  drug  addic- 
tions, the  end  may  justify  the  means.  The  chief 
objections  urged  against  hypnosis  are,  on  the  one  hand, 
the  weakening  of  the  will  and  subserviency  to  the 
hypnotist  which  repeated  hypnotization  produces, 
and  on  the  other,  the  danger  that  it  may  be  improp- 
erly used  as  a  means  of  procuring  the  commission  of 
crimes  or  in  the  case  of  women,  in  breaking  down  their 
natural  resistance  to  illegimate  sexual  relations. 
That  the  first  of  these  is  real  is  undoubted.  Persons 
frequently  hypnotized  may  become  so  susceptible 
that  they  succumb  to  even  fortuitious  influences,  are 
hypnotized  by  sudden  sounds  or  bright  lights,  a  chance 
look,  or  they  even  yield  to  autosuggestions  and  be- 
come wretched,  helpless  creatures.  In  the  case  of 
hysterics,  while  one  symptom  may  be  relieved  under 
suggestion  it  is  usually  succeeded  by  some  other,  and 
these  patients,  frequently  hypnotized,  are  apt  to  acquire 
the  "hypnotic  habit."  In  fact,  it  is  recommended 
by  the  best  hypnotists  that  if  the  desired  effect  is 
not  obtained  after  a  reasonable  number  of  hypnotic 
seances,  to  give  up  the  practice  and  to  remove  the 
liability  of  posthypnotic  phenomena  by  a  counter- 
suggestion.  The  amateur  hypnotist  constitutes  a  real 
danger,  and  hypnotic  exhibitions  (though  most  of 
them  are  frauds)  should  be  suppressed.  As  to  the 
likelihood  of  criminal  acts  suggested  under  hypnosis 
being  carried  out,  while  the  possibility  cannot  be  de- 
nied, most  authorities  hold  that  unless  the  subject  has 
an  element  of  criminality  in  his  make-up,  he  will  be 
inhibited  by  contraconceptions  from  carrying  out 
criminal  acts  suggested,  and  that  women  will  always 
balk  at  things  offending  their  innate  modesty.  The 
cases  supposed  to  illustrate  the  opposite  view  are  not 
entirely  convincing.  On  the  other  hand,  the  operator 
cannot  be  too  careful,  since  the  making  of  false  accu- 
sations of  assault  by  women  and  girls  who  have  been 
hypnotized  is  common  enough.  He  should  always 
protect  himself  by  the  presence  of  a  third  person,  pref- 
erably a  relative  of  the  subject.  The  dangers  of  the 
hypnotizer  becoming  abnormally  amenable  to  sug- 
gestion have  been  pointed  out,  for  hypnosis,  like 
hysteria,  is  apt  to  be  contagious.  Fore!  in  his  book 
has  narrated  some  peculiar  instances  of  how  he  him- 
self has  been  affected. 

For  the  average  physician,  unless  he  has  acquired 
the  necessary  experience  and  feels  confidence  in  him- 
self, the  methods  of  persuasion  and  re-education  with 
suggestion  in  the  waking  state  are  open  to  fewest 
objections,  and  in  the  long  run  will  probably  achieve 
the  most  solid  results.         Charles  Lewis  Allen. 

Hypochondriasis. — A  psychosis  characterized  by 
concentration  of  the  mind  upon  the  internal  organs. 
The  name  is  derived  from  the  frequency  with  which 
the  liver  (lying  in  the  right  hypochondriac  region) 
is  the  imaginary  seat  of  disease  in  these  cases. 

462 


Hypochondriasis  shows  a  marked  preference  for 
males  before  middle  life,  but  there  are  hypochondriac 
females  as  well  as  hysterical  males.  Hysteria  is 
largelj  a  loss  of  control  of  the  will,  whereas  the  hypo- 
chondriac may  be  a  person  of  strong  will.  Hypo- 
chondriasis develops  usually  upon  a  neuropathic  basis, 
so  that  hysteria  and  hypochondriasis  may  be  associated. 

The  psychosis  usually  rests  upon  some  slight  dis- 
turbance in  the  sensory  sphere,  a  hyperesthesia  or 
paresthesia  that  would  be  unnoticed  in  health,  but 
here  forme  the  basis  of  an  imaginary  serious  malady. 
As  the  name  implies,  the  affection  is  usually  located 
under  the  cartilages  of  the  ribs,  in  the  liver  or  some 
other  abdominal  organ,  and  is  founded  upon  the  ex- 
aggeration of  sensations  caused  by  dyspepsia,  flatu- 
lence, hemorrhoids,  etc.  But  any  organ  in  the  body 
in.i\  lie  the  imaginary  seat  of  the  disease  of  which 
the  hypochondriac  complains.  A  slight  lesion  of  the 
mucous  membrane  may  lead  to  syphilophobia  that 
may  endure  a  life  time.  Impotence,  that  may  be 
induced  by  the  fear  of  it,  may  be  interpreted  as  a 
sign  of  organic  disease  of  the  spinal  cord,  locomotor 
ataxia,  etc.  Palpitation  of  the  heart,  so  common  in 
gastric  catarrh,  may  lead  to  the  autodiagnosis  of 
heart  disease,  the  patient  living  in  the  constant  fear 
of  sudden  death.  Flatulence  may  induce  the  fear 
of  a  tapeworm  that  is  believed  to  be  consuming  the 
vitality  of  the  body.  Lumbago  or  any  alteration  in 
the  quantity  or  color  of  the  urine  may  form  the  basis 
for  believing  the  kidneys  are  seriously  diseased.  The 
fear  of  cholera  during  an  epidemic  may  cause  the 
patient  to  sweat  with  anxiety  and  may  actually  excite 
a  diarrhea. 

The  mental  suffering  of  the  hypochondriac  is  ap- 
parently very  real,  being  equaled  possibly  only  by  the 
acute  delight  he  seems  to  find  in  gloating  over  the  details 
of  the  symptomatology  of  his  imaginary  illness.  He 
will  tell  his  troubles  to  all  who  will  listen,  till  he  comes 
to  be  shunned  like  a  plague.  And  at  all  times  he 
shows  a  keen  interest  in,  and  is  made  delightfully 
worse,  by  the  exaggerated  and  erroneous  descriptions 
to  be  found  in  the  so-called  popular  literature  of  the 
medical  fakirs.  It  is  the  disease  par  excellence  of 
the  phobias.  The  fear  of  tuberculosis  is  a  common 
form,  leading  to  all  sorts  of  precautions  against  cold, 
and  sometimes  initiating  ridiculously  idiotic  and  cruel 
legislation. 

Diagnosis. — This  is  usually  easy.  Neurasthenia 
shows  the  chronic  fatigue  upon  slight  physical  or 
mental  exercise,  and  irritability  upon  slight  provoca- 
tion. In  neurasthenia,  the  description  as  to  the 
location  and  severity  of  the  pain  or  discomfort  will 
vary  from  time  to  time,  whereas  in  hypochondriasis 
it  is  more  constant  as  to  both  severity  and  location. 
The  depression  is  usually  greater  in  hypochondriasis, 
the  patient  tending  to  brood  over  his  troubles. 

Hypochondriacal  delusions  are  frequently  present 
in  melancholia.  But  the  hypochondriac  is  free  from 
actual  delusions  and  may  be  quite  successful  in  busi- 
ness and  free  from  domestic  difficulties  so  common 
in  melancholia. 

Hypochondriasis  shows  the  characteristic  tendency 
to  exaggerate  trivial  lesions  or  alterations  of  function 
to  the  dignity  of  serious  organic  disease,  and  to  dwell 
upon  the  symptoms  of  these  imaginary  diseases  of 
organs  that  are  practically  normal  both  in  structure 
and  function. 

Prognosis. — The  prognosis  as  to  life  is  usuaUy 
good.  The  confirmed  hypochondriac,  with  his  con- 
stant fear  of  death  and  extraordinary  care  of  himself 
at  the  expense  of  everyone  else,  will  wear  out  and  sur- 
vive every  member  of  his  family. 

Treatment. — This  is  largely  a  matter  of  tact.  The 
physician  should  neither  emphasize  nor  belittle  the 
complaints  of  the  patient.  Trivial  abnormalities 
that  may  serve  as  the  basis  for  the  development  of 
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the  psychosis  should  be  corrected  so  far  as  practicable. 
On  the  other  hand,  they  should  not  receive  undue 
attention,  which  serves  to  increase  the  patient's 
introspection.  Constipation  is  usually  present,  and 
requires  attention.  As  a  rule  the  bitter  arc  better 
than  the  saline  laxatives.  As  suggestions  we  may 
mention  the  aromatic  tincture  of  rhubarb,  a  teaspoon- 
ful  three  times  a  day;  the  compound  pill  of  rhubarb, 
one  or  two  after  meals;  podophyllin,  one-half  to  one- 
fourth  grain  at  bedtime;  the  pill  of  aloes,  belladonna, 
and  strychnine,  with  or  without  cascara;  the  com- 
pound licorice  powder,  one  or  two  teaspoonfuls  once 
or  twice  a  day,  or  the  bitter  fluid  extract  of  cascara, 
one-half  to  two  teaspoonfuls  at  bedtime. 

Sedatives  and  hypnotics  should  be  avoided. 

Dilute  hydrochloric  acid  and  the  bitter  tonics  are 
often  useful,  since  these  cases  usually  show  gastric 
catarrh.  Alcoholics,  including  the  alcoholic  tonics, 
are  absolutely  contraindicated. 

The  mental  and  psychic  treatment  should  not  be 
neglected.  A  strenuous  life  will  leave  less  time  for 
brooding.  Sometimes  the  intervention  of  great 
physical  suffering  or  mental  anguish  will  result  in  a 
cure  of  hypochondriasis.  The  writer  has  known  such 
a  case  now  for  a  number  of  years,  in  which  the  cure 
seems  permanent  following  business  reverses  that 
changed  an  indolent,  purposeless  life  into  one  of  acute 
activity.  Usually  the  neurotic  basis  of  hypochon- 
driasis is  such  that  relapses  are  the  rule  and  permanent 
cure  is  difficult.  A  reasonable  amount  of  worry  is 
good  for  these  patients,  in  so  far  as  it  restrains  them 
from  worrying  about  themselves. 

The  life  of  the  hypochondriac  must  be  regulated 
with  due  reference  to  the  character  of  the  psychoneu- 
rosis,  and  the  fact  that  these  cases  have  a  neuropathic 
basis.  The  mind  and  body  should  be  kept  busy 
but  they  should  not  be  overtaxed.  All  excesses 
should  be  avoided.  The  hypochondriac  must  not 
be  too  devoted  a  worshiper  at  the  shrine  of  Bacchus 
or  of  Venus. 

Much  may  be  accomplished  by  regulation  of  the 
life  and  habits  of  the  patient,  observance  of  the  rules 
of  hygiene,  the  use  of  hydrotherapy  and  moderate 
exercise.  But  every  case  demands  individual  study 
to  secure  the  best  results. 

Psychotherapy  rmist  be  applied  to  the  individual. 
The  patient  must  be  made  to  realize  that  his  case  is 
curable,  and  he  must  have  full  confidence  in  the 
ability  of  his  physician.  The  proper  use  of  suggestion 
does  not  require  resort  to  fakery.  The  patient  must 
be  convinced  that  he  will  eventually  recover.  The 
belief  that  he  will  recover  may  be  either  a  blind  faith 
or  the  result  of  reasoning.  The  latter,  the  result  of 
persuasion,  is  rational  and  scientific  and  much  to  be 
preferred  when  practicable. 

Should  persuasion  and  suggestion  prove  insufficient, 
success  may  follow  the  intelligent  application  of 
psychanalysis.  This  method  of  treatment  con- 
sumes considerable  time,  but  should  not  be  neglected 
in  cases  that  prove  refractory  to  other  treatment. 
Frequently  the  psychic  cause  will  be  found  in  the 
sexual  realm,  in  a  conflict  between  libido  and  sexual 
repression. 

Freud  believes  that  a  sexual  factor  is  paramount 
in  the  causation  of  the  psychoneuroses,  including 
hypochondriasis.  But  this  opinion  is  not  accepted 
by  all.  George  E.  Malsbary. 


Hypoderma. — A  genus  of  flies,  Oestrida;.  The 
larva?  of  H .  bovis  and  H .  (liana  have  occurred  in  man, 
where  they  cause  a  migrating  inflammation  of  the 
skin.     See  Insects,  parasitic.  A.  S.  P. 


Hypodermic  Medication. — The  hypodermic 
method  of  administering  drugs,  now  so  commonly  em- 
ployed, was  first  introduced  by  Dr.  Alexander  Wood,  of 


Edinburgh,  in  L834.  It,  was  gradually  evolved  from 
the  endermic  mode  of  using  certain  soluble    remedies 

formerly  much  in  vogue,  and,  as  the  term  clearly  indi- 
cates, consists  iii  the  injection  of  solutions  of  suitable 
medicaments  under  the  skin  by  means  of  a  small 
syringe  specially   adapted  to  this  purpose. 

To  insure  success,  care  should  be  taken  in  the  choice 
of  the  syringe.  The  essential  qualities  are  uniformity 
of  caliber  of  the  barrel,  a  properly  fitting  piston  and  a 
sharp  needle  attached  to  the  nozzle  by  means  of  B 
water-tight  joint.  These  syringes  are  now  made  of 
glass  and  of  metal,  and  within  late  years  important, 
improvements  have  been  wrought  in  their  construc- 
tion, so  that  excellent  instruments  may  now  be  ob- 
tained in  Licit  variety  and  at  very  moderate  cost. 

The  original  syringes  and  those  of  inferior  qualit) 
still  made,  consist  of  a  glass  barrel  with   a  metal  or 


Fia.3354. 

hard-rubber  cap  at  each  end,  Fig.  3354.  This  kind  of 
instrument  is  not  to  be  recommended.  It  is  frail; 
the  mountings,  of  metal  or  hard  rubber,  are  liable  to 
be  separated  from  the  barrel  by  very  slight  force;  it  is 
apt  to  become  leaky,  and  the  diameter  of  the  glass 
tubing  is  rarely  uniform  throughout  its  length.  But 
even  in  this  class  of  instruments,  some  superior  work- 
manship is  now  shown  in  the  best  specimens  offered 
by  dealers  and  the  former  defects,  by  the  employment 
of  skillful  devices,  have  been,  in  some  measure, 
eliminated. 

A  decided  improvement  upon  this  make  is  illus- 
trated by  Fig.  3355.  The  glass  barrel  is  inclosed  in  a 
fenestrated,  sometimes  a  double  fenestrated,  metal 
sheath,  which  reveals  the  contents  of  the  syringe  when 
charged,  and  renders  an  otherwise  weak  instrument 


Fio.  3355. 

sufficiently  strong  for  ordinary  use.  It  is  easily  taken 
apart  for  cleaning,  and  to  those  who  prefer  the  glass 
barrel  it  is  recommended.  Nevertheless,  it  is  open  to 
other  objections  urged  against  glass  syringes.  Un- 
equal diameter  of  the  cylinder  and  likelihood  of  leak- 
age are  the  principal  defects. 

An  all-glass  syringe  of  very  fine  quality,  Fig.  33.56  is 
now  made.  The  barrel  is  ground  with  uniform  bore 
and  the  glass  piston  is  so  accurately  fitted  that  no 
packing  is  necessary.  This  instrument  is  finished 
with  a  slide  joint,  but  through  the  medium  of  a  minute 
bushing  with  a  screw  thread  on  the  outer  end,  any 
kind  of  needle  may  be  attached. 


Fia.  3356. 

The  metal  syringes  are  to  be  preferred  on  account 
of  their  superior  strength  and  durability,  the  even 
diameter  of  the  bored  cylinders,  freedom  from  leaks 
and  compactness  of  construction.  The  metals  used 
in  their  manufacture  are  German  silver  or  brass — 
plated  inside  and  outside  with  nickel — pure  silver  and 
gold. 

Fig.  3357  illustrates  an  instrument  which  meets 
fully   the   demands   for   a   first-rate   hypodermic   sy- 
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ringe.  It  has  a  nickel-plated  German  silver  barrel, 
which  is  not  corroded  or  injuriously  affected  by  any 
solution  which  it  is  proper  to  inject  into  the  tissues. 
The  minim  scale,  in  this  instrument,  is  placed  upon 
the  semi-cylindrical  piston  rod,  which  is  made  hollow 
to  receive  the  needle,  and  is  provided  with  a  screw- 
thread  and  traverse  nut  designed  to  regulate,  when  set 
the  extent  of  downward  movement  of  the  piston.  A 
cap  should  be  screwed  upon  the  nozzle  when  tie 
needle  is  removed.     11  desired,  a  drop  or  two  of  water 


Fig.  33.57. 

may  be  put  in  the  cap  to  prevent  inconvenient  drying 
of  the  packing. 

More  recently,  the  leather-packed  piston  has  been 
superseded  by  a  solid  metal  p.lunger,  which  is  fitted  to 
the  barrel  with  such  precision  that  the  packing  is  not 
required,  Fig.  3358.  Thus  the  annoyance  of  a  dry  and 
consequently  an  inefficient  packing  "is  obviated,  and  a 
thoroughly  aseptic  instrument  may  be  insured.  The 
hollow  piston  will  receive  one  or" two  small  needles 
held  in  place  by  the  cap  screwed  upon  the  end  of  the 
rod. 


kj; 


^3H£hwe|| 


— HH 


Fig.  3358. 

A  modification  of  this  excellent  instrument  is  shown 
in  Fig.  3359.  This  is  a  metal  syTinge  throughout. 
The.  plunger  is  metal  and  no  packing  is  used.  One 
needle  is  encased  within  the  hollow  rod  and  another, 
affixed  for  use  in  the  usual  manner,  is  protected  by  a 
metal  sheath  screwed  to  the  barrel. 

The  metal  syringes  require  no  case  for  their  pro- 
tection. They  may  be  slipped  into  a  chamois-skin 
or  an  ordinary  pocket  knife  pouch  and  carried,  with- 
out injury,  in  the  vest  pocket. 


Fig    3359. 

The  syringes  provided  for  antitoxins,  serums,  and 
bacterins  are  similar  in  construction  to  the  ordinary 
instrument,  but  are.  for  the  most  part,  considerably 
larger.  They  are  made  in  different  sizes,  however, 
to  meet  varying  demands,  and  range  in  capacity  from 
1  to  20  c.c.  or  more. 

Many  products  of  the  laboratory,  now  extensively 
employed,  are  supplied  by  the  manufacturer  in  aseptic 
glass  syringes,  fully  equipped  and  ready  for  use,  con- 
Hi  I 


stituting  a  most  convenient  and  satisfactory  mode  of 
handling  and  of  administering  these  preparations. 
It  is  prudent  to  be  provided  always  with  an  extra 

needle,  which  may  be  enclosed  and  held  by  a  screw- 
thread,  in  a  small  metal-sheath,  furnished  by  instru- 
ment-makers for  this  purpose. 

The  gold  and  silver  syringes  an- not  superior  in  prac- 
tical  utility  to  other  metal  syringes  and  are  un- 
essarily  expensive. 

The  needles  for  hypodermic  syringes  are  usuallv 
made  of  steel,  plated  with  gold  or  nick  el.  Some  advan- 
tages are  claimed  for  gold  or  platinum  needles.  The 
needles  are  attached  to  the  nozzle  of  the  syringe  by 
a  screw  or  a  slide  joint.  The  former  is  the  more  con- 
venient style.  A  fine  wire  should  be  passed  through 
the  needle  when  it  is  not  in  use,  to  prevent  occlusion 
of  the  caliber,  either  by  the  deposit  of  crystals  from 
any  solution  that  may  have  been  employed,  or  by  the 
accumulation  of  rust.  The  needles  ought  to  be  of 
small  size,  with  large  relative  caliber,  and  it  is  de- 
sirable to  have  the  tips  reinforced  at  the  junction  with 
the  hubs.  The  points  should  be  lancet-shaped  and 
free  from  any  groove,  depression,  or  shoulder-like 
projection. 

The  use  of  these  instruments  requires  no  special 
skill,  though  the  dexterous  performance  of  the  little 
operation  materially  diminishes  the  discomfort  of  the 
procedure  to  the  patient.  The  skin  may  be  pinched 
up  between  the  thumb  and  forefinger  of  the  left  hand, 
while  the  needle,  held  perpendicularly  to  the  surface 
of  the  pinched-up  fold,  Fig.  3360,  is  thrust  quickly 
through  it.     After  penetration,  the  point  of  the  needle 


Fig.  33C0. 

should  be  passed  obliquely  to  the  desired  depth  into 
the  areolar  tissue,  and  the  contents  of  the  syringe 
slowly  discharged.  The  operator,  before  making  the 
puncture,  should  be  careful  to  expel  all  air  from  the 
syringe  by  inverting  the  instrument,  and  at  the  same 
time  depressing  the  piston  sufficiently  to  cause  a  drop 
of  the  contained  solution  to  appear  at  the  point  of  the 
needle.  It  is  scarcely  necessary  to  urge  the  importance 
of  rinsing  out  the  barrel  and  of  thoroughly  cleaning  the 
needle,  immediately  after  using  the  instrument. 

The  injection  may  be  made  under  the  skin  in  almost 
any  portion  of  the  body;  but  the  vicinity  of  large 
vessels  and  nerves,  bony  prominences,  and  specially 
sensitive  or  inflamed  regions  should  be  avoided.  The 
places  ordinarily  selected  are  the  arm,  near  the  inser- 
tion of  the  deltoid  muscle,  and  the  outer  surface  of  the 
thigh.  The  rapidity  with  which  absorption  takes 
place  is  regulated  somewhat  by  the  vascularity  of  the 
part  into  which  the  injection  is  made.  It  is  stated  by 
some  writers  that  a  prompter  effect  may  be  expected 
from  injections  into  the  inner  aspect  of  the  limbs,  or 
into  the  pectoral  region,  than  from  similar  injections 
into  the  outside  of  the  limbs  or  into  the  back.  If  this 
difference  really  exists,  it  must  be  so  slight  that  it  is 
scarcely  worthy  of  serious  consideration,  and  it  would 
be  more  than  offset  by  the  pain  of  the  puncture,  due 
to  the  superior  sensitiveness  of  the  inner  and  anterior 
as  compared  with  the  outer  and  posterior  surfaces. 

The  injections  may  be  superficial,  into  the  subcuta 
neous  areolar  tissue  merely,  or  they  may  be  deep,  into 
the  body  of  a  muscle,  or,  as  has  been  recommended  in 
some  cases  of  obstinate  sciatic  neuralgia,  a  concentrated 
solution  of  morphine  may  be  forced  into  the  very  sub- 
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stance  of  the  nerve  itself.  Injections  are  sometimes 
made  into  diseased  tissues  and  into  abnormal  growths. 
Intravenous  and  intraspinous  or  subarachnoid  injec- 
tions are  also  practised,  but  a  consideration  of  these 
procedures,  and  of  hypodermic  alimentation  ,  is 
incompatible  with  the  scope  of  this  article. 

The  remedies  most  commonly  used  hypodermic- 
ally  are  morphine,  codeine,  heroine,  atropine,  hyos- 
cine,  hyoscyamine,  strychnine,  eserine,  pilocarpine, 
caffeine,  cocaine,  apomorphine,  ergotin,  quinine, 
arsenic,  mercury,  chloral,  digitalin,  nitroglycerin, 
alcohol,  and  ether. 

Morphine  thus  employed  has  a  wide  range  of  useful- 
ness, and,  on  account  of  its  power  to  allay  pain,  is  far 
more  frequently  given  hypodermieally  than  any 
other  drug.  The  sulphate  is  the  salt  generally  used. 
It  makes  a  solution  which  is  in  every  respect  well 
adapted  to  subcutaneous  administration.  The  ordi- 
nary dose  is  one-sixth  to  one-fourth  of  a  grain. 

Codeine  is  used  to  meet  the  same  indications  and  is 
sometimes  a  desirable  substitute  for  morphine.  It  is 
not  so  likely  to  nauseate  or  to  constipate,  though  as  an 
anodyne  it  is  not  so  trustworthy.  The  usual  dose  of 
either  the  phosphate  or  the  sulphate  is  one-half  to  one 
grain. 

Heroine  is  an  anodyne  similar  in  effect  to  the  fore- 
going; but,  in  some  cases,  it  is  better  borne  than  either 
of  them.  The  dose  of  the  hydrochloride  is  gr.  T'j  to 
gr-  A- 

Atropine,  in  small  doses,  is  often  combined  with 
morphine,  as  it  is  capable  of  correcting,  in  some  in- 
stances, the  occasional  unpleasant  after-effects  of  the 
opiate  when  taken  alone,  besides  possessing  valuable 
therapeutic  properties  of  its  own.  As  an  antidote  to 
opium  in  toxic  quantity  it  is  superior  to  any  other  drug. 
The  dose  is  gr.pLj  to  gr.  jS-  Duboisine  has  been  rec- 
ommendedas  an  advantageous  substitute  for  atropine 
in  about  the  same  doses. 

Hyoscine  is  a  valuable  cerebral  and  spinal  sedative 
and  hypnotic  in  doses  of  gr.  TJ(r  of  the  hydrobromide. 
It  may  be  administered  alone  or  combined  with  other 
anodyne  and  narcotic  drugs.  In  combination  with  co- 
deine its  hypnotic  effect  in  cases  of  cerebral  excite- 
ment is  most  gratifying. 

Hyoscyamine  is  closely  allied  in  its  action  to  atro- 
pine, but  it  has  been  found  peculiarly  effective  in 
allaying  maniacal  excitement.  The  usual  hypoder- 
mic dose  is  gr.  sl,T-  It  should  be  cautiously  admin- 
istered at  first.  Testimony  is  not  lacking  of  its  value 
in  various  forms  of  motor  excitement — as  muscular 
tremor,   laryngismus,   hiccough,  etc. 

Strychnine  produces  more  decided,  and  often  more 
satisfactory,  results  when  injected  subcutaneously. 
One-thirtieth  of  a  grain — gradually  increased  when 
required — is  a  proper  initial  dose. 

Eserine,  the  active  principle  of  calabar  bean,  acts 
more  promptly  when  given  hypodermieally  than 
when  administered  by  the  stomach.  The  dose  of  the 
sulphate  or  hydroch'orate  is  gr.  TJu  to  gr.  ^5.  In  effect, 
it  diminishes  the  reflex  excitability  of  the  spinal  cord. 

Pilocarpine  is  administered  in  doses  of  one-twentieth 
to  one-half  grain.  The  nitrate  or  the  hydrochloride 
are  the  salts  employed.  It  is  freely  soluble  in  water, 
and  acts  upon  the  secretory  and  excretory  glands  of 
the  body,  when  used  hypodermieally,  with  great 
promptness. 

Caffeine — the  sodio-benzoate — may  be  exhibited  in 
one-grain  doses  in  conditions  of  mental  and  physical 
depression,  for  nervous  headaches — especially  for  such 
as  are  dependent  upon  the  omission  of  the  accustomed 
cup  of  coffee — and,  in  addition  to  atropine,  in  cases  of 
opium  poisoning,  in  acute  pulmonary  edema,  and  as  a 
respiratory  stimulant.  It  has  also  been  used  with  some 
success  in  the  treatment  of  neuralgia. 

The  hydrochloride  of  cocaine  is  used  hypodermic- 
ally  mainly  for  its  local  anesthetic  effect.  Its  use  is 
not  free  from  danger.  Excessive  depression  of  the 
circulation  sometimes  follows  its  administration.     The 
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dose  is  one-eighth  to  one-half  of  a  grain,  dissolved  in 
water.     The  latter  quantity  has  produced   alarming 
symptoms,  bul  is  ordinarily  safe,  especially  when  pn 
ceded  by  generous  alcoholic  stimulation.     It  seems, 

however,  that  in  smaller  doses  it  reduces  tin-  frequency, 
but  increases  the    force,   of  the  pulse.      More  or   less 

nausea  may  be  experienced  during  its  action.  The 
extent  of  its  anesthetic  influence  is  very  limited,  prob- 
ably including onlj  the  absorbing  tissues  which  may  be 
brought  into  immediate  contact  with  t he  solution.  It 
is  more  than  likely  that  the  drug  supplied  by  the  trade 
is  of  variable  strength.  Other  drugs  of  this  class, 
as  stovaine,  tropacocaine,  beta-eucaine,  alypin,  and 
novocain,  arc  used  for  the  same  purpose  and  in  like 
manner,  either  alone  or  combined  with  adrenalin. 

Apomorphine  is  serviceable  in  condit  ions  requiring  a 
prompt  emetic,  and  when,  from  unconsciousness  or 
from  some  other  circumstance,  deglutition  is  rendered 
impracticable.  It.  is  conspicuously  useful  in  some 
cases  of  narcotic  poisoning.  Inconsequence,  however, 
of  its  depressing  influence  upon  the  system  it  should  be 
used  with  caution,  more  especially  in  cases  of  pro- 
found narcotization,  in  which  the  respiratory  and  car- 
diac movements  are  feeble.  The  usual  dose  is  one- 
tenth  of  a  grain  for  adults. 

Ergotin  is  given  subcutaneously  to  promote  uterine 
contractions,  in  doses  of  two  to  five  or  ten  grains  or 
even  in  larger  quantity  in  cases  of  extreme  urgency. 
One  dram  of  water  will  dissolve  twenty  grains  of 
ergotin — which,  in  fact,  is  only  an  aqueous  extract  of 
ergot.  A  more  concentrated  solution  may  be  made 
by  rubbing  up  the  purified  extract  with  distilled  water 
until  one  minim  represents  one  grain.  It  should  be 
carefully  filtered  to  remove  all  solid  particles.  One- 
half  grain  of  carbolic  acid  added  to  each  ounce  of  the 
solution  will  prevent  destructive  changes,  which,  with- 
out it,  will  take  place  very  rapidly.  In  the  absence 
of  the  aqueous  extract  the  fluid  extract  may  be  used. 
Ergotin  injected  under  the  skin  is  a  potent  remedy  in 
metrorrhagia  and  is  valuable  also  in  congestion  of  the 
brain  and  spinal  cord,  in  the  early  stages  of  meningitis, 
and  in  a  number  of  uterine  and  other  disorders. 
Sclerotinic  acid  has  been  prescribed  as  a  substitute  but 
it  does  not  represent  ergot.  Adrenalin  is  also  used  as  a 
vasoconstrictor,  and  pituitary  extract  is  indorsed  as  an 
active  oxytocic  or  ecbolic. 

The  sulphate  of  quinine — the  salt  of  quinine  com- 
monly prescribed  in  this  country — requires  for  its  so- 
lution 740  parts  of  water,  which  fact  is  an  insuperable 
obstacle  to  its  satisfactory  hypodermic  administra- 
tion. It  has  been  proposed  to  dissolve  the  bisulphate 
of  quinine  in  water  by  means  of  heat  and  of  dilute 
sulphuric  acid — two  minims  to  the  grain — so  that  one 
dram  of  the  solution  would  contain  six  grains  of  the 
quinine.  The  solution  is  to  be  filtered  immediately 
and  a  few  drops  of  carbolic  acid  added  to  insure 
sterility.  The  official  bisulphate  of  quinine,  as  com- 
monly supplied,  while  freely  soluble  in  water — one 
part  in  ten — contains  an  excess  of  acid,  and,  conse- 
quently, like  the  foregoing,  is  very  irritating  to  the 
tissues. 

Of  all  the  preparations  of  quinine  at  present  known, 
the  hydrochloride  of  quinine  and  urea  is  the  most 
available  for  subcutaneous  injections.  This  double 
salt  is  made  by  the  combination,  in  definite  propor- 
tions, of  the  hydrochloride  of  quinine,  of  urea,  and  of 
hydrochloric  acid.  It  is  soluble  in  its  weight  of  water  at 
ordinary  temperatures.  A  fifty-per-cent.  solution  is 
used  with  prompt  effect,  followed  by  very  slight  local 
irritation  and  only  a  transient  stinging  sensation  at 
the  point  of  insertion.  It  has  been  used  as  a  local 
anesthetic  in  one-half  to  two-per-cent.  solutions  in- 
jected subcutaneously,  or  in  ten  to  twenty-per-cent. 
solutions  applied  to  mucous  membranes  and,  on 
account  of  the  remarkably  prolonged  anesthetic 
effect,  it  is  successfully  employed  to  block  surgical 
shock." 

The  most  important  field  for  the   hypodermic  use 
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of  quinine  is  probably  found  in  the  pernicious  types 
of  malarial  fevers,  where  the  utmost  promptness 
in  securing  its  full  effect  is  often  requisite,  and  in  the 
more  common  malarial  derangements  attended  with 
gastric  disturbances,  which  preclude  its  use  by  the 
mouth.  The  dose  varies  greatly  according  to  the 
indications  to  be  met.  It  may  be  stated  as  one  to 
twenty  grains. 

The  official  solution  of  the  arsenite'of  potassium  is 
the  form  in  which  arsenic  is  generally  exhibited  sub- 
cutaneously.  It  produces  less  local  irritation  if  di- 
luted with  an  equal  quantity  of  water.  The  dose  is 
three  minims — equivalent  to  about  gr.  ^  of  arsenous 
acid.  It  may  be  gradually  increased  to  a  much 
greater  amount.  Some  advantages  are  claimed  for 
the  arsenate  of  sodium  for  hypodermic  use.  The 
official  solution  may  be  given  in  the  same  dose  as 
the  preceding  preparation. 

The  hypodermic  method  is  ordinarily  not  an 
available  mode  of  using  mercury  in  private  practic-c, 
though  the  visible  lesions  of  syphilis  undoubtedly  dis- 
appear under  its  use  in  this  manner  more  rapidly  than 
when  it  is  given  by  the  mouth.  Nevertheless,  from 
the  force  of  circumstances,  recourse  to  this  means  of 
treatment  must  be  reserved  for  exceptional  cases. 
The  corrosive  chloride  dissolved  in  water  is  the  favor- 
ite preparation  of  the  drug.  The  dose,  to  commence 
■with,  may  represent  gr.  j$. 

The  great  and  persistent  pain  which  accompanies 
and  follows  the  hypodermic  administration  of  chloral 
seriously  militates  against  its  use  in  this  manner.  A 
fifty-per-cent.  solution  in  water  is  generally  employed. 
A  more  liberal  dilution  of  a  full  dose,  while  it  dimin- 
ishes the  local  irritation,  at  the  same  time  inconven- 
iently increases  the  bulk  of  the  injection.  An  ano- 
dyne effect  is  said  to  follow  the  subcutaneous  use  of 
chloral,  which  is  not  observed  when  it  is  taken  by  the 
mouth.  In  cholera — both  epidemic  and  sporadic — it 
yields  excellent  results.  Bartholow  reported  a  "very 
formidable  case,  in  which  there  seemed  but  little  hope: 
sixty  grains  were  administered  hypodermically  in 
two  hours,  with  the  effect  to  stop  the  cramps,  restore 
warmth,  and  to  remove  indeed  all  unfavorable  symp- 
toms." Chloral  may  be  injected  in  combination 
with  morphine,  or  with  morphine  and  atropine.  The 
combination  constitutes  a  powerful  anodyne  hyp- 
notic. The  dose  of  chloral  is  five  to  ten  grains  or 
more. 

Digitalin  is  administered  to  meet  the  indications 
for  which  digitalis  is  used. 

Spartein  sulphate  in  doses  of  gr.  |  to  gr.  1  is  a  use- 
ful heart  tonic. 

Nitroglycerin  is  a  diffusible  cardiac  stimulant. 

Alcoholic  stimulants  may  be  given  hypodermically 
in  the  form  of  brandy,  whiskey,  or  diluted  alcohol, 
when  an  immediate  effect  is  required  or  when  ad- 
ministration otherwise  cannot  be  accomplished.  A 
syringeful  may  be  injected. 

Ether  is  extolled  as  a  diffusible  stimulant  in  con- 
ditions of  collapse  or  of  profound  physical  depression. 
It  may  be  given  in  doses  of  fifteen  to  thirty  minims 
undiluted.  The  addition  of  one  to  two  grains  of 
camphor  to  the  dose  increases  its  efficacy. 

The  substances  used  in  hypodermic  medication 
have  been  largely  augmented  of  late  by  the  addition 
of  a  long  list  of  biological  products  which  have  been 
placed  upon  the  market.  The  value  of  some  of  these 
contributions  has  been  established,  but  the  utility  of 
others  remains  to  be  ascertained.  Among  these 
laboratory  products,  the  result  of  unlimited  enter- 
prise stimulated  by  keen  competition  are:  diphtheria 
and  tetanus  antitoxin,  antidysenteric,  antipneumo- 
coccic,  antistreptococcic,  antimeningococcic — for  in- 
tradural injection — and  normal  serums,  rabies  vac- 
cine, staphylococcic,  acne,  cholera,  coli,  catarrh,  in- 
fluenza, gonococcic,  diphtheria,  meningococcic,  per- 
tussis, plague,  pneumococcic,  streptococcic,  scarlatina, 
and  typhoid  bacterins,  tuberculin,  etc.,  etc. 


According  to  the  claims   put   forward   by   the   pro- 
motors  of  this  class  of  remedies,  they  co-.M   a 
field  of  usefulness  and  are  applicable  to  a  large  number 
of  morbid  conditions,  a  lew  of  which  are  suggested  by 
the  names  quoted  in  this  partial  li-t. 

An  immunized  serum  may  be  antitoxic  or  anti- 
bacterial or  both.  Its  properties  are  regulated  by  the 
process  of  manufacture.  The  former  are  known  as 
antitoxins — these  are  the  diphtheria  antitoxin  and 
the  tetanus  antitoxin.  The  latter  are  denominated 
serums,  coupled  with  appropriate  descriptive  terms 
indicative  of  their  character.  Bacterins  are  properly 
standardized  killed  bacteria  in  physiological  salt 
solution. 

Serum  and  bacterin  injections  are  used  both  for 
prophylactic  and  for  therapeutic  purposes.  It  is 
asserted  that  the  immunizing  effect  of  antitoxic  and 
of  antibacterial  serums  is  immediate,  but  is  of  short 
duration,  whereas  the  injection  of  bacterins  is  not 
followed  by  immediate  results,  but  that  the  immuniz- 
ing effect  is  much  more  prolonged,  covering  a  period, 
perhaps,  of  months  or  of  years.  It  is  therefore  ad- 
vised that  both  methods  be  followed  when  time  is  an 
important  element,  and  that  bacterins  be  given  in 
conjunction  with  serums. 

Serums  and  bacterins  composed  of  a  number  of 
strains  of  a  pathogenic  organism  are  labeled  polyva- 
lent. It  is  claimed  that  they  are  more  efficacious  in 
many  instances  than  the  pure  cultures.  The  several 
combinations  of  different  bacterins  are  designated 
as  mixed,  and  are  suitable  to  conditions  of  mixed 
infection. 

The  theory  of  serum  and  of  bacterin  therapy  is 
based  upon  the  idea  of  introducing  into  the  circulation 
serums  or  bacterins  which  contain  or  develop  so-called 
antibodies,  the  effect  of  which,  in  the  case  of  anti- 
toxins, is  to  check  or  to  destroy  the  toxic  products  of 
bacterial  activity,  and  in  the  case  of  serums  and  bac- 
terins to  prevent  the  formation  of  pathogenic  organ- 
isms or  to  accomplish  the  destruction  of  those  already 
developed. 

The  injection  of  therapeutic  serum  may  be  sub- 
cutaneous, intramuscular,  or  intravenous.  The  ra- 
pidity of  action  is  in  inverse  ratio  to  the  order  of  this 
enumeration,  and  the  method  of  administration  should 
be  determined  according  to  the  urgency  of  the  symp- 
toms. 

The  strength  of  the  solutions  employed  for  hypoder- 
mic injections  is  a  matter  of  some  consequence.  If 
too  free  dilution  be  resorted  to,  the  mere  bulk  of 
the  injection  is  annoying  on  account  of  the  pain 
consequent  upon  distention  of  the  tissues  or  upon 
successive  punctures  of  the  skin,  which  may  be  nec- 
essary for  its  introduction.  If,  on  the  other  hand, 
the  solution  be  too  concentrated,  it  may  prove  very 
irritating.  Then,  again,  it  should  be  remembered 
that  a  few  drops  of  the  solution  may  remain  in  the 
nozzle  and  in  the  needle.  This  residuum  will,  of 
course,  be  of  more  importance  if  taken  from  five  than 
from  twenty  drops.  Two  drops,  for  instance,  will 
represent  in  the  former  case  nearly  one-half  of  the 
dose,  which  might  be  a  serious  loss,  while  in  the 
latter  it  would  be  a  waste  of  only  one-tenth,  and  pos- 
sibly be  inappreciable  so  far  as  the  effect  of  the  drug  is 
concerned. 

As  many  of  the  remedies  used  hypodermically  are 
concentrated  poisons,  accuracy  of  dose  is  necessary. 

Distilled  water  is  not  essential  in  making  the  solu- 
tions; indeed,  it  is  inferior  to  river,  cistern,  or  well 
water,  either  of  which  will  answer  every  requirement, 
if  only  free  from  visible  impurities. 

Strong  acid  and  strong  alkaline  solutions  are  un- 
fitted for  hypodermic  administration.  The  solu- 
tions should  be  as  nearly  neutral  as  possible  and  free, 
from  irritant  qualities.  "Metallic  salts  have  their 
irritating  properties  diminished  or  removed  by  being 
combined  with  albumen  or  with  an  alkaline  citrate  or 
tartrate,  so  as  to  form  double  salts"  (Brunton). 
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Solutions  of  the  alkaloids  undergo  subtle  and  un- 
known changes  when  kept  for  a  considerable  time. 
They  develop  also  a  fungous  growth — penicillium — a 
minute  organism  which  multiplies  at  the  expense  of 
the  alkaloid,  and  the  solution  deteriorates  in  propor- 
tion to  the  increase  of  this  formation.  The  evapora- 
tion of  the  menstruum  will  also  influence  the  strength 
of  the  solution.  Therefore  fresh  solutions  only  should 
be  employed,  or,  better  still,  they  may  be  extempo- 
raneously prepared  from  powders  of  known  quantity, 
or  from  hypodermic  tablets.  Simple  tablets,  com- 
posed of  a  single  drug  or  several  combinations  of 
different  drugs,   may  be  procured. 

The  use  of  cherry-laurel  and  of  eucalyptus  waters  as 
menstrua  for  the  alkaloids  serves  to  prevent  the  de- 
structive changes  that  render  the  simple  aqueous  so- 
lutions unstable  and  unreliable.  The  antiseptic  in- 
fluence of  carbolic  acid  and  of  salicylic  acid  has  been 
invoked  for  the  same  purpose.  One  to  four  grains  of 
either  to  the  ounce  will  not  prove  objectionable,  and 
will  preserve  the  solutions  for  several  months.  Boric 
acid  is  also  employed  with  a  like  object. 

The  solution  injected  should  be  entirely  free  from 
solid  particles.  To  insure  this  point  it  is  well  to  warm 
the  mixture  before  drawing  it  into  the  syringe,  as  heat 
increases  the  solvent  action  of  water,  and,  besides,  a 
moderately  warm  injection  is  less  disagreeable  to  the 
sensations  of  tjie  patient.  Heat  may  be  conveniently 
applied  by  holding  the  spoon  containing  the  solution 
for  a  few  seconds  over  a  gas  jet,  a  lamp  flame,  or  a 
burning  match. 

The  prominent  advantages  which  accrue  from  the 
hypodermic  method  of  exhibiting  drugs  consists 
principally  in  the  prompt  effect  obtained;  the  oppor- 
tunity which  it  affords  to  surmount  the  obstacles  of 
nausea  and  vomiting  so  commonly  encountered,  and  to 
overcome  also  any  voluntary  or  involuntary  resistance 
on  the  part  of  the  patient,  the  consequence  of  un- 
willingness or  inability  to  swallow.  In  many  cases, 
too,  from  some  idiosyncrasy  of  the  individual,  a 
peculiar  susceptibility  exists  to  unpleasant  after- 
effects of  certain  medicinal  agents  when  taken  by  the 
mouth.  This  result  may,  not  infrequently,  be  moder- 
ated or  obviated  by  the  subcutaneous  injection  of  the 
same  remedy,  and  a  smaller  dose  may  be  depended 
upon  to  yield  given  results;  moreover,  it  is  possible 
that  a  special  therapeutic  effect  may  sometimes  be 
secured.  Absorption  from  the  subcutaneous  cellular 
tissue  is  less  likely  to  be  modified  by  the  condition 
of  the  organism  than  absorption  from  the  stomach  and 
intestines.  In  the  alimentary  canal  the  condition  of 
the  circulation,  the  presence  or  absence  of  food,  the 
state  of  the  lining  membrane,  the  nervous  supply, 
etc.,  influence,  regulate,  and  determine  absorption. 

With  a  sharp  needle,  of  not  too  great  size  and  free 
from  rust,  properly  managed  in  a  suitable  locality,  the 
pain  from  the  operation  is,  as  a  rule,  insignificant. 
The  danger  of  provoking  inflammation  either  by  the 
puncture  or  by  the  presence  of  the  injected  liquid,  of 
the  resulting  cicatrices,  of  conveying  through  the  me- 
dium of  the  syringe  specific  disease,  and  of  injecting 
air  into  a  vein,  are  all  objections  that  have  been  urged 
against  the  procedure;  but  with  the  exercise  of  ordi- 
nary skill,  prudence,  and  cleanliness,  the  risks  are  so 
remote  and  so  improbable  that  they  need  not  be  seri- 
ously considered  in  estimating  correctly  the  great, 
palpable,  and  immediate  advantages  pertaining  to  this 
accepted  and  indispensable  therapeutic  resource. 

James  B.  Baibd. 

Hypodermoclysis. — By  this  term  (derived  from 
Ciro,  beneath,  £l/>/za,  skin,  kXiVis,  a  washing  out) 
is  understood  the  injection  into  the  subcutaneous 
tissues  of  a  large  amount  of  saline  solution  with  the 
object  of  supplying  the  body  with  fluid  (as  after 
profuse  hemorrhage)  or  of  flushing  the  kidneys  and 
thereby  aiding  in  the  elimination  of  effete  and  toxic 
material.     The    procedure    had     been    occasionally 


employed  for  sonic  time  by  Continental  physicians 
and  a  few  Americans,  but  it  did  not  receive  much 
at  ten!  ion  in  this  country  before  the  appearance  of  a 
paper  on  the  subject  by  Hildebrand  of  San  Francisco. 

This    was    followed    by    :i    number   of    publication.--    by 

Man-  of  Philadelphia  who  demonstrated  the  value 
of  the  method  by  a  series  of  clinical  experiments. 

Although  the  procedure  is  of  undoubted   utility  in 

certain  cases,  it  is  comparatively  seldom  used  to-day, 

having    been     replaced     by     intravenous    injections    or 

rectal  infusions  of  saline  solution,  which  are  preferred 
in  many  cases  because  of  their  superior  promptness 
and  certainty. 

The  chief  indications  for  hypodermoclysis  are 
furnished  in  cases  in  which   6he  rectum   cannot  be 

utilized,  and  when  there  [is  not  sufficient  urgency 
for  the  intravenous  route.  In  order  to  give  it  to 
best  advantage  several  needles  are  used  simultane- 
ously, in  the  loose  skin  beneath  the  breast ,  and  on  the 
posterior  aspects  of  the  thighs.  Small  quantities 
only  are  injected,  and  massage  should  follow.  In 
this  way  it  is  possible  to  repeat  the  operation  every 
hour.     Strict  asepsis  is  necessary. 

In  order  to  introduce  fluid  in  large  amount  under 
the  skin  one  should  employ  an  ordinary  clean  glass 
irrigating  apparatus  and  rubber  tube.  In  the  distal 
end  of  the  rubber  tube  is  inserted  a  needle  having  a 
caliber  about  that  of  the  ordinary  antitoxin  needle. 
The  reservoir  is  hung  about  eighteen  inches  or  two 
feet  above  the  level  at  which  the  needle  is  inserted. 
The  salt  solution  should  be  at  about  110°  F.  in  the 
reservoir,  since  it  cools  rapidly  in  its  slow  passage 
through  the  tube.  Or,  better  still,  it  may  be  placed 
in  a  warm  reservoir  at  the  temperature  of  100°,  and 
the  rubber  tube  may  be  coiled  in  a  basin  of  water 
at  the  same  temperature  so  that  the  fluid  in  it  is 
maintained  at  the  temperature  of  100°  during  its 
flow.  The  skin  where  the  needle  is  to  be  inserted 
should  be  thoroughly  cleansed  before  the  puncture 
is  made.  The  most  satisfactory  site  for  the  injection 
is  the  abdomen,  about  half-way  between  the  navel 
and  the  anterior  superior  spine,  or,  in  stout  persons 
and  in  women,  in  the  submammary  region,  and  some- 
times it  may  be  employed  on  the  inner  side  of  the 
thighs,  care  being  taken  to  avoid  the  great  vessels. 
If  aseptic  precautions  are  maintained  abscess  prac- 
tically never  results,  and  the  operation  is  quite  pain- 
less, although  some  tenderness  may  exist  in  the  region 
of  the  injection  for  a  few  hours  after  the  absorption 
of  the  fluid.  When  it  is  desired  to  inject  a  consider- 
able quantity  of  liquid  several  needles  and  tubes  may 
be  employed  simultaneously. 

An  important  point  to  be  remembered  in  the  use 
of  hypodermoclysis  is  that  it  is  not  safe  to  infuse  a 
greater  quantity  of  liquid  than  one  dram  to  each 
pound  of  body  weight  in  each  fifteen  minutes;  as, 
if  this  amount  is  exceeded,  the  kidneys  cannot  ex- 
crete the  liquid  rapidly  enough.  Hypodermoclysis  is 
contraindicated  in  edema  of  the  lungs  due  to  either 
cardiac  or  renal  disease,  in  cases  of  chronic  bronchitis 
with  excessive  secretion  of  mucus  and  fluid,  and  in 
persons  with  very  high  blood  pressure. 

Edward  Preble. 


Hypoglossal  Nerve. — Anatomy. — The  hypoglossal 
nerves  (XII  pair)  are  the  chief  motor  nerves  of  the  ton- 
gue. Through  collaterals  they  also  send  fibers  to  the 
sternohyoid  and  sternothyroid  muscles.  The  chief 
physiological  functions  by  symmetrical  innervation  are 
as  follows:  The  genioglossus  muscle  moves  the  tongue 
forward  and  down;  the  hyoglossus  muscle  moves  the 
tongue  back  and  up;  the  styloglossus  muscle  moves  the 
base  of  the  tongue  up  and  back.  In  asymmetrical 
innervation,  i.e.  loss  on  one  side,  the  combined  action 
of  these  three  muscles  causes  the  tongue  to  deviate 
in  toto  to  the  paralyzed  side. 

Affection  of  the  longitudinal  muscle  by  symmetrical 
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innervation  causes  a  shortening  of  the  tongue  in  its 
long  direction,  this  pulling  the  tongue  either  up  or 
down.  By  asymmetrical  innervation,  the  anterior 
portion  of  the  tongue  i  pushed  to  the  paralyzed  side. 
Any  loss  of  the  function  of  the  branch  which  innervates 
the  transverse  muscles  brings  about  a  shortening  of 
the  tongue  laterally  whereas  symmetrical  affection  of 
the  vertical  muscles  produces  a  flattening  of  the  tongue. 

The  geniohyoid  raises  the  hyoid  bone,  pulling  it  for- 
ward when  the  lower  jaw  is  fixed,  or  pulls  the  lower  jaw- 
down  when  the  hyoid  bone  is  fixed.  The  sternohyoid 
and  the  thyrohyoid  pull  the  hyoid  bone. 

The  nuclei  of  the  hypoglosuss  lie  in  the  lower  two- 
thirds  of  the  medulla,  stretching  as  far  down  as  the 
pyramidal  crossing  ventrally  from  the  central  canal  of 
the  mid  line.  At  least  ten  to  fifteen  bundles  pass 
from  each  hypoglossal  nucleus  between  the  pyramidal 
tracts  to  the  olive,  and  join  together  for  a  short  time 
within  the  hypoglossal  canal  at  the  orifice  of  which  the 
hypoglossal  vein,  which  is  in  connection  with  the 
occipital  sinus,  surrounds  it.  The  canal  is  small  and 
short — less  than  one-half  inch — lying  close  to  the 
occipitoatlantoid  articulation  at  a  place  where  fracture 
of  the  base  of  the  skull  is  very  apt  to  affect  it. 

At  its  exit  from  the  skull  the  hypoglossus  lies  median 
and  dorsal  to  the  vagus  and  to  the  external  jugular 
vein,  proceeds  laterally,  passes  beneath  the  stylohyoid 
muscle  and  the  posterior  belly  of  the  digastric,  splits 
into  its  various  branches  and  innervates  the  muscles 
already  mentioned. 

Anastomoses  with  the  ganglion  nodosum,  superior 
cervical  ganglion,  the  lingual,  and  first  and  second 
cervical  nerves  take  place.  A  special  branch,  the  ansa 
hypoglossal,  is  formed  by  anastomoses  of  the  descend- 
ing branch  of  the  hypoglossal  and  branches  from  the 
second  and  third  cervical  nerves. 

The  supranuclear  pathways  are  followed  with  con- 
siderable difficulty.  In  the  cerebral  peduncles  they 
lie  in  the  center  somewhat  median  from  the  facial; 
within  the  internal  capsule  they  lie  at  the  knee;  the 
cortical  stations  lie  in  the  lower  portion  of  the  central 
convolution.  The  supranuclear  pathways  decussate 
freely. 

Peripheral  lesions  of  the  hypoglossal  are  the  result 
usually  of  mechanical  causes,  resulting  either  from 
fracture  of  the  base  of  the  skull,  from  tumors,  direct 
injury  or  tuberculosis,  or  dislocation  of  the  upper 
cervical  vertebrae.  Cerebrospinal  syphilis,  of  the 
base  particularly,  is  a  not  infrequent  cause  of  per- 
ipheral palsies,  while  poisoning  from  lead,  arsenic, 
alcohol,  carbon  monoxide  may  cause  peripheral  lesions. 

Nuclear  and  supranuclear  affections  of  the  hypo- 
glossal are  due  to  hemorrhage  (thrombus,  embolus) 
within  the  medulla  (inferior  cerebellar  artery),  verte- 
bral, basilar,  poliomyelitis,  tumors,  syphilis,  syringo- 
myelia, and  multiple  sclerosis.  These  are  the  most 
frequent  causes  of  nuclear  and  supranuclear  lesions 
of  these  nerves. 

Clinical. — The  most  frequent  lesions  of  the 
hypoglossal  are  peripheral.  There  is  atony  of  the 
longitudinal  muscles  of  the  paralyzed  side,  and  when 
the  tongue  lies  quiet  in  the  mouth  it  deviates  slightly 
to  the  non-paralyzed  side.  The  base  of  the  tongue 
usually  rises  higher  on  the  paralyzed  side  than  on  the 
sound  side  as  a  result  of  atony  of  the  hypoglossus 
muscle.  Movements  of  the  tongue  are  diminished 
so  that  it  becomes  difficult  to  remove  food  which  lies 
between  the  teeth  and  the  muscles  of  the  mouth,  and 
it  becomes  difficult  for  the  patient  to  direct  the  tongue 
to  the  teeth  on  the  paralyzed  side.  On  thrusting  the 
tongue  out,  it  deviates  to  the  sound  side.  Speech 
disturbances  are  present,  especially  in  articulating  the 
labials  and  Unguals. 

In  long-standing  disease,  atrophies  develop,  with 
fibrillary  twitchings  and  tremors  and  pronounced 
irregularities  in  the  nerves  of  the  muscles.  Electrical 
.stimulation  shows  reaction  of  degeneration. 
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In  bilateral  paralysis  speech  disturbances  arc  more 
marked,  chewing  and  swallow  ing  are  rendered  difficult, 

and  the  movements  of  the  tongue  are  markedly  dim- 
in  i  hed  in  all  directions. 

In  hysterical  tongue  paralyses,  which  are  by  no 
means  uncommon,  re  i  tance  I  o  passive  motion  of  the 
tongue  is  seen.  There  are  no  electrical  changes,  and 
the  speech  disorder  is  apt  to  be  obvious. 

In  nuclear  palsies,  atrophy  and  fibrillary  twitching 
are  marked,  the  speech  disturbances  are  pronounced, 
the  chief  characteristic  being  what  is  termed  "hot 
potato"  speech,  the  patient  speaking  as  though  he  had 
a  hot  morsel  in  the  mouth.  Paralyses  are  usually 
wide  spread.     Reaction  of  degeneration  is  also  present. 

Supranuclear  palsies,  such  as  occur  in  hemiplegia, 
involve'  the  muscles  as  a  whole,  cause  deviation  of  the 
tongue  to  the  paralyzed  side,  and  other  signs  of  hemi- 
plegia are  present.  Pseudobulbar  palsy  is  a  charac- 
teristic syndrome.     Wilson's  lenticular  syndrome  also 


Fig.  3361.— Atrophy  of  the  Right  Half  of  the  Tongue. 

causes  dysarthric  speech  disturbances  from  central 
blocking  "the  hypoglossal  pathways.  Isolated  cortical 
spasm  of  the  hypoglossal  is  sometimes  seen. 

Psychogenetic  hypoglossal  disturbances  (hysterical, 
compulsive,  psychotic)  are  by  no  means  rare.  These 
consist  of  tongue  tics,  of  constant  tongue  movements, 
stammering,  swallowing  movements,  such  as  are 
seen  in  hysteria,  in  cases  of  dementia  precox,  com- 
pulsion neuroses  and  in  various  paranoid  types  of 
thinking. 

The  treatment  of  hypoglossal  disturbances  varies 
according  to  the  cause.  A  speech  disturbance  due  to 
basal  syphilis  needs  salvarsan  and  iodides,  one  with 
conversion  mechanisms  requires  psychoanalysis. 

Smith  Ely  Jellipfe. 

Hypophosphites. — I.  General  Medical  Prop- 
erties of  the  Hypophosphites. — Physiologically, 
salts  of  hypophosphorous  acid  are  simply  bland  saline 
representatives  of  their  respective  bases,  and  produce 
no  special  effect  whatsoever,  due  to  the  hypophos- 
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phorous  acid  of  their  composition.  What  place  they 
hold  in  medicine  is  due  to  theoretical  considerations 
only.  The  idea  has  been  that  because  these  salts  con- 
tain phosphorus  in  a  comparatively  low  state  of 
oxidation,  they  will  ailed.  I  he. system  after  the  manner 
of  phosphorus  itself,  and,  especially,  will  yield 
phosphorus  in  such  chemical  combination  as  to  be 
assimilable  for  the  nutrition  of  nerve  tissues.  Clinical 
experience,  however,  has  failed  on  the  one  hand  to  gel 
the  expected  results,  while  on  the  other  it  has  shown 
that  nearly  all  of  a  dose  of  a  hypophosphite,  swallowed, 
reappears  in  the  urine  unchanged.  Those  who  pre- 
scribe these  salts,  do  so  in  cases  of  neuralgia  and  of  nerve 
exhaustion  or  malnutrition  generally,  and  in  phthisis. 
With  the  exception  of  the  potassium  salt  the  hypo- 
phosphites  are  harmless,  and  they  are,  with  manu- 
facturing pharmaceutists,  favorite  ingredients  of 
emulsions  of  cod-liver  oil. 

II.  The  Hypophosphites  Used  in  Medicine. — The 
hypophosphites  official  in  the  United  States  Pharma- 
copoeia are  the  iron,  potassium,  sodium,  calcium  and 
manganese  salts.  Ferric  hypophosphite  will  be  found 
treated  of  under  Ferrum. 

Potassium  Hypophosphite,  KH2P02.  The  salt  is 
official  in  the  United  States  Pharmacopoeia  as  Potassii 
Hypophosphis,  Potassium  Hypophosphite.  It  occurs 
in  "white,  opaque,  hexagonal  plates,  or  crystalline 
masses,  or  a  granular  powder;  odorless,  and  having  a 
pungent,  saline  taste;  very  deliquescent.  Soluble  in 
about  0.5  part  of  water,  and  in  7  parts  of  alcohol  at 
25°  C.  (77°  F.);  in  0.3  part  of  boiling  water,  and  in  3.6 
parts  of  boiling  alcohol;  insoluble  in  ether"  (U.  S.  P.). 
If  triturated  or  heated  with  an  oxidizing  agent,  such 
as  a  nitrate,  the  mixture  will  explode.  Because  of 
deliquescence,  the  salt  must  be  kept  in  well-stoppered 
bottles. 

Potassium  hypophosphite  follows  the  rule  of 
potassic  salts  of  being  irritant  in  large  concentrated 
dosage,  but  in  therapeutic  doses  it  is  locally  bland 
enough.  Again,  because  a  potassic  salt,  it  may 
tend  to  induce  retrograde  metamorphosis  of  lowly 
organized  material,  and  hence  lead  to  softening  of 
cheesy  deposits  in  the  lungs.  This  particular  hypo- 
phosphite is  therefore,  theoretically  at  least,  not  with- 
out a  possible  dangerous  tendency  in  phthisis.  The 
salt  is  administered  in  solution,  aqueous  or  syrupy,  in 
doses  of  about  7£  grains  (0.50  gm.)  three  times  a  day. 
A  convenient  form  of  giving  it  is  in  the  official  syrup 
of  hypophosphites  (see  below). 

Sodium  Hypophosphite,  NaH2P02-|-H20.  The  salt 
is  official  in  the  United  States  Pharmacopoeia  as  Sodii 
Hypophosphis,  Sodium  Hypophosphite.  It  occurs  in 
"small,  colorless,  transparent,  rectangular  plates  of  a 
pearly  luster,  or  a  white  granular  powder,  odorless,  and 
having  a  bitterish-sweet,  saline  taste.  Very  deliques- 
cent on  exposure  to  moist  air.  Soluble  in  about  1  part 
of  water,  and  in  25  parts  of  alcohol  at  25°  C.  (77°  F.); 
in  0.12  part  of  boiling  water,  and  in  1  part  of  boiling 
alcohol,  slightly  soluble  in  absolute  alcohol,  insoluble 
inether"  (U.S. P.).  Like  the  potassium  salt,  this  also 
will  explode  on  trituration  and  with  an  oxidizing  agent, 
and  must  be  kept  in  well-stoppered  bottles. 

This  sodium  salt  is  a  generally  serviceable  and  per- 
missible hypophosphite,  having,  as  usual  with  com- 
pounds of  sodium,  no  active  individuality  due  to  the 
basic  radical.  It  may  be  given  in  the  same  manner 
as  the  potassium  salts;  the  dose  is  double  that  of 
potassium  hypophosphite. 

Calcium  Hypophosphite,  Ca(H2P02)2.  The  salt  is 
official  in  the  United  States  Pharmacopoeia  as  Calcii 
Hypophosphis,  Calcium  Hypophosphite.  It  occurs  as 
"colorless,  transparent,  monoclinic  prisms,  or  small, 
lustrous  scales,  or  a  white,  crystalline  powder,  odorless, 
having  a  nauseous,  bitter  taste,  and  permanent  in  the 
air.  Soluble  in  6.5  parts  of  water  at  25°  C.  (77°  F.), 
and  in  6  parts  of  boiling  water;  insoluble  in  alcohol" 
(U.  S.  P.). 


Being  a  salt  of  lime,  which  salt  is  assumed  to  ha   •    > 

reconstltuent    tendency    in   phthisical   conditio. is,   this 

hypophosphite  is  theoreticalfj  the  one  to  be  prefern  d 
for  administration  in  consumption.  H  is  also  the  one 
best  borne  when  the  stomach  and  bowels  are  irritable, 
as  so  often  happens  in  the  disease  mentioned.  The 
salt  is  given  in  the  same  manner  and  dose  as  the  po- 
tassium salt. 

Manila  lies,'  Hypophosphite,  Mi>(H2P02)2-rTI20. 
This  salt  is  official  in  the  United  States  Pharmacopoeia 
as  Mangani  Hypophosphis,  Manganese  Bypophos- 
phite.  ft  occurs  as  "a  pink  crystalline  powder,  odor- 
less, and  nearly  tasteless;  permanent  in  the  air.  Solu- 
ble in  6.6  parts  of  water  at  25°  C.  (77°  F.),  and  in  6 
parts  of  boiling  water;  almost  insoluble  in  alcohol" 
(U.  S.  P.).     The  dose  is  3  grains  (0.20  gm.). 

The  following  pharmaceutical  preparations  of  the 
hypophosphites  are  official  in  the  United  States 
Pharmacopoeia;  Syrupus  Hypophosphitum,  Syrup  of 
Hypophosphites.  This  is  an  aqueous  solution  of 
potassium,  sodium,  and  calcium  hypophosphites 
(wherein  the  latter  salt  has  been  made  fully  to  dissolve 
by  the  addition  of  a  little  hypophosphorous  acid), 
made  into  a  syrup  by  the  addition  of  sugar,  and  fla- 
vored with  spirit  of  lemon.  By  weight  the  preparation 
contains  sixty-five  per  cent,  of  sugar,  and,  of  the  hypo- 
phosphites, 4.5  per  cent,  of  the  calcium  salt,  and  1.5 
per  cent,  each  of  the  potassium  and  sodium.  By 
measure  4c. c.  (fl.3  i)  contains  about  0.18gm.  (gr.  iij.) 
of  the  calcium  hypophosphite,  and  0.06  gm.  (gr.  i.) 
each  of  the  potassium  and  sodium  salts.  This  syrup 
forms  a  convenient  preparation  for  prescription,  and 
may  be  ordered  in  doses  of  from  one  to  two  or  three 
teaspoonfuls,  several  times'  a  day.  Syrupus  Hypo- 
phosphitum Compositus,  Compound  Syrup  of  Hypo- 
phosphites. This  preparation  contains  3.5  per  cent, 
of  calcium  hypophosphite,  1.5  per  cent,  each  of  the 
sodium  and  potassium  hypophosphites,  0.2  per  cent, 
of  ferric]  hypophosphite,  0.2  per  cent,  of  manganese 
hypophosphite,  0.1  per  cent,  of  quinine,  0.3  per  cent, 
of  sodium  citrate,  1.5  per  cent,  of  dilute  hypophos- 
phorous acid,  and  77  per  cent,  of  sugar.  This  syrup 
forms  a  convenient,  combination  of  hypophosphites 
with  a  chalybeate,  and  may  be  given,  where  such  com- 
bination is  indicated,  in  doses  the  same  as  those  of  the 
simple  syrup.  Edward  Curtis. 

R.  J.  E.  Scott. 


Hypophysis  Cerebri. — Synonyms:  Pituitary  Oland; 
Ger.,  Hypophyse;  Fr.,  Glande  or  Corps  Pituitaire; 
Ital.,  Glandola  Pituitaria;  Span.,  Glandula  Pituitaria. 

Vesalius  was  the  first  to  describe  this  organ,  and  in 
his  "De  Corporis  Humani  Fabrica"  (1553)  he  calls  it 
the  "gland  pituitam  excipiens"  due  to  the  mistaken 
idea  that  this  organ  secreted  the  nasal  mucus  (pituita). 
Soemmering  (1778)  described  it  more  fully  and  wras  the 
first  to  call  the  gland  the  hypophysis  cerebri.  The 
terms  hypophysis  and  pituitary  are  often  used  as 
synonyms.  For  clearness  Collina  (1898)  has  sug- 
gested calling  the  anterior  or  epithelial  lobe  the  pitu- 
itary gland,  the  posterior  or  neural  lobe  the  processus 
infundibuli,  and  the  entire  organ  the  hypophysis. 
Unfortunately  this  excellent  idea  has  not  been  gener- 
ally adopted. 

That  the  pituitary  does  not  secrete  mucus  was  first 
shown  by  E.  Schneider  (1660-1664).  He  proved 
that  the  cribriform  plate  showed  foramina  only  when 
it  was  dry  and  not  when  it  was  covered  with  fresh 
mucous  membrane.  He  also  demonstrated  that  the 
gland  was  relatively  much  smaller  in  man  than  in  ani- 
mals. A  later  view  shared  by  Willis.  Sylvius,  Boer- 
haave,  and  Monroe,  was  that  the  hypophysis  secreted 
cerebrospinal  fluid  which  escaped  into  the  ventricles, 
and  even  as  late  as  1847  Magendie  thought  that  the 
hypophysis  was  an  organ  similar  to  a  lymph  node, 
collecting  the  lymph  of  the  brain  and  transferring  it  to 
the  circulation.     Wenzel  in   1810  believed   that  the 
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collection  of  colloid  in  the  hypophysis  was  the  cause 
of  epilepsy  and  other  tetanic  conditions,  and  Engel  in 
1839  suggested  that  the  hypophysis  was  correlated 
under  pathological  relationship  with  the  thyroid  gland 
as  a  sexual  organ.  Liegeoia  in  1860  classified  the 
hypophysis  in  the  group  of  the  so-called  ductless  or 
blood-vessel  glands  and  demonstrated  its  histological 
structure,  thinking  that  it  was  an  organ  for  blood  for- 
mation. It  was  only  in  1867  that  Peremeschko  gave 
the  first  accurate  description  of  the  structure  of  the 
hypophysis.  He  showed  that  instead  of  the  generally 
assumed  anterior  and  posterior  lobes,  the  organ  could 
be  divided  into,  first,  an  anterior  grayish-red  portion; 
second,  the  hypophyseal  cavity;  third,  the  white 
medullarv  layer;  and  fourth,  the  grayish-white  nervous 
posterior"  portion  of  the  gland.  Further  studies  by 
Herring,  Tilney,  and  others  have  shown  that  the  gland 
is  even  more  complex. 

It  was  not  until  1SS6  that  it  was  recognized  that 
this  organ  had  any  relation  to  disease.  In  that  year 
Marie  published  his  article  on  acromegaly  and  first 
showed  that  the  occurrence  of  tumors  in  the  gland  was 
correlated  with  this  disease,  though  the  clinical  pic- 
ture of  acromegaly  had  been  long  known.  Minkowski 
in  1887  called  attention  to  the  fact  that  in  all  accurately 
investigated  eases  of  acromegaly  there  was  not  only 
more  or  less  well-marked  hypertrophy  of  all  the  inner 
organs,  but  especially  striking  increase  in  size  of  the 
hypophysis.  The  work  of  these  two  investigators 
gave  great  impetus  to  the  study  of  the  physiology  and 
pathology  of  the  hypophysis,  and  Marie  also  demon- 
strated the  conditions  which  resulted  from  the  extirpa- 
tion of  the  gland.  Oliver  and  Schaefer,  however,  in 
1894  made  a  great  advance  when  they  showed  that  a 
watery  extract  of  the  hypophysis  had  certain  well-char- 
acterized physiological  actions,  and  recent  investi- 
gators following  in  their  footsteps  have  attempted  to 
show  that  the  various  portions  of  the  hypophysis  which 
may  be  distinguished  morphologically  have  also  dif- 
ferent physiological  actions. 

Anatomy. — The  hypophysis  is  a  small  oval  body 
resting  in  the  sella  turcica,  or  pituitary  fossa,  of  the 
sphenoid  bone.  It  is  connected  by  a  narrow  strand  of 
tissue,  the  infundibular  stalk,  with  the  base  of  the 
brain  just  posterior  to  the  optic  chiasm.  The  lateral 
boundaries  of  the  hypophysis  are  formed  by  the  walls 
of  the  sinus  cavernosus.  "On  the  anterior  and  poste- 
rior surfaces  small  venous  branches  form  a  circular 
pattern  about  the  infundibulum,  the  circle  of  Ridley. 
This  also  separates  the  gland  from  the  internal  carotid 
artery.  The  afferent  vascular  supply  of  the  hypoph- 
ysis comes  from  the  circle  of  Willis  which  sends  out  a 
series  of  small  arterial  branches  penetrating  into  the 
organ.  The  venous  flow  is  carried  off  by  small  veins 
which  empty  into  the  circular  sinus  of  Ridley.  The 
average  weight  of  the  hypophysis  in  persons  from  thirty 
to  forty  years  of  age  is  about  59  centigrams.  An  aver- 
age of'66  centigrams  in  men  and  of  73  centigrams  in 
■women  has  been  noted  by  Caselli,  but  these  figures 
cannot  be  considered  as  representing  the  normal  since 
some  of  his  observations  were  made  on  insane  patients 
and  in  cases  of  insanity  the  hypophysis  is  apt  to  be 
enlarged.  Up  to  the  fortieth  year  in  normal  persons 
there  is  a  gradual  increase  in  the  weight  of  the  gland, 
and  after  that  a  slow  decrease.  In  women  who  have 
not  borne  children  the  weight  of  the  organ  is  approxi- 
mately the  same  as  in  the  male,  and  even  the  maximum 
noted  in  a  nullipara  (75  centigrams)  is  less  than  the 
average  noted  in  a  large  series  of  primipara?  (85  centi- 
grams). Toward  the  end  of  pregnancy  the  average 
weight  of  the  gland  is  105  centigrams  in  the  multipara, 
which  is  considerably  more  than  that  noted  in  the  primi- 
para.  At  the  termination  of  pregnancy  there  is  a 
diminution  in  weight,  with  a  further  and  greater  in- 
crease if  another  pregnancy  occurs.  Maximum  weights 
of  165  centigrams  in  a  multipara  and  110  centigrams  in  a 
primipara  have  been  observed.     The  increase  in  the 
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size  of  the  hypophysis  takes  place  almost  entirely  in 
the  lateral  and  vertical  directions,  not  in  the  antero- 
posterior. In  the  adult  male  the  dimensions  are  about 
14.4  millimeters  in  the  transverse  axis,  21.5  millimeters 
in  thickness,  and  5.5  millimeters  in  the  vertical  direc- 
tion. The  color  of  the  organ  is  dark  brown  or  bluish  red. 
Evenmaeroseopically  it  ispossibletomakeout  two  por- 
tions of  the  hypophysis,  an  anterior  kidney-shaped  part 
which  is  concave  posteriorly,  pale  yellow  or  grayish  nil, 
and  rather  firm.  This  corresponds  to  the  epithelial  or 
glandular  portion  of  the  hypophysis,  or,  as  it  has  been 
called,  the  pre-hypophysis.  The  posterior  portion 
is  smaller,  roundish,  white,  and  much  softer  than  the 
anterior.  It  contains  the  nervous  and  neurofibrillar 
portions.  This  is  the  true  hypophysis  or  neurohypo- 
physis and  lies  in  the  cavity  of  the  kidney-shaped 
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Fig.  3362. — Vertical  Section  of  Base  of  Brain,  showing  the  posi- 
tion of  the  hypophysis  and  its  relation  to  the  floor  of  the  fourth 
ventricle  and  the  optic  chiasm. 

anterior  part.  Both  of  these  structures  are  held  to- 
gether by  loose  connective  tissue  and  enclosed  in  a 
common  capsule.  The  organ  is  united  with  the  base 
of  the  brain  by  a  stalk  extending  up  to  the  funnel- 
shaped  infundibulum  which  forms  a  protrusion  from 
the  floor  of  the  third  ventricle.  As  a  rule,  in  man  there 
is  no  canal  remaining,  the  whole  peduncle  forming  a 
solid  structure;  but  in  some  animals  it  remains  open; 
and  occasionally  in  certain  diseases  of  the  hypophysis 
the  canal  may  again  open  in  man  and  connect  with  the 
ventricles  of  the  brain. 

A  more  careful  study  of  the  relations  of  the  various 
structures  shows  that  the  pars  intermedia,  which  lies 
between  the  anterior  and  posterior  lobes  and  sur- 
rounds the  infundibular  process,  may  be  divided  into 
two  portions  the  pars  tuberalis  and  the  pars  infundi- 
bularis  (Fig.  3362).  These  two  structures  have  been 
shown  by  Tilney  to  possess  marked  morphological  and 
histological  differences. 

Embryology. — The  pituitary  gland  is  developed 
from  two  rudiments,  one  arising  from  the  floor  of  the 
forebrain  (prosencephalon)  just  behind  the  optic 
rceess,  and  the  other  from  the  pharynx.  The  latter 
is  the  so-called  Rathke's  pouch,  which  is  a  protrusion 
of  the  buccal  ectoderm  from  the  roof  of  the  stomodeum 
beginning  at  about  the  fourth  -week  in  the  human 
embryo.  This  forms  a  flattened  cleft  which  projects 
toward  the  base  of  the  forebrain  and  is  covered  with 
several  layers  of  cylindrical  epithelium.  A  little  later 
this  duct  is  separated  from  the  mouth   cavity  and 
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remains  as  a  small  blind  channel,  which  later  becomes 
solid  owing  to  the  growth  of  the  bone  at  the  base  of  1  he 
skull  separating  it  from  the  roof  of  the  pharynx. 
During  the  latter  half  of  the  second  month  of  embry- 
onic life  small  buds  are  formed  from  this  hypophyseal 
duct  which  pass  out  into  the  surrounding  vascular 
connective  tissue  and  are  ultimately  cut  off  from  the 
hypophyseal  cavity  and  remain  as  isolated  structures 
which  ultimately  form  the  anterior  portion  of  the 
hypophysis.  A  part  of  the  buccal  epithelium  does  not 
undergo  this  change  into  glandular  structure,  bul 
remains  as  small  areas  of  flat  epithelium,  which  ex- 
plains the  occasional  occurrence  in  the  hypophysis  of 
quamous-cell  carcinomata.  (Fig.  33G3.)  As  a  rule,  in 
normal  adult  skulls  there  is  no  canal  left  in  the  bone; 
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Fig.  33G3. — Epithelial    Remnants  at   the  Periphery  of  the    Pars 
Nervosa . 

but  in  newly  born  children,  especially  those  with  o1  her 
congenital  defects,  a  canal  is  occasionally  found  in  the 
roof  of  the  pharynx.  Small  fragments  of  the  duct  may 
also  be  left  insiiu,  forming  accessory  hypophyses  which 
are  distributed  along  the  space  between  the  base  of  the 
brain  and  the  roof  of  the  pharynx.  Some  observers, 
in  fact,  assert  that  in  all  cases  there  are  small  remnants 
of  hypophyseal  tissue  left  under  the  mucous  membrane 
and  that  these  go  to  form  the  tumors  which  are  occa- 
sionally found  in  the  vault  of  the  pharynx  resembling 
the  adenomata  which  occur  in  the  gland  itself  in  the 
course  of  the  disease  known  as  acromegaly.  At  about 
the  same  time  that  the  buccal  projection  is  forming,  a 
pouching  of  the  floor  plate  of  the  forebrain  also  occurs; 
and  the  small  sac  thus  formed  meets  the  epithelial 
canal  and  uniting  with  it  in  a  loose  capsule  makes  up 
the  ultimate  organ  known  as  the  hypophysis  or  the 
pituitary  gland. 

Histology. — The  structures  of  the  anterior  and 
posterior  lobes  of  the  hypophysis  are  so  radically  dif- 
ferent that  unless  they  were  united  it  would  not  be 
supposed  that  they  came  from  the  same  organ.  The 
anterior  portion  consists  of  a  meshwork  of  connective 
tissue,  cellular  strands  or  clumps,  and  capillaries 
having  the  character  of  sinusoids.  The  cells  may  be 
divided  into  three  classes:  the  first  two  comprise  the 
so-called  chromophile  cells,  and  the  third  the  chromo- 
phobe cells,  or  chief  cells,  as  they  are  also  called.  The 
first  variety  of  chromophile  cells  is  a  round  or  poly- 
hedral structure  with  a  practically  homogeneous  cell 
body,  though  occasionally  a  fine  granulation  can  be 
noted.  The  cell  bodies  stain  strongly  with  eosin; 
hence  the  name  eosinophile  cells.  The  other  type  of 
chromophile  cells  is  regular  and  somewhat  larger  in 
structure,  stains  very  darkly  with  hematoxylin,  and 
shows  coarse  granules  in  the  cell  protoplasm ;  these  are 
called  basophile  cells.  The  chromophobe  cells  show 
irregular  boundaries  and  a  very  faintly  staining  proto- 
plasm with  a  large  round  or  irregular  nucleus  contain- 
ing a  well-marked  chromatin  network.  The  distri- 
bution of  these  three  varieties  of  cells  is  not  at  all 
constant.     The  main  collection  of  the  eosinophile  cells 


may  be  in  the  posterior  portion  of  the  anterior  lobe, 
while  the  basophile  cells  lie  chiefly  anterior,  with  the 
chief  cells  scattered  among  them,  but  this  distribution 
though  frequently  mel  with,  is  not  at  all  constant. 

In  the  first  years  of  life  the  chromophile  cells  do  not 
appear  in  very  large  numbers,  but  about  the  age  of 
puberty  they  increase  rapidly;  and  from  then  on  regu- 
larly up  to  the  fortieth  year;  after  that  there  is  a 
moderate  diminution  in  the  number  of  eosinophile  anil 
basophile  cells.     During  pregnancy,  on  the  other  hand, 

the  chief  cells  or  chromophobe  cells  increase  greatly  in 
number,  and  to  a  certain  extent  change  their  histo- 
logical character;  so  thai  some  observers  have  spoken 
of  these  new  types  as  the  cells  of  pregnancy.  Even 
after  delivery  a  certain  increased  number  of  chief  cells 
remains,  and  this  accounts  for  the  greater  volume  and 
weight  of  the  hypophysis  in  women  who  have  borne 
children.  The  question  whether  the  specific  granules 
of  the  chromophile  cells  of  the  hypophysis  represent  a 

secretory  product  or  not,  is  as  yet    unsettled.      Many 

authors,  among  them  Benda,  consider  that  1his  is  the 

case,  and  go  a  step  further  in  concluding  that  the 
chromophobe  cells  and  the  chromophile  cells  are 
merely  different  forms  of  the  same  cell,  and  not  differ- 
ent species.     But   Erdheim   believes  that   while  the 


Fig.  3304. — Human  Hypophysis  at  the  Boundary  between  the 
Glandular  and  the  Neural  Portions,  the  so-called  Pars  Intermedia. 
Three  colloid  vesicle  are  shown  in  the  figure. 

chromophile  cells  may  well  be  derivatives  of  the  chief 
cells,  yet  the  eosinophile  and  basophile  cells  are  dis- 
tinct from  each  other,  especially  because  tumors  can 
be  found  containing  chiefly  one  or  the  other  type  of 
cells.  Other  authors  think  that  the  peculiar  granules 
have  nothing  to  do  with  the  secretion,  but  that  this  is 
wholly  contained  in  a  colloid  substance  which  is  found 
in  a  certain  group  of  cells  about  the  posterior  portion 
of  the  anterior  lobe,  probably  derived  from  the  em- 
bryonal hypophyseal  cavity  which  is  present  in  man 
up  to  about  the  tenth  year  as  a  long  narrow  space 
lined  with  a  single  layer  of  cylindrical  ciliated  epi- 
thelium, or  occasionally  with  two  or  three  thicknesses 
of  cubical  epithelium,  and  usually  containing  a  mass 
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which  stains  a  pair  blue  with  hematoxylin.  The  de- 
posits of  this  specific  colloid  substance  are  found  no1 
(1111y  in  the  posterior  portion  < >f  the  lobe,  but  in  cells 
which  lie  along  the  hypophyseal  ducts  or  cavity, 
These  colloid  masses  suggest  very  strongly  the  mor- 
phological picture  of  the  follicles  of  the  thyroid  gland. 
The  wall  of  the  follicles  consists  of  cubical,  poorly 
staining  cells  with  large  nuclei,  the  lumen  is  filled  with 
an  amorphous  mass  which  often  takes  a  reddish  color 
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Fig.  3365. — Posterior  Portion  of  tin-  Hypophysis,  or  Pars  Nervosa 
Pigment-bearing  cell  in  upper  part  of  field. 

with  eosin,  though  some  stain,  as  does  the  thyroid 
colloid,  a  more  or  less  dark  reddish  blue  or  pure  blue 
color.  These  structures  lie  in  the  so-called  pars  in- 
fundibularis  of  the  pars  intermedia,  and  are  much 
better  developed  in  animals  than  in  man.  Unlike 
the  thyroid  colloid,  the  colloidal  substance  in  the  hypo- 
physis contains  no  iodine.  Not  all  of  this  colloidal 
substance  is  contained,  however,  in  alveoli  or  follicles; 
a  good  deal  of  it  may  be  interfollicular,  and  there  seems 
to  be  very  little  question  at  the  present  time  that  this 
substance  passes  up  the  loose  tissue  of  the  hypophyseal 
stalk  and  may  under  certain  conditions  pass  into  the 
cerebrospinal  fluid  of  the  ventricles.  Some  of  Cush- 
ing's  experimental  work  points  strongly  in  this  direc- 
tion. In  animals  the  amount  of  this  colloid  substance 
is    increased    after   thyroidectomy. 

The  posterior  lobe  or  pars  nervosa  lies  in  a  depres- 
sion in  the  posterior  portion  of  the  anterior  lobe. 
Histologically  it  consists  of  a  loose  stroma  in  which  are 
.scattered  the  connective-tissue  elements  and  glia  cells, 
the  latter  predominating.  There  seems  to  be  no 
question  that  true  nerve  cells  and  nerve  filaments  are 
present  in  the  nervous  portions  of  this  organ.  Scat- 
tered throughout  the  posterior  lobe  is  a  peculiar  pig- 
ment which  lies  chiefly  in  the  glia  fibers  and  to  a 
certain  amount  in  the  glia  and  ependyma  cells.  It  is 
not  fat  nor  a  lipochrome,  but  is  probably  a  metabolic 

472 


product  of  the  specific  gland  secretion.  It  gives  no 
iron  reaction,  is  not  soluble  in  any  of  the  ordinary 
i.  agents,  and  does  not  stain  with  osinic  acid  with  the 
fat  dyes,  or  with  hematoxylin.  It  appears  first  about 
tin-  tenth  month  after  birth  and  more  constantly  after 
the   fourth   year. 


Fig.  3366. — Colloid  Body  in  the  Anterior  Lobe  of  the  Hypophysis. 

Pathological  Anatomy. — Because  of  the  peculiar 
and  intimate  relationship  of  the  hypophysis  with  the 
base  of  the  brain,  lesions  of  the  latter  organ  are  apt  to 
involve  this  gland.  These  secondary  invasions  may 
or  may  not  be  marked  enough  to  produce  symptoms; 
but  usually  before  serious  alteration  occurs  in  the 
pituitary,  the  primary  lesion  at  the  base  of  the  brain 
has  produced  its  effect  and  either  caused  the  death 
of  the  patient  or  masked  the  symptoms  caused  by  the 
pituitary  lesion. 

Develop7nenlal  Anomalies. — In  addition  to  the  regu- 
larly occurring  pharyngeal  hypophysis,  accessory  de- 
posits of  gland  substance  may  occur  in  the  roof  of  the 
pharynx,  in  the  craniopharyngeal  duct,  in  the  body  of 
the  sphenoid  bone,  and  in  the  sella  turcica,  and  under 
these  circumstances  the  gland  may  or  may  not  be  com- 
pletely developed  in  its  usual  site.  Congenital  hypo- 
plasia is  frequently  met  with  in  cretins  and  dwarfs. 
The  portion  of  the  gland  chiefly  affected  is  the  anterior 
lobe;  this  may  be  almost  entirely  atrophied.  A  gen- 
eralized atrophy  of  the  gland  often  appears  in  old  age, 
and  is  also  seen  in  myxedema,  exophthalmic  goiter, 
and  arteriosclerosis,  with  lesions  chiefly  in  the  anterior 
lobe.  The  chromophilic  cells  disappear  first  under 
these  circumstances.  Various  degenerations  are 
found  in  the  pituitary  which  may  be  present  in  atro- 
phic, normal,  or  hyperplastic  glands.  Pigmentation, 
coagulation  necrosis,  and  hyaline  degeneration  are 
often  seen,  especially  in  arteriosclerotic  ischemias. 
In  diphtheria,  toxic  necroses  of  the  gland  have  been 
described.  Cysts  are  occasionally  found,  and  occa- 
sionally also  psammomatous  concretions  are  present. 
Hyperemic  conditions  due  to  ectasia  of  the  veins, 
even  causing  an  angiomatous  condition,  may  occur. 
Hemorrhages  occur  in  endarteritis  and  in  diseases 
affecting  the  blood,  such  as  purpura  haemorrhagica 
and  pernicious  anemia.     Ischemic  necroses  are  found, 
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especially  in  extensive  arteriosclerosis  and  syphilitic 
arteritis.  Tuberculous  and  syphilitic  nodules  are 
met  with  only  very  rarely.  Primary  acute  inflam- 
mation is  almost  unknown,  though  extension  from  a 
basal  meningitis  is  not  infrequent ;  the  lesion  rarely 
involves  the  substance  of  the  gland  itself  owing  to 
the  very  complete  protection  exerted  by  the  dnr.il 
capsule  which  surrounds  it.  Secondary  involvement 
of   the   pituitary   may   occur   with   abscesses   in   the 
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Flo.  3367. — Anterior  Portion    of  the    Hypophysis, 
containing  chiefly  basophile  cells. 


The  portion 


pharyngeal  vault.  A  physiological  hypertrophy  of 
the  organ  occurs  in  pregnancy.  Hyperplasias  are 
also  seen  after  castration  both  in  males  and  females 
and  also  in  connection  with  atrophy  of  the  thyroid 
gland  in  myxedema. 

Tumors. — The  most  important  alteration  of  the 
hypophysis  is  the  formation  of  adenomata.  These 
may  be  composed  of  either  the  eosinophile  or  the 
basophile  cells,  and  hence  form  eosinophile  or  baso- 
phile adenomata.  Small  adenomatous  nodules  are 
frequently  present  in  individuals  over  forty  years  of 
age.  The  larger  adenomata  show  a  very  atypical 
structure  and  are  frequently  considered  as  sarcomata, 
Many  of  these  tumors  break  through  the  capsule, 
and  may  involve  the  bone  and  the  neighboring  por- 
tions of  the  brain.  The  most  common  type  is  the 
tumor  of  the  eosinophile  cells,  a  form  which  frequently 
is  accompanied  by  acromegaly,  while  other  forms  of 
tumor  occurring  in  this  gland  do  not  cause  the  disease. 
The  purely  epithelial  tumors,  mostly  squamous  in 
type,  are  chiefly  derived  from  remnants  of  the  hypo- 
physeal sac  and  duct;  cystic  tumors  containing  colloid 
spaces  have  been  found  chiefly  in  the  pars  intermedia; 
and  complex  tumors  containing  squamous  epithelium, 
cartilage,  and  bone  have  been  described;  these  are 
teratoid  in  their  nature  and  can  be  explained  only  by 
germinal  displacement  during  embryonic  life.  Lipoma 
and  fibroma  have  been  seen  and  in  some  cases  rem- 
nants of  chorda  tissue  have  been  discovered  in  these 
tumors.  Cholesteatomata  have  been  seen;  fibro- 
mata  and   sarcomata   are  rare  and   usually  occur  in 


the   posterior   lobe.      An    echinococcu      i      I    ol    the 
hypophysis  has  been  noted. 

Chemistry. — But  lit  tie  is  yet  known  as  to  the  chem- 
ical nature  of  the  substances  in  the  hypophysis  which 

cause  various  physiological  phenomena  in  the  body. 
We  know  only  that  the  extraci  from  the  gland  eon- 
tains  a  considCrable  amount  of  phosphorus  and  lime, 
and,  after  iodine  has  been  administered,  may  contain 
a  quantity  of  this  substance;  unless  such  medication 
has  been  previously  exhibited  no  iodine  is  found  in  the 
gland.  Crystallizable  bodies  have  been  obtained  from 
the  hypophysis  by  various  methods,  some  of  them 
showing  to  a  high  degree  the  physiological  action  of 
watery  extracts  of  the  whole  gland.  In  recent  years 
a  considerable  number  of  commercial  products  have 
appeared  on  the  market.  Pituitrin  is  one  which  con- 
tains "a  twenty  percent,  extract  of  the  posterior  lobe  of 
the  hypophysis  to  which  some  chloretone  has  been 
added  as  a  preservative."  Pituglandol  is  "a  ten  per 
cent,  extract  of  the  infundibular  portion  of  the  gland." 
Vaporole  is  "a  twenty  per  cent,  extract  of  the  posterior 
lobe  and  the  pars  intermedia  of  the  hypophysis  of 
the  ox."  These  fluids  can  be  sterilized"  by  boiling, 
as  they  contain  no  albumin.  There  is  also  on  the 
market  a  crystalline  product  which  is  said  to  contain 
in  highly  concentrated  form  all  of  the  important 
physiological  activities  of  the  gland.  None  of  these 
products  is  especially  toxic,  though  after  intravenous 
injection  of  large  quantities,  cardiac  paralysis  and 
edema  of  the  lungs  have  been  seen  in    man.     It    is 
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Fig.  3368. — Anterior  Portion   of  the  Hypophysis, 
containing  chiefly  eosinophile  cells. 


The  portion 


said  that  anaphylaxis  may  be  induced  by  spaced 
injection  so  that  care  should  be  taken  in  the  ad- 
ministration of  the  drug  to  give  several  doses  within  a 
few  days,  and  not  to  delay  the  second  injection  for 
ten  days  or  two  weeks.  Repeated  doses  in  animals 
have  caused  a  hypertension  and  hypertrophy  of  the 
heart  as  well  as  hemorrhages  in  the  intestines  and 
kidney. 

Physiological  Action  of  Extracts  of  the  Hy- 
pophysis.— As  was  first  shown  by  Oliver  and  Schaefer, 
watery  extracts  of  the  hypophysis  when  injected 
intravenously,  have  the  power  of  raising  blood  pres- 
sure, the  pressure  remaining  high  for  a  longer  time 
than  after  injections  of  extracts  of  the  adrenal  gland. 
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The  increase  in  pressure  is  due  both  to  contraction 
of  the  vessel  and  to  increased  activity  of  the  heart,  and 
is  entirely  independent  of  the  nervous  system,  as  can 
be  demonstrated  by  perfusion  experiments.  Howell 
showed  shortly  after  the  publication  of  Schaefer's 
results  that  this  power  of  raising  the  blood  pressure 
was  a  function  of  the  posterior  lobe,  and  more  recent 
investigations  have  demonstrated  that  while  the  ex- 
treme posterior  portion  or  pars  nervosa  has  no  action, 
the  pars  intermedia  is  the  source  of  the  active  sub- 
stance. A  second  injection,  given  shortly  after  the 
blood  pressure  has  risen,  does  not  induce  an  additional 
rise,  but,  on  the  contrary,  often  causes  a  fall.  This 
effect,  however,  is  lost  shortly,  and  an  injection  the 


Fig.  3369. — Glandular  Portion  of  the  Hypophysis.  The  cells  m 
the  field  are  the  very  deeply  staining  basophile  cells,  and  the 
faintly  staining  chromophobe,  or  chief  cells,  which  appear  as  clear 
spaces  with  distiDct  nuclei  against  the  darker  background  of  the 
eosinophile  cells. 

following  day  will  cause  a  rise  again.  Extracts  from 
the  anterior  lobe  of  the  hypophysis,  as  a  rule,  effect 
a  fall  in  blood  pressure,  but  this  power  is  not  constant. 
The  localization  of  the  action  is  on  the  vessels  them- 
selves, as  just  stated;  but  Howell  has  shown  that  while 
the  hypophyseal  extract  has  the  same  action  as  adren- 
alin on  the  carotid,  mesenteric,  and  femoral  arteries, 
causing  contraction  of  all  of  these,  its  effect  on  the 
vessels  of  the  heart  and  kidney  is  exactly  opposite 
to  that  of  adrenalin.  Thus,  the  coronary  arteries, 
which  are  dilated  by  adrenalin,  are  contracted  by 
extracts  of  the  pituitary  body,  and  the  latter  causes 
a  dilatation  of  the  peripheral  portion  of  the  renal 
artery  and  a  contraction  of  the  proximal  portion. 
Pituitary  extract  causes  also  a  strengthening  and 
slowing  of  the  heart  beat,  a  part  of  this  action  being 
due  to  central  stimulation  of  the  inhibitory  cardiac 
nerves,  and  a  part  to  direct  action  on  the  musculature 
of  the  heart.  Contraction  of  the  musculature  of  the 
urinary  bladder  and  of  the  uterus  is  also  caused  by 
the  extracts;  their  action  on  the  uterus  of  a  virgin 
guinea-pig  being  so  characteristic  that  the  potency 
of  various  preparations  can  be  determined  by  testing 
them  on  a  strip  of  muscle  from  this  organ  suspended 
in  warm  Ringer's  or  Locke's  solution  (Roth).  Another 
effect  of  the  extracts  is  to  alter  the  rhythmic  contrac- 
tion of  the  intestines,  so  that  at  first  there  is  diminu- 
tion, and  later  a  great  increase  in  the  peristaltic 
movements.  An  increase  in  the  flow  of  urine  is  also 
frequently  observed  after  the  administration  of  hypo- 
physeal extracts,  the  action  being,  so  far  as  is  now- 
known,  not  only  on  the  vessels,  but  also  on  the  glandu- 
lar structures  of  the  kidney.  The  secretion  of  milk 
in  the  lactating  breast  is  stimulated  by  the  adminis- 
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tration  of  pituitrin;  and,  finally,  tliis  also  causes  an 

increase  in  the  general  metabolism  of  the  body  with  a 
rise  in  the  consumption  of  oxygen  and  in  the  produc- 
t  ion  of  carbon  dioxide. 

The  therapeutic  use  of  hypophyseal  extract  has 
become  very  general,  especially  as  the  stimulating 
power  of  the  drug  upon  the  pregnant  uterus  lias  proved 
useful  in  many  cases.  It  should  be  used  only  after 
the  cervix  is  well  dilated,  as  it  causes  extreme  and  long- 
continued  contractions  which  might  result  in  serious 
difficulty  if  the  cervix  were  not  sufficiently  softened 
lo  permit  of  delivery  of  the  child.  In  gynecological 
practice,  also,  it  is  used  as  a  hemostatic  to  check 
hemorrhage  from  the  uterus.  It  lias  unquestionably 
some  effect  in  causing  freer  peristalsis  and,  under 
special  operative  conditions,  has  been  employed  for 
this  purpose.  Its  power  of  raising  the  blood  pressure 
and  stimulating  contraction  of  the  heart  has  been 
useful  in  conditions  of  collapse.  As  a  diuretic  it  has 
been  employed  but  has  no  special  value.  In  addition, 
it  has  been  used  in  some  of  the  nutritional  conditions  in 
which  there  is  evidently  a  hypopituitarism,  as  shown 
by  the  increase  in  the  fat  of  the  body  and  the  lack  of 
development  of  the  secondary  sexual  characteristics. 

Arromegaly. — This  disease,  which  was  first  recog- 
nized by  Pierre  Marie  in  18S6,  is  characterized  by  an 
enlargement  of  the  bones  and  soft  parts  of  the  face 
and  extremities,  and  occasionally  also  of  the  internal 
organs.  The  symptoms  are  headache,  muscular 
weakness,  a  loss  of  sexual  activity,  glycosuria,  pre- 
sumably due  to  pressure  on  the  posterior  lobe  of  the 
hypophysis,  and  a  general  failure  of  mental  powers, 
probably  correlated  with  the  pressure  which  the 
growth  exerts  on  the  brain.  In  all  the  published 
cases  of  acromegaly  a  tumor  of  the  hypophysis  has 
been  present,  and  though  many  of  these  neoplasms 
have  been  called  sarcomata,  in  all  probability  this  is 
due  to  a  lack  of  recognition  of  the  peculiar  anatomy 
of  the  gland.  According  to  B.  Fischer,  all  such 
tumors  occurring  in  acromegaly  belong  to  the  true 
adenomata.  The  cells  which  form  these  adenomata 
are  usually  of  the  eosinophile  type,  though  tumors 
largely  composed  of  basophile  cells  have  been  seen; 
the  granules,  however,  are  often  less  definite  than  in 
the  cells  of  the  normal  gland.  Occasionally  an  adeno- 
matous growth  may  develop  at  a  site  apart  from  the 
gland.  Erdheim  has  described  one  case  in  which  the 
tumor  was  situated  in  the  body  of  the  sphenoid  bone, 
and  other  cases  are  on  record  in  which  the  enlarge- 
ment was  chiefly  in  the  pharyngeal  remnant  of  the 
hypophysis.  Persistence  of  trie  thymus  gland  is  not 
infrequently  observed  in  connection  with  acromegaly 
and  an  atrophy  of  the  thyroid  is  also  to  be  noticed. 
Even  more  frequent  than  the  changes  in  the  two 
glands  mentioned  above  are  atrophy  of  the  testicle 
with  changes  in  the  epithelium  of  the  germinal  tubules 
and  the  interstitial  cells  of  Leydig  in  men,  and  a  cessa- 
tion of  the  formation  of  ova  in  the  ovary  with  ultimate 
atrophy  of  the  primordial  follicles  in  women.  In 
connection  with  these  changes  there  is  also  very  fre- 
quently noticed  an  obliteration  of  the  secondary 
sexual"  characteristics.  Hyperplasia  of  the  supra- 
renal gland  is  not  infrequent.  The  exact  condition 
which  underlies  the  disease  is  not  as  yet  completely 
determined.  Whether  the  changes  in  the  sexual 
organs  or  in  the  thymus  and  thyroid  have  anything 
to  do  with  the  production  of  hypersecretion  from  the 
hypophysis  or  with  the  growth  of  the  adenomatous 
masses  found  therein,  is  not  as  yet  settled;  but  it  is 
evident  from  what  is  now  known  of  the  disease  that  it 
cannot  be  considered  as  due  wholly  to  the  changes  in 
the  pituitary  gland,  but  that  it  is  correlated  with 
changes  in  "the  other  glands  of  internal  secretion. 
Acromegaly  may,  therefore,  be  fairly  considered  as 
belonging  "to  the  group  of  polyglandular  diseases. 
The  very  favorable  results  which  have  been  noted 
following  the  partial  extirpation   of   a   tumor  of  the 
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anterior  lobe  of  the  hypophysis  show,  however,  that 
this  is  the  most  important  gland  in  the  production 
of  the  symptom  complex.  For  further  clinical  details 
see  article  on  Acromegaly. 

Gigantism. — Another  form  of  disease,  which  is  cor- 
related with  acromegaly,  yet  in  which  other  factors 
also  dominate  the  picture,  is  gigantism.  In  this  there 
is  evidently  a  hypersecretion  of  the  hypophysis,  a 
primary  atrophy  of  the  genital  glands,  and,  probably 
in  addition  in  some  cases,  a  hyperactivity  of  the  thy- 
roid. The  condition  is  actually  an  anomaly  of  the 
growth  of  bone,  which  leads  to  a  body  length  exceed- 
ing the  average  of  the  race.  A"-ray  examinations  of 
the  skeleton  show  that  the  epiphyseal  junction  may 
remain  uncalcitied  during  the  progress  of  growth  and 
that  there  is  also  an  hypertrophy  of  the  bony  substance 
of  the  long  bones.  The  spinal  column  is  often  ky- 
photic or  scoliotic.  The  face  and  extremities  fre- 
quently show  suggestions  of  acromegalic  alterations, 
such  as  prominent  cheek  bones,  marked  superciliary 
arches,  projections  of  the  lower  jaw,  thickening  of  the 
bones  of  the  skull,  increase  in  the  size  of  the  sella 
turcica,  and  changes  in  the  hands  and  feet,  consisting 
in  a  thickening  of  the  end  of  the  bone  with  growth  in 
length  and  breadth.  Enlargement  of  the  thyroid  has 
been  mentioned.  Other  striking  changes  are  those 
of  the  genital  glands;  there  is  diminution  in  sexual 
activity,  lack  of  poteacy  in  man,  absence  of  men- 
struation and  ability  to  conceive  in  woman.  The 
internal  genital  organs  are  commonly  atrophic,  and 
the  external  organs,  such  as  the  penis,  vulva,  and 
vagina,  are  imperfectly  developed.  The  distribution 
of  the  hair  on  the  body  is  abnormal;  there  is  often 
absence  of  the  pubic  and  axillary  hair  and  a  very 
small  development  of  the  beard  in  men.  The  body 
is  frequently  more  adipose  than  is  normal  for  the  age 
of  the  person  affected.  The  disease  is  more  common 
in  men  than  in  women  and  begins  primarily  at  the 
age  of  puberty.  Some  of  the  cases  ultimately  develop 
a  full  picture  of  acromegaly.  Alterations  in  the  hy- 
pophysis are  not  infrequent,  and  may  consist  in  a 
mere  hyperplasia  of  the  glandular  substance,  or  in  the 
formation  of  adenomata  or  vascular  tumors,  while 
in  some  cases  sarcomata  or  epithelioniata  have  been 
met  with.  The  hypophysis  may,  however,  be  both 
macroscopically  and  microscopically  normal.  The 
mental  activity  of  these  giants  is  frequently  very 
slight,  almost  always  lower  than  normal.  Not  all 
cases  of  gigantism,  however,  belong  in  this  class,  for 
some  of  these  people  are  perfectly  normal  mentally 
and  show  no  evidence  of  pathological  change  in  any 
of  the  organs  mentioned,  that  is,  the  hypophysis, 
thyroid,  and  genital  glands. 

Hypophyseal  Adiposity. — A  third  condition  con- 
nected with  alterations  in  the  hypophysis  is  the  so- 
called  hypophyseal  adiposity  or  dystrophia  adiposo- 
genitalis.  This  disease  was  first  described  by  Frohlich 
in  1901.  The  persons  afflicted  show  an  increasing 
adiposity,  diminished  secretion  of  sweat,  atrophic 
changes  in  the  skin  in  conjunction  with  hypoplasia 
of  the  male  or  female  genitalia,  and  alteration  in  the 
distribution  of  the  pubic  and  axillary  hair.  Connected 
with  these  changes  are  symptoms  which  may  be  best 
described  as  infantilism.  The  pathological  lesion 
found  in  two-thirds  of  the  cases  is  a  tumor  of  the  hypo- 
physis, which  in  contrast  to  the  condition  in  acrome- 
galy, originates  not  in  the  glandular  anterior  portion, 
but  rather  in  cells  derived  from  the  hypophyseal  duct. 
Hence  a  variety  of  tumors  have  been  found :  squamous- 
cell  carcinomata,  sarcomata,  gliomata,  teratomata, 
and  the  like.  The  only  vital  factor  seems  to  be  the 
injury  of  the  posterior  lobe  and  the  infundibular  region. 
Other  processes  also,  such  as  injury,  hydrocephalus, 
tumors  of  the  base  of  the  brain,  can  give  the  same 
symptoms.  Whether  the  changes  are  due  to  a  lack  of 
the  neurohypophysis  or  to  an  interference  with  the  ab- 
sorption of  secretion  from  the  anterior  lobe  is  still 
doubtful.     Pressure    on    the    posterior   lobe   causes 


symptoms  connected  with  the  genital  glands;  still 
stronger  pressure  causes  adiposity.  It  is  to  be  re- 
membered in  this  connection  that  adiposity  frequently 
occurs  also  in  Connection  with  acromegaly,  dish- 
ing has  called  attention  to  the  interesting  fact  that 
in  hypophyseal  adiposity  the  assimilation  capacity 
of  the  body  for  glucose  is  extraordinarily  increased, 
so  that  it  is  almost  impossible  to  produce  a  glycosuria 
in  these  patients  by  the  administration  of  a  large 
quantity  of  sugar,  even  up  to  500  grams  of  glucose. 
In  contrast  to  this  is  the  glycosuria  frequently  ob- 
served in  acromegaly.  The  occurrence  of  many  of 
these  physical  characteristics  in  connection  with  the 
removal  of  the  testicles  before  the  age  of  puberty,  as  in 
eunuchs  and  persons  of  certain  religious  sects  in  Russia, 
has  led  to  t  he  suggestion  1  li.it  tin'  condition  is  primarily 
an  troaphy  of  tin  genital  glands;  but  this  is  shown  not 
to  be  true  by  the  fact  that  out  of  thirty-two  cases 
examined,  in  only  twelve  was  genital  atrophy  found. 
The  important  part  played  by  the  hypophysis  has 
been  demonstrated  by  the  experimental  work  of  Biedl 
and  Gushing,  who  have  proved  that  the  removal  of  the 
posterior  and  a  portion  of  the  anterior  lobe  of  the  hy- 
pophysis in  young  animals  produces  a  picture  quite 
comparable  with  that  seen  in  man.  The  animals 
grow  fat,  are  of  low  mentality,  and  show  a  hyperplasia 
of  the  genital  organs.  A  more  plausible  explanation 
of  the  cause  of  the  disease  is,  therefore,  that  it  is  a 
hypopituitarism  produced  by  interference  with  the 
absorption  or  production  of  the  specific  glandular 
secretion. 

Dwarfism. — The  study  of  a  certain  small  group  of 
dwarfs  in  which  the  body  is  well  proportioned  and  the 
intelligence  fairly  well  developed  has  led  to  the  con- 
clusion that  a  diminished  function  of  the  anterior 
portion  of  the  hypophysis  ma}'  explain  the  condition. 
In  these  individuals  the  epiphyseal  junctions  remain 
cartilaginous;  just  as  in  the  hypophyseal  forms  of 
gigantism  the  distribution  of  the  hair  on  the  body  is 
infantile  in  type  and  the  genital  organs  also  remain 
undeveloped.  In  some  of  the  cases  there  has  been 
hemianopsia  or  optic-nerve  atrophy,  severe  headache, 
polyuria,  and  other  symptoms  which,  with  enlarge- 
ment of  the  sella  turcica  would  lead  to  the  conclusion 
that  a  tumor  was  developing  in  the  site  of  the  hypo- 
physis, accompanied  by  a  diminution  in  the  activity 
of  the  anterior  lobe. 

Diabetes  Insipidus. — The  fact,  which  has  been  fre- 
quently observed,  that  tumors  of,  or  alterations  in, 
the  hypophysis  frequently  result  in  polyuria,  has  led 
to  the  view  that  many  or  even  all  cases  of  diabetes  in- 
sipidus may  be  traced  directly  to  some  lesion  of  the 
hypophysis.  This  assumption  has  been  based  partly  on 
the  observations  originally  made  by  Schaefer  that  the 
administration  of  hypophyseal  extract  caused  diuresis 
and  that  mechanical  or  thermal  stimulation  of  the  hy- 
pophysis in  living  animals  causes  a  polyuria,  and  partly 
on  the  fact  that  polyuria  is  a  somewhat  frequent  clin- 
ical symptom  in  acromegaly  and  is  occasionally  seen  in 
hypophyseal  adiposity.  It  has  long  been  known  that 
certain  "diseases  of  the  brain,  especially  intercranial 
tumors  and  cerebral  syphilis,  are  frequently  met  with 
in  cases  of  diabetes  insipidus.  The  frequent  occurrence 
of  this  condition  with  bitemporal  hemianopsia  has  led 
to  the  inves  igationof  the  causes  of  this  rare  eye  disease. 
The  lesions  found  have  usually  been  syphilitic  menin- 
gitis, basal  tumors,  and  injuries  of  the  base  of  the  brain. 
In  one  observation,  where  a  bullet  was  found  lying  in 
the  sellaturcica,  thepat  ient  suffered  from  a  very  marked 
polyuria,  passing  six  or  seven  liters  of  urine  per  day,  and 
also  showed  some  of  the  other  symptoms  connected 
with  hypophyseal  disease,  such  as  adiposity  and  lack 
of  sexual  capacity.  Cushing  also  has  reported  a  case 
of  hypophyseal  tumor  with  diminished  secretion  and 
with  hypopituitarism  and  a  normal  urinary  secretion, 
which  after  an  operative  decompression  of  the  sella  and 
a  partial  removal  of  the  tumor  showed  a  polydipsia  and 
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polyuria,  the  patient  passing  ten  to  eleven  liters  of 
urine  a  day.    This  lasted  for  some  three  months. 

Diabetes  insipidus  has  also  been  noticed  to  follow  a 
carcinomatous  metastasis  into  the  pais  posterior,  the 
normal  structure  of  which  was  almost  entirely  de- 
stroyed. The  pars  intermedia  and  the  pars  anterior 
remained  intact.  In  many  cases  of  diabetes  insipidus 
in  which  no  autopsy  has  been  performed,  enlargements, 
deformation,  or  erosion  of  the  sella  have  been  not  iced  in 
x-ray  pictures.  The  same  extraordinary  sugar  toler- 
ance which  has  been  not  iced  in  acromegaly  is  found  in 
diabetes  insipidus;  even  as  much  as  450  grams  of  glucose 
may  be  given  at  one  time  without  the  appearance  of 
sugar  in  the  urine.  Dunn  calls  attention  to  the  interest- 
ing fact  that  while  the  sugar  was  being  taken  the 
quantity  of  urine  was  markedly  diminished.  From 
these  facts  it  has  been  assumed  that  diabetes  insipidus 
is  due  to  a  hyperf unction  of  some  portion  of  the  hy- 
pophysis, possibly  the  pars  intermedia. 

Francis  Carter  Wood. 
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Hypospadias. — See  Penis,  Diseases  ami  Injuries 
of  thi  . 
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I  I 

Hypoxanthine. — HC     C  — NH  =6-oxv  purine. 

II  II  ^  CH 
N-C N 

This  substance  is  a  constituent  of  muscle  tissue,  bone 
marrow,  and  is  found  in  small  quantities  in  the  urine 
and  milk.  It  may  also  result  as  a  decomposition 
production  of  various  nucleic  acids.  It  dissolves 
with  difficulty  in  cold  water  but  more  readily  in  boiling 
water.  Hypoxanthine  is  readily  soluble  in  dilute 
alkalies  and  ammonia  and  forms  insoluble  silver  salts. 

F.  P.  U. 


Hyrtl,  Joseph. — Born  at  Eisenstadt,  in  the 
western  part  of  Hungary,  December  7,  1811.  He 
studied  medicine  at  Vienna,  and,  he  showed  such  an 
extraordinary  aptitude  for  anatomical  work,  and  such 
a  breadth  and  accuracy  of  anatomical  knowledge, 
that  he  was  given  the  appointment  of  Prosector  as 
early  as  in  1833.  In  1837  he  accepted  the  Chair  of 
Anatomy  in  the  University  of  Prague;  and  in  1845 
he  was  called  to  fill  the  position  of  First  Professor  of 
Anatomy  in  the  University  of  Vienna.  In  1874, 
owing  to  the  increasing  weakness  of  his  eyes,  he  was 
obliged  to  resign  his  professorship  and  to  retire  to 
his  country-seat  at  Perchtoldsdorf,  near  Vienna. 
He  died  July  17,  1894. 

Pagel  speaks  of  Hyrtl  as  unquestionably  the  most 
celebrated  anatomist  of  his  time.  "He  possessed 
to  a  remarkable  degree  the  gift  of  rendering  the  driest 
chapter  of  his  science  interesting";  and  this  statement 
is  equally  true  of  his  spoken  lectures  and  of  his  printed 
writings.  "He  had  no  equal  as  an  academic  teacher, 
anil  his  skill  as  a  writer  was  marvelous."  As  sufficient 
proof  of  the  correctness  of  this  last  statement  Pagel 
mentions  the  fact  that  between  the  years  1846  and 
1890  Hyrtl's  "Lehrbueh  der  Anatomie  des  Menschen" 


passed    through    twenty   editions.      Not    only    did    be> 

ginners  read  the  hook  with  profit,  but   even  expert 

anatomists  were  sure  to  find  in   its  pages  matter  from 

which  they  could  derive  instruction. 

Hyrtl  also  possessed  a  most  lovable  character,  lb- 
was  the  founder  of  the  Home  for  Orphans  at   Modling, 

and  lo  this  institution  he  bequeathed  hi-  entire 
fortune.  He  provided  a  number  of  stipendiary  funds, 
the  income  from  which  was  to  be  employed  in 
aiding  poor  students;  and  at  Perchtoldsdorf,  the 
village  in  which  his  country-seat  was  located,  he 
founded  an  institution  for  the  can-  of  young  child] 

In  addition  to  his  famous  "Lehrbueh"  Hyrtl 
published  a  number  of  treatises  on  anatomical  sub- 
jects. ( )f  these,  however,  we  shall  be  able  to  give  the 
titles  of  only  a  few:  "Die  Corrosionsanatomie  und 
ihre  Ergebnisse,"  Vienna,  1873;  "Handbuch  del 
praktischen  Zergliederungskunst,"  Vienna,  1860; 
Onomatologia  anatomica.  Geschichte  und  Kritik 
der  anatomisehen  Spraehe  der  Gegenwart,"  Vienna, 
1880;  and  "Die  alten  deutschen  Kunstworte  der 
Anatomie,"  Vienna,  1884.  A.  H.  B. 

Hysterectomy  (from  wTtpa,  the  womb,  <?«,  out, 
and  tom^,  a  cutting)  is  the  removal  of  the  uterus  by  a 
cutting  operation  and  may  be  accomplished  through 
an  incision  in  the  abdominal  wall  (celiohysterectomy) 
by  way  of  the  vagina  (kolpohysterectomy),  or  by 
a  combination  of  both  methods. 

Celiohysterectomy  includes  (a)  supravaginal  am- 
putation and  (ft)  the  complete  removal.  Kolpo- 
hysterectomy practically  always  means  the  complete 
removal  of  the  organ. 

Indications. — For  the  Abdominal  Operation. — Myo- 
mata,  not  removable  by  myomectomy.  Complicated 
suppurative  conditions  of  the  uterine  appendages, 
with  matting  together  of  the  pelvic  structures. 
Tuberculosis  of  the  uterus  and  appendages.  Cancer. 
Certain  conditions  of  pueqjeral  sepsis  where  the  uter- 
ine wall  becomes  virtually  the  wall  of  a  pus  cavity. 

For  the  Vaginal  Operation. — Bilateral  suppurative 
conditions  of  the  appendages.  Prolapse.  Cancer. 
Pregnancy  with  cancer  before  the  fifth  month.  Cer- 
tain septic  conditions  of  the  uterus.  Certain  rare 
conditions  which  may  require  the  removal  of  a  small 
movable  uterus. 

For  the  Combined  Operation. — Cancer.  Failure  to 
secure  hemostasis  from  below. 

For  the  details  of  these  indications  the  reader  is 
referred  to  the  articles  treating  of  the  various  con- 
ditions. 

The  operation  of  hysterectomy  is  always  formid- 
able, and  as  conditions  may  arise  at  any  time  which 
tax  the  resources  and  nerve  of  the  most  skilled  and 
where  hesitation  or  lack  of  expedient  may  mean  the 
immediate  death  of  the  patient,  it  should  not  be  under- 
taken without  an  adequate  practical  knowledge  both 
of  aseptic  surgical  technique  as  applied  to  abdominal 
surgery  and  of  the  anatomy  of  the  pelvic  contents, 
particularly  of  the  relations  of  the  bladder,  ureters, 
rectum,  uterine  and  ovarine  arteries,  and  large  venous 
trunks. 

Preparatory  and  After-treatment. — The  patient 
is  put  to  bed  if  possible  for  twenty-four  hours  before 
the  operation  and  encouraged  to  drink  plenty  of  water. 
The  bowels  are  to  be  moved  by  a  gentle  laxative  and 
an  enema  a  few  hours  before  operation.  The  skin 
of  the  abdomen  is  prepared. 

After  the  operation  and  before  the  patient  is  taken 
off  the  table  she  is  given  a  hypodermic  of  atropine 
sulphate  gr.  -rt^r  and  a  few  minutes  later  a  hypedermic 
of  eserine  salicylate  gr.  SV.  At  the  same  time  she  is 
given  an  enema  of  a  pint  of  plain  warm  water,  which 
is  repeated  every  three  or  four  hours,  usually  until 
the  bowels  move.  The  eserine  is  repeated  once  or 
twice  at  six-hour  intervals  if  there  is  pain  or  abdominal 
distention.     Morphine  is  seldom  required. 


476 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES 


Hysterectomy 


Water  is  given  freely  by  mouth  as  the  patient  may 
ask  for  it,  but  the  (hirst  is  much  diminished  by  the 
enemas.  There  is  usually  hut  little  nausea.  If 
vomiting  persists  the  stomach  is  washed  out.  The 
patient  is  allowed  to  lie  as  is  most  comfortable.  The 
head  is  kept  reasonably  high  by  pillows.  If  Hie  bowels 
have  not  moved  by  the  third,  or  fourth  day  castor  oil 
or  a  saline  is  given. 

After  an  abdominal  hysterectomy  t  hrough  the  t  rans- 
verse  incision  of  Pfannenstiel  the  patient  is  allowed  to 
sit  up  out  of  bed  for  a  short  time  on  the  fourth  or 
fifth  day.  With  the  usual  median  incision  she  must 
be  kept  in  the  recumbent  position  for  a  longer  time 
and  when  allowed  to  sit  up  must  have  the  abdomen 
supported  by  adhesive  strapping,  so  that  no  strain 
comes  on  the  incision. 

Mortality. — In  the  hands  of  a  properly  skilled 
operator  the  mortality  after  hysterectomy  for  un- 
complicated fibroids  should  be  almost  nothing, 
approximating  one  per  cent.  In  pelvic  inrlammat  <  try 
conditions,  not  recent,  the  mortality  may  rise  to  two 
or  three  per  cent.  Recent  pelvic  inflammations  give 
a  very  large  mortality  and  for  this  reason  operation 
should  not  be  done;  when  necessary  pus  collections 
in  the  pelvis  can  be  drained  through  a  posterior  culde- 
sac  incision  and  a  radical  operation  done  later  if 
needed.  The  Schuehardt  operation  for  cancer  gives 
a  mortality  of  at  least  ten  per  cent.  The  radical 
abdominal  operation  in  the  hands  of  expert  operators 
shows  an  immediate  mortality  of  from  twelve  to 
twenty  percent.  The  Werder cautery  operation  gives 
a  small  primary  mortality  and  probably  as  great  or 
greater  a  percentage  of  freedom  from  recurrence  as 
the  radical  abdominal  operation. 

Technique. — Abdominal  Hysterectomy  for  Fibroid. — 
The  patient  is  put  in  the  Trendelenburg  position. 
The  abdomen  is  opened  by  (a)  a  median  incision 
beginning  half  an  inch  above  the  pubes  and  extending 
upward  as  far  as  may  be  necessary  to  allow  the  deliv- 
ery of  the  tumor,  or  (6)  by  the  transverse  incision  of 
Pfannensteil.  In  making  the  incision  care  must  be 
taken  not  to  injure  the  bladder,  which  sometimes  is 
drawn  high  up.  Adhesions  are  carefully  detached, 
slight  ones  being  wiped  free  by  a  bit  of  gauze  and 
firmer  ones  divided  between  two  ligatures.  Dense 
adhesions  to  intestine  may  require  that  small  areas 
be  detached  from  the  surface  of  the  tumor.  The 
tumor  being  freed  from  adhesions  is  lifted  up  and 
out  of  the  abdominal  cavity.  Large,  flat  gauze  pads 
with  tapes  are  wrung  out  of  hot  sterile  salt  solution 
and  placed  in  the  abdomen  so  as  to  protect  and  cover 
the  intestines.  This  packing  off  of  the  intestine 
should  be  done  with  care  and  thoroughly  as  it  adds 
much  to  the  ease  and  safety  with  which  the  steps  of 
the  operation  can  be  carried  out. 

The  finger  is  then  passed  under  the  broad  ligament 
on  the  more  accessible  side  and  guided  by  it  the  ped- 
icle needle  threaded  with  No.  2  catgut  is  passed  through 
an  area  free  from  veins  so  as  to  include  the  ovarian 
artery.  This  ligature  is  then  tied  and  occludes  the 
artery  and  adjacent  veins.  The  ovary  is  to  be  left 
outside  the  ligature,  unless  it  is  so  diseased  that  its 
removal  is  desirable.  The  round  ligament  is  then 
tied  at  a  little  distance  from  the  uterus.  A  clamp  is 
now  placed  so  as  to  control  the  vessels  on  the  uterine 
side  and  the  tissues  between  clamp  and  ligatures 
divided  with  the  scissors.  If  the  ovarian  artery  on 
the  other  side  is  easily  accessible  it  is  secured  in  the 
same  way.  Inspection  of  the  anterior  surface  of  the 
uterus  will  now  determine  the  upper  limit  of  the  blad- 
der and  the  peritoneal  incision  is  continued  trans- 
versely close  above  this  point.  The  bladder  is  then 
freed  from  the  uterus  by  being  carefully  wiped  down 
with  a  piece  of  gauze  held  by  fingers  or  forceps.  The 
uterine  artery  is  now  exposed,  and  a  finger  passed 
down  by  the  side  of  the  cervix  can  feel  its  pulsation. 
This  artery  is  to  be  carefully  ligated  on  one  side  and 


then  on  the  other  close  to  1  he  side  of  the  cervix,  1  he 
pedicle  needle  being  passed  forward  and  not  outward, 
SO  as  tn  avoid  the  ureter.  The  cervix  is  then  divided 
and  the  uterus  and  tumor  are  removed. 

When  tin-  operator   has  attained   confidence  in  his 

technique  the  procedure  is  greatly  simplified,  espe- 
cially in  difficult  cases,  by  first  securing  the  ovarian 
and  round  ligament  arteries  on  I  lie  mure  easily  accessi- 
ble si,),.,  freeing  the  bladder,  securing  the  uterine' 
vessels  on  thai  side,  cutting  freeh  across  the  cervix 
until  its  tissue  is  nearly  divided,  catching  the  lower 
portion  of  the  cervix  with  bullet  forceps  so  as  to  have 
it  under  control  in  case  of  unexpected  hemorrhage. 
Tearing  carefully  the  last  fibers  of  the  cervix  the  op- 
erator will  see  the  uterine  artery  arching  across  the 
torn  space.  After  this  has  been  clamped  or  ligated, 
and  the  remainder  of  t  he  broad  ligament,  has  also  been 
clamped,  the  tumor  is  removed.  All  bleeding  points 
having  been  secured,  the  stumps  of  the  broad  liga- 
ments are  sewed  to  the  cervical  stump  on  either  side 
and  the  anterior  and  posterior  peritoneal  edges 
brought  together  so  as  to  cover  in  all  raw  surfaces 
and  leave  only  a  seam  across  the  pelvis.  The  ab- 
domen is  then  closed. 
.  When  it  is  considered  best  to  remove  the  entire 
cervix,  the  uterine  arteries  having  been  secured,  the 
uterus  or  the  cervical  stump  is  drawn  away  from  the 
vagina  and  the  dissection  is  carried  down  by  scissors, 
keeping  close  to  the  cervix  so  as  even  to  leave  a  slight 
ring  of  its  tissue  in  place.  When  the  cervicovaginal 
junction  is  reached  the  scissors  are  pushed  through 
into  the  vagina  and  with  this  opening  as  a  guide  the 
remaining  tissues  are  easily  divided.  All  bleeding 
points  having  been  secured  a  piece  of  gauze  is  pushed 
down  into  the  vagina  so  that  the  upper  part  comes 
just  above  the  cut  vaginal  edges,  which  are  to  be 
partly  closed  together.  The  peritoneal  edges  are 
then  closed  as  in  the  supravaginal  operation.  The 
gauze  drain  is  left  in  place  four  days. 

Where  we  have  to  deal  with  intraligamentous 
fibroids,  that  is  where  the  tumor  has  developed  be- 
tween the  folds  of  the  broad  ligament,  which  is  then 
lifted  up  over  the  tumor,  the  procedure  will  be  greatly 
simplified  by  securing  the  ovarian  artery  and  the 
round  ligament,  dividing  the  peritoneum  between 
the  two,  continuing  the  peritoneal  incision  anteriorly 
and  posteriorly  as  far  as  may  be,  remembering  to 
save  every  bit  of  peritoneum  possible,  pushing  the 
peritoneum  off  the  tumor  with  gauze  and  continuing 
the  eneucleation  with  the  gloved  hand  until  the  tumor 
is  turned  out  from  its  bed,  when  the  operation  be- 
comes simple.  During  this  enucleation  care  must 
be  taken  not  to  injure  the  ureter  or  the  deep  pelvic 
veins. 

Hysterectomy  with  Wide  Removal  of  the  Parametrium 
for  Cancer. — The  cervix  is  first  thoroughly  curetted  to 
remove  any  broken  down  cancer  tissue  and  the  vagina 
is  packed  with  a  gauze  strip  the  upper  portion  of 
which  is  wet  with  tincture  of  iodine.  The  strip  is 
left  long  so  as  to  be  easily  removed  before  the  final 
clamping  and  opening  of  the  vagina. 

With  the  patient  in  the  Trendelenburg  position 
the  abdomen  is  opened  by  a  median  incision,  any 
adhesions  freed,  and  the  intestines  carefully  walled 
off  by  large  gauze  pads.  Examination  is  then  made 
for  enlarged  pelvic  glands.  If  any  are  found  the  ad- 
visability of  proceeding  with  the  operation  is  doubtful, 
as  palliative  measures  w-ill  usually  give  more  relief 
with  less  immediate  risk. 

The  fundus  of  the  uterus  is  seized  with  traction 
forceps.  The  infundibulopelvic  ligament  is  picked  up 
just  outside  the  ovary,  and  the  broad  ligament  being 
put  on  the  stretch,  a  ]  teritoneal  incision  is  made  through 
its  posterior  fold  beginning  near  the  uterus  one  centi- 
meter below  the  ligament  of  the  ovary  and  extending 
to  the  infundibulopelvic  ligament  which  is  then 
ligated  and  divided.  The  round  ligament  is  then  tied 
and  divided  an  inch  from  the  uterus.     The  peritoneal 
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incision  is  continued  from  the  infundibulopelvic  liga- 
ment to  the  round  ligament  and  across  the  uterus 
at  the  vesicouterine  fold.  The  same  procedure  is 
repeated  on  the  other  side.  The  bladder  is  now 
gently  pushed  down  from  the  anterior  surface  of  the 
cervix  with  a  piece  of  gauze. 

The  uterus  is  drawn  to  one  side  and  the  posterior 
peritoneal  flap  drawn  toward  the  median  line.  The 
ureter  will  be  found  adhering  to  this  posterior  flap 
from  which  it  is  not  to  be  detached.  The  ureter  being 
found  it  is  followed  into  the  parametrium.  The  uter- 
ine artery  is  tied  at  a  point  near  its  origin.  It  is  some- 
times possible  where  the  ureteral  sheath  is  not  well 
developed  to  pass  the  finger  along  the  ureter  beneath 
the  uterine  artery  and  veins  which  are  then  lifted 
up  and  tied.  Where  the  ureteral  sheath  is  well 
developed  the  ureter  must  be  freed  by  splitting  the 
sheath  and  shelling  out  the  ureter.  In  doing  this 
great  care  must  be  taken  not  to  injure  the  periureteral 
arterial  plexus  and  so  cause  necrosis  of  the  ureter. 
The  ureter  being  cleared  the  bladder  is  separated  from 
the  vaginal  wall.  The  same  process  is  repeated  on  the 
other  side. 

To  free  the  uterus  posteriorly  the  ureter  is  pushed 
away  from  the  posterior  peritoneal  flap  at  the  point 
where  it  enters  the  parametrium  and  the  flap  is  severed 
to  the  uterosacral  ligament.  Both  uterosacral  liga- 
ments are  ligated  and  divided,  the  peritoneal  incision 
being  carried  across  at  a  point  which  leads  into  the 
loose  cellular  tissue  between  the  vagina  and  the 
rectum.  The  rectum  is  then  freed  from  the  posterior 
vaginal  wall  by  blunt  dissection  with  the  finger  or 
gauze. 

The  uterus  can  now  be  lifted  up  considerably  and 
the  parametria  become  more  accessible.  The  ureter 
is  now  drawn  gently  toward  the  side  of  the  pelvis  so 
that  the  plexus  of  veins  from  the  uterus,  bladder,  and 
vagina  may  be  secured.  This  is  often  difficult,  yet 
a  wide  excision  of  these  tissues  is  of  the  greatest  im- 
portance. It  is  useful  to  remember  that  these  veins 
all  converge  toward  a  point  at  the  pelvic  brim  near 
the  ureter. 

The  parametric  tissues  having  been  all  tied  off,  the 
uterus  is  now  free  except  for  the  vaginal  tube.  After 
having  been  carefully  inspected  to  see  that  the  bladder, 
rectum,  and  ureters  are  free,  the  vagina  is  clamped  with 
two  right-angled  forceps,  one  above  the  other,  and 
cut  off  between  the  clamps  with  the  cautery,  having 
first  been  thoroughly  dried  from  below.  The  clamp 
on  the  vagina  is  then  removed  and  a  piece  of  gauze 
passed  down  to  wipe  away  any  necrotic  particles. 

All  bleeding  points  being  secured  the  vesicouterine 
peritoneal  fold  is  sutured  to  the  anterior  vaginal  edge 
and  the  rectouterine  fold  to  the  posterior  edge.  All 
raw  areas  should  be  covered  in  with  peritoneum.  If 
drainage  is  used  care  must  be  taken  that  it  does  not 
come  in  contact  with  the  ureters. 

If  the  condition  of  the  patient  is  good  toward  the 
close  of  the  operation,  the  easily  accessible  internal 
and  external  iliac  lymph  nodes  should  be  removed, 
but  in  this  country  the  extensive  removal  of  the 
glands  is  seldom  done. 

The  most  important  postoperative  complications, 
aside  from  the  sequela;  common  to  all  severe  abdom- 
inal operations,  are  vesical  and  ureteral  wTith  an  asso- 
ciated renal  infection.  The  bladder  should  not  be 
allowed  to  become  distended.  The  patient  should 
void  her  urine  if  possible  but  if  there  is  retention  or 
residual  urine  the  catheter  should  be  used  followed 
immediately  by  irrigation.  Ureteral  fistula  may  occur 
from  accidental  injury  during  operation  or  from  in- 
jury to  the  vascular  periureteral  plexus  causing 
necrosis.  A  fistula  frequently  closes  spontaneously 
though  it  may  later  require  removal  of  the  kidney 
or  ureterovesical  implantation. 

Vaginal  Hysterectomy  with  Hemostasis  by  Ligature. — 
Patient  is  placed  in  the  lithotomy  position.  The 
cervix  is  dilated,  the  endometrium  curetted  and  dis- 


infected with  iodine.  The  perineum  is  retracted  and 
the  cervix  drawn  down  by  a  strong  vulsellum  forceps. 
An  incision  is  made  through  the  mucosa  entirely 
around  the  cervix  and  the  tissues  pushed  hack  every- 
where to  a  distance  of  three-fourths  of  an  inch  or  more 
by  a  finger  covered  with  gauze,  the  linger  keeping 
clo  c  to  the  uterus.  The  tissues  an-  freed  .Ulteriorly 
to  the  vesicouterine-peritoneal  fold,  the  bladder  being 
well  separated  from  the  uterus,  posteriorly  to  the 
rectouterine-peritoneal  fold  and  laterally  to  the  I. road 
ligaments.  The  uterus  can  now  be  drawn  dow  n  much 
lower.  The  posterior  culdesac  is  now  opened  close 
to  the  uterus  and  the  opening  enlarged  by  tearing 
with  two  fingers.  A  large  gauze  pad  with  tape  is 
introduced  into  the  Douglas'  pouch  to  protect  the 
pelvic  viscera  and  absorb  blood.  The  anterior 
peritonea]  fold  is  cut  through  and  the  opening  enlarged 
broadly  by  tearing  with  the  fingers.  Any  adhesions 
about  the  appendages  are  then  freed  by  the  fingers. 
The  bases  of  the  broad  ligaments  with  the  uterine 
arteries  are  carefully  tied  by  a  series  of  catgut  liga- 
tures (some  prefer  silk  or  linen  with  the  ends  left  long) 
and  divided.  The  further  application  of  ligatures 
may  be  facilitated  by  drawing  the  fundus  so  the  uterus 
through  the  anterior  opening  by  mean  of  volsell  a 
forceps. 

It  is  often  necessary  to  use  separate  ligatures  for 
the  appendages  and  especial  care  must  be  taken  in 
securing  the  ovarian  artery.  When  the  uterus  is 
large  or  the  operation  difficult  the  uterus  may  be  split 
in  midline  and  each  half  drawn  down,  ligated  and  re- 
moved separately. 

All  bleeding  points  being  secured,  the  anterior  and 
posterior  peritoneal  edges  should  be  approximated 
with  catgut,  the  stumps  of  the  broad  ligament  being 
sutured  together  below.  In  complicated  pus  cases 
the  opening  left  by  the  removal  of  the  uterus  is 
utilized  for  drainage. 

Vaginal  Hysterectomy  with  Hemostasis  by  Clamps. — 
The  procedure  is  the  same  as  with  ligatures  until  the 
Droad  ligaments  are  cleared.  Then  a  strong,  straight 
pressure  forceps  with  jaws  about  two  inches  long  is 
clamped  over  the  base  of  the  broad  ligament  which  is 
then  severed  close  to  the  uterus.  The  same  is  done 
on  the  other  side.  The  fundus  with  the  appendages 
is  then  anteverted  into  the  vagina  and  forceps  applied 
over  the  tops  of  the  broad  ligaments,  the  forceps  ends 
slightly  overlapping  the  ends  of  the  iorceps  applied 
from  below.  The  handles  of  the  forceps  are  then 
brought  together  twisting  the  broad  ligament  on  itself, 
bringing  it  well  into  the  vagina,  and  ensuring  that 
each  forceps  holds  its  artery  in  the  firmest  part  of  its 
bite. 

In  case  of  difficulty  the  uterus  should  be  bisected 
before  any  clamps  are  applied  and  each  half  brought 
down  and  clamped  separately.  When  possible  the 
peritoneal  edges  should  be  brought  together  above 
the  clamps.  Gauze  packing  in  strips  is  then  carefully 
introduced  between  the  clamps  and  so  as  to  protect 
everywhere  the  vaginal  mucosa.  The  clamps  should 
be  firmly  tied  to  guard  against  accidental  unlocking. 
The  handles  of  the  clamps  are  to  be  wrapped  with 
gauze.  They  are  to  be  removed  after  forty-eight  hours 
by  carefully  unlocking  them,  slightly  separating  the 
blades,  and  loosening  them  by  slight  rotation  on  their 
long  axis.  The  dressings  are  not  to  be  changed  for 
another  forty-eight  hours  and  then  with  great  gentle- 
ness and  care  so  that  no  intestine  may  come  down  in 
case  the  peritoneal  surfaces  have  not  united. 

The  advantages  of  forceps  over  ligatures  are: 
Their  use  naturally  shortens  the  operation;  drainage 
is  efficient;  all  tissues  caught  in  the  forceps  slough, 
an  advantage  when  it  is  desirable  to  remove  as  much 
tissue  as  is  possible  as  in  cancer;  with  proper  forceps 
properly  applied  hemostasis  is  secure.  The  forceps 
is  often  preferable  in  serious  pus  cases  with  the  patient 
in  bad  condition  and  where  the  ligaments  are  apt  to  be 
thickened  and  difficult  to  reach. 
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The  disadvantages  of  forceps  are:  The  very  painful 
and  more  or  less  complicated  convalescence,  and  the 
presence  of  sloughing  tissue  in  the  vagina. 

Paravaginal  Hysterectomy,  or  Schuchardt's  operat  ion, 
has  been  little  used  in  this  country,  though  enthusi- 
astically advocated  by  Gellhorn  of  St.  Louis  who  de- 
scribes it  as  follows: 

With  the  forefinger  and  thumb  of  the  left  hand  the 
operator  seizes  the  posterior  portion  of  the  left  labium, 
while  an  assistant  seizes  the  parts  in  the  middle  line 
and  puts  them  on  the  stretch.  The  operator  then 
makes  the  incision  between  the  two  sets  of  fingers 
dividing  the  vaginal  wall  nearly  to  the  cervix  and 
downward  and  backward  to  the  middle  of  the  coccy- 
geal region.  The  incision  thus  splits  the  whole 
vaginal  tube,  the  left  labium,  the  paravaginal  and 
pararectal  tissues,  the  levator  ani  and  coccygeal 
muscles,  the  cellular  tissue  of  the  ischiorectal  fossa, 
as  well  as  the  skin  of  the  perineum  and  of  the  lateral 
anal  region  down  to  the  sacrum.  The  wound  in  the 
pararectal  tissue  is  situated  to  the  left  only  so  far 
that  the  rectum  and  sphincter  ani  are  not  injured. 
It  lies  only  about  a  finger's  breadth  from  the  middle 
line.  The  incision  on  the  left  side  is  more  convenient 
for  the  right-handed  operator.  A  bilateral  incision 
is  only  necessary  when  a  portion  of  cancerous  rectum 
with  a  portion  of  cancerous  vaginal  wall  must  be 
removed. 

The  effect  of  the  paravaginal  incision  is  surprising. 
In  place  of  a  vaginal  tube  we  have  before  us  a  shallow 
excavation  not  deeper  than  one  inch,  and  at  the  bot- 
tom of  this  the  parametria  are  seen  in  full  extent  and 
within  easy  reach. 

The  copious  venous  bleeding  from  the  incision 
being  controlled,  a  circular  incision  through  the  vaginal 
mucosa  is  made  at  right  angles  to  the  paravaginal 
cut.  The  vagina  is  dissected  upward  and  the  cuff 
thus  formed  sewed  over  the  cervix.  The  sutures  are 
left  long  and  serve  as  guides.  The  bladder  is  now 
separated  from  the  anterior  uterine  wall  and  Douglas' 
space  is  opened  behind.  The  left  forefinger  is  passed 
behind  one  and  then  the  other  parametrium  to  drag 
it  within  easy  reach  and  the  parametrium  and  broad 
ligament  on  each  side  are  ligated  as  far  outward  as 
possible  with  strong  catgut. 

The  closure  of  the  wound  begins  with  the  suture 
of  the  corresponding  edges  of  the  peritoneum  with 
catgut,  the  cut  ends  of  the  broad  ligaments  being 
drawn  into  the  vagina  and  fixed  there  by  sutures. 
The  vaginal  wound  is  then  closed. 

The  advantages  of  paravaginal  hysterectomy  are 
said  to  be  the  following:  The  patient,  who  is  usually 
in  poor  condition,  is  subjected  to  considerably  less 
shock  than  by  the  abdominal  operation.  There  is  less 
danger  of  infection  than  after  abdominal  section. 
The  intestines  not  having  been  handled,  postoperative 
complications  are  less  apt  to  be  expected.  The  method 
affords  easy  access  to  the  cervix  and  parametria. 
The  freeing  of  the  ureters  undoubtedly  affords  the 
greatest  technical  difficulties.  With  the  necessary 
experience,  however,  this  part  of  the  operation  can 
readily  be  effected,  especially  if  we  employ  preliminary 
catheterization  of  the  ureters.  Operability  by  the 
paravaginal  method  is  identical  with  that  of  the 
radical  abdominal  operation.  There  must  be  clinic- 
ally free  parametria  to  premise  the  possibility  of 
operation. 

Hysterectomy  by  Cautery. — Byrne  taught  us  the 
importance  of  the  cautery  in  the  removal  of  cancerous 
disease,  holding  that  the  best  safeguard  against 
recurrence  was  thorough  cauterization  of  wound 
surfaces  and  edges  from  which  cancerous  materia 
had  been  removed.  Byrne's  method  was  essentially 
a  high  amputation  of  the  cervix  with  the  cautery  with 
thorough  cauterization  of  the  stump  and  gave  results 
which  have  seldom  been  equalled  by  more  radical 
modern  methods. 

Werder,  following  the  lead  of  Bryne,  has  developed 


a  method  which  gives  remarkable  freedom  from 
recurrence  with  a  very  small  primary  mortality. 
His  technique  is  as  follows: 

The  cervix  is  curetted  with  a  heavy  sharp  spoon 
curette  until  .'ill  necrotic  tissues  are  removed  and  the 
bleeding  surfaces  are  cauterized  until  all  bleeding  is 
controlled.  The  cervix  is  then  firmly  held  In  volsella 
forceps  and  an  incision  is  made  entirely  around  the 
cervix  at  some  distance  from  the  affected  area  by 
means  of  the  cautery  knife,  keeping  it  at  a  dull  heat 
and  never  turning  on  the  currenl  until  the  knife  is 
placed  against  tin'  tissues  to  be  burned.  In  this  man- 
ner no  oozing  will  take  place  and  t  he  parts  will  remain 
perfectly  dry.  U  bile  making  traction  upon  the  cervix 
the  bladder  is  separated  from  the  uterus,  a  retractor 
carefully  drawing  the  bladder  awaj  from  the  hot 
knife.  Douglas'  pouch  is  opened  in  the  same  manner 
and  the  lateral  vaginal  attachments  are  burned 
through.  All  surfaces  not  thoroughly  charred  are 
gone  over  carefully  with  a  dome-shaped  cautery. 
The  vagina  is  lightly  packed  with  gauze. 

The  abdomen  is  opened  by  a  median  incision  above 
the  symphysis,  the  uterus  seized  by  volsellum  forceps 
and  the  intestines  carefully  packed  back  with  gauze 
pads.  The  bladder  peritoneum  is  now  dissected  off 
from  side  to  side  with  the  cautery  and  the  bladder 
pushed  down  exposing  the  vaginal  gauze.  A  broad 
Downes  electrothermic  clamp,  well  oiled  to  prevent 
sticking,  is  now  applied  to  the  infundibulopelvic 
ligament  and  round  ligament  and  the  tissues  in  the 
clamp  thoroughly  cooked  until  a  thin,  white,  horny 
ribbon  is  obtained.  The  clamp  is  then  removed 
and  the  ribbon  cut  through  at  its  inner  margin  and, 
if  there  is  no  bleeding,  is  dropped.  The  other  side 
is  treated  in  the  same  way.  The  parametrium  is 
seized  with  the  clamp  on  the  least  affected  side  and 
burned  through,  great  care  being  taken  to  avoid  the 
bladder  and  ureter.  The  ribbon  thus  formed  is  cut 
through  and  the  remaining  portion  of  the  broad 
ligament  and  the  uterosacral  ligament  are  treated  in 
the  same  manner  and  dropped.  The  same  thing  is 
done  on  the  other  side.  If  the  technique  has  been 
good  the  clamped  surfaces  will  be  perfectly  dry. 
The  bladder  peritoneum  is  now  sewed  to  the  posterior 
peritoneal  edge  and  all  stumps  covered  with  peri- 
toneum.    The  abdomen  is  then  closed. 

Where  the  uterus  can  be  brought  well  down  and 
the  vagina  is  large  the  whole  operation  can  be  done 
from  below.  The  operation  then  differs  little  from 
the  ordinary  clamp  method  of  vaginal  hysterectomy 
except  that  all  incisions  are  made  with  the  cautery 
knife.  The  broad  ligaments  being  cleared,  two 
ordinary  clamps  are  applied  on  either  side  and  the 
uterus  and  appendages  removed.  After  packing  off 
the  pelvic  cavity  carefully  with  gauze  pads  the  upper 
clamp  on  the  infundibulopelvic  ligament  is  seized,  put 
on  the  stretch,  and  a  broad  Downes  electrothermic 
clamp  applied  externally  to  it  and  the  tissues  cooked 
until  a  good  ribbon  is  obtained.  The  Downes  clamp 
is  then  removed,  the  ribbon  cut  through  near  its 
inner  edge  and  if  no  bleeding  occurs,  dropped. 
The  other  clamps  are  then  treated  in  the  same 
way  until  all  the  uterine  attachments  have  been 
cooked. 

The  last  step  of  the  operation  is  another  cauteriza- 
tion of  the  stumps.  For  this  purpose  the  parametrial 
pedicles  are  gently  grasped  with  forceps  and  after 
the  surrounding  tissues  are  carefully  protected  with 
pads  they  are  completely  seared  and  charred  with  the 
dome  cautery.  Finally  after  thorough  cleansing  of 
the  pelvic  cavity  and  vagina  the  anterior  and  posterior 
peritoneal  edges  are  united  by  a  few  catgut  sutures 
thus  closing  the  pelvic  cavity  but  leaving  space  for  an 
iodoform  gauze  drain  along  the  charred  stumps  of 
the  parametria.  The  drain  is  removed  after  about 
four  days.  During  convalescence  the  patients  have 
little  pain  and  usually  make  an  ideal  recovery. 

Brooks  H.  Wells. 
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Hysteria. — Under  this  concept,  medical  science 
attempts  to  group  a  .scries  of  phenomena  the  com- 
plexity of  which  has  defied  complete  analysis.  At 
the  present  time  it  is  highly  improbable  thai  any  valid 
definition  can  be  formulated  which  will  include  all  of 
the  facts  which  may  be  grouped  within  this  concept. 
For  many  years  medical  .science  has  been  satisfied 
with  an  analysis  of  the  acquired  meaning  of  the  word 
"hysteria."  and  for  the  most  part  has  neglected  the 
study  of  the  behavior  of  the  thing — the  human  being 
showing  hysterical  manifestations.  It  is  doubtful 
whether  one  can  draw  a  hard  and-  fast  line  between 
what  may  be  called  isolated  hysterical  manifestations 
and  the  disease  itself,  for  after  all  the  concept  of 
hysteria  is  of  purely  pragmatic  value.  It  is  therefore 
immaterial  whether  one  attempts  to  distinguish  be- 
tween what  is  called  hysterical  and  what  is  called 
hysteria,  so  long  as  an  energic  concept  is  utilized  to 
cut  into  the  facts.  Such  a  concept  is  here  offered  in 
the  form  of  a  statement  that  the  essential  feature  in 
that  which  is  called  hysteria  shall  be  psychical  conver- 
sion into  somatic  phenomena.  Thus  any  somatic 
symptom,  no  matter  in  what  part  of  the  body  it 
may  be  found,  which  is  the  result  of  symbolic  con- 
version from  purely  mental  causes,  may  be  designated 
hysterical,  and  the  disease  hysteria  itself  may  be  de 
signated  as  a  collection  of  such  conversion  phenomena. 

Seen  from  this  point  of  view,  hysteria  is  one  of  the 
most  common  of  all  diseases.  It  is  of  verj'  wide  in- 
cidence and  makes  up,  one  might  almost  say,  the  major 
portion  of  the  practice  of  most  physicians. 

Seen  from  the  psychological  side,  this  capacity  for 
physical  conversion  of  psychical  phenomena  is  an 
index  of  the  growing  up  of  the  race.  Hysterical, 
therefore,  to  this  attitude  of  mind,  means  infantile. 
Such  infantilism  may  be  present  as  a  result  of  feeble- 
mindedness in  certain  of  its  groups,  or  may  be  an 
index  of  faulty  psychical  modes  of  handling  the  many 
complex  reactions  in  daily  life.  The  hysterical 
mechanisms  furthermore  have  a  teleological  value. 
They  are  not  only  infantile,  but  highly  instinctive  and 
often  distinctly  conservative.  Such  a  definition  also 
prompts  one  to  say  that  the  term  hysterical  may  be 
applied  not  only  to  the  manifestations  of  energy  within 
the  individual,  but  that  society  as  a  group  of  individ- 
uals also  shows  in  many  of  its  institutions  precisely 
analogous  phenomena  which  may  also  be  termed 
hysterical,  and  which  are  indications  themselves  of  the 
infantile  attitude  of  the  masses.  Le  Bon,  in  his  mas- 
terly essay  on  "The  Psychology  of  the  Crowd"  has 
shown  how  widespread  these  reactions  may  become, 
and  how  the  institutions  of  specialized  society  tend 
to  show  hysterical  traits  the  moment  a  mass  reaction 
takes  the  place  of  an  individual  one.  The  pragmatic 
test  of  the  value  of  democracy  therefore  is  offered 
along  such  a  line  of  interpretation.  When  the  reac- 
tion of  the  mass  becomes  hysterical  it  shows  its  in- 
feriority to  what  might  be  called  aristocratic  or  indi- 
vidualistic adaptation. 

History. — From  the  earliest  times,  there  are  records 
among  all  people  of  the  widespread  character  of  this 
mechanism.  Some  of  the  historical  landmarks  of  most 
interest  are  given  in  the  works  of  Pommes,  Brachet, 
Gilles  de  la  Tourette,  Richer,  and  Binswanger.  Ces- 
bron  gave  a  critical  history  of  hysteria  in  a  Paris 
thesis  in  1909,  while  the  general  historical  aspects 
have  been  gathered  by  JellifTe  in  the  seventh  volume  of 
Osier's  "  Modern  Medicine."  It  is  interesting  to  trace 
the  gradual  growth  of  interpretation  concepts  which 
have  sought  to  explain  the  manifest  phenomena  called 
by  various  names  at  various  periods  by  various  physi- 
cians of  the  times.  Certain  features  have  remained 
fairly  constant.  These,  however,  have  been  among  the 
most  striking  of  the  motor  phenomena  of  hysteria,and  it 
is  not  at  all  surprising  that  even  at  the  present  time  the 
vastly  more  important  and  widespread,  though  more 
subtle,  manifestations  of  hysteria  should  be  overlooked. 
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The  earliest  hypotheses  concerned  themselves  with 

more    or   less   gross   anatomical    features,    the   earliest 

formulation  of  which  gave  the  name  to  the  disorder. 
It    is  said   that   Democritus  first   assumed   fchal    the 

wandering  uterus  brought  about  t  he  read  ion .  and  it  is 

highly  probable  that  the  teachings  of  the  Hjppocratic 
school  were  faint  echoes  of  previous  modes  of  inter- 
pretation. The  grosser  beliefs  in  a  wandering  u'< 
were  naturally  more  or  less  demolished  by  the  careful 
anatomical  studies  of  Galen  who.  showing  that  the 
uterus  was  a  fixed  structure  and  not  capable  of  wander- 
ing, substituted  a  bit  of  humoral  pathology  only 
slightly  deviating  from  the  original  standpoint.  No 
longer  did  the  uterus  itself  wander,  but  the  humors  de- 
veloping within  the  uterus,  menstrual  or  what  not, 
being  unable  to  find  a  satisfactory  outlet  became  the 
cause  of  the  phenomena.  With  the  gradual  growth 
of  medical  science  the  belief  in  gross  humors,  such 
as  those  just  outlined,  fell  away.  They  only  became 
more  tenuous,  however,  and  throughout  the  Middle 
Ages — even  down  to  the  first  part  of  the  nineteenth 
century  one  heard  of  vapors,  of  gases,  etc.,  as  causa- 
tive of  hysteria.  The  symbol  became  more  ethereal. 
Logic  displaced  the  grosser  superstitions,  but  has  not 
entirely  eradicated  superstitious  modes  of  interpreta- 
tion, and  thus  we  have  the  belief — still  persisting 
among  animistic  thinkers — in  autointoxications  and 
similar  attenuated  kinds  of  humoralism  as  causes  for 
hysterical  phenomena. 

The  transformation  of  the  causative  symbol  from 
the  grossly  organic,  wandering  through  humoralism 
to  the  thinly  attenuated  chemical  poisoning,  becomes 
complete  when  the  energic  concept  passes  from  the 
physical  to  the  psychical,  and  we  finally  have  sub- 
stituted a  type  of  psychical  determinism  as  productive 
of  the  phenomena.  This  is  more  in  line  with  the  gen- 
eral attitude  of  the  times  which  views  the  central 
nervous  system  as  a  transformer  of  external  energy 
rather  than  an  originator  of  the  same,  and  the  present- 
day  energic  or  dynamic  concepts  offer  much  more 
plausible  types  of  explanation  to  cut  into  the  facts 
than  have  heretofore  been  presented.  Such  explana- 
tions will  undoubtedly  also  have  their  day  and  the 
formula  of  "conversion  of  psychical  energy  into  symbolic 
physical  manifestations"  will  probably  seem  crude  in 
the  medicine  of  the  future.  Still,  at  the  present  time, 
the  formula  explains  the  manifestations  better  than 
the  previous  formula?,  offers  a  more  definite  view- 
point from  which  to  attack  the  problem  of  therapy, 
and  some  notes  concerning  its  historical  development 
may  not  be  out  of  place. 

It  is  with  Charcot,  one  may  say,  that  the  psycho- 
logical doctrines  had  their  distinct  formulation.  Not 
that  there  were  not  lacking  physicians  before  Charcot 
who  clearly  saw  the  mental  origin  of  the  hysterical 
manifestations,  but  it  is  to  him  and  his  school,  particu- 
larly to  Janet  and  to  Freud,  that  the  definition  of  the 
psychopathology  of  hysteria  owes  its  base.  In  the 
term  "dissociation"  introduced  more  particularly  by 
Janet,  one  had  the  first  promising  concept.  By  it 
was  meant  the  possibility  of  a  process  whereby  psy- 
chical energy  could  modify  physical  function  and  yet 
remain  as  it  were  unknown  to  the  performer.  The 
doctrine  of  the  "unconscious"  was  a  necessary  corol- 
lary, and  the  psychology  of  the  unconscious  has  now 
become  one  of  the  most  important  features  of  modern 
interpretation  not  only  of  hysteria  but  of  all  mental 
phenomena. 

Symptoms. — Aptly  termed  the  great  mimic,  one 
finds  countless  possibilities  in  the  hysterical  phenom- 
ena. The  unconscious,  as  White  has  well  termed  it, 
"is  our  historical  past,"  and  any  part  of  it  may  thrust, 
itself  upon  some  organ  of  the  body  to  impair,  or  bring 
down  its  functions  to  more  primitive  levels.  The 
great  classics  of  Brachet,  Richer,  Briquet,  Pitres, 
Binswanger,  and  others  offer  rich  catalogues  of  these 
various  disguises  under  which  the  unconscious  seeks 
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to  find  expression.  The  instinctive  and  intellectual 
forces  of  civilization  and  of  culture  seeking  to  repress 
the  primitive  forces  of  life's  energy  in  their  urge  for 
expression  of  individual  and  racial  immortality  are 
compelled  to  make  compromises  because  of  human 
frailties.  Such  make-shifts  may  be  determined  by 
the  presence  of  inferiorities  of  the  organic  structures, 
as  Adler  maintains,  but  such  deficiencies,  physical 
or  chemical,  are  only  determiners  of  the  localization 
and  character  of  the  symptoms,  the  psychical  needs 
of  the  human  being  in  its  relations  to  the  broader 
social  values  of  the  human  herd  are  the  true  dynamic 
factors  in  bringing  out  the  compromise  reactions  which 
we  term  the  symptoms.  Unconscious  egotism  pro- 
vides the  push,  the  repressions  which  demarcate 
lower  from  higher  social  \ralues,  distort  and  fashion 
the  outlets,  which  finally  emerge  as  the  variegated 
mimicries  of  the  hysterical  mechanism  of  conversion. 

It  is  no  wonder  that  the  non-comprehending  have 
always  been  stupid  in  sight  of  what  they  term  the 
inconsistencies  since  the  hysterical  individual  is  so 
frequently  judged  from  the  attitude  of  conscious  logic, 
whereas  really  to  comprehend  we  must  see  the  illogical 
consistency  of  the  unconscious.  Herein  lies  the 
bewildering  confusion  of  the  symbolism  of  the  un- 
conscious. Jean  Paul  has  said  that  "language  is  a 
dictionary  of  faded  metaphors."  The  reading  of 
hysterical  phenomena  requires  an  insight  into  the 
lost  significance  of  these  metaphors  as  expressed 
symbolically  in  the  symptoms. 

Hence  every  hysterical  symbol  has  its  psychical 
meaning  hidden  behind  the  disguise  of  a  disturbed 
bodily  function.  A  partial  list  of  some  of  the  symp- 
toms, so  called,  will  be  here  attempted.  Space  does 
not  permit  any  interpretation  of  their  symbolic  sig- 
nificance since  every  patient's  unconscious,  being  his 
own  historical  past,  makes  the  disguise  a  purely 
individual  one.  Thus,  blindness  may  express  a  wish 
not  to  see  something  definite  in  the  environment;  it 
may  signify  the  desire  to  be  blind  to  an  internal  obliga- 
tion; it  may  express  the  lack  of  desire  to  see  a  moral 
delinquency;  or  it  may  be  an  unconscious  portrayal 
of  a  blindness  which  would  mean  innocence.  Each 
symptom  has  its  own  special  significance  for  the  indi- 
vidual, although  accumulating  psychoanalytic  ex- 
perience is  showing  that  broad  general  trends  are 
capable  of  being  mapped  out. 

Before  proceeding  to  outline  these  trends  a  word  as 
to  the  character  of  the  observations  available  for 
study  is  perhaps  in  order.  Hysteria,  looked  upon  as  a 
thing,  reached  its  apotheosis  with  Charcot's  work. 
Following  this,  the  vast  amount  of  material  on  hand 
created  the  necessity  for  close  scrutiny  and,  mingled 
with  real  fragments,  careful  analysis  brought  to  light 
much  that  was  worthless  and  an  astonishing  number 
of  diagnostic  errors,  some  the  result  of  mental  laziness, 
some  the  offspring  of  credulity.  With  the  advent  of 
the  finer  modes  of  investigation  now  in  use,  the  pos- 
sibility of  falling  into  these  errors  has  almost 
reached  a  vanishing  point,  and  many  patients  who 
might  be  thrown  into  the  class  of  hystericals  receive 
the  attention  which  their  condition  requires.  Paraly- 
ses, hemiplegias,  monoplegias,  paraplegias,  etc.,  here- 
tofore provided  the  most  fertile  field  for  error,  but 
the  newer  signs  of  organic  involvement  of  the  nervous 
system  provide  an  unfailing  means  for  the  recognition 
of  nervous  disorder,  and  indolence  has  no  excuse  for 
diagnosing  as  hysteria  the  organic  disorders  which 
may  lie  at  the  back  of  these  symptoms. 

Simulation,  although  not  very  frequently  met  with, 
is  a  feature  of  what  has  been  called  the  hysterical 
mentality,  and  is  a  constant  factor  which  must  be 
guarded  against,  at  the  same  time  that  the  possibility 
of  its  occurrence  should  not  be  allowed  to  undervalue 
the  statements  of  patients  who  may  be  deserving  or 
discourage  their  careful  study. 

Hysteria  is  a  general  tendency  to  reactive  expres- 
sions.    The  difficulty  met  with  in  describing  it  is  an 
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evidence  of  the  instability  oi  the  concept  il  .  idth, 
and  the  fluency  of  its  outlines.  The  possibility  oi  the 
hysterica]  reaction  is  inherent  in  every  person,  and  its 
appearance  depends  on  either  the  stimulus  or  the 
change  in  resistance.  The  satirical  saying  thai 
"everj  man  has  his  price"  has  its  analogue  in  the 
truth  iiiit  everj  individual  has  his  hysterical  Jack-in- 
the-box.  Whether  it  will  go  off  or  no!  depends  on  the 
strength  of  the  spring  and  the  force  put  on  the  lid. 
When  one  finds  a  maladj  apparently  due  to  1  housands 
of  causes,  one  comes  to  the  conclusion  that   none  of 

them   has  anything  to  do  with,  Or  else  that    each   may 

plaj  a  minimal  r61e,  and  so  it  would  seem  with  the 
hysterical  personality.     Whereas  one  man  bears  the 

loss  of  a  million  dollars  with  patient  endurance  and 
quiet  dignity,  another  has  a  hysterical  dream  state 
after  losing  a  purse.  II  may  take  the  loss  of  a  husband 
or  a  child  to  unloose  the  hysterical  mechanism  of  one, 
while  the  death  of  a  pet  parrot  is  sufficient  to  keep 
some  women  in  bed  for  a  month  with  an  attack  of 
hysterical  paraplegia. 

The  aphorisms  of  a  people  relied  the  aspirations  of 
their  affective  lives.  In  the  one  to  whom  the  proverb 
"still  waters  run  deep"  applies,  it  will  lake  a  se\  en- 
shock  to  unhinge  the  mechanism  of  affective  control. 
So  it  is  with  the  many  small  difficulties  of  life,  what  is 
by  one  digested  and  forgotten  will  in  another  ever 
rise  like  the  garlic  of  a  bygone  dinner,  and  produce 
its  disturbance  in  the  affective  sphere. 

The  greatest  barrier  in  the  way  to  the  study  of  the 
hysteria  problem  has  been  the  difficulty  of  reaching 
the  phenomena  of  the  most  significance,  and  which 
perhaps  offer  the  clearest  modes  of  explanation.  The 
various  theories  which  we  have  discussed  represent. 
the  master  keys  which,  for  the  authors  at  least,  seem 
to  have  unlocked  the  doors  of  the  hysterical  crypt. 

So  far  as  present  clinical  experience  goes,  the  hys- 
terical domain  can  be  entered  only  by  the  same  roads 
that  one  must  travel  to  enter  the  fields  of  internal 
medicine,  the  field  of  psychiatry,  the  field  of  epilepsy. 
Excitement,  depression,  and  dementia  no  longer  con- 
stitute the  high  roads  through  the  kingdom  of  psychi- 
atry. Epilepsy  no  longer  remains  a  unity,  explicable 
through  any  single  cause,  and  so  it  is  with  hysteria. 
It  is  a  vast  hierarchy,  almost,  a  social  organism  in  the 
psychical  life  of  the  individual,  and  clinically  must 
be  so  regarded. 

The  hysterical  character  is  chameleon  like  in  its 
variations,  appearing  in  all  classes,  in  the  intellectual 
as  well  as  the  weak-minded,  and,  badly  expressed, 
shows  many  resemblances  to  the  childish  type  of  mind. 
Aside  from  minor  variations,  it  manifests  itself 
chiefly  by  emotional  instability,  by  the  ease  with 
which  it  is  influenced,  in  negativism  and  impulsive- 
ness, a  tendency  to  make  sensations,  a  remarkable 
egotism,  desire  to  confabulate,  to  fabricate,  and  to  simu- 
late. Seen  from  the  standpoint,  of  the  psychiatrist, 
these  mental  attributes  stand  in  the  foreground;  the 
neurological  manifestations  are  dependent  upon  them, 
and  modern  analyses  of  hysteria  lay  stress  upon  the 
psychical  anomalies. 

Excessive  lability  of  the  emotional  life  is  most  strik- 
ing. There  is  constant  change  of  mood  and  activity. 
Gaiety  is  changed  in  a  moment  into  depression,  and 
prolonged  periods  of  happiness  are  followed  by  equally 
moody  depressions.  They  are  readily  hurt,  and  bursts 
of  tears  follow  the  slightest  reproof,  or  it  may  be  that 
they  relieve  themselves  by  passionate  scorn,  or  violent 
anger.  They  are  happy  and  busy,  or  discontented 
and  idle,  sympathetic  at  one  moment,  and  antipa- 
thetic the  next.  The  mood  can  rarely  be  counted 
upon;  smiles  are  succeeded  by  frowns  and  friends  and 
relatives  are  at  a  loss  to  explain  the  change,  or  are  con- 
stantly on  their  guard  to  avert  the  consequences.  As 
Sydenham  said  "all  is  caprice.  They  love  without 
measure  those  whom  they  will  soon  hate  without 
reason."  Many  of  these  patients  develop  into  the 
spoiled  darlings  of  the   household. 
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Male  hystericals  shows  a  greater  tendency  to  pro- 
longed depression,  which  fact  probably  influenced 
the  earlier  writers,  especially  Sydenham,  in  terming 
these  patients  hypochondriacs. 

Suggestibility  is  one  of  the  most,  essential  traits  in 
the  genesis  of  this  mental  state,  and  volumes  have  been 
written  on  the  subject.  Many  claim  it  to  be  the 
master  key  of  the  whole  problem,  and  the  classical 
description  by  Babinski  who  would  set  apart  a  special 
group  in  the  hysterical  medley  under  the  term  pithia- 
tism,  is  founded  upon  this  feature  alone.  True  pith- 
iatism  (hysteria)  for  Babinski  consists  in  those  con- 
ditions which  can  be  brought  about  by  suggestion  and 
cured  by  persuasion. 

This  peculiarity  is  to  be  looked  for  in  a  particular 
type  of  idea  associations  of  which  Jung  and  Riklin 
have  made  a  special  study  in  recent  years.  In  the 
foreground  of  the  hysterical  reaction  type — for  one 
can  speak  of  general  types  only — are  to  be  found  more 
or  less  independent  active  idea  complexes  of  great 
emotional  value  whose  development  is  enormously 
greater  than  in  normal  individuals.  The  association 
test  reactions  are  permeated  with  disturbances  due  to 
these  complexes,  many  of  which  are  only  slightly  re- 
pressed by  apparently  harmless  reactions. 

Up  to  this  time  no  formula  adequate  to  define  sug- 
gestion and  suggestibility  has  been  enunciated.  It  is 
true  that  psychiatry  has  freed  itself  from  the  notions 
of  witchcraft,  demoniacal  possession,  and  such  like,  but 
essentially  the  same  ideas  remain  in  the  minds  of  the 
populace,  although  disguised  under  such  names  as 
telepathy,  mind  influence,  absent  treatment,  and  so  on. 
It  is  almost  a  common  place  to  remark  that  independ- 
ent thought  is  an  impossibility  for  by  far  the  larger 
proportion  of  the  populace ;  they  must,  therefore,  be  led 
by  the  few,  and  adopt  the  phrases,  formula;,  and  ideas 
of  the  few'.  This  simply  means  that  practically  all 
people  are  more  or  less  easily  influenced  or  led  by  the 
suggestions  of  others.  What  is  common  to  so  many  is 
found  greatly  exaggerated  in  a  few — these  are  for  the 
most  part  the  hystericals,  but  it  is  only  to  certain  types 
of  action  that  they  are  suggestible.  Janet  speaks  of 
them  as  showing  the  type  that  leads  to  dissociation  as 
a  result  of  the  narrowing  of  the  field  of  consciousness. 

Hysterical  Exhibitionism. — A  desire  to  be  constantly 
in  the  limelight,  whether  for  the  purpose  of  attracting 
attention  or  of  inviting  pity,  is  another  feature.  Ro- 
mantic accusations,  sensational  confabulations,  self- 
mutilations,  and  refined  theatrical  attempts  at  sui- 
cide— hysterical  dream  state  suicidal  accidents  are  not 
meant  here — these  have  their  motive  power  in  this 
desire  to  be  the  observed  of  all  observers.  Lies, 
slandering,  disfigurations,  and  stealing  are  not  too 
much  to  bring  this  about.  In  the  present  state  of 
journalistic  enterprise  in  certain  countries,  oppor- 
tunities are  not  lacking  to  gratify  these  ambitions. 
The  thoughtful  see  in  such  journalism  the  source  of 
much  hysteria  of  the  proletariat. 

The  exaggerated  ego  of  the  hysteric  has  received 
much  comment  from  earliest  times.  The  attention  is 
fastened  pathologically  on  the  ego,  and  the  constant 
search  for  bodily  sensations  on  which  to  hang  com- 
plaints is  pursued  with  definite,  though  concealed, 
pleasure  and  refined  meditation.  The  slightest  sensa- 
tion is  seized  upon  and  magnified.  Somatic  pains, 
for  instance,  are  not  created  by  the  neurosis,  but  are 
merely  utilized,  aggravated,  exaggerated,  and  retained 
by  it.  Careful  examination — psychoanalysis  as  well 
as  physical — will  in  almost  every  case  find  a  nucleus  of 
organic  foundation.  Freud  shrewdly  observes  that  it 
is  always  the  common,  the  most  widespread  pains  of 
humanity  that  seem  to  be  most  frequently  called  upon 
to  play  a  part  in  hysteria.  The  ills  of  others,  however, 
receive  small  sympathy,  and  we  frequently  see  envy 
and  jealousy  arise  if  others'  pains  are  considered  of 
moment  in  comparison.  To  be  sick  and  the  center 
of  the  stage  becomes  a  life  work,  a  theatrical  appren- 
ticeship,   which    with    masterly    tutelage    by    many 
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physicians  usually  produces  a  finished  artist  in  the  end. 
Such  were  the  famous  Charcot  cases,  u  hich  the  neurol- 
ogists of  Paris,  the  pupils  of  Charcot,  now  admit 
the  products  of  a  too  fervid  culture.     Martyrdom   I  he 

negativistic  phase,  is  a  self-evident  corollary . 

Confabulation    should    receive    special    attention. 

From  its  origin  in  day  dreaming  and  the  delight-  ol 
fantasy,  poetic  fiction  gradually  passes  through  the 
stage  of  unconscious  warping  of  truth  to  deliberate 
falsification.  The  will  to  believe  becomes  patholog- 
ical, and  a  facile  imagination  soon  fills  the  gaps  in 
actual  observation,  even  if  it  does  not  supply  amnesia 
itself. 

Motor  Disturbances. — Attacks. — The  ancient  repre- 
sentations by  artists  of  major  hysterical  attacks  show 
no  variation  from  modern  photographic  studies  of 
similar  cases.  These  convulsive  attacks  have  always 
attracted  great  attention  and  contributed  the  most 
striking  phenomena.  The  capacity  for  this  type  of 
conduct  has  existed  from  the  earliest  days  and  is  one 
of  the  most  remarkable  and  persistent  of  the  features 
of  hysteria.  That  fundamental  human  mechanisms 
are  being  played  upon  by  the  most  primitive  agents 
is  shown  by  the  transmission  down  through  the  ages 
of  the  same  positions,  the  same  attitudes,  cries,  and 
contortions. 

Striking  major  hysteria  attacks  have  varied  so  little 
in  their  manifestations  that  little  can  be  added  to  the 
older  descriptions.  They  are  so  little  the  rule  that 
some  physicians  never  see  them,  and  German  students 
have  been  found  to  maintain  their  absence.  The 
Charcot  school  was  richest  in  observations  of  these 
phenomena.  Germany  to-day  provides  three  times 
as  many  studies  on  hysteria  as  France  does.  The 
matter  of  absolute  frequency  is  a  question  that  cannot 
be  resolved,  since  there  are  so  man}-  factors  as  to  make 
generalization  impossible.  The  religious  manifesta- 
tions of  one  people  are  considered  major  hysterical 
outbursts  by  another.  Epidemics  come  and  go,  local 
agitations  and  general  excitements  create  the  proper 
milieu  for  major  hysterical  manifestations;  the  possi- 
bilities seem  always  there  in  all  peoples;  the  environ- 
mental factors  may  alone  be  lacking,  and  contempo- 
rary movements,  which  offer  plenty  of  material  for  the 
study  of  major  hysterical  manifestations,  may  always 
be  found. 

In  questions  of  this  kind,  statistics  are  absolutely 
unreliable.  For  instance.  Briquet  whose  clientele  was 
practically  all  women,  places  the  percentage  of  major 
hysterical  attacks  as  high  as  72.  Pitres  in  his  sum- 
mary gives  81  per  cent,  of  69  women,  and  22  per  cent, 
of  31  men  as  subject  to  major  attacks.  This  was  in 
the  Charcot  times  and  under  the  influence  of  active 
imitative  and  suggestive  factors.  Binswanger  found 
that  25  per  cent,  of  52  male  patients,  and  54  per  cent, 
of  50  female  patients  suffered  from  convulsive  attacks 
with  well-defined  hysterical  symptoms.  Gotz'  figures 
give  3  per  cent,  in  75  patients.  Voss,  whose  state- 
ments as  to  race  should  be  taken  with  caution,  found 
a  percentage  of  65  in  22  men,  and  57  in  101  women. 

Although,  as  we  have  seen,  the  general  type  of  major 
attack  has  shown  great  persistence,  it  has  many  modi- 
fications, of  which  the  most  severe  are  those  accom- 
panied by  contortions.  Some  authors  have  endeav- 
ored to  create  for  the  major  hysterical  attack  a  march 
similar  to  that  of  the  epileptic  convulsion,  but  this 
does  not  agree  with  clinical  findings.  The  lack  of 
uniformity  is  universal.  If  purely  general  lines  are 
sought  the  hysterical  attack  may  be  described  as  show- 
ing three  stages — a  prodromal,  one  of  muscular  con- 
vulsions, poststadium. 

The  prodromal  stage,  sometimes  incorrectly  spoken 
of  as  an  aura,  is  of  very  frequent  occurrence.  It 
usually  appears  as  a  state  of  mental  unrest  with  signs 
of  restlessness,  irritability,  crossness,  or  depression. 
Often  both  mental  and  motor  retardation  are  present, 
and  a  feeling  of  general  distress,  or  a  sense  of  tension 
which  may  result  in  fits  of  anger,  crying,  or  general 
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moodiness.  With  the  fuller  development  of  the  attack 
some  of  these  phenomena  increase  in  intensity,  the 
patient  may  show  great  anxiety,  and  feelings  of  local- 
ized tension  appear,  such  as  clutchings  at  the  throat, 
palpitations,  or  a  feeling  that  the  skin  might  burst,  or 
the  stomach  explode.  The  patients  hear  sounds,  things 
dance  before  their  eyes,  they  become  dizzy,  and  then 
begin  to  show  convulsive  movements.  In  some 
patients  the  attack  develops  very  slowly  and  with 
apparent  quiet.  The  indications  of  severe  muscular 
spasms,  such  as  sudden  respiratory  spasms,  passing  of 
gas,  yawning,  etc.,  may  appear  only  at  the  end  of  a 
long  period  of  quietude,  perhaps  a  whole  day  spent  in 
bed,  with  the  head  in  the  pillow.  Sometimes  the 
attack  may  take  days  to  culminate,  and  again  a  few 
minutes  may  be  sufficient  for  its  full  development.  As 
a  rule,  early  attacks  take  a  longer  time  to  develop, 
while  the  later  ones  reach  their  full  strength  within  a 
few  minutes,  and  may  be  precipitated  by  the  slightest 
cause.  Many  attacks  which  show  signs  of  being 
major  never  show  the  discharge  phenomena,  and  do  not 
get  past  the  period  of  motor  outbreak. 

The  convulsive  stage  is  a  stage  of  extreme  muscular 
tension  of  a  tonic  character.  The  classic  picture  is 
that  of  a  slow  extension  movement,  the  head  thrown 
back,  the  arms  extended,  fingers  extended  or  in  tight 
fist,  legs  straight  and  stiff,  and  toes  extended.  The 
face,  rarely  mask  like,  gives  more  often  the  impression 
of  one  in  a  day  dream  of  phantasy,  and  the  general 
tonus  of  the  whole  musculature  is  in  marked  contrast 
to  that  of  an  epileptic  convulsion.  The  attitude 
assumed  by  the  body  is  often  quite  characteristic,  and 
among  devotees  the  crucifix  position  is  very  common. 
Variation  in  point  of  time  is  also  seen  in  the  develop- 
ment of  the  position.  Very  frequently  there  is  a  pro- 
gression from  the  head  and  shoulders,  then  to  the 
waist,  and  lastly  to  the  lower  extremities  of  a  sort  of 
snake-like  extension  that  is  like  a  gigantic,  overdrawn 
stretch.  Local  groups  of  muscles  may  show  isolated 
extension  positions.  Some  attacks  may  consist  solely 
of  these  slow,  sinuous  extension  movements,  followed 
by  slow  relaxations  and  again  slow  extensions,  to 
which  some  of  the  ancient  authorities,  as  well  as  many 
moderns,  have  attributed  a  strong  erotic  coloring. 

No  marked  neurological  changes  appear  upon  exami- 
nation, which  may  be  made  during  a  period  of  quiet 
or  in  the  postparoxysmal  stupor.  The  pupils,  which- 
are  usually  widely  dilated,  as  a  rule  react  to  light, 
although  both  slow  reactions  and  loss  of  light  reac- 
tion are  known,  and  Redlich  reports  a  good  deal  of  vari- 
ability. As  analgesia  is  usually  present,  sensory 
tests  are  obviously  impossible.  Organic  paralysis 
is  not  present  in  hysteria,  and  the  deep  reflexes  are  not 
markedly  altered,  but  marked  diminution  of  the  skin 
and  mucous  reflexes  may  be  found.  Only  in  rare 
instances  is  there  loss  of  urinary  and  defecatory  con- 
trol.    The  Babinski  reflex  is  usually  absent. 

Postconvulsive  Period,  Dream  States. — Here  are 
classed  those  patients  of  whom  one  reads  so  much  as 
the  "living  dead,"  and  "buried  alive."  According 
to  Pitres,  about  one-half,  or  according  to  Binswanger 
and  Voss  a  smaller  proportion  of  the  major  hysterical 
cases  pass  into  this  state  of  lethargy  which  may  per- 
sist for  days  or  even  weeks.  The  patients  lie  im- 
mobile, with  closed  eyes;  breathing  is  almost  inappre- 
ciable, and  they  may  go  for  days  without  attending 
to  the  wants  of  nature.  Careful  examination  shows 
that  the  urine  leaks  away  little  by  little  in  some 
patients;  passing  the  feces  in  bed  is  also  reported. 
Some  patients  may  be  actively  delirious,  carrying  on  a 
conversation,  sometimes  coherent  and  again  inco- 
herent, with  imaginary  personages  about  them.  They 
appear  to  be  in  a  semi-dream,  spoken  aloud,  and 
abounding  in  phantasy.  Some  of  these  dream  states 
show  all  the  characteristics  of  a  katatonic  dementia 
precox,  while  others  have  the  appearance  of  mildly 
confused  manic  depressives.  Ziehen  has  given  a  very 
useful  description  of  this  whole  group  in  his  text-books. 


The  subgroups  into  which  these  states  may  be  di- 
vided are  varied  arid  many.  The  attack  often  serves 
as  the  point  of  departure  for  many  of  the  interpar- 
oxysmal  phenomena.  The  patients  wake  up  lost 
it  were,  to  their  surroundings.  They  may  have 
wandered  from  home  in  a  stale  of  somnambulism  and 
have  little  memory,  or  very  hazy  or  isolated  bits  of 
memory  concerning  their  actions.  Patient  analysis 
may  bridge  over  the  gaps  and  reconstruci  a  history  of 
the  mental  wanderings,  but  the  Investigator  will  do 

well    to    guard    against    I  lie    possibility    of   aiding    the 

memory  of  the  patient   by  suggestion. 

Charcot  and  his  followers  produced  these  major 
hysterical  attacks  experimentally  by  pressing  upon  the 
ovarian  region,  the  mammary  region,  eic,  to  which  the 
name  "hysterogenic  zones"  was  applied.  This  was 
pure  training;  Charcot  had  his  patients  so  trained 
that  pressure  on  an  ovary  would  cause  an  attack, 
pressure  on  the  mamma  would  bring  it  to  a  close, 
while  pressure  on  the  t\vi>  areas  simultaneously  caused 
no  reaction.  Science  calls  t  his  soil  of  t  liing  suggestion  ; 
muoh  of  it  was  deception  though  not  of  a  conscious 
type.  It  was  simply  unbounded,  uncritical  faith  on 
the  part  of  physician  and  patient  alike.  In  spite  of 
the  literature  written  on  the  subject,  hysterogenic 
zones  do  not  exist,  if  one  restricts  the  meaning  to  the 
direct  influence  of  definite  peripheral  irritations  as 
capable  of  inducing  hysterical  attacks  without  the 
influence  of  psychical,  suggestive  factors  on  the  part 
of  the  investigator.  Again  it  has  been  denied  that 
major  hysterical  attacks  could  be  consciously  induced 
by  the  mere  willing,  but  there  is  evidence  that  nega- 
tives this  view. 

Rhythmic  Movements,  Tremors. — We  are  indebted 
to  the  work  of  the  Charcot  school  for  a  descrip- 
tion of  the  many  varieties  of  tremor  to  be  found  in 
patients  subject  to  hysterical  reactions  whether  com- 
plete or  fragmentary.  A  threefold  classification  is 
given,  namely:  (1)  trepidation,  (2)  vibratory,  (3) 
intentional.  Simple  tremor,  with  the  hands  at  rest, 
is  of  frequent  occurrence.  Static  tremor,  when  the 
fingers  are  strongly  extended  and  spread  apart  is 
less  often  seen,  while  intention  tremor  is  comparatively 
rare.  Mixed  forms  are  the  rule,  and  the  polymorphic 
character  of  the  tremor  is  diagnostic.  The  tremor  is 
usually  rhythmic,  but  irregular,  ataxic,  chorea-like 
tremors  are  sometimes  seen.  These  tremors  may  ap- 
pear in  various  parts  of  the  body,  and  the  eyelids, 
tongue,  mouth,  fingers,  shoulders,  legs,  etc.,  may  be 
affected.  Horizontal  axis  tremors  of  the  head  are 
possible  of  confusion  with  the  early  paralysis  agitans 
tremor.  When  themuscles  of  themouth  ortongueare 
involved  characteristic  stuttering,  or  irregular  pseudo- 
paralytic speech  disturbances  are  produced. 

Intention  tremor,  closely  resembling  the  tremor  of 
multiple  sclerosis,  is  met  with  in  hysterical  affections. 
It  chiefly  appears  in  traumatic,  and  particularly  in 
medicolegal  cases.  It  must  not  be  forgotten,  how- 
ever, that  true  multiple  sclerosis  tremor  is  not  infre- 
quently diagnosed  as  hysterical  and  care  should  be 
taken  in  differentiation.  Coincidence  of  localization 
with  changes  in  sensibility  is  especially  significant. 
The  combination  of  absent  tremor  in  the  supported 
hanging  hand  with  intention  tremor  is  seldom  met 
with  in  hysteria. 

Coordinated  impulsive  movements,  such  as  hyster- 
ical crying  and  laughing,  are  common  hysterical  ex- 
plosions particularly  among  young  women  approach- 
ing the  age  of  puberty.  The  histories  of  most  hys- 
terics show  the  presence  of  these  emotional  expres- 
sions in  the  early  stages;  and  they  are  generally  to  be 
found  in  the  middle  grades  of  the  hysterical  tempera- 
ment. Binswanger  offers  certain  diagnostic  and  prog- 
nostic signs  concerning  these  attacks  and  the  severity 
of  the  hysterical  psychoneurosis  in  general.  In  one 
class  one  observes  them  as  a  single  expression  after 
emotional  shock.  In  such  cases  they  may  be  looked 
upon  as  the  expression  of  a  pathologically  emotional 
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irritability,  the  explosion  being  out  <>f  all  proportion 
td  either  the  duration  or  intensity  of  the  affect  shock. 
They  are  usually  a  sign  of  definitely  hereditary  con- 
stitutional inferiority  <>n  a  basis  of  the  same  type  of 
disturbanee  in  the  ascendants.  Binswanger  regards 
their  symptomatic  importance  as  being  less  grave 
here  than  when  found  in  the  group  in  which  acquired 
or  congenital  neurasthenia  lays  the  Inundation.  In 
the  first  group  tins  are  perhaps  the  only  disease 
feature  in  the  personality,  while  in  the  second  they 
may  be  indicative  ol  general  instability,  and  are  more 
frequently  accompanied  by  the  development  of  a  more 
complete  hysterical  symptomatology. 

Other  types  of  coordinated  impulsive  movement 
attacks  have  been  described,  some  of  them  of  a  very 
uniform  character,  such  as  grimacing,  hopping,  etc., 
but  modern  investigation  has  shown  a  tendency  to 
throw  the  majority  of  these  over  into  the  dementia 
precox  reactions.  Had  patients,  subject  to  these 
reactions,  been  kept,  for  a  sufficient  length  of  time 
under  observation  in  the  early  days  of  investigation, 
the  development  (if  dementia  precox  would  have  been 
recognized,  and  although  hysteria  might  have  been 
poorer  in  symptomatology,  the  whole  concept  would 
have  gained  in  clarity. 

Arrhythmic  Movements,  Choreiform. — Although  hys- 
terical tremors  are  usually  rhythmical,  irregular,  in- 
coordinated,  unwilled,  the  picture  is  sometimes  compli- 
cated, and  the  difficulty  of  diagnosis  increased  by  the 
presence  of  large  movements  of  a  choreic  type,  the 
difficulty  being  further  enhanced  by  the  fact  that 
combinations  of  chorea  with  hysteria  have  been  ob- 
served. Imitative  choreas,  attaining  the  proportion 
of  epidemics,  are  of  historical  record.  The  matter 
has  been  further  complicated  by  Charcot's  assump- 
tion of  essential'  relationship  between  chorea  and 
hysteria,  which  relationship,  however,  is  purely  super- 
ficial. In  all  choreic  affections  the  important  factors 
of  infection  or  excessive  growth  with  mental  or  phys- 
ical fatigue  should  not  be  overlooked.  To  call  a  chorea 
hysterical  in  the  absence  of  rheumatic  fever  is  non- 
sense: 

Akinetic  Motor  Phenomena,  Paralyses. — Weakness 
or  loss  of  muscular  power  is  among  the  most  frequently 
seen  of  the  marked  manifestations.  The  variations 
in  both  extent  and  grade  of  akinesis  are  very  great. 
Although  references  to  monoplegia  and  hemiplegia 
are  found  as  early  as  the  writings  of  Greek  and  Latin 
authors,  it  is  only  in  recent  times  that  the  essential 
differences  between  somatic  and  psychic  paralyses 
have  been  defined,  and  it  is  only  of  late  years  that 
clinical  neurology  has  been  put  in  possession  of  definite 
criteria  by  which  to  test  the  psychic  nature  of  these 
pareses  and  paralyses.  The  larger  number  of  hys- 
terics have  some  grade  of  muscular  weakness  or  myas- 
thenia which  may  remain  undeveloped,  or  under  the 
influence  of  suggestion  may  be  converted  into  paraly- 
sis with  marvellous  rapidity.  Clinically  these  myas- 
thenias aie  hysteroneurasthenic  in  character.  They 
are  of  pure  psychogenic  character,  and  are  generally 
due  to  the  influence  of  psychic  processes,  and  the 
depressing  effect  upon  motor  innervations  of  a  sense 
of  anxiety,  dread,  tear,  displeasure,  pain,  or  helpless- 
ness. They  should  be  differentiated  from  neuras- 
thenic myasthenias.  Care  should  betaken  to  sepa- 
rate them  from  somatic  myasthenias,  especially  from 
those  of  some  obscure  spinal-cord  lesions,  early  multi- 
ple sclerosis,  small  circumscribed  myelitis,  slowly 
developing  tumors,  low-grade  pressure  neuritis,  or 
certain  intoxications  with  which  they  may  be  easily 
confused.  Of  the  most  outspoken  paralyses,  hemi- 
plegia, and  monoplegia  are  the  most  striking;  mixed 
types,  triplegias,  quadriplegias,  etc.,  are  also  to  be 
met  with. 

Hemiplegia,  according  to  Ziehen,  may  be  met  with 
in  fifty  per  cent,  of  the  total  paralyses.  It  may  be 
incomplete  — diplegic,  arm  and  leg  without  cranial 
involvement,  the  commoner  form,  or  in  rare  cases  with 
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cranial  nerve  additions,  or  mixed  hemiplegic  with  the 
opposite  arm  or  leg.  The  quadriplegias  an  nil  more 
rare  and  alternate  hemiplegias  arc  curiosities,  'the 
appearance  of  hemiplegia  almost  invariably  accom- 
panies an  affect  shock,  or  may  develop  after  a  major 
hysterical  attack.  The  onset,  which  is  often  accom- 
panied by  a  sense  of  weakness  or  giddiness,  is  m 

always  acute,  paralysis  being  at  once  manifest.      I 

in    rare  cases  does  it    advance  slowly.      In  occasional 

instances  its  development  is  accompanied   by  pain, 

nausea,  and  vomiting. 

Clinically  considered,  the  signs  of  somatic  disease 
are  absent  in  t  hese  paralyses.  The  absence  of  patho- 
logically increased  tendon  reflexes,  clonus,  increased 
tonus.  Babinski's  phenomenon,  Oppenheim's  reflex, 
of  modification  of  Schaffer's  paradoxical  reflexes, 
Van  Gehuchten's  inguinal  cutaneous  reflex,  the  femoral 
reflexes  ,,f  Kemak,  of  Grasset's,  Peaucier's,  Hoover's, 
ami  Babinski's  hip-thigh  associated  movements,  etc., 
all  show  the  non-involvement  of  the  cerebral  pyramidal 
neurones.  That  the  peripheral  neuron  is  not  involved 
is  proved  by  the  presence  of  knee-jerks  and  of  the 
Vchilles  jerk.  tin  <   of  atrophy  (unless  produced 

by  the  development  of  contractures  after  long  disuse), 
and  the  absence  of  nerve  tenderness  (unless  psycho- 
genic) together  with  unaltered  electrical  excitability, 
hypotonus,  trophic  skin  disturbances,  etc. 

While  these  signs  are  the  usual  diagnostic  landmarks 
which  define  the  distinction  between  hysterical  (psy- 
chical) and  organic  (somatic)  cases,  there  is  need  for 
great  caution  in  laying  too  much  or  too  little  stress  on 
variations  which  undoubtedly  exist.  This  need  is 
strongly  emphasized  in  recent  literature  on  the  sub- 
ject .  Thus,  while  it  is  clearly  realized  that  the  reflexes 
should  be  normal,  according  to  Babinski  always,  the 
knee-jerks  are  very  active  as  a  rule.  Binswanger 
Sternberg,  Westphal,  and  Voss  report  ankle  clonus, 
which  by  some  is  called  pseudoclonus.  Oppenheim 
describes  foot  tremor,  and  Dejerine  has  demonstrated 
that  patellar  and  foot  clonus  may  be  present  in  ex- 
ceptional cases.  Recently  a  good  deal  of  discussion 
has  been  raised  as  to  the  possibility  of  the  presence 
of  inferior  cutaneous  reflexes,  and  particularly  of 
Babinski's  phenomenon,  heretofore  considered  abso- 
lutely diagnostic  of  involvement  of  the  pyramidal 
tracts.  Roth,  Van  Gehuehten,  and  others  have  re- 
ported the  occasional  presence  of  a  Babinski  toe 
phenomenon  in  hysteria.  Judgment  on  this  point 
must  be  deferred  in  view  of  the  amplification  of 
the  modern  conceptions  of  the  many  factors  which 
may  cause  this  phenomenon. 

The  motor  cranial  nerves  are  rarely  involved  in 
hysterical  palsy.  Cases  of  ophthalmoplegia  should  be 
critically  examined  with  the  possibility  of  hysterical 
contractures  in  view.  Differentiation  between  paresis 
and  a  spasm  is  extremely  difficult  and  though  Borel 
and  Parinaud  have  reported  some  cases  of  oculomotor 
and  abducens  paralysis,  they  are  extremely  doubtful. 
Hysterical  ptosis  is  not  infrequent. 

Facial  palsy  is  a  sign  of  special  interest.  The  supra- 
orbital branches  are  not  often  implicated,  although 
it  is  possible  that  all  three  branches  may  be  involved. 
Clinically  special  attention  should  be  paid  to  the  risk 
of  seeing  a  palsy  on  one  side  to  the  neglect  of  a  real 
hysterical  contracture  on  the  other. 

Glossolabial  involvement  has  been  noted,  and  con- 
siderable variation  exists  regarding  the  position  of  the 
tongue  and  palate.  A  mixture  of  spasm  and  paresis 
seems  to  be  present  in  most  of  the  cases.  In  the 
hysterical  aphonias  the  movements  of  the  palate  have 
been  observed  to  be  less  ample.  Inferior  alternate 
paralyses  need  to  be  carefully  enquired  into,  although 
some  cases  have  been  reported. 

Paraplegia. — Statistics  relative  to  the  incidence  of 
this  affection  are  not  available.  Paraplegia  superior 
is  of  rare  occurrence,  while  paraplegia  of  the  lower 
extremities  is  seen  with  greater  frequency.  This  is 
found  either  as  a  typical  paralysis  of  the  lower  ex- 
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tremities  with  complete  or  partial  ability  to  move 
the  limbs,  or  as  an  abasia  (astasia  abasia),  in  which 
there  is  conservation  of  power  to  move  the  limbs 
while  in  a  horizontal  position,  but  inability  to  use  them 
in  the  vertical  position.  Hysterical  paraplegias  may 
be  analogous  to  either  the  flaccid  or  spasmodic  type 
of  paraplegia,  and  transitional  types  are  the  rule. 
Contractures  aremet  with  with  comparative  frequency  . 
The  most  frequent  exciting  cause,  especially  in  young 
girls,  sometimes  in  children,  is  trauma,  railway  acci- 
dents being  a  very  fruitful  source.  The  onset  is  as  a 
rule  brusque,  though  the  development  may  be  gradual, 
and  Voss  suggests  the  excessive  tire  in  the  lower  limbs 
of  anemic  young  girls  as  a  contributory  cause.  The 
distribution  is  apt  to  be  extensive,  although  restrictive 
movements  may  be  preserved.  The  patellar  reflex 
is  apt  to  be  exaggerated  in  both  types,  but  the  absence 
of  the  signs  noted  under  the  heading  of  hemiplegia 
point  to  the  psychogenic  nature  of  the  disturbance. 
Although  some  authors  have  noted  involuntarj 
defecation  and  urination,  the  functions  of  the  bladder 
and  rectum  usually  remain  normal.  Care  should  be 
taken  to  guard  against  mistakes  in  diagnosis,  since 
the  indefinite  symptoms  produced  by  small  spinal- 
cord  hemorrhages  may  be  easily  mistaken  for  hysteria. 

Astasia-abasia,  first  described  by  Blocq  in  1888,  is 
an  irregular,  incomplete  type  of  paraplegic  disturbance, 
from  which  it  differs  by  reason  of  the  absence  of  para- 
plegia or  ataxia  of  the  limbs  in  the  sitting  or  reclining 
position  but  only  when  the  patient  tries  to  stand  or 
walk.  Even  complex  motor  acts  may  be  performed, 
dancing,  etc.  Among  others,  Oppenheim  and  Bins- 
wanger  regard  it  as  a  syndrome  met  with  in  other 
conditions  than  hysteria.  It  is  undoubtedly  of 
psychogenic  origin,  and  should  be  considered  as  a 
hysterical  combination  with,  rather  than  an  integral 
portion  of  the  other  psychoneuroses. 

Pseudotabes  is  an  allied  disturbance  of  which  Pitres 
has  given  a  full  analysis.  Analgesia,  pains,  disturb- 
ance of  the  eyes,  incoordinated  movements  are  all 
symptoms  which  make  differential  diagnosis  a  matter 
of  difficulty,  but  modern  methods  of  investigation 
should  make  impossible  such  an  error  as  that  of  Char- 
cot, who  diagnosed  as  tabes  a  condition  which 
was  afterward  cured  at  Lourdes.  It  may  be  noted 
that  hysterical  symptoms  are  sometimes  seen  in  true 
hysterics. 

Monoplegias  of  hysterical  origin  are  very  frequent. 
They  are  of  irregular  distribution,  mention  having 
been  made  of  paralyses  of  the  third,  fourth,  or  sixth 
nerves,  of  the  facial  and  muscles  of  the  pharynx  and 
larynx.  Hysterical  ptosis,  single  or  double,  spastic,  or 
flaccid  internal  or  external  rectus,  etc.,  show  that  the 
involvement  of  even  a  single  muscle  of  a  nerve  innerva- 
tion group  may  be  involved.  Brachial  monoplegias 
are  perhaps  the  most  frequent,  leg  monoplegias  are 
rarer. 

Disturbances  of  Touch. — These  consist  of  anesthesia, 
hypesthesia,  and  hyperesthesia.  Total  general  anes- 
thesia is  probably  a  condition  of  extreme  rarity,  and 
Pitres'  statement  that  it  is  present  in  twenty  per  cent. 
of  the  cases  is  a  Charcot  school  extravagance.  To  the 
six  cases  which,  out  of  the  many  reported,  Binswanger 
regarded  as  authentic,  Voss  has  added  six  from  the 
literature  and  two  from  his  own  observation.  Some 
of  these  patients  showed  "dream  "  state  conditions,  and 
it  is  difficult  to  arrive  at  a  correct  estimate  of  their 
value.  Anesthesia  may  be  general,  unilateral,  iso- 
lated in  spots  or  patches,  or  may  involve  symmetrical 
regional  areas.  Hj-pesthesia,  i.e.  incomplete  anes- 
thesia, is  of  more  frequent  occurrence  than  anesthesia. 
Hemi-anesthesias  or  hemi-hypesthesias  are  not  infre- 
quent, and  are  perplexing  in  variety  and  complexity. 
At  times  there  is  even  variation  in  intensity  in  the 
portion  of  the  body  affected.  Involvement  of  the 
left  side  is  most  often  seen;  crossed  anesthesias  (e.g. 
anesthesia  of  the  face  on  one  side  and  of  the  body  on 
the  other)  are  known.      Involvement  above  the  waist 


on  one  side,  and  below  it  on  the  other  have  been  re- 
ported.    Patch-like   anesthesia    or   hypi    thi    ia     the 
breast  and  forearm  being  especially  involved,  art 
seen.     These  patch-like  anesthesias  show  a  variability 
comparable  to  if  noi  greater  than  the  well-known 
metrical  distribution.     This  latter  which  is  known  a.s 
the  stocking  and  glove  t\  pe  rarely  corresponds  to  any 
anatomical  nerve  area.     The  border  line  is  usu 
indefinite,  noi  alone  during  the  examination,  but  also 
on  comparison  with  other  examinations,  and  the  pa- 
tients are  unaware,  as  a  rule,  of  the  anesthesia  whii  h 
rarely  causes  inconvenience.      \t  times,  however,  they 
cot n plain  of  pain  (ane  thesia  dolorosa)  or  pricking,  or 
compare  the  sensation  to  the  crawling  of  ants,  or  'he- 
feeling  of  a  limb  thai  has  gone  to    lei 

Pain   Sensibility.   -Hyperalgesia   and   anal| 
both    of   frequent    occurrence,    hyperalgesia  especially 

being,  as  is  well  known,  a  very  common  hysterical 
symptom.  So  true  is  this  that  in  some  one  or  other  of 
its  forms  it  is  to  be  found  in  almost  every  hysterical 
history.     Hysterical  points  or  zones  of  tenderne 

deep  pressure,  usually  unilateral,  are  seen  with  greal 
frequency,  the  more  common  being  the  iliacal  (so- 
called  ovarian),  also  present  in  men.  inguinal,  i  i 
above  Poupart's  ligament  (hysterical  appendicitis), 
epigastric,  mammary,  jugular,  supraorbital,  and  in- 
fraorbital, and  the  vertebral  points.  The  mosl  class- 
ical points  are   usually   those   upon   pressure  of  which 

physiological  stimuli  arc  inure  readily  set  up  in  the 
normal  individual.  Pressure  upon  other  zones,  or 
even  the  same  point  may  bring  about  the  cessation  of 
an  attack.  Pressure  on  these  points  may  also  deter- 
mine localized  pains,  paralyses,  contractures,  ataxias, 
etc.,  and  on  the  other  hand  may  be  used  to  cause  them 
to  disappear.  The  location  of  these  points  and  their 
relation  to  the  hysterogenic  zones,  which  have  already 
been  spoken  of,  has  been  much  discussed,  but  after  all 
they  have  no  real  relation  to  the  disease.  Suggestion 
is  the  important  element.  In  these  areas,  pressure 
with  suggestion  seems  to  have  more  influence  than  in 
other  zones,  but  other  suggestive  influences  may  pro- 
duce exactly  the  same  phenomena. 

Complete  analgesia  may  occasionally  be  found  in 
hysterical  dream  ecstatic  states.  Hypalgesia,  or 
general  diminution  of  pain  sensibility,  is  perhaps  as 
common  an  occurrence  as  general  hypesthesia,  and  is 
met  with  under  the  same  conditions.  Hemi-analgesia 
and  hemi-hypalgesia  march  with  hemi-anesthesia  and 
hemi-hypesthesia,  and  crossed  varieties  have  been 
described.  The  usual  pupillary  response  to  painful 
stimuli  is  obtained  in  many  of  these  cases,  thus 
the  integrity  of  the  reflex  mechanism  is  assured 
even  if  there  may  be  repression  of  the  psychical  pain 
associations. 

Deep  sensibility  may  be  affected,  though  very  rarely, 
and  when  this  happens  the  affection  is  not  followed  by 
ataxia  or  any  other  of  the  usual  pathological  phenom- 
ena. Deep  anesthesias  are  much  less  common  than 
hyperalgesias  or  analgesias.  Dissociations  with  lost 
tactile  and  lost  deep  sensibility,  or  vice  versa,  are 
among  the  hysterical  anomalies  recorded  which  re- 
quire more  corroboration  and  more  exact  observation. 

Temperature  Sense. — Variations  in  temperature 
sense  are  not  unknown,  but  complete  studies  of  tests 
made  in  accordance  with  Head's  teachings  regarding 
epicritic  and  protopathic  sensibility  are  not  yet 
available.  Cold  nearly  always  has  a  striking  effect 
upon  the  hysteric,  especially  when  applied  en  masse 
as  by  a  shower  bath  or  cold  pack.  A  few  cases  of 
dissociation  of  temperature  and  tactile  sense,  and  also 
of  dissociation  of  warm  and  cold  have  been  recorded 
but  they  are  not  very  convincing.  Loss  of  ability 
distinguish  heat  and  cold  seems  to  follow  the  modifica- 
tion of  tactile  anesthesia.  Patients  with  loss  of  tem- 
perature sense  are  rarely  known  to  burn  themselves, 
but  bunting  in  hysterical  thermanesthesia  has  been 
recorded. 

Mucous    Membranes. — Disturbances   of   sensibility 
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of  the  mucous  membranes,  analogous  to  those  of  the 
skin,  are  known.  According  to  Thaon,  as  large  a 
proportion  as  one-sixth  of  all  hysterica  have  anesthesia 
of  the  epiglottis  without  resulting  respiration  pneu- 
monia. Record  has  also  been  made  of  anesthesias  of 
the  mucous  membrane  of  the  mouth,  nose,  ear-drum, 
urethra,  and  rectum. 

Spontaneous  pains  of  variable  character  arc  to  be 
met  with  in  probably  at  least  eighty  per  cent,  of  all 
hysterics.  They  may  be  said  to  form  themselves 
into  five  general  groups,  namely  topalgias,  neural- 
gias,  arthralgias,   enteralgias,   cardialgias. 

1.  Topalgias,  circumscribed  painful  areas  with  no 
anatomical  relation  of  any  known  nerve  distribution. 
A  careful  study  of  Head's  zones  may  prove  that  many 
of  these  topalgesias  are  symptomatic  of  visceral  dis- 
ease. The  modern  tendency  is  to  recognize  more  and 
more  the  strength  of  Head's  position,  that  a  gnat 
mass  of  symptoms  have  been  regarded  as  hysterical 
which  are  really  peripheral  reflex  disturbances  due  to 
visceral  disorder  and  disease.  On  the  other  hand, 
mastoid  topalgias  and  appendical  topalgias  have  mis- 
takenly been  made  the  reason  for  unnecessary  surgical 
interference. 

2.  Neuralgias. — These  should  have  careful  consid- 
eration as  many  neuralgias  which  have  been  deemed  to 
be  hysterical  have  proved  to  be  symptomatic  of  grave 
disturbance.  Therefore,  even  when  apparently  not 
agreeing  with  the  anatomical  distribution  of  a  nerve 
trunk  they  should  be  diagnosed  as  hysterical  only  after 
careful  elimination  of  organic  features.  A  cervical  rib 
may  account  for  a  persistent  brachial  neuralgia,  or  the 
presence  of  sugar  in  the  urine  may  reveal  the  diabetic 
origin  of  another. 

3.  Arthralgias  or  pains  in  the  joints  should  never  be 
diagnosed  as  hysterical  without  a  radiographic  exami- 
nation, even  when  they  are  accompanied  by  hypes- 
thesia,  hyperesthesia,  or  even  typically  hysterical 
gait  or  contractures.  However,  the  existence  of 
true  hysterical  arthralgias  seems  probable,  since  some 
cases  have  received  definite  and  rapid  relief  from 
psychotherapy. 

4.  Enteralgia. — The  existence  of  enteralgia,  or 
visceral  pains  of  psychical  origin,  has  received  uncon- 
trovertible proof  from  the  evidence  contained  in  the 
literature.  Babinski  and  Striimpell,  class  hysterical 
ileus,  with  pain  and  vomiting,  in  the  "simulation" 
group,  but  Bergman,  Voss,  and  Naunyn  are  among  the 
believers  in  its  hysterical  origin.  A.  Dubois  is  the 
author  of  a  monograph  on  hysterical  appendicitis. 
Vomiting  is  a  well-known  hysterical  symptom,  and 
E.  H.  JMUller  notes  the  possibility  of  the  psychic  origin 
of  hyperemesis  gravidarum.  Reversed  peristalsis 
seems  to  Muhsam  to  be  of  psychogenic  origin  also. 

5.  Cardialgia  as  an  hysterical  symptom  is  of  very 
frequent  occurrence.  It  may  take  the  form  of  palpi- 
tation, sense  of  oppression,  irregular  pains,  quick 
pulse,  dropped  beats,  or  even  angina  pectoris.  This, 
its  most  severe  form,  is  however  rarely  seen.  Hyster- 
ical bradycardia  has  also  been  described  (Triboulet). 

Dcjerine  has  written  at  length  on  a  group  of  symp- 
toms which  may  be  classed  as  the  false  pathies.  They 
are  often  the  result  of  injudicious  medical  suggestion, 
and  are  frequently  met  with  as  complications  of 
hysteria.  Some  have  been  classed  with  the  hysterical 
symptomatology,  some  with  hysteroneurasthenia, 
some  in  Janet's  psychasthenia,  but  they  should  all  be 
kept  in  a  group  apart.  Such  are  false  gastropathies, 
mental  anorexias,  false  enteropathies,  false  genito- 
pathies,  etc. 

Sight. — While,  as  we  have  noted  before,  total  hys- 
terical blindness  is  not  unknown,  it  is  very  infrequently 
met  with.  One-sided  blindness,  however,  is  frequent. 
It  may  be  differentiated  by  the  fact  that  the  eye 
grounds  remain  normal,  and  the  pupillary  reactions 
unmodified.  Its  acute  onset  immediately  after 
psychic  shock,  and  lid  reflex  to  unexpected  lightare 
also  diagnostic  signs  of  value.     Voss  has  reported  a 


case  with  diminution  of  consensual  light  reaction  in  a 
unilateral  amaurosis,  but  careful  observation  on  this 
point  remains  to  be  made.  Diminution  of  vision, 
usually  involving  the  left  eye,  is  a  common  subjective 
complaint.  Since  the  publication  of  Fere's  work, 
restriction  of  the  visual  fields  has  been  a  commonly 
accepted  manifestation.  These  rest  rid  ions  have  been 
described  as  concentric  and  bilateral,  ami  are  claimed 
for  a  large  majority  of  the  cases,  according  to  Voss  a 
fourth  and  to  other  authorities  as  high  as  a  third. 
Increased  fatigue,  and  inability  to  concentrate  the 
attention  are  the  usually  rationalized  etiological 
factors.  Blindness  is  usually  a  wish-fulfilling  mech- 
anism.* Among  rarer  anomalies  recorded,  central 
scotomata,  sector  and  ring-shaped  defects  may  be 
mentioned. 

Hearing. — Voss  has  described  bilateral  hysterical 
deafness  in  combination  with  hysterical  paraplegia. 
Nevertheless,  hysterical  deafness  is  rare,  although 
cases  have  been  recorded  by  Binswanger,  and  others. 
There  may  be  modification  of  bone  conduction,  but 
as  a  rule  there  is  no  alteration  in  the  quality  of  the 
voice,  such  as  is  typical  when  organic  affections  of  the 
ear  are  present.  Wieber,  however,  has  some  observa- 
tions which  are  contrary  to  this  rule. 

Smell. — The  status  of  variations  of  smell  in  hysteria 
is  not  very  definite  although  a  large  amount  of  work 
on  the  subject  has  been  done.  Lichtwitz  found  com- 
plete and  half-sided  anosmias;  Babinski  has  been  un- 
able to  find  any  anomalies  without  palpable  sugges- 
tion, while  Voss  gives  the  proportion  in  his  cases  as 
thirty  per  cent.,  which  is  also  the  general  proportion 
of  all  cases  found  in  the  Berlin  clinic.  Gilles  de  la 
Tourette  is  inclined  to  look  upon  such  disturbances  as 
being  of  diagnostic  value.  Ziehen  makes  a  systematic 
investigation  of  smell  in  every  case  in  his  clinic  and 
finds  great  irregularities  in  smell  in  the  non-hysteric. 
Voss  finds  that  the  left  side  is  most  often  involved. 

Taste. — Alteration  of  taste  is  infrequent,  although 
many  writers  have  reported  variations  for  sweet, 
bitter,  sour.  Ageusia  often  accompanies  facial  anes- 
thesia. Hyperageusia  is  especially  pronounced.  Hemi- 
lateral  ageusia  and  hyperageusia  are  described. 

Hysterical  Fever. — This  is  due  to  a  disturbance  of 
the  heat  regulatory  centers.  Manahiloff,  w-ho  made 
a  critical  study  of  the  subject,  published  as  a  Mont- 
pellier  thesis  in  1903,  has  come  to  the  conclusion  that 
hysteria,  without  the  aid  of  other  disturbing  factors, 
may  cause  rise  in  temperature.  In  this  conclusion  he 
is  supported  by  Kausch,  Oppenheim,  and  Voss.  There 
are,  however,  others  who  deny  such  a  possibility. 

Skin  Changes. — The  presence  of  purely  hysterical 
lesions  of  the  skin  is  still  a  much  mooted  question. 
Babinski  claims  that  they  are  all  of  artificial  produc- 
tion. Kreibach  and  Matzenauer  have  observed  in 
hystericals  a  very  definite  increase  in  motor  irrita- 
bility, with  the  slightest  skin  irritation  resulting  in 
gangrenous  necrotic  ulceration.  Beitmann,  Ziehen, 
Bayet,  and  Thomer  find  great  sensitivity  of  the  skin 
in  its  reaction  to  external  irritants.  Beitman  in 
particular  has  reported  a  case  of  gangrene  in  an  hysteric 
as  the  result  of  the  application  of  a  weak  lysol  solution. 
There  is  no  doubt  that  many  cases  of  skin  lesion  are 
the  result  of  deceit,  but  there  is  also  no  doubt  of  the 
psychogenic  origin  of  many  others,  while  a  still  greater 
number  are  the  outcome  of  hysteria  superimposed 
on  the  foundation  of  a  slight  trophic  or  vasomotor 
disturbance.  As  these  hysterical  skin  affections  de- 
velop very  quickly,  it  is  not  idle  to  suppose  that  the 
regenerative  process  may  work  with  equal  rapidity,  an 
hypothesis  which  may  be  an  explanation  of  the  in- 
dubitably authentic  cures  of  ulcerous  processes  report- 
ed from  various  miracle  working  shrines.  Bullous  der- 
matitis is  not  infrequently  observed  as  an  hysterical 
phenomenon,  while  among  the  rarer  types  of  so-called 
hysterical  skin  disorders  are  reckoned  acne,  psoriasis, 

•  Ames:  Blindness  as  a  Wish  Fulfillment.  Psychoanalytic  Re- 
view, vol.  i.,  No.  1. 
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erythema,  urticaria,  dermographia,  ecchymoses,  ehro- 
midrosis,  vicarious  bleedings,  etc.  Cassirer  has 
written  an  excellent  review  of  the  literature  on  this 
whole  subject. 

Psychoses. — Hysteria  "au large"  isitself  primarily  a 
psychosis,  but  within  its  borders  are  to  be  found  a 
series  of  phenomena,  at  times  closely  related  to  the 
somatic  disturbances,  to  which  the  term  may  be 
more  definitely  applied.  Of  these  the  so-called  hys- 
terical dream  state  (Dammerzustand)  is  perhaps  the 
most  important.  It  is  closely  analogous  to  the 
dreamy  delirium  so  well  known  in  the  case  of  epilept  ics 
and  of  some  alcoholics.  These  dream  states  may  fol- 
low a  major  hysterical  attack  or  may  appear  as  it 
were  like  a  bolt  from  the  blue.  They  may  be  of  only 
a  few  minutes'  duration,  or  may  last  for  weeks;  may 
scarcely  interfere  with  the  patient's  orientation  or 
conduct,  or  may  take  the  form  of  deep,  continuous 
slumber,  or  stupor,  in  which  the  patient  lies  with 
closed  eyes,  sunken  head,  and  relaxed  muscles.  Here 
may  be  found  the  "living  dead"  of  flaring  newspaper 
headlines.  Dream  states  may  end  in  a  convulsive 
seizure.  Between  the  extreme  types  there  are  many 
variations,  such  as  somnambulism  and  fugue-like 
flights.  In  the  former,  clouding  of  consciousness  is 
not  very  deep;  in  the  latter,  patients  have  been  known 
to  take  long  voyages,  being  unable,  on  coming  to 
themselves  to  account  for  their  actions.  They  may 
even  commit  criminal  acts,  and  important  and 
difficult  medicolegal  problems  arise.  No  matter 
what  form  the  dream  state  may  take,  it  is  usually 
followed  by  partial  or  even,  in  rare  cases,  complete 
amnesia. 

Another  form  of  mental  disorder  of  hysterical  origin 
is  Ganzer's  "  Vorbeireden."  Here  the  conduct  of  the 
patients  is  exceedingly  foolish,  approaching  that  of 
young  children.  They  are  short  and  snappy  in  their 
answers,  burst  into  uncontrollable  laughter,  imitate 
the  cries  of  wild  animals,  and  are  very  difficult  to 
manage.  When  interrogated,  they  seem  careless  of 
their  replies,  giving  indirect  or  inverse  answers,  half 
answers,  at  times  contradictory  answers.  Super- 
ficially it  seems  as  though  these  answers  were  delib- 
erate attempts  at  falsification  or  simulation,  but  the 
great  similarity  in  type  is  sufficient  to  allow  of  the 
recognition  of  the  Ganser  symptom.  This  symptom 
may  also  be  met  with  in  epileptic  dream  states  and  in 
alcoholism,  and  is  still  more  common  in  dementia 
precox. 

Secretory  Disturbances. — Hysterical  emotional  states 
wield  a  great  influence  over  the  organs  of  secretion. 
Lack  of  perspiration,  which  may  be  unilateral,  and 
local  hyperidrosis  have  been  described,  although  as  a 
rule  the  sweat  glands  are  not  involved.  Pilocarpine 
has  been  found  useful  in  correcting  these  unilateral 
anomalies.  Affection  of  the  salivary  secretion  usually 
takes  the  form  of  diminution,  though  Matthieu  and 
Roux  have  described  a  remarkable  case,  complicated 
by  excessive  vomiting,  in  which  the  secretion  amounted 
to  two-thirds  of  a  liter  daily.  There  may  be  in- 
creased nasal  secretion  with  sneezing  attacks,  in- 
creased bronchial  secretion  with  an  accompaniment 
or  coughing,  or  an  excessive  swallowing  of  laryngeal 
or  pharyngeal  mucus,  increase  in  the  flow  of  tears  or 
absolute  dryness.  In  making  a  diagnosis  of  hysteria 
on  the  strength  of  these  disturbances,  all  possibility 
of  tabes,  multiple  sclerosis,  or  syringomyelia  should 
be  eliminated  as  cases  have  been  known  where  these 
serious  somatic  disorders  have  been  overlooked. 

Urinary  secretion  is  also  greatly  influenced,  and 
much  variation  is  found.  Polyuria  is  met  with  with 
great  frequency,  particularly  in  major  attacks,  and 
Matthieu  has  reported  a  case  in  which  from  thirty 
to  forty  liters  a  day  were  excreted.  Incontinence  is 
not  frequent,  and  when  present  usually  accompanies 
a  paroxysmal  or  mterparoxysmal  phenomenon.  Care 
should  be  taken  in  dream  states  to  prevent  overdis- 
tention  of  the  bladder.     Anuria,  a  common  symptom 


in  Charcot's  days,  is  not  now  often  observed.  Here 
again  Bahinski  claims  simulation,  but  cases  of  relative 
anuria,  accompanying  hyperidrosis  or  excessive  stools, 
arc  OCCas  ionally  .seen. 

The  researches  of  Pavlov  and  his  school  have  given 
definite  experimental  proof  of  the  modifications  pro- 
duced in  the  internal  secretions  by  the  menial  slate, 
which  had  been  known  empirically  since  the  days  of 
Hippocrates.  Cannon  has  done  the  same  service  for 
intestinal  secretions.  The  secretions  maybe  either 
diminished  or  increased,  and  hysterical  diarrhea  is 
well  known.  The  glands  of  internal  secretion  are 
under  vegetal  ivecont  rol  and  are  profoundly  influenced 
by  the  psyche. 

Reflexes. —  Modifications  of  the  relieves  are  so  many 
that  they  may  be  categorically  enumerated.  There 
is  frequent  diminution  of  the  corneal,  conjunctival, 
and  palpebral  reflexes.  The  corneal  reflex  is  rarely 
absent,  and  the  secretion  of  tears  is  not  modified,  as  a 
rule,  even  in  the  presence  of  diminished  corneal  and 
palpebral  reflexes.  Little  is  known  of  the  jaw  jerk. 
Occasional  irregular  distribution  of  the  sneezing  reflex- 
is  found,  but  neither  this  modification  nor  the  loss  of 
either  pharyngeal  or  faucial  reflexes  is  of  much  diag- 
nostic value.  Irregularities  of  both  of  these  latter 
are  often  found  in  non-hysterical  individuals,  espe- 
cially in  those  who  have  had  much  throat  treat- 
ment. 

The  triceps  and  radial  periosteal  reflexes  are 
usually  increased,  but  may  not  be  obtainable  where 
contractures  are  present.  They  may  be  lost .  Their 
diagnostic  value,  however,  is  very  small.  Marked 
irregularity  would  point  to  organic  lesions.  The 
abdominal,  epigastric,  and  cremasteric  reflexes  are 
subject  to  considerable  normal  variation,  but  when  un- 
equal, organic  affection  should  be  looked  for;  mistakes 
occur  over  the  contraction  of  the  abdominal  muscles. 
Modification  of  the  cremasteric  reflex  is  unusual, 
even  when  there  is  anesthesia  of  the  skin.  Vaginis- 
mus is  a  rare  hysterical  reflex,  and  the  anal  reflex  may 
be  absent,  though  occasionally  it  shows  hyperesthetic 
sensibility.  Anal  hypesthesia  is  of  common  occur- 
rence, especially  among  women.  What  relation  this 
has  to  Freud's  anal  erotics  is  not  yet  known. 

As  a  rule,  there  is  symmetrical  increase  in  the  knee- 
jerk.  Its  loss  as  an  hysterical  sign,  though  denied  by 
Babinski,  is  undoubtedly  seen,  although  this  is  a  rare 
finding,  and  may  later  permit  of  other  interpretations, 
a  statement  which  may  also  be  permitted  for  the 
Achilles  jerk.  This  latter  should,  however,  be  tested 
in  the  kneeling  position  when  its  absence  is  indicative 
of  organic  lesion.  Nonne  and  Willroth  found  a  peri- 
odic loss  of  the  tendon  reflexes.  Attention  has 
already  been  directed  to  the  Babinski  sign. 

Metabolic  Disturbances. — Gilles  de  la  Tourette 
found  no  marked  deviation  from  normal  metabolism 
during  the  interparoxysmal  period.  During  the  at- 
tacks, however,  a  modification  of  the  usual  relation- 
ship of  calcium  and  magnesium  to  the  phosphates  of 
potassium  and  sodium  may  take  place,  i.e.  there  may 
be  an  inversion  of  the  formula  of  the  phosphates. 
Binswanger's  studies  provide  no  new  material  on 
this  point. 

Great  loss  of  flesh  is  frequently  seen,  an  extreme 
example  being  the  "human  skeleton"  reported  from 
Lourdes  as  cured.  This  emaciation  is  usually  the 
result  of  not  eating,  though  some  patients  lose  weight 
in  spite  of  fairly  normal  feeding.  A  few  cases  of 
hysterical  adiposis  have  been  recorded,  but  their 
exact  significance  is  doubtful. 

Bleeding. — Hysterical  phthisis,  gastric  and  kidney 
hemorrhages  are  no  longer,  as  a  rule,  ascribed  to 
hysteria.  There  remain,  however,  a  number  of  bona 
fide  hysterical  phenomena,  such  as  bleeding  from  the 
skin,  mucous  membranes,  or  viscera,  sometimes  called 
vicarious  menstruation,  etc.  The  bleeding  may  be 
scanty  or  profuse,  although  in  the  latter  case  the 
general  health  does  not  seem  to  be  affected.     The 
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locations  of  the  bleedings  have  been  legion,  some  of 
them  are  artefacts,  often  unconsciously  produced, 
but  others  are  psychical  conversion  phenomena. 

Diagnosis. — In  his  "  Psychopathology.  of  Every- 
day Life,"  Freud  has  related  his  confusion  in  over- 
looking an  abdominal  lymphosarcoma  in  a  fourteen- 
year-old  girl  who  also  had  exquisite  hysterical  mani- 
festations. Similar  experiences  are  universal.  No 
one  is  immune  from  making  such  mistakes.  There 
is  no  disorder  of  the  human  body  which  has  not  been 
mimicked  by  hysteria,  and  the  diagnosis  of  hysteria 
has  been  incorrectly  attached  to  practically  every 
known  somatic  disorder.  A  complete  differential 
diagnosis  therefore  would  range  over  the  entire  field 
of  medicine  and  surgery. 

On  the  one  hand,  it  may  be  stated  that  hysteria 
should  be  a  diagnosis  arrived  at  only  after  the  most 
rigid  exclusion.  This  is  a  practical  viewpoint  which 
emphasizes  the  rationality  of  the  attitude  of  mind  of 
the  organicist.  On  the  other  hand,  the  almost 
absolutely  psychical  character  of  certain  symptom 
combinations  is  sufficient  to  stamp  a  process  as 
hysterical  with  great  positiveness  when  seen  from  the 
angle  of  the  psychiatrist. 

Balancing  the  two  attitudes  however,  experience 
seems  to  point  to  the  former  as  being  the  one  less 
likely  to  lead  to  disaster,  even  though  it  may  mean  a 
great  waste  of-  time.  The  chief  reason  for  the 
supremacy  of  this  orthodoxy  is,  however,  the  lack  of 
training  in  mental  phenomena  in  medicine.  So  long 
as  the  study  of  bowels  is  considered  of  greater  value 
than  that  of  brains,  just  so  long  will  the  physician 
be  compelled  to  go  through  all  the  somatic  gateways 
in  order  to  find  that  psychical  disturbances  are  not  to 
be  found  in  that  direction.  Fortunately  the  checks 
and  counterchecks  are  accumulating  which  enable 
the  moderately  serious  student  to  avoid  the  more 
gross  diagnostic  pitfalls. 

Most  of  the  diagnostic  mistakes  wherein  organic  is 
termed  hysterical  are  due  to  sheer  carelessness  in  ex- 
amination. The  rush  of  social  conditions  prevents 
one  from  giving  enough  time  to  the  patient.  Eco- 
nomically, at  times,  the  physician  cannot  afford  the 
time.  The  patient  therefore  who  pays  grudgingly 
for  time  suffers  abundantly.  Penny  wise  and  pound 
foolish  is  a  maxim  of  great  pertinence  in  that  branch 
of  medicine  wherein  psychical  disturbances  are  con- 
sidered. The  patient  who  would  willingly  pay 
thousands  for  the  removal  of  an  innocuous  fibroid  on 
the  "scare"  of  its  possible  degeneration  into  a 
''cancer,"  will  grudge  paying  a  penny  to  straighten  out 
mental  attitudes  which  ultimately  develop  suicide, 
murder,  asylum  internment,  divorce,  scandal,  dis- 
membered families,  or  irremediable  heartache.  The 
physical  fact  looms  large;  to  the  psychical  fact  man  is 
blind  and  deaf.  This  is  as  apparently  true  of  the 
physician  as  of  the  man  in  the  street.  The  great 
stumbling  block  is  that  the  physician  gets  to  believe 
too  much  in  the  authority  of  words.  Their  apparent 
definiteness  is  apt  to  blind  him  to  the  fact  that  they 
are  only  provisional  explanations  for  things.  Man's 
intellect  manufactures  them  to  aid  him  to  interpret 
the  behavior  of  things.  If  this  function  of  words  be 
kept  clearly  in  mind,  the  problems  of  diagnosis  in 
hysteria  become  comparatively  easy.  Symptoms  of 
somatic  origin  are  seen  to  be  distinguishable  from  the 
same  symptoms  when  of  psychical  origin.  Thus  pain, 
seen  not  just  as  a  word  pain,  but  as  the  behavior  of 
some  organ  or  organs  to  definite  dynamic  factors 
capable  of  producing  it,  becomes  the  object  not  of  a 
text-book  search,  but  of  actual  observation  and  inter- 
pretation, either  as  a  physicochemical,  a  sensorimotor, 
or  a  psychical  adjustment  of  organ  or  function. 
Possibly  all  three  sets  of  mechanisms  are  involved  as 
may  be  well  exemplified  in  certain  syndromes. 
Exophthalmic  goiter,  for  instance,  where  psychical 
conflicts  induce  metabolic  (endocrinous)  disturbances, 


with  resultant  sensorimotor  readjustments  such  as 
sweating,  palpitation,  etc. 

These  general  remarks  are  intended  to  emphasize 
the  fad  thai  man  is  not  a  physicochemical  mechanism 

alone,  nora  sensorimotor  react  ing  device,  nor  yet  only 
a  human  being  in  a  human  society  seeking  psychical 
adjustment  to  the  need-   of  self-protect  ion    and    race 

propagation.  He  is  all  three.  His  psychical  needs 
rank  the  highest,  else  he  would  have  remained  at  the 

lower  levels,  an  earl  h  worm,  a  Venus  fly  t  rap  perchance. 

Hence   the  most    vital    questions   with   which   the 
physician    should   occupy   himself,    if   the   problem    of 
hysteria  arises,  are  those  of  the  human  interest 
t  he  pat  ant  . 

The  patient  is  not  psychically  sick  because  his 
digestion  is  disturbed,  or  his  sleep  interfered  with,  or 
his  liver  working  badly,  or  his  intestines  absorbing 
non-existing,  hypothetical  poisons,  but  because  his 
psychical  needs  are  upsetting  his  digestion,  his  sleep, 
his  liver  metabolism,  his  intestinal  functions. 

The  diagnosis  of  hysteria  will  for  some  time  no 
doubt  be  reached  by  the  method  of  exclusion.  The 
cart  will  be  put  before  the  horse  to  resolve  a  variety 
of  situations  which  because  "it  does  not  work" 
have  to  be  abandoned  for  a  better  hypothesis.  The 
psychical  conversion  hypothesis  moreover  does  not 
apply  to  all  hysterics.  In  fact,  most  patients  with 
predominant  hysterical  mechanisms  show  other 
symptoms.  Thus  practically  one  has  a  mixed 
psychoneurosis  in  each  and  every  case;  some  with 
pronounced  neurasthenic  symptoms;  others  with 
compulsive  thinking,  phobias,  obsessions,  tics,  habit 
movements,  others  even  with  psychotic  admixtures, 
hallucinations  at  times,  traces  of  delusional  inter- 
pretations, etc.  Just  what  any  particular  medley  shall 
be  called  is  a  secondary  matter  after  all.  Giving 
arbitrary  labels  to  kaleidoscopic  pictures  is  illusory. 
When  one  is  considering  the  individual  patient  one 
does  not  care  to  give  a  name  to  a  series  of  processes, 
one  should  understand  the  why  and  the  whither.  A 
child  may  understand  the  name  given  to  a  choo-choo 
car,  but  this  knowledge  does  not  enable  him  to  manage 
one;  so  to  name  a  series  of  processes  going  on  in  a 
sick  body,  hysteria,  neurasthenia,  compulsion  neuro- 
sis, psychasthenia,  etc.,  is  of  no  particular  service  to 
the  patient.  It  is  another  matter  when  technical 
hypotheses  are  sorted  and  compared  in  a  society  of 
those  using  these  logical  tools.  Then  diagnostic 
word  symbols  have  a  value.  This  side  of  the  problem 
of  diagnosis,  however,  will  not  be  entered  upon. 

Hysteria  from  the  mental  aspect  represents  a  mode 
of  escape  by  the  patient  from  reality.  This  mode  is 
symbolically  expressed  through  the  symptoms. 
These  are  unconsciously  developed  in  accordance  with 
character  traits  which  are  fundamental  to  the  indi- 
vidual. These  fundamental  character  traits  are  in 
course  of  formulation  from  earliest  infancy,  and  their 
chief  features  are  apparent  in  the  very  young. 
Heredity  plays  a  part — how  much  is  uncertain — in 
creating  or  imparting  somatic  structures  to  carry 
on  the  work  with  reality.  Environment — father, 
mother,  family,  society — affords  educative  features, 
cultural  restraints  and  outlets  for  the  psychical 
striving — the  libido  of  the  individual.  This  libido, 
working  with  better  or  worse  organic  structures,  in 
accordance  with  well  or  badly  managed  repressions, 
gives  the  character  type  of  the  ego,  which,  striving 
for  antisocial,  asocial,  or  social  ends  determines  the 
value  of  the  individual,  i.e.  his  sickness  or  his  health. 
Inasmuch  as  the  conversion  or  defense  mechanisms 
are  subversive  of  social  value  they  are  called  diseased, 
and  also,  when  of  a  special  type,  hysteria. 

In  the  neurasthenic  syndrome  of  older  authors, 
many  conversion  mechanisms  were  included.  But  a 
preferable  way  of  looking  at  neurasthenia  is  to 
regard  it  in  the  light  of  a  very  definite  somatic  disorder. 
It  is  a  fatigue  due  to  definite  organic  factors.  Such  are 
seen  after  acute  or  chronic  exhausting  disease,  after 


488 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


ll>s(i-ria 


poisoning,  after  great  grief  or  shock,  or  continuous 
worry.  Here  the  patient  is  unable  to  meet  reality, 
not  by  a  sidetracking  of  his  libido,  by  means  of  a 
mismanaged  repression  through  conversion.  They 
really  have  little  energy  free  to  converl  because  of 
the  exhaustion  or  toxic  process.  One  is  not  speaking 
here  of  vague  toxemias,  as  yet  too  tenuous  even  for 
hypothetical  purposes.  The  neurasthenic  is  not 
trying  to  dodge  reality.  It  is  thrust  upon  him  and  he 
cannot  handle  it.  He  may  in  addition  run  away  and 
utilize  certain  mechanisms  of  defense  or  conversion. 
may  superinduce  hysterical  phenomena — oftentimes 
a  stupid  environment  forces  him  to  use  such  a  re- 
constructive avenue  of  escape,  but  neurasthenia  is 
here  considered  as  a  fatigue  without  conversion 
phenomena.  In  other  words,  a  diagnosis  of  neuras- 
thenia must  include  the  somatic  cause.  It  is  not  a 
psychogenic  disorder.  It  is  somatic.  Rest  and  food 
will  necessarily  get  it  well  in  the  absence  of  malig- 
nancy, or  incurable  somatic  disease,  nephritis,  etc 
If  the  hypothesis  "nerve  fatigue"  does  not  work,  the 
diagnosis  is  incorrect.  Truth  is  truth  only  "when  it 
works." 

Another  somatic  syndrome  very  frequently  called 
hysteria  is  multiple  sclerosis.  Here  smaller  or  larger 
plaques  in  the  nervous  system  interfere  with  proper 
neuron  activity.  Fatigue  is  an  early  sign  which, 
in  the  absence  of  other  more  definite  indications  of 
nerve  disorder,  is  too  frequently  termed  functional. 
Occurring,  as  multiple  sclerosis  does,  in  comparatively 
young  individuals,  the  mistake  is  all  the  more  natural. 
If  it  be  kept  in  mind  that  multiple  sclerosis  usually 
begins  with  fatigue,  is  frequently  monosymptomat  ic 
for  a  long  time,  and  usually  shows  the  so-called  classi- 
cal triad — increased  reflexes  (clonus),  nystagmus,  and 
scanning  speech — only  after  a  long  time,  or  in  acute 
developing  cases  after  several  months,  one  should 
not  confuse  the  two  disorders.  Intention  tremor  as  a 
hysterical  monosymptomatic  sign  is  very  rare  and 
must  have  some  good  psychogenic  explanation 
(accident  litigation,  etc.)  whereas  in  multiple  sclerosis 
it  is  frequent.  A  careful  neurological  examination 
should  settle  all  questions. 

Disease  of  the  midbrain  frequently  leads  to  a  faulty- 
diagnosis  of  hysteria,  especially  when  the  sensory 
pathways  are  initially  involved.  Here  anesthesia 
and  peculiar  irregular  movements  are  carelessly  termed 
hysterical.  Careful  examination  by  Head's  methods 
will  show  the  nature  of  the  illness.  Syphilitic  disorder 
of  the  midbrain  structures  is  not  infrequent  and  a 
faulty  diagnosis  of  hysteria  may  cause  the  loss  of 
much  valuable  time  in  therapy. 

Similarly  early  cases  of  paralysis  agitans  with 
pronounced  emotional  disturbance,  which  very 
frequently  precede  the  motor  changes  (tremor,  etc.) 
are  called  hysteria,  especially  where  the  psychogenic 
factors  in  the  disorder  are  not  properly  valued. 

The  Epilepsies. — Although  they  possess  a  superficial 
likeness,  and  the  casual  observer  may  mistake  a 
major  convulsive  attack  for  an  epileptic  seizure,  and 
vice  versa,  there  is  no  real  similarity  between  them. 
The  same  disease  process,  how.ever,  may  be  the  excit- 
ing cause  for  either  condition,  and  both  may  be  present 
in  the  same  person.  The  reduction  in  resistance  due 
to  the  growth  of  a  cerebral  tumor  may  be  the  cause 
of  hysterical  outbreaks  in  a  patient  in  whom  the 
pressure  of  the  tumor  induces  epileptic  convulsive 
seizures. 

The  signs  for  differential  diagnosis  may  be  cate- 
gorically enumerated.  Thus,  the  ordinary  signs  of 
epilepsy  are  loss  of  consciousness,  complete  amnesia, 
involuntary  urination,  more  rarely  involuntary  loss 
of  feces,  pupillary  immobility  (not  invariable),  clonus 
or  Babinski  at  end  of  attack  (not  invariable),  ex- 
haustion and  sleep.  In  convulsive  hysteria  attacks 
we  have  nearly  complete  loss  of  consciousness,  partial 
amnesia  which  association  experiments  may  clear 
up,  little  or  no  injury  to  the  tongue  or  body,  absence, 


as  a   rule.  Of   involuntary  discharge  of   urine  or  fece 

absence  <>t  ankle  clonus  and  Babinski,  no  pupillary 
disturbance     ab  ence  of  fatigue,  or  even  of  desiri 
sleep. 

Meningitis  Cerebrospinalis  Acuta.     The  advent 

lumbar    puncture,    and    the    utilization    of    bacterii 
logical    and    cytological    examinations    have    satisfac- 
torily eliminated  moi  I  oi  these  eases. 
Organic  Brain  Di  ease.     It  is  a  well  known  fact  thai 

the  signs  of  the  eaih    stages  of  organic  brain   di 

have  been  mistaken  for  hysteria.     It  is  therefore  of 
the  utmost  importance  to  eliminate  such  grave  matters 
as     trauma     with     microscopic     lesions,     gummata 
syphilitic  meningitis,  septic  encephalitis,  hemorrhagic 
meningitis,  brain  tumors,  cerebrospinal  carcinosis    foi 

all   of   these   lia\e  been    known  to  be  accompanied  by 

t  \  pica!  hysterical  symptoms. 

The  real  difficult  ies,  however,  lie  not  so  much  in  the 
consideration  of  t  hese  somatic  disorders,  whose  nature 

ult  innately  shows  itself,  but  rather  in  the  more  distinct 

mental  disturbances  which  are  grouped  under  the 
broad  terms  psychopathic  personalities,  demei 
precox,  manic  depressive  psychoses,  etc.  Eere  th<  n 
are  great  diagnostic  difficulties,  since  here  one  i 
dealing  with  psychogenic  factors  and  with  broad 
generalizations  which  in  themselves  are  purely 
provisional  hypotheses — and  not  over  certain  oiks  at 
that. 

Psychoses. — As  might  be  expected,  hysterical  symp- 
toms are  found  in  many  of  the  non-hysterical  p 
choses.  This  is  especially  so  in  the  manic  depre 
group,  and  the  early  stages  of  dementia  precox  and  in 
the  presenile  and  senile  depressions,  andis  occasionally 
true  of  general  paresis.  Care  should  be  taken  in 
differentiating  the  dream  states  of  epilepsy,  and 
alcoholism,  manic  stupor,  catatonia,  and  traumatic 
dream  states. 

Dementia  Precox. — Jung's  studies  on  the  psychology 
of  dementia  precox  and  those  of  Bleuler  on  negativism 
emphasize  the  enormous  difficulty  in  separating  this 
symptom  grouping,  in  its  early  stages,  from  hysteria. 
Jung  has  explained  in  part  the  reasons  for  the  difficulty, 
while  Jelliffe  believes  that  the  symptoms  though 
identical  are  indicative  of  different  stages  in  the 
break  up  of  the  personality.  He  argues  that  just  as 
one  reaches  the  same  point  and  sees  the  same  view  in 
going  up  or  coming  down  a  mountain  so  the  dissocia- 
tions of  personality  in  the  loose  synthesis  which  we  call 
hysteria  may  show  the  same,  or  almost  the  same, 
pictures  as  we  find  in  the  dissociation  of  a  di 
tegrating  personality  which  we  name  dementia  precox. 
Often  the  history  is  the  only  aid  in  deciding  between 
a  catatonic  stupor  and  an  hysterical  dream  state. 
Sudden  onset  after  a  psychic  shock  points  to  hysteria, 
while  a  longer  slower  course  implies  catatonia.  Both 
conditions  share  in  common  foolish  conduct,  negativ- 
isms, catalepsy,  amnesia,  grimaces,  analgesias,  etc. 
Refusal  to  take  food,  and  long  standing  negativisms  are 
indicative  of  catatonia,  unilateral  pressure  points, 
and  disturbances  of  sensibility  of  hysteria,  while 
hysterieals,  even  in  dream  states,  are  much  less  likely 
than  catatonies  to  be  uncleanly.  Stupor  preceded  by 
change  of  character,  such  as  emotional  stupidity  or 
disinterestedness,  by  hypochondriacal  ideas,  ideas  of 
influence,  and  menstrual  disturbances,  should  make 
one  suspect  catatonia  very  definitely. 

The  emotional  apathy  of  the  dementia  precox 
patient  parallels  the  indifference  of  the  hysterical. 
Both  are  the  result  of  covered  up,  hidden  or  repressed 
complexes  which  are  much  more  difficult  to  dig  out 
in  the  case  of  the  precox  patient  because  of  his  mental 
disintegration.  In  the  hysterical  the  mood  is  broken 
up  by  an  explosion — violent  crying,  muscular  con- 
tortions, or  some  analogous  outburst.  Both  disorders 
show  a  diseased,  exaggerated  phase  of  the  normal 
disposition  to  repress  the  unpleasant  and  bury  it  i 
down.  In  the  hysterical,  following  psychoanalytic 
investigations,  we  find  conversions  and  transmutatii 
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in  the  dementia  precox  patient  we  see  peculiar  trans- 
positions and  blocking  which  prevent  adequate 
reactions  to  reality.  The  QEdipus  complex  appears 
baldly  in  the  open  in  dementia  precox  and  in  the 
paranoid  form  the  tendency  to  father  identifications 
become  very  market  1  phases  of  the  picture. 

If  too  much  importance  be  not  attached  to  them,  the 
terms  "hysterical  character"  and  "dementia  precox- 
character"  arc  \n\  useful  concepts.  All  types  of 
temperament  may  be  found  among  hystericals,  yet 
it  is  characteristic  of  these  personalities  that  a  power- 
ful emotional  complex  is  present  which  is  incom- 
patible with  the  ego  complex.  Such  emotional 
complexes,  which  are  also  present  in  dementia  precox 
patients,  show  themselves  in  studied  and  pretentious 
behavior,  artificial  gaits,  philosophical  enthusiasms, 
religious  originalities,  etc.  Delusions  of  social  eleva- 
tion in  dementia  precox  manifest  themselves  in 
exaggerated  manners,  studied  speech,  bombastic 
expressions,  affected  eloquence  and  high  sounding 
phrases.  Hysteria  and  dementia  precox  show  them- 
selves alike  in  quasi-religious  schemes. 

Treatment. — Prophylaxis  and  individuality  of 
treatment  should  be  the  slogans  in  dealing  with 
hysteria.  Complete  knowledge  of  the  history  of  each 
individual  ease  is  essential.  That  gained,  tact  and 
ability  to  seize  and  use  every  means  at  hand  should 
enable  one  to  accomplish  much  and  gain  permanent 
results. 

He  who  would  wield  the  weapon  of  prophylaxis 
must  have  a  knowledge  of  the  influences  which  are 
most  productive  of  the  hysterical  character  and  must 
recognize  the  wisdom  of  changing  or  modifying  its 
environment  wherever  possible. 

Syphilis,  tuberculosis,  and  alcoholism  in  the 
parents  prepare  the  best  soil  for  the  production  of 
hysteria.  Therefore,  it  would  seem  the  part  of  wisdom 
to  avoid  the  marriage  of  blood  relations  where 
nervous  affections  are  present,  and  the  marriage  of 
syphilitics  and  the  tuberculous  should  be  scrutinized. 
One  cannot  over-emphasize  the  dangers  to  the  off- 
spring of  such  marriages. 

Prevention  of  accidents  during  childbirth,  the 
hygiene  of  the  pregnant  mother,  the  hygiene  of  the 
nursling  and  child  are  all  of  the  very  gravest,  impor- 
tance even  when  looked  at  from  the  point  of  view  of 
hysteria  alone.  "Baby  worship"  and  unwise  over- 
stimulation of  the  infant  mind  are  two  great  sources  of 
evil.  So  is  the  constant  discussion  of  diet.  This 
should  never  be  carried  on  before  young  children. 
The  diet  of  the  growing  child  is  important,  but  it 
should  never  be  thrust  upon  his  consciousness,  or  as 
a  matter  of  fact  upon  the  consciousness  of  the 
adult.  Alcohol  in  even'  form,  tea,  and  coffee  should 
be  eliminated  from  the  child's  diet  which  should  con- 
sist of  simple  well-cooked  food,  containing  plenty  of 
carbohydrates,  and  abundance  of  fresh  vegetables. 
Monotony  should  be  avoided  so  as  to  prevent  the 
growth  of  one-sided  notions,  and  one  should  not  insist 
strenuously  that  a  child  should  eat  certain  things. 
If  a  child  does  not  care  for  some  particular  food  let 
him  forget  that  he  does  not.  Beyond  teaching  a  child 
to  eat  rationally  and  slowly  the  question  of  diet  is 
best  let  alone.  Discussion  of  the  subject  ad  infini- 
tum is  not  conducive  to  mental  health,  and  is  the 
frequent  foundation  of  severe  hysterical  dyspepsia 
in  later  life. 

The  life  of  the  child  should  be  simple  and  orderly, 
with  the  machinery  kept  well  out  of  sight.  Early 
hours  up  to  the  age  of  eight  with  a  daily  afternoon  nap 
up  to  the  age  of  six  are  imperative.  Overstimulation, 
and  overindulgence  are  equally  bad,  which  isprobably 
the  reason  why  the  lot  of  an  only  child  or  of  one  brother 
in  a  family  of  sisters  is  so  frequently  unhappy.  The 
nervous  child  needs  special  physical  and  mental 
training  which  should  never  be  intruded  on  his  notice. 
Gymnastics  and  games  in  the  open,  sea  bathing  or 
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lake  bathing  in  the  open  all  play  a  useful  art .  So  also 
does  the  daily  cold  plunge,  if  not  carried  to  extr<  ' 
A  good  rule  perhaps  is  not  to  carry  it  beyond  t  he  child's 
enjoyment,  which  is  a  good  index  of  his  vim  and 
energy.  Play  is  useful  but  needs  direction.  The 
imaginative  faculties  of  the  child  should  be  directed 
rather  than  stimulated.  Here  the  mother  can  be  of 
the  greatest  help,  unless  indeed  she  herself  is  hysterical 
in  which  case  one  has  the  combined  force,  of  heredity 
and  suggestion  to  fight  against.  Suggestion  and 
imitation  are  practically  identical  in  the  life  of  the 
child,  and  if  one  can  influence  the  parents  to  the 
soundest  methods  of  training  it  is  possible  to  elininate 
the  most  pernicious  weeds  that  a  bad  heredity  can 
sow.  The  ability  on  the  part  of  tin-  parents  to  be 
cheerful  under  all  circumstances;  to  bear  the  petty 
annoyances  of  life  writh  equanimity;  to  keep  their 
worries  and  angers  to  themselves,  is  a  constant 
stimulus  in  the  right  direction  for  developing  children. 

The  school  question  is  an  important  one,  and  should 
be  decided  by  the  physiological  age  of  the  child  rather 
than  by  his  years. 

Wise  education  of  the  emotional  life  cannot  be  too 
strongly  insisted  upon,  for  the  weakest  point  in  the 
hysterical  character  is  lack  of  emotional  control. 
Consideration  for  the  wishes  and  interests  of  others 
should  be  carefully  instilled  into  their  minds.  They 
should  learn  to  understand  danger  without  fearing  it, 
to  know  what  hunger  and  cold  are  and  to  disregard 
them.  Simply  to  Jell  them  of  these  things  is  not 
enough.  Real  education  demands  that  the  opposing 
affective  states  shall  be  called  up  and  self-control 
taught.  The  greatest  value  of  games  and  athletics 
lies  in  the  necessity  for  action  and  precision  which 
provide  a  most  helpful  aid  in  controlling  the  sympa- 
thetic nervous  system,  the  most  important  link  in  the 
emotional  chain.  The  young  boy  or  girl  should  be 
encouraged  to  dig,  to  build,  to  carpenter,  to  swim, 
to  skate,  to  ride  horseback,  and  works  of  phantasy 
should  be  kept  in  the  background.  As  much  as 
possible  the  energies  should  be  directed  to  productive 
work,  for  the  cultivation  of  efficiency  and  productivity 
affords  the  best  antidote  for  the  dreamy,  hazy,  ineffi- 
cient, slipshod  features  of  the  hysterical  character. 

The  reading  of  imaginative  literature  should  be 
closely  controlled,  and  highly  exciting  tales  excluded. 
Hysterical  adults  would  do  well  to  avoid  reading  works 
that  stimulate  day  dreaming,  castle  building,  and  the 
erotic. 

The  question  of  companionship  for  the  child  is  of 
great  importance,  and  should  receive  special  attention. 
Nevertheless,  isolation  and  solitary  preoccupation  are 
bad  and  it  is  better  not  to  insist  on  too  great  perfection 
of  environment  than  that  he  should  be  deprived  of  the 
companionship  of  others  of  his  own  age.  Hence  it  is 
that  good  public  schools  and  large  private  schools  are 
often  preferable  to  the  small  school.  The  latter 
may  in  some  instances  be  useful  in  the  case  of  normal 
children,  but  should  not  be  chosen  for  the  child  with 
hysterical,  syphilitic,  or  alcoholic  antecedents,  or  for 
those  who  show  the  development  of  great  emotional 
instability. 

The  avoidance  of  sexual  factors  for  the  young  child 
is  essential.  Nature  study  is  to  be  recommended  as  a 
means  of  gradual  and  natural  education,  which  helps 
to  avoid  the  distortion  of  sexual  ideas  at  the  approach 
of  puberty. 

Harsh  methods  should  be  avoided  in  the  training  of 
children  who  show  a  tendency  to  morbid  anxiety,  fears 
and  self-consciousness  as  tending  only  to  suppress 
their  expression  and  possibly  force  the  children  into 
lying  or  hysterical  conversions  or  defence  reactions 
such  as  complaints  of  headaches  or  other  physical 
ailments. 

The  principle  of  prophylaxis  continues  just  as 
operative  in  the  years  after  puberty  as  before, 
although  the  personality  becomes  more  fixed  and  is 
modified  with  greater  difficulty,  but  at  no  time  can  it 
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be  said  that  one's  ideas  become  so  firmly  settled  as  to 
be  incapable  of  some  change,  at  least  if  only  the 
correct  method  of  approach  be  found. 

Etiological  Therapy. — Stress  must  be  laid  upon  the 
fact  that  many  patients  who  develop  hysterical 
symptoms,  or  who  are  the  subjects  of  hysterical 
breakdown  are  not  hystericus  in  the  narrow  scum-  of 
the  word.  In  their  <:ase,  some  physical  factor,  or  it 
may  be  some  social  overburden  is  the  determining 
cause  which  brings  out  and  accentuates  the  hysterical 
reactions  with  which  we  are  all  endowed.  The 
diagnosis  is  not  simple  however,  and  care  is  necessary 
to  determine  whether  the  physical  factor  is  primary  or 
secondary.  Here  we  would  say  a  special  word  of 
warning  as  to  gynecological  disorders  in  women.  It 
is  certain  that  they  are  a  frequent  source  of  hysterical 
reaction  even  in  the  average  woman,  and  under  any 
condition  when  present  must  receive  proper  treatment . 
But,  on  the  other  hand,  it  must  be  remembered  that 
major  gynecological  operations  are  often  the  direct 
cause  of  hysteria,  and  unnecessary  gynecological 
operations  are  nothing  short  of  criminal.  Here  the 
gynecologist  should  be  warned  particularly  against 
those  individuals,  Dupre's  "mythomaniacs"  and  others 
with  strong  hysterical  tendencies  who  are  obsessed 
with  the  idea  of  operation  and  are  especially  fond  of 
consulting  the  gynecologist,  and  frequently,  one 
regrets  to  say,  succeed  in  gratifying  their  wishes. 
Gynecological  operations  have  done  much  harm  in 
hysteria  and,  particularly  in  the  ease  of  hysterical 
virgins,  should  be  avoided  in  the  absence  of  very 
definite  and  precise  indications. 

The  sexual  life  of  the  hysterical  and  marriage  in 
connection  therewith  are  subjects  upon  which  the 
physician  is  often  called  upon  to  express  an  opinion, 
and  which  are  very  difficult  of  decision.  In  spite  of 
the  popular  theory,  marriage  does  not  cure  hysteria, 
and,  no  matter  what  stand  one  takes  on  Freud's 
theories,  it  is  certain  that  marriage  as  the  answer  is 
dangerous  counsel  for  the  hysterical.  The  argument 
that  flighty  young  people  settle  down  after  marriage 
is  no  criterion,  for  there  is  a  great  difference  between 
the  hysterical  character,  and  the  so-called  hysterical 
conduct  of  young  people,  especially  of  young  women. 
Advice  should  be  given  in  the  form  of  free  discussion 
after  careful  consideration  of  all  the  facts  of  the  case 
obtainable  including  personality,  heredity,  environ- 
ment and  responsibility. 

Gastric  disturbance  is  another  fruitful  hysterical  field 
which  has  been  carefully  cultivated  by  suggestion. 
Stomach  disorders  are  perhaps  the  most  common  of 
hysterical  manifestations,  and  care  should  be  taken 
not  to  intensify  them  by  faddy  dietetics.  Dejerine 
in  his  Psychotherapy  (translated  by  Jelliffe,  J.  B. 
Lippincott  &  Co.)  has  much  to  say  upon  this  subject. 

Treatment  of  Developed  Hysteria. — Psychotherapy  is 
the  best,  one  might  almost  say  the  only  mode  of  treat- 
ment. Psychotherapy  is  capable  of  wide  definition 
•and  includes  the  use  of  every  means  by  which  the 
patient  may  be  helped  to  the  attainment  of  self- 
control  from  the  word  of  command  which  may  relie\  e 
a  child  of  an  hysterical  paralysis  to  the  use  of  prag- 
matic philosophies  and  tactful  dialectics,  or  the  wise 
and  careful  psychoanalysis  required  in  the  treatment 
of  a  college  professor  or  a  refined  and  intellectual  man 
or  woman.  General  laws  are  impossible  of  formula- 
tion: the  means  must  be  suited  to  the  individual  and 
his  social  milieu,  always  bearing  in  mind  that  moral 
reeducation  is  an  absolute  necessity  if  one  would  have 
permanent  results.  Nevertheless  the  idea  expressed 
by  psychotherapy  naturally  fall  into  loose  overlapping 
groups,  the  principal  of  which  are  hypnosis,  suggestion, 
and  reeducation. 

Hypnosis  has  been  modified  considerably,  and  now 
implies  a  form  of  suggestion.  In  this  modified  form 
ideas  are  impressed  upon  the  patient's  mind  while  in  a 
state  of  modified  consciousness  known  as  hypnotic 
sleep,  the  hypnoidal  state,  etc.,  and  which  is  induced 


by  some  trick  method.  It  is  of  importance  to 
remember  that  no1  every  patient  can  be  hypnotized 

and  attempts  at  hypnotizing  those  of  higher  intelli- 
gence are  usually  of  no  avail.  It  is  doubtful  if 
suggestion  affected  by  this  means  is  of  much  value  in 
the  case  of  the  weakminded,  or  those  whose  hysteria 

is  due  iii  constitutional  mental  inferiority.     It  is  in 

these  subjects  thai   absolute  evil  can   be  accomp]  ished 

by  hypnosis  in  the  hands  of  the  unscrupulous.  The 
type  of  patients  in  whom  hypnosis  seems  to  work  some 

real  Value  arc  those  whose  susceptibility  is  an  expres- 
sion of  t  he  hysterical  personality.  Hypnosis  maj  be 
an    aid    in    gaining    a    foothold    with    these    patients, 

bul  is  no!  sufficient  to  cure  severe  hysteria.  It 
should  be  used  merely  as  a  preliminary  to  reeducation 
lest     in    place   of   eradication,    perpetuation   of  the 

reactions  may  be  the  result.  The  use  of  hypnosis  as 
a  means  of  therapy  has  lost  ground  greatly  and  has 
been  rejected  by  many  of  those  who  at  one  time  were 
its  warmest  advocates.  It  remains  a  strong  card  in 
the  hands  of  the  Indian  fakirs,  swamis  of  doubtful 
type,  and  charlatans  of  many  brands. 

Suggestion  as  a  definite  means  has  also  lost  ground  as 
being  unsatisfactory.  It  is  no  longer  claimed  that  it 
can  cure  the  hemi-anesthesia  of  a  hemorrhage  in  the 
optic  thalamus,  a  multiple  sclerosis,  or  the  palsv  of  a 
lead  neuritis.  As  here  used  the  term  means  tin- 
bringing  about  of  an  affect  state  by  influences  which 
are  not  apparent  to  the  individual.  It  consists  in 
inducing  mental  associations  leading  to  the  modifica- 
tion of  the  patient's  emotional  and  therefore  psychical 
state  that  will  cause  actions  that  make  for  abetter 
adjustment.  Suggestions  enter  consciousness,  either 
perceived  on  the  threshold,  or  on  its  margin,  awaken 
ideas,  associations  and  bring  about  action  which  has  a 
compelling  force  on  the  individual  who  is  probably 
quite  unaware  of  the  source  of  the  influences.  The 
wise  suggestor  knows  how  to  appeal  to  every  idio- 
syncracy  of  the  individual  and  combines  with  sug- 
gestion, persuasion,  and  in  some  cases  the  use  of  the 
word  of  command.  The  hysterical  bedridden  para- 
plegic may  get  up  and  run  in  response  to  the  sugges- 
tion carried  by  the  cry  of  a  child  in  danger;  one  may 
use  persuasion  in  urging  a  patient  day  by  day  to  walk, 
telling  him  that  he  is  daily  gaining  strength  and  will 
soon  be  well;  or  a  sudden  emphatic  word  of  command 
may  induce  a  monobrachial  hemiplegic  to  raise  his 
arm.  Appeals  to  the  ideals,  the  desire  for  praise, 
vanity,  even  egotism  may  all  be  of  use  in  bringing  about 
the  desired  end  of  advance  toward  reeducation  of  the 
hysterical  character  which  is  essential.  Modification 
of  the  personality  must  be  brought  about  if  a  recur- 
rence of  the  symptoms  is  to  be  avoided. 

Reeducation. — This  is  the  ideal  therapy.  It  aims  at 
bringing  out  all  that  is  in  theipatient  of  good,  anrLaiding 
him  to  attain  independence  of  thought  and  action. 
Here  again  one  must  insist  upon  the  necessitv  for 
individuality  in  treatment.  For  the  weak  minded 
perhaps  it  is  waste  of  time  and  of  money  which  had 
better  be  spent  in  placing  the  patient  where  lie  will  be 
out  of  reach  of  possible  harm;  but  to  those  of  normal 
mental  endowment  much  help  may  be  given.  If 
neurasthenic  factors  obtrude  themselves,  isolation, 
what  is  known  as  Weir  Mitchell's  rest  cure,  is  advis- 
able. This  should  preferably  be  carried  out  away  from 
home,  in  some  place  where  new  scenes  pique  the 
curiosity  and  stimulate  interest.  In  passing  one 
should  point  out  that  the  choice  of  a  nurse  or  attendant 
for  the  patient  is  of  the  greatest  importance,  for  on  the 
cooperation  of  the  physician  and  nurse  the  success  of 
the  treatment  often  depends. 

The  majority  of  patients  need  a  rigid  daily  regime, 
the  strictness  of  which  is  a  part  of  their  moral  re- 
habilitation. Absolute  rest  in  bed  should  be  pre- 
scribed, the  patient  not  being  permitted  to  read  or 
write  or  to  see  visitors.  The  visit  of  the  physician 
should  be  a  daily  event,  and  he  should  bring  with  him 
each  day  something  new  for  the  mental  diet   of  the 
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patient:  perhaps  a  chapter  of  Job,  a  scrap  of  natural 
history,  a  bit  of  human  experience,  a  thought  from  a 
poet  or  a  problem  of  human  conduct  to  be  solved, 
anything  that  will  give  the  patient  something  to  work 
over  and  aid  her  in  gaining  a  new  and  healthy  poinl 
of  view  of  life;  something  that  will  .stimulate  her 
moral  fiber.  The  nurse  must  have  the  same  poinl  oi 
attack,  unobtrusively  carried  out,  and  above  all  a 
cheap  and  boisterous  optimism  is  to  be  suppressed. 
For  food,  one  should  commence  with  milk — three  or 
four  quarts  daily  and  rapidly  rising  to  five,  six,  or 
mure,  as  indicated  by  the  stools  and  digestion.  The 
bodily  weight  must  be  watched,  as  it  increases  books 
may  be  allowed,  care  being  exercised  in  their  selection 
so  as  to  see  that  they  do  not  contain  ideas  which 
would  work  in  with  the  patient's  hysterical  reactions. 
At  the  end  of  from  four  to  six  weeks  some  latitude  may 
be  allowed  as  to  diet  and  the  receiving  of  visitors. 

These  general  psychotherapeutic  talks  should  take 
into  consideration  the  emotional  as  well  as  the 
intellectual  training  of  the  patient,  and  in  addition 
special  days  should  be  set  apart  for  discussion  of  the 
more  highly  colored  emotional  features.  These  may 
have  to  be  in  the  nature  of  a  prolonged  psychonalysis 
as  worked  out  by  Freud  and  Jung  and  their  schools. 
Rules  for  these  cannot  be  definitely  worked  out,  as 
much  depends  upon  the  personality  of  the  physician 
and  the  individuality  of  the  patient.  Much  tact  and 
wisdom  are  required. 

Special  ment  ion  should  be  made  of  the  use  of  religious 
ideas  and  ideals.  Since  religion  of  some  sort  is  a  part 
of  man,  and  has  primarily  to  do  with  the  question  of 
life  in  a  hereafter,  it  is  certain  that  it  plays  an  im- 
portant part  in  the  affect  life  of  the  individual. 
Therefore,  religious  beliefs  and  their  foundations  should 
never  be  lost  sight  of  in  an  enlightened  psycho- 
therapy, and  an  appeal  to  religious  motives  and  ideals 
is  frequently  of  inestimable  service. 

Such  mechanical  aids  as  hydrotherapy,  electro- 
therapy, pharmacotherapy,  physicotherapy  may  be  of 
assistance,  and  indeed  are  sometimes  necessary  to  give 
physical  tone,  muscular  activity,  or  to  correct  dis- 
turbances of  visceral  adjustments,  etc.  Iron,  arsenic 
and  strychnine  are  useful  tonics,  and  the 'salts  of 
alkaline  earths  usually  in  combination  with  the  phos- 
phates are  quieting  in  excessive  muscular  irritability. 
Narcotics,  analgesics  and  hypnotics  should  be  used  with 
almost  excessive  caution,  and  only  for  a  short  time. 

Valerian  and  allied  drugs  have  no  specific  value,  but 
it  is  not  impossible  to  find  combinations  of  the 
volatile  class  of  drugs  that  have  symptomatic  value  in 
their  definite  tonic  action  of  the  sympathetic  nervous 
system.  The  search  for  remedies  having  definite 
selective  action  on  the  sympathetic  nervous  system 
has  only  just  begun.  Bromide  hypnotics  may  be 
useful  in  the  treatment  of  hysterical  delirium; 
hyoscine  is  rarely  necessary.  Parehyldehhde  by 
reason  of  its  unpleasant  taste  is  one  of  the  most  useful 
of  the  alcohol  hypnotics. 

Analytic  or  Cathartic  Method. — The  method  first 
termed  "cathartic"  by  Breuer,  and  later  worked  out 
by  Freud  and  clarified  by  later  work  under  the  term 
the  "analytic  method"  is  now  better  known  as 
"  Psychoanalysis."  It  is  impossible  clearly  to  de- 
scribe this  method  within  a  small  space,  but  it  may  be 
described  as  "talking  it  out,"  an  unburdening  of  the 
patient's  mental  troubles;  a  scientific  application  one 
might  say  of  the  principles  of  the  confessional.  By 
gaining  the  patient's  confidence,  and  permitting  him 
to  see  his  unconscious,  the  analyst  seeks  to  overcome 
the  resistances,  to  bring  back  to  consciousness  the 
disagreeable  memories  curtained  by  the  hysterical 
reactions  and  thus  throw  light  on  the  repressed  wishes 
of  which  they  are  t  he  realization.  When  this  has  been 
done,  the  first,  step  on  the  road  to  a  cure  has  been 
made,  and  reeducation  becomes  possible.  Great 
tact,  patience,  ami  concentration  are  required  as  well 
as  the  power  of  gaining  confidence.     Every  symptom 


has  some  meaning  which  it   is  the  task  of  the  analyst 

torefled  back  to  the  patients  as  in  a  mirror,  that  they 
may  see  themselves.     Every  act,  symbolic  expression, 

or    action;   lapse    in    speech,    mannerism,    needs    to    be 

carefully  noted  and  ii     bearing  coordinated.     Special 
attention  should  be  paid  to  the  patient's  dreams,  since 

in     these,    according    to     Freud,    the-     unconscious     or 
repressed     conscious     is     more     apt     to     reveal     itself. 

Freud's  "Psychopathology  of  Every  Day  Life"  and  his 
"Significance  of    Dreams"  are.  of  great  value  in  this 
connection,  while  Hitschmann's  "Freud's  Theorii 
the  Neuroses"  gives  a  clear  exposition  of  his  theories 
and  technique.     Jung's  "Theory  of  Psychoanal 
is  also  to  be  highly  recommended. 

It  is  of  great  importance  to  trace  back  the  pat  tent's 
emotional  life  to  his  earliest,  years  since  as  psychoan- 
alysis is  showing,  it  frequently  happens  that 
childish  experience,  the  memory  of  which  has  been 
repressed  and  pushed  back,  has  laid  the  foundation 
for  the  hysterical  react  ion.  Forgetfulness  is  the  normal 
means  of  blunting  the  pain  of  an  emotional  strain, 
especially  when  the  stress  has  not  been  to  great,  or 
when  such  reactions  as  tears,  anger,  impulsive  acts,  etc., 
or  talking  the  thing  over  effect  a  discharge.  At  times, 
however,  there  is  no  adequate  reaction  (Freud's 
abreaction.) 

The  shock  caused  by  the  loss  of  loved  ones,  cannot  I  le 
removed  by  discussion,  social  relations  may  make 
mention  of  the  shock  impossible,  orthere  is  something 
which  the  patient  wishes  to  forget,  These  things  are 
not  given  voice  to,  but  are  thrust  back,  repressed  and 
overlaid  by  some  hysterical  reaction.  The  experience 
itself  may  be  forgotten  but  the  emotional  sear  remains. 
The  physician  working  by  this  method  aims  to  bring 
the  underlying  factors  into  the  open,  and  remove  the 
cause  for  the  react  ion. 

There  is  no  doubt  that  the  method  is  of  the  greatest 
value  in  the  great  majority  of  cases,  especially  in  those 
patients  whose  intellectual  powers  enable  them  to 
follow  the  process  with  intelligence.  Freud  has 
written  voluminously  on  the  subject,  and  a  careful 
study  of  his  works  should  be  made  as  prelimin- 
ary to  any  attempt  at  analysis.  See  article  on 
Psychoanalysis.  Smith  Ely  Jelliffe. 


Ichthargan,  ichthyol silver, silver thio-hydrocarbo- 

sulfonate,  is  a  brownj  odorless,  amorphous  powder  of 
neutral  reaction,  containing  thirty  per  cent,  of  silver 
and  fifteen  percent,  of  sulphur.  Its  odor  is  wanting,  or 
slight,  suggesting  chocolate,  and  it  is  somewhat  sternu- 
tatory. It  is  easily  soluble  in  water,  glycerin,  or  dilute 
alcohol,  slightly  soluble  in  ether  or  chloroform,  and 
insoluble  in  absolute  alcohol.  On  exposure  to  light  it 
is  slowly  decomposed,  so  must  be  kept  in  dark  bottles. 
It  is  precipitated  by  sodium  chloride  or  albumin,  the 
latter  precipitate  dissolving  in  excess  of  albumin. 

This  drug  is  more  strongly  antagonistic  to  anthrax, 
gonococcus,  and  other  bacteria  than  is  silver  nitrate. 
Lohstein  uses  it  in  gonorrhea  as  an  irrigation  in  1  to 
4,000  to  1  to  2,000  strength.  Leistikow  uses  a  0.02 
to  0.2  per  cent,  injection.  For  posterior  urethritis 
Fiirst  employs  an  instillation  of  six  to  ten  drops  of 
three  per  cent,  solution.  As  a  prophylactic  following 
suspicious  coitus  he  instils  three  or  four  drops  of  a 
ten  per  cent,  solution.  It  is  said  to  be  much  less  ir- 
ritating than  silver  nitrate,  and  to  be  followed  by  no 
desire  to  urinate.  Unna  says  that,  unlike  silver 
nitrate,  it  does  not  favor  granulation,  but  favors  rather 
the  production  of  epithelium.  The  best  results  are 
obtained  in  clean  ulcers  and  in  old  hard  ulcers  with 
callous  margins  after  the  horny  layer  has  been  removed 
by  salicylic  plaster  mull.  It  is  a  strong  astringent  for 
indolent,  edematous,  or  hemorrhagic  granulations. 
Falta  uses  a  half  to  three  per  cent,  solution  for  gran- 
ular conjunctivitis.  W.   A.   Bastedo. 

R.  J.  E.  Scott. 
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Ichthoforin  is  a  blackish-brown,  amorphous,  al- 
most odorless  and  tasteless  powder,  resulting  from  the 
action  of  formaldehyde  on  ichthyol.  It  is  insoluble  in 
all  ordinary  solvents.  Aufrechi  lias  made  a  com- 
parative study  on  bacteria  and  animals,  especially 
frogs,  rabbits,  and  dogs,  ami  finds  il  to  have  a  greater 
antiseptic  power  than  iodoform  and  analogous  com- 
pounds, and  to  be  comparatively  innocuous.  Gold- 
mann  uses  it  locally  for  endometritis  in  ten  per  cent, 
glycerin  mixture  on  tampons,  and  as  a  deodorizer  in 
ozena.  Internally  he  employs  it  in  atonic  or  func- 
tional digestive  disorders.  Five  grains  (0.35)  may 
be  given  every  three  hours  for  acute  gastro-enteritis 
and  intestinal  tuberculosis,  in  which  conditions  it  is 
highly  recommended.  Polacco  employs  grains  viii. 
(0.5)  in  capsule  up  to  twelve  capsules  a  day  for  en- 
teric fever.  It  has  no  action  on  the  nervous  system, 
and  its  continued  use  in  large  dose  is  said  to  be  without 
effect  on  the  kidneys.  In  conditions  of  indicanuria 
with  headache  and  malaise,  its  administration  is 
quickly  followed  by  disappearance  of  the  indican  from 
the  urine  and  the  relief  of  the  symptoms.  On  ac- 
count of  its  irritating  properties  in  vaselin  mixture, 
Unna  prefers  it  made  up  with  zinc  ointment  in  one- 
per  cent,  strength  as  an  application  in  eczema  capitis 
of  children,  psoriasis,  eczema  of  seborrheic  origin, 
and  in  pityriasic  forms  of  eczema.  As  its  hardening 
powers  lead  to  superficial  necrosis,  it  can  be  used  only 
in  affections  which  tolerate  the  desquamation  of  the 
horny  layer.  W.  A.   Bastedo. 

R.  J.  E.  Scott. 


Ichthyocolla. — Isinglass.  The  swimming-blad- 
der of  Acipenser  Huso  Linn.,  and  of  other  species  of 
Acipenser  (Class,  Pisces;  Order,  Sturiones). 

Isinglass  is  prepared  from  these  sturgeons,  mostly 
of  the  tributaries  of  the  Black  and  Caspian  seas  where 
they  are  very  largely  consumed  for  food,  by  opening 
and  removing  their  air  reservoirs,  splitting  or  slicing 
them,  macerating  them  to  remove  their  mucous  sur- 
faces, and  drying;  the  tripe-like  membranes  are  then 
rolled  in  cylinders  (staple  isinglass),  folded  in  folios 
(leaf  or  book  isinglass),  or  done  in  some  other  more 
or  less  fantastic  shape.  Its  ordinary  form  in  this 
market  is  that  of  "sheets,"  of  irregular  size  and  shape; 
it  is  stiff,  of  a  thorny  or  pearly  appearance,  whitish 
color,  semitransparent,  somewhat  iridescent,  tough, 
and  flexible,  but  without  taste  or  odor.  Isinglass 
almost  completely  dissolves  in  boiling  water,  the  struc- 
tural character  disappearing  completely.  Besides 
this,  which  is  generally  known  as  Russian  isinglass, 
and  is  in  this  country  very  expensive,  the  swimming- 
bladders  of  the  hake  and  other  fishes  are  manufactured 
into  sheets  and  ribbons  of  thin,  light-brownish,  gelatin- 
ous tissue,  known  as  American  isinglass.  Its  properties 
are  similar  to  those  of  the  above,  but  it  is  darker 
colored  and  not  so  absolutely  free  from  taste  and  odor. 

Isinglass  consists  of  about  ninety-nine  per  cent,  of 
pure,  white,  fine,  and  adhesive  gelatin,  which  forms  a 
jelly  with  twenty-four  parts  of  water.  Its  medical 
and  dietetic  qualities  are  identical  with  those  of  other 
pure  gelatins,  which  are  frequently  substituted  for  it. 
Its  only  medical  use  is  in  the  preparation  of  water 
plasters  (isinglass  plasters,  court  plasters,  etc.),  which 
are  essentially  silk  or  linen  cloth,  varnished  with  a 
thin  layer  of  the  isinglass,  and  backed  with  some  water- 
proof varnish,  like  that  of  gutta-percha  or  tolu. 

Such  a  plaster  is  official  under  the  title  Emplaslrum 
ichtfujocollce. 

Japanese  isinglass  has  already  been  considered 
under  Agar-agar.  II.   H.   Rusby. 


Ichthyol. — This  is  the  trade  name  of  a  compound 
described  as  iehthyosulphonie  acid  in  combination 
with  ammonium.  It  is  obtained  by  the  distillation 
of  a  bituminous  mineral  deposit  of  the  Tyrol,  which 


contains  an  abundance  of  the  fossil  remains  of  fish 
and  other  marine  animals.  During  iln  distillation 
there  passes  over,  between  100°  and  225°  ''.,  a  mix- 
ture  of  crude  volatile  oils,  which  when  treated  with 
an  excess  of  concentrated  sulphuric  acid,  forms  ichthyo 

SUlphonic   acid.      The    product,    in    addition,    contains 

an  uncertain  percentage  of  unchanged  oil. 

Iehthyosulphonie  acid  forms  salts  with  am- 
monium, sodium,  zinc,  lithium,  calcium,  iron,  silver, 
and    various    other    metals.      The    ammonium    sal 

t  liat  in  v.  hich  is  given  the  title  ichthyol. 

Ammonium-ichthyol-sulphonate  is  a  thick,  brown- 
ish fluid,  with  a  smoky  bituminous  odor  and  taste. 
If  is  soluble  in  water,  oil,  glycerin,  and  a  mixture  of 
alcohol  and  ether.  Its  virtues  are  ascribed  to  t  la- 
large  amount  of  sulphur  that  is  present,  about  sixti 
per  cent.  The  therapeutic  value  of  ichthyol  depends 
upon  three  factors:  its  antiseptic  action,  a  Contractile 
effect  which  it  exerts  on  the  capillary  vessels,  and  its 
reducing  property.  It  is  stated  to  lie  ire,-  from  any 
toxic  action,  but  an  instance  is  recorded  in  which  tin; 
applications  of  one  part  of  ichthyol  to  two  parts  of 
glycerin,  to  the  curetted  surface  of  the  uterus,  pro- 
duced very  alarming  symptoms.  The  patient  com- 
plained of  the  taste  of  the  drug,  tachycardia,  and  de- 
pression, and  remained  prostrated  for  twelve  hours. 

It  was  introduced  in  1883,  by  Unna  of  Hamburg,  as 
a  remedy  for  the  treatment  of  various  forms  of  skin  dis- 
ease. He  advised  fifteen  drops  twice  a  day  internally, 
and  a  ten-per-cent.  lotion  to  be  painted  on  the  affected 
part.  In  eczema  and  other  forms  of  skin  disease 
he  advised  it  to  be  used  more  cautiously  and  in 
weaker  solutions.  In  all  these  conditions  its  internal 
administration  was  advised,  as  it  is  supposed  to 
possess  valuable  alterative  properties.  Ichthyol  has 
come  into  very  extensive  use  for  all  forms  of  skin  dis- 
eases, and  for  the  removal  of  the  products  of  inflam- 
matory processes.  It  has  proved  most  serviceable 
as  a  local  application  in  erysipelas.  Locally  it  is 
applied  as  an  ointment  of  the  strength  of  five  to  ten 
or  fifteen  per  cent.  A  varnish  of  ichthyol  is  a  favorite 
method  of  using  the  drug.  It  is  made  of  ichthyol 
ten  parts,  starch  forty  parts,  solution  of  albumin  one 
part,  and  water  to  100  parts.  The  starch  is  mixed 
with  the  water,  the  ichthyol  is  then  well  rubbed  up 
with  it,  and  lastly  the  albumin  is  added.  For  in- 
flammatory deposits  stronger  preparations  are  em- 
ployed; ointments  containing  fifty  per  cent,  may 
be  used,  or  a  mixture  of  ichthyol  and  glycerin  is  ap- 
plied and  the  part  is  covered  with  lint  and  bandaged. 
Ichthyol  plasters  and  ichthyol  wadding  may  also  be 
obtained. 

The  remedy  has  not  been  much  used  in  general 
surgery,  but  in  gynecology  it  is  a  favorite  application 
in  all  uterine  and  vaginal  inflammations.  It  may  be 
applied  in  a  glycerin  solution,  or  in  its  pure  state  on 
tampons,  or  medicated  pessaries  may  be  introduced 
after  antiseptic  and  astringent  douches  have  been 
used.  When  gonorrhea  is  a  factor  the  drug  is  thought 
to  be  especially  beneficial.  Beaumont  Small. 


Ichthyosis. — Definition. — Ichthyosis  is  a  con- 
genital cutaneous  deformity  in  which  the  skin  is  dry 
and  rough  and  the  epidermis  thickened  and  scaly. 
Although  congenital  its  lighter  forms  are  by  no  means 
infrequent. 

Etiology. — Almost  all  observers  agree  in  regarding 
ichthyosis  as  a  congenital  disease,  and  the  arguments 
in  favor  of  this  view  are:  That  the  disease  commences 
early  in  life,  endures  throughout  life,  is  only  tempo- 
rarily benefited  by  treatment,  and  immediately  recurs 
on  the  cessation  of  treatment;  that  the  disease  is  not 
inflammatory,  as  infective  and  toxic  diseases  are,  but 
acts  more  like  an  anatomical  deformity:  that  it  is 
often  a  family  disease,  two  or  more  brothers  or  sisters 
being  frequently  similarly   affected,   and   even  when 


493 


Ichthyosis 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


the  immediate  family  is  free,  more  distant  relatives 
may  be  found  afflicted. 

It  is  hardly  necessary  to  draw  attention  to  how 
characteristic  this  skipping  over  individuals  is  in 
hereditary  affections,  one  or  two  members  of  one 
branch  of  a  family  and  one  or  two  of  some  other 
branch  being  picked  out,  the  rest  escaping.  Never- 
theless it  must  be  admitted  as  remarkable  how  fre- 
quently cases  of  severe  ichthyosis  are  reported  in 
which  the  parents  are  said  to  be  perfectly  healthy, 
and  this  has  been  noted  even  when  several  of  the 
children  have  ichthyotic  skins. 

An  objection  lias  been  raised  to  calling  ichthyosis 
a  congenital  disease,  because  it  usually  does  not  ap- 
pear until  the  second  or  third  year  of  life,  although 


Fig.    337U. — Ichthyosis.     (From    A.    Neisser's    "Stereoscopischer 
medicinischer  Atlas".) 

it  may  manifest  itself  in  the  third  or  fourth  month. 
This,  however,  is  not  a  valid  objection,  because 
ichthyosis  agrees  exactly  in  this  particular  with  other 
congenital  deformities.  Nevi,  for  example,  although 
certainly  congenital,  frequently  do  not  appear  until 
a  considerable  time  after  birth;  not,  indeed,  until  the 
gradual  development  of  the  affected  individual  or 
the  growth  of  the  lesion  itself  brings  the  blemish  to 
view. 

Undoubtedly  ichthyosis  depends  in  a  great  measure 
on  defective  action  of  Hie  sweat  and  sebaceous  glands. 
Three  of  its  features  point  decidedly  in  this  direction, 
viz.,  the  dryness  and  lack  of  unctuousness  of  the  skin; 
the  improvement  of  the  symptoms  during  the  summer 
months  when  the  sweat  glands  are  most  active;  and  the 
tendency  to  the  localization  of  the  disease  in  those 
parts  where  the  sweat  ami  sebaceous  glands  are  least 
active,  as  on  the  extensor  surfaces  of  the  limbs,  leav- 
ing the  articular  folds,  such  as  the  bend  of  the  elbows, 
the  axillary,  inguinal,  and  popliteal  folds,  and  the 
skin  of  and  about  the  genitalia,  unaffected. 
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Although  ichthyosis  is  an  hereditary  and  con- 
genital affection,  yet  it  probably  may  be  accentuated 
by  diseases  which  are  not  in  their  true  sense  hereditary. 

Syphilis  is  not   in  the  true  sense   of  Hie  term    an    he- 
reditary  disease.     What   we  call  hereditary  syphilis  is 
an  "infective  disease"  caught  by  the  fetus  during  ] 
tat  inn.    The  way  that  syphilis,  for  instance,  may  possi- 
bly accentuate  ichthyosis  is  shown  by  two 
ported  by  Gaston  and  Emery.      The  father  of  tl 
children  had  a  slight  ichthyosis  and  also  had  syphilis. 
The    children     acquired    syphilis    congenitally,    and 
became    after   birth    markedly    ichthyotic.     Besides 
ichthyosis,  however,  the  chilidren  had  microsphygmia, 
and  t  lie  authors  entertained  tin' opinion  that  the  small 
pulse  was  owing  to  a  generalized,  congenital,  syphilitic 
arteritis,   and   that  this   affection   of  the   arteries   so 
interfered     with     the     nutrition     of    the    fetus    as    to 
accentuate  the  hereditary  tendency  to  ichthyosis. 

Recently  Edward  Fournier  has  collected  from  the 
literature  nine  cases,  and  has  added  one  of  his  own 
in  which  patients  having  hereditary  syphilis  also  had 
ichthyosis.  The  author  clearly  states,  however,  that 
he  does  not  believe  ichthyosis  to  be  a  symptom  of 
hereditary  syphilis,  but  explains  the  coincidence  by 
the  theory  that  hereditary  syphilis  is  at  times  one  of 
the  causes  of  degeneration  in  the  individual,  and 
that  ichthyosis  is  a  symptom  of  degeneration. 

Interesting,  particularly  in  its  connection  with 
treatment,  is  the  relationship  between  defective  de- 
velopment of  the  thyroid  gland  and  ichthyosis.  As 
one  of  the  symptoms  of  cachexia  strumipriva  is  a 
rough  dry  skin;  a  mistake  in  diagnosis  might  easily 
occur,  or  defective  action  of  the  thyroid  gland  might 
accentuate  an  already  existing  ichthyosis. 

Symptoms. — As  ichthyosis  is  a  congenital  deformity 
there  are  necessarily  all  grades  of  it,  from  almost  in- 
appreciable manifestations  up  to  disgusting  mon- 
strosities. Dryness  of  the  skin  and  desquamation 
are,  however,  never  absent  in  ichthyosis,  and  in  fact 
in  the  most  attentuated  form  of  the  disease,  in  xero- 
dermia, extreme  dryness  of  the  skin,  a  very  fine  des- 
quamation, and  obstruction  with  epithelial  cells  of 
the  pilo-sebaceous  orifices  are  the  only  symptoms 
present.  It  is  this  last  symptom,  the  accumulation 
of  epithelial  cells  about  the  points  of  emergence  of 
the  hairs,  that  gives  those  having  ichthyosis  their 
"goose-flesh"  appearance.  This  same  permanent 
"goose-flesh"  appearance  constitutes  the  disease 
called  keratosis  pilaris,  and  it  is  because  the  same  ap- 
pearance is  produced  by  the  same  kind  of  plugging 
of  the  same  orifices,  and  also  because  the  favorite 
situation  of  both  keratosis  pilaris  and  ichthyosis  is 
on  the  extensor  surfaces  of  the  upper  arms  and  thighs, 
that  some  authors  regard  keratosis  pilaris,  when  it 
exists  alone,  as  constituting  the  very  lightest  form  of 
ichthyosis,  even  lighter  than  xerodermia. 

Of  the  two  symptoms,  dryness  and  desquamation, 
Thibierge  considers  dryness  the  more  essential,  even 
thinking  dryness  without  desquamation  often  indi- 
cative of  ichthyosis;  therefore  he  would  classify  con- 
genital permanent  anidrosis  as  a  form  of  ichthyosis, 
and  this  for  the  following  reasons:  In  both  diseases  the 
skin  is  unusually  dry,  both  are  congenital,  both  occur 
in  families  as  hereditary  diseases,  and  some  members 
of  the  same  family  may  have  anidrosis  while  others  have 
ichthyosis.  He  thinks  that  many  cases  of  ichthyosis 
which  are  supposed  to  develop  during  adolescence  or 
later,  are  simply  cases  in  which  anidrosis  was  at  first 
the  sole  symptom  and  which  remained  comparatively 
unnoticed,  the  more  disagreeable  symptom  of  scaliness 
supervening  later. 

Apart  from  the  two  general  eharcteristics  of  dry- 
ness and  a  tendency  to  adhere  and  form  masses,  the 
superficial  epithelium  in  ichthyosis  shows  many  vari- 
ations. It  is  sometimes  powdery,  and  the  cheeks  for 
example  may  look  as  if  dusted  with  white  face  powder; 
this  constitutes  a  variety  of  the  pityriasis  simplex  of 
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some  authors.  This  form  of  ichthyosis  when  more 
marked  shows  a  diffuse  powdery,  chalky  while  coal- 
ing, which  is  particularly  apt  to  show  itself  on  the 
outer  surfaces  of  the  upper  and  lower  extremities. 
Instead  of  the  powdery  condition  there  may  be 
scaling,  and  the  scales  may  be  clear  gray  or  grayish- 
black,  thick  or  thin,  lusterless,  hard  or  soft,  but  as 
above  stated  they  frequently  show  a  tendency  to 
adhere  with  their  flat  surfaces  tightly  to  one  an- 
other, sometimes  forming  thick,  uniform,  lamellated, 
corneous  masses.  When  the  epidermis  accumulates 
in  thick  horny  masses  as  it  does  in  ichthyosis  hystrix, 
pigment  may  develop  in  it,  which  may  be  a  dirty 
green,  a  bright  green,  dark  green,  or  greenish-black. 
The  green  may  be  so  bright  as  to  be  startling,  even 
artificial  looking.  The  edges  of  the  scales  maybe 
separated  from  one  another  by  little  furrows,  or  they 
may  overlap  like  fish  scales.  Sometimes  the  surface 
of  the  skin  looks  like  the  finely  crumpled  tissue  paper 
called  crepe  paper  used  for  lamp  shades,  where  the 
ridges  run  in  every  direction,  crossing  one  another 
and  dividing  the  surface  into  a  vast  number  of  quadri- 
lateral areas.  The  wrinkled  epidermis  in  such  cases 
looks  as  if  too  large  for  the  cutis.  Sometimes  instead 
of  there  being  ridges  there  are  fine  shallow  cracks, 
passing  through  the  superficial  layers  only.  These 
cracks  fill  with  dirt,  and  just  as  under  the  finger  nails, 
this  dirt  assumes  a  dirty  greenish-gray  color,  marking 
the  skin  off  into  lozenge-shaped  areas  by  a  dirty  green- 
ish-gray network.  The  lines  may  crack  down  deeper 
than  indicated  above,  and  the  superficial  epidermis 
may  be  broken  and  upcurved  along  the  edges  of  the 
enclosed  lozenge-shaped  areas  resembling  the  bark  of 
some  trees.  The  surfaces  of  these  lozenge-shaped 
areas  may  glitter  and  reflect  light  resembling  a  facetted 
reptilian  skin.  Sometimes  the  surface  looks  un- 
naturally smooth  and  polished,  with  lines  running 
across  it  at  all  angles,  as  if  the  surface  had  been 
varnished  or  had  collodion  poured  over  it,  and  had 
cracked  in  the  drying. 

Frequently  the  skin  does  not  crack,  but  has  running 
across  it  a  vast  number  of  criss-cross  furrows  dividing 
the  surface  in  the  same  way  into  quadrilateral  or 
irregular  areas.  These  furrows  are  really  the  natural 
markings  of  the  skin  exaggerated,  and  are  frequently 
chalky  white  and  powdery;  in  such  skins  if  the  finger 
nail  be  drawn  sharply  across  the  surface  it  will  leave  a 
chalky  white,  crumbly,  permanent  mark. 

Sometimes  the  papillary  layer  of  the  skin  is  hyper- 
trophied,  and  when  this  occurs,  and  corneous  masses  or 
spines  are  formed  over  the  papilla?  one  of  the  varieties 
of  ichthyosis  hystrix  results.  Another  variety  of 
such  horny  spines  is  formed  by  a  great  accumulation 
of  the  epithelial  cells  projecting  from  the  pilo-sebaceous 
orifices,  constituting  the  keratosis  pilaris  above  named; 
this  occurs  generally  on  the  extensor  surfaces  of  the 
arms.  Ichthyosis  hystrix  is  never  universal,  although 
it  may  occur  over  large  tracts  of  the  skin.  Usually  it 
occupies  only  certain  regions,  while  the  intervening 
skin  is  xerodermatic.  A  child  at  present  under  treat- 
ment in  the  University  Clinic  has  ichthyosis  hystrix 
only  on  the  ankles,  while  other  regions  show  several 
different  varieties  of  ichthyosis.  This  condition  of 
ichthyosis  hystrix,  literally  "hedgehog  fishy  disease," 
is  considered  particularly  undesirable  in  a  bed-fellow. 

The  true  skin  may  be  atrophied,  tightly  stretched, 
and  thin,  and  the  subcutaneous  fat  layer  be  thin  and 
poorly  developed. 

The  face  usually  shows  only  a  light  grade  of  xero- 
dermia. It  may  have  a  polished  shiny  appearance,  and 
the  cheeks  may  be  red  and  blooming  (Jadassohn). 
The  palms  and  soles  are  dry  and  powdery  but  not 
scaly,  with  the  furrows  more  marked  and  more  numer- 
ous than  normal,  and  this  condition  may  remain  after 
treatment  has  improved  the  skin  in  every  other  lo- 
cality. There  may  be  hyperidrosis  of  the  finger  tips 
accompanying  the  dry  palms. 

The  hair  is  frequently  normal,  of  good  color,  luster, 


quality,  and  quantity,  bill  il  may  be  dry,  frail,  and 
thinly  scattered,  constituting  an  expression  of  the  same 
fault  of  development  that  nave  rise  to  the  ichthyosis. 
Sometimes  there  is  nearly  complete  alopecia,  even  the 
eyebrows  and  eyelashes  being  almost  entirely  absent 
(Thibierge).  The  nails  are  usually  strong  and  in  every 
way  normal.  They  may,  however,  be  thin,  brittle, 
and  either  transversely  or  longitudinally  ridged,  ni 
I  here  may  be  an  aecimiulal  ion  of  dry,  brittle,  corneous 
Substance  under  I  hem. 

These  patients  sometimes  give  off  a  fiat,  stale,  pene- 
trating, disagreeable  odor,  such  as  is  met  with  in  othei 
eases  of  generalized  hyperkeratosis  with  maceration  of 
the  epidermis,  as  in  Darier's  disease  for  example 
(Thibierge). 

Pruritus  is  not  a  symptom  of  ichthyosis,  but  it  is  a 
symptom  of  eczema  to  which  the  ichthyotic  patient 
is  predisposed.  Frequently  the  ichthyotic  patient  is 
sensitive  to  cold,  chilly  feelings  being  experienced  on 
the  slightest  lowering  of  the  at  mospheric  temperature. 

A  patient  usually  presents  examples  of  a  number  of 
the  conditions  enumerated  above;  for  instance,  the 
hair  may  be  good,  but  the  scalp  is  usually  in  a  condition 
that  cannot  be  distinguished  from  dry  seborrhea. 
The  outer  surfaces  of  the  arms  and  thighs  and  the  skin 
of  the  trunk  may  be  dry  and  scaly  and  criss-crossed  with 
furrows,  and  studded  with  dry  papules  that  look  like 
"goose  flesh."  The  buttocks  and  upper  portions  of 
the  thighs  may  be  covered  with  "crepe-paper"  skin. 
The  roughness  of  the  skin  increases  down  the  extensor 
surfaces  of  the  thighs  until  over  the  front  of  the  knees 
one  finds  immense  corneous  masses.  Below  the  knees 
the  skin  may  be  tightly  stretched  over  the  tibial, 
smooth,  shiny,  and  with  markings  on  its  surface  divid- 
ing it  off  into  small  quadrilateral  areas. 

Course  and  Duration. — Usually  ichthyosis  does 
not  become  appreciable  until  the  second  or  third  year 
of  life,  although  cases  have  been  reported  in  which  the 
malady  was  apparent  at  birth  or  shortly  after.  The 
first  symptom,  according  to  Peukert,  is  the  appearance 
of  keratosis  pilaris  that  shows  itself  on  the  extensor 
surfaces  of  the  extremities  in  earliest  childhood  in  these 
individuals.  It  is  simply  this  early  appearance  of  the 
keratosis  pilaris  and  its  greater  development  later  in 
life  that  distinguish  it  at  all  from  the  ordinary  form 
of  keratosis  pilaris.  Ordinary  keratosis  pilaris  of 
moderate  development  is  so  common  later  in  life, 
especially  at  adolescence  when  the  lanugo  hairs  begin 
to  sprout  more  vigorously,  that  it  is  practically  a 
normal  condition.  Ichthyosis  continues  to  grow  more 
marked  from  two  or  three  years  of  age  until  adult  life, 
when  it  may  remain  stationary  or  subject  only  to  the 
mutations  of  the  seasons,  becoming  severe  in  winter 
and  milder  in  summer,  till  the  natural  dryness  and 
harshness  of  the  skin  of  old  age  again  accentuate  it.  In 
summer,  in  fact,  the  plates,  scales,  and  fluffy  epidermis 
may  all  fall  off  as  a  "moulting,"  leaving  the  skin  almost 
normal.  Sickness  and  a  lowered  condition  of  health 
may  also  increase  the  dryness  and  harshness  of  the 
skin,  and  there  is  reason  to  believe  that  inactivity  or 
absence  of  the  thyroid  gland  can  contribute  decidedly 
to  the  severity  of  the  symptoms.  The  symptoms  of 
ichthyosis  may  disappear  completely  after  one  of  the 
eruptive  fevers,  measles  for  instance  (Joseph),  only 
to  reappear  in  a  short  time,  however.  This  same 
amelioration  may  also  occur  during  pregnancy. 

Quinquaud  has  reported  a  case  in  which  the  patient 
got  an  ichthyotic  skin  following  a  generalized  eczema 
of  two  years'  duration.  He  says  that  such  acquired 
ichthyotic  states  may  after  a  time  disappear.  It  is 
doubtful,  however,  if  such  ichthyotic  states  as  de- 
scribed by  Quinquaud  should  be  included  in  the  disease 
ichthyosis  at  all. 

Unna  and  Tommasoli  believe  that  ichthyosis  is  an 
acquired  disease  that  has  its  time  of  onset,  develop- 
ment, and  disappearance,  but  this  view  finds  very  little 
support  among  other  observers. 
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Unusual  Symptoms  \\i>  Course. — The  flexures  of 
the  articulations,  particularly  the  axillae,  the  bends  of 
the  elbows,  the  groins,  the  scrotal  thigh  folds,  and  the 
poplitea  are  usually  unaffected.  In  fact,  Georgi 
Thibierge  would  make  the  freedom  of  those  localities 
a  sharp  diagnostic  feature.  Recently,  however,  a 
number  of  eases  have  been  reported  in  which  one  or 
se\  rial  of  these  localities  have  been  affected,  and  1  here 

happen  just  now  to  be  in  the  University  Clinic  two 

patients  in  whom  the  axillae,  the  groins,  the  scrotal 
thigh  and  vulvar  thigh  folds  respectively,  and  the 
politea  are  affected,  as  shown  by  the  presence  oi 
pityriasis.  In  both  patients  there  is  an  eczema  of  the 
upper  ext  remitiesthat  involves  the  bends  of  the  el  bows, 
making  i1  impossible  to  say  whether  these  are  ich- 
I  h\  ot  ie  or  not .  The  appearance  and  stubborn  charac- 
ter of  the  eczema,  however,  would  lead  one  to  infer  that 
the  condition  is  also  present  there.  Joseph  has  re- 
ported a  case  in  which  only  the  flexures  were  affected. 
Usually  ichthyotic  patients  do  not  sweat,  bu1  Peul  erl 
thinks  the  dryness  of  the  skin  is  in  some  cases  not  die- 
to  lack  of  perspiration,  but  to  an  increase  of  evapora- 
tion from  the  more  extensive  cutaneous  surface  of 
these  people.  In  some  instances  there  is  vicarious 
sweating  of  certain  regions,  as  of  the  face  for  example 
(Goldzieher),  or  of  other  regions  not  implicated  in  the 
ichthyosis,  as  the  axillae  or  the  palms  and  soles.  This 
sweating  may  be  abundant.  The  mucous  membranes 
are  rarely  alfected  in  ichthyosis,  unless  the  suscepti- 
bility to  catching  "colds' '  and  to  bronchitis  be  looked 
upon  as  the  particular  way  they  show  their  inherent 
weakness.  There  are  atrophic  forms  of  the  disease, 
which  Hallopeau  considers  simply  an  exaggeration  of 
theform  in  which  the  skin  is  like  crepe  paper.  Theskin 
is  very  thin  and  has  little  elasticity,  so  that  w  hen  pinched 
it  retains  the  impress  of  the  fingers  for  along  time.  The 
skin  may  appear  too  large  for  the  patient,  or  on  the 
contrary  it  may  be  too  small,  not  permitting  the  closure 
of  the  eyelids,  exaggerating  the  cutaneous  folds, 
especially  in  the  movements  of  the  facial  muscles,  and 
impeding  the  flexion  and  extension  of  the  fingers.  In 
two  of  the  cases  so  reported  the  skin  seemed  glued 
to  the  subjacent  aponeurosis.  Kaposi  has  shown  a 
case  which  he  called  ichthyosis  hystrix  pterygoides  s. 
plumiformis,  in  which  there  were  hundreds  of  little 
growths  from  0.5  to  1.5  cm.  long  that  looked  like 
feathers.  These  growths  consisted  of  a  central  core  of 
connective  tissue  with  tufts  of  cornified  epithelial 
tissue  depending  from  them.  The  patient  was  a  girl 
six  years  of  age  and  the  palms  and  soles  were  thickened, 
cracked,  and  warty.  This  case  stands  alone  in  litera- 
ture, and  it  is  not  at  all  certain  that  it  should  be  in- 
cluded among  the  ichthyoses. 

Those  having  ichthyosis  and  those  that  are  scrofulous 
have  in  common  a  tendency  to  inflammation  of  the 
respiratory  tract,  and  besides  that,  Unna  has  noted 
with  great  particularity  in  one  of  his  cases  an  unusual 
growth  of  hair  down  the  cheeks  in  front  of  the  ears. 
An  unusual  growth  of  fine  downy  hair  in  this  situation 
was  considered  by  the  late  Professor  Horner  of  Zurich 
a  symptom  of  scrofula.  He  used  frequently  to  say, 
"They,  the  scrofulous,  all  wear  a  beard."  A  little  girl 
suffering  from  ichthyosis,  formerly  attending  the 
University  Clinic,  had  quite  a  little  beard  of  fine  long 
hair  growing  down  in  front  of  each  ear. 

Diagnosis. — The  first  disease  to  be  sharply  differen- 
tiated from  ichthyosis  in  nevus  linearis,  and  this  is  not 
because  there  is  any  great  similarity  between  the 
diseases,  but  because  some  writers  persist  in  describing 
nevus  linearis  under  the  name  ichthyosis  hystrix. 
Nevus  linearis  is  a  warty  congenital  disease,  in  which 
the  warts  are  frequently  covered  with  horny  masses, 
but  here  the  similarity  ceases.  Nevus  linearis  occurs 
in  lines  or  in  localized  areas,  and  is  usually  asymmetri- 
cal, and  the  skin  between  the  patches  or  lines  is  ab- 
solutely normal.  In  ichthyosis  the  disease  is  sym- 
metrical, and  almost  always  the  whole  skin  is  affected, 
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with  the  exception  of  the  folds  of  the  articulations. 
Another  good  point  of  differentiation  lies  in  the  fact 

that    nevi,    nevus    linearis    included,  have  generally  a 

buff  or  a  slate-colored  pigmentation,  and  the  pigment 

lies  in  the  connective  tissue  of  the  skin,  usually  in  the 

ati'eeted  papilhe.  while  if  there  is  a  black  or  othei 
color  in  ichthyosis,  it  looks  more  like  dirt  in  the  horny 
layers  or  pigment  in  the  epithelium,  rather  than  like 
pigment  in  the  papillae  or  in  the  true  skin.  In  ichthyo- 
sis the  palms  and  sole  are  almost  always  unnaturally 
dry  with  a  powderiness  of  the  surface,  while  in  nevus 
linearis  the  palms  and  soles  arc  normal,  when  not 
directly  the  seat  ol  the  nevus,  which  they  rarely  are. 
Furthermore  nevus  linearis  does  not  attack  several 
members  of  a  family,  but  occurs  irregularly  here  and 
there  throughout  a  community;  in  other  words  it  is 
not  a  family  disease. 

There  is  another  disease,  however,  which  is  hered- 
itary, which  occurs  in  families,  and  which  consists  of 
an  exaggerated  development  of  the  horny  layer  of  the 
skin.  This  disease,  keratoma  hereditarium  palmare 
et  plantare,  it  seems  desirable  to  keep  separate  from 
ichthyosis.  This  is  all  the  more  difficult  to  do  be- 
cause, besides  the  above  points  of  similarity  with 
ichthyosis,  there  is  also  in  ichthyosis  thickening  of 
the  horny  layer  of  the  palms  and  soles.  In  keratoma, 
however,  the  thickening  is  limited  sharply  to  the  palms 
and  soles  that  are  often  surrounded  by  a  border,  four 
or  five  millimeters  in  breadth,  of  a  reddish,  bluish,  or 
violet  color.  There  also  may  be  increased  action  of 
the  perspiratory  glands  of  the  affected  surfaces.  It 
therefore  lacks  the  generalization  of  ichthyosis  and 
also  the  dryness,  two  important  features.  Further- 
more, in  keratoma  the  thickening  of  the  horny  layer 
of  the  palms  and  soles  is  frequently  much  greater 
than  even  in  the  severest  forms  of  ichy thyosis.  Joseph 
suggests  that  this  keratoma  may  really  be  ichthyosis, 
in  which  a  "moulting"  process  similar  to  that  which 
takes  place  in  some  patients  every  summer,  has  taken 
place  in  ulero,  over  all  the  surface  excepting  the  palms 
and  soles,  leaving  those  parts  alone  affected. 

The  atrophic  form  of  ichthyosis  resembles  somewhat 
the  lesions  found  in  the  skin  in  some  cases  of  sclero- 
derma. It  differs  from  scleroderma,  however,  in  the 
absence  of  induration  and  of  interstitial  cicatrices,  and 
also  in  the  fact  that  it  does  not  progress. 

There  are  a  number  of  desquamative  inflammatory 
diseases  of  the  skin,  such  as  psoriasis,  pityriasis,  ex- 
foliative dermatitis,  and  the  dry  eczemas,  which  differ 
from  ichthyosis  both  in  their  course  and  in  the  fact 
that  they  are  accompanied  by  inflammatory  symptoms. 

Georges  Thibierge  at  one  time  demonstrated  a  case 
as  ichthyosis  in  which  there  were  immense  irregular 
horny  masses  distributed  symmetrically  in  various 
regions  of  the  body,  but  principally  on  the  face  and  on 
the  palms.  There  was  almost  no  hair  on  the  seal]). 
The  buccal  and  nasal  mucous  membranes  were  thick- 
ened and  furrowed,  and  there  was  a  grayish  infiltra- 
tion in  the  superficial  layers  of  the  center  of  each 
cornea.  Latterly  he  has  concluded  that  this  case  was 
analogous  to  one  in  which  Giovannini  had  found  the 
epidermal  alterations  principally  about  the  orifices 
of  the  sweat  glands.  As  the  affection  was  congenital 
he  gave  it  the  name  congenital  disseminated  porokera- 
tosic  hyperkeratosis,  instead  of  ichthyosis. 

For  the  diagnosis  between  ichthyosis  and  ichthyosis 
fetalis  the  reader  may  consult  the  article  on  this  latter 
subject. 

Those  who  are  reduced  by  a  chronic  disease  may  get 
a  fluffy  scaliness  that  is  called  pityriasis  tabescentium. 
It  differs  from  ichthyosis  in  that  it  develops  and  disap- 
pears with  the  development  and  disappearance  of  the 
cachexia.     A  similar  condition  occurs  in  old  age. 

A  number  of  diseases  of  the  nervous  system  are 
accompanied  by  atrophy  and  desquamation  of  the 
skin  similar  to  ichthyosis.  These  ichthyotic  states 
are  distinguished  from  ichthyosis  by  their  occurrence 
only  on  the  skin  supplied  by  the  affected  nerves. 
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Ichthyosis  Fetalis 


Pathological  Anatomy. — The  principal  lesion  found 
in  ichthyosis  is  a  hyperkeratosis  of  the  superficial  layers 
of  the  epidermis,  with  atrophy  of  the  deeper  layers. 
The  papillary  layer  is  less  developed  than  normal. 
The  muscles  bundles  are  hypertrophied.  The  kera- 
tosis pilaris  can  be  seen  to  be  due  to  plugs  of  corni- 
fied  epithelial  cells  in  the  pilo-sebaceous  orifices. 
Thibierge  says  the  orifices  of  the  sudoriparous  glands 
are  free,  but  the  sweat  glands  themselves  and  the 
sebaceous  glands  are  frequently  atrophied  and  cystic. 
The  hair  follicles  may  disappear  and  the  hairs  may 
atrophy.  The  papillary  layer  and  the  superficial 
layers  of  the  derma  show  evidences  of  inflammation, 
which  however,  are  nothing  more  than  one  would 
expect  from  the  irritated  condition  of  the  skin. 

There  is  a  question  whether  the  green  color  de- 
veloped in  the  epithelium  in  ichthyosis  hystrix  is  true 
pigment,  or  dirt  caught  in  the  interstices  of  the 
epithelium.  In  the  child  at  present  under  treatment 
in  the  University  Clinic  the  green  color  is  quite  vivid, 
but  when  the  epithelium  in  peeled  off,  as  it  can  be  in 
masses,  the  color  is  seen  to  be  very  superficial.  It 
must  also  be  remembered  that  when  dirt  is  allowed  to 
accumulate  under  one's  nails,  it  has  the  same  dirty 
olive-green  color  as  in  ichthyosis  hystrix. 

Treatment. — It  must  not  be  supposed  that,  because 
ichthyosis  is  a  congenital  defect  and  therefore  not 
permanently  curable,  treatment  is  useless.  Much 
may  be  done  to  ameliorate  the  condition,  and  it  is 
important  to  know  this  as  the  lighter  grades  of 
ichthyosis  are  quite  common.  Ichthyosis  is  important 
in  another  way  as  an  ichthyotic  skin  is  especially 
inclined  to  eczema,  and  eczema  in  such  individuals  is 
especially  difficult  to  treat.  Residence  in  a  hot 
climate  would  be  beneficial,  as  a  spontaneous  ameliora- 
tion takes  place  in  warm  weather;  but,  of  course,  for 
many  patients  this  is  impossible.  Frequent  hot  baths 
bring  about  the  same  result  by  increasing  the  activity 
of  the  sweat  and  fat  glands,  and  in  fact  hot  baths  are 
indispensable  in  any  plan  of  treatment.  If  a  quick 
temporary  effect  is  desired,  jaborandi  or  pilocarpine 
may  be  given  on  account  of  its  action  on  the  sweat 
glands,  but  of  course  its  continued  administration 
would  not  be  advisable. 

Besides  pilocarpine  and  jaborandi  the  internal  use  of 
many  remedies  has  been  advised,  but  they  have  very 
little  effect  on  the  malady,  with  the  exceptions  per- 
haps, of  cod-liver  oil  and  arsenic.  Sulphur,  the  bal- 
sams, mercury,  and  many  other  drugs  have  been  recom- 
mended but  have  been  found  to  be  of  no  avail.  In 
some  instances  it  is  rational  to  suppose,  and  is  by  many 
believed,  that  arsenic  in  small  doses  does  good.  Arse- 
nic in  the  form  of  Fowler's  solution  may  be  given  in 
cod-liver  oil  emulsion. 

As  some  cases  of  ichthyosis  have  been  reported  in 
which  the  thyroid  gland  has  been  found  much  dimin- 
ished in  size,  and  as  roughness  and  desquamation  of  the 
skin  are  symptoms  of  cachexia  strumipriva,  it  natu- 
rally follows  that  thyroid  extract  would  be  recom- 
mended. Jadassohn  has  never  found  it  to  do  any 
good,  and  I  have  never  seen  a  case  where  it  seemed 
to  me  rational  to  prescribe  it. 

Ehrmann,  following  out  the  idea  suggested  by  Tom- 
masoli  that  ichthyosis  is  due  to  an  autointoxication, 
gave  menthol  internally  in  one  case.  He  reported 
that  under  its  influence  the  desquamation  ceased,  but 
the  criss-cross  lines  persisted. 

External  treatment  is  of  course  what  one  must  rely 
on.  Hot  baths,  soft  soap,  and  a  good  nail  brush  to 
get  rid  of  the  superfluous  epithelium,  and  after  the  bath 
the  inunction  of  a  lubricant  well  rubbed  in  to  assist  in 
maintaining  the  skin  soft  and  supple,  constitute  the 
principles  of  treatment.  The  hot  baths  must  not  be 
given  too  frequently  and  their  effect  on  the  patient 
must  be  watched,  as  in  some  cases  they  are  debilitating. 
The  choice  of  the  lubricant  is  also  not  a  matter  of  in- 
difference; for  instance,  cod-liver  oil  is  acknowledged 

Vol.  V.— 32 


to  be  one  of  the  best  softeners  of  epithelium,  yel  its 

odor  makes  the  patient    more  disagreeable  to  a  la 

circle  of  his  acquaintance  than  the  disease  it. .  If. 
The  treatment  advocated  by  Lailler  is  one  of  the  mo 

effective  and  pleasant,  and  deserves  the  prai.se  that 
Georges  Thibierge  lias  given  it.  It  consists  in  giving 
ahotbatb  with  soft  soap  and  plenty  of  friction  three 
times  a  week  in  order  to  remove  the  epidermal  masses, 
and  morning  and  evening  prolonged  and  light  ma. 
of  all  the  affected  parts  with  glycerole  of  starch  made  in 
the  following   way:    IJ    \myli   pulv.,    15;   Glycerini, 

150.      Mix  and  heat  in  a  porcelain  dish  over  a 
lire,  stirring  all  the  time,   until   the  mass  is  about  to 
jelly,  when  15  c.c.  of  cherry-laurel  water  is  added. 
i  tin '  can  add  to  this  one  or  two  per  cent,  of  salicylic 

acid,  which  has  t  he  effect  of  still  further  softening  the 
skin  and  aiding  desquamation.  After  a  ti me  in- 
unction a  day  will  he  sullicienl  ,  and  when  t  he  skin  has 
assumed  its  normal  appearance  Lailler  says  that  one 
hot  hath  with  soft:  soap  a  week,  followed  immediately 
with  an  inunction  of  t  hi'  above  glycerole  ol  starch,  or 
even  of  pure  glycerin  is  enough  to  maintain  a  normal 
suppleness  of  the  skin. 

It  is  important  in  using  the  glycerole  of  starch  or 
pure  glycerin  that  only  a  moderate  amount  should  be 
applied  so  that  the  skin  on  finishing  is  supple  and  unc- 
tuous, but  not  gluey.  Neutral  glycerin  only  should 
be  used.  The  advantages  of  the  glycerin  treatment 
are:  That  the  glycerin  itself  is  favorable  to  maintaining 
the  moistness  of  the  skin  through  its  affinity  for  wat  er; 
that  even  the  slightly  flat  odor  that  glycerin  has  can 
easily  be  overcome  by  the  odor,  say,  of  cherry-laurel 
water;  that  it  does  not  soil  the  clothing  as  the  greases 
do,  and  does  not  render  the  clothing  difficult  to  wash  : 
and  that  it  does  not  become  rancid.  Instead  of  using 
glycerin  in  the  form  of  glycerole  of  starch,  pure  glycerin 
may  be  added  directly  to  the  bath.  About  six  or 
eight  ounces  of  glycerin  may  be  added  to  each  bath, 
and  two  or  three  baths  a  week  may  be  taken. 

Instead  of  adding  glycerin  to  the  bath,  bicarbonate  or 
biborate  of  sodium  may  be  added,  say  one  or  two 
tumblerfuls  of  the  powder  to  each  bath.  Vapor  baths 
are  enjoyed  by  some  patients,  and  they  are  efficacious. 
Starch  poultices  with  boracic  acid  added  to  them,  a 
heaping  teaspoonful  of  boracic  acid  to  a  small  bowl  of 
starch  paste,  are  an  excellent  means  of  loosening  up 
epithelial  masses. 

Prognosis. — Ichthyosis  as  a  deformity  is  not  danger- 
ous to  life.  When  it  is  very  marked  it  represents  an 
extensive  developmental  fault  in  an  important  organ, 
and  is  accompanied  by  a  corresponding  lack  of  re- 
sistance. People  so  afflicted  are  frequently  puny  and 
illy  developed  in  many  directions,  and  may  have  bad 
nails,  teeth,  and  hair,  and  may  lack  the  normal  quantity 
of  subcutaneous  fat.  They  easily  become  chilled  and 
catch  cold,  and  many  of  them  end  with  tuberculosis 
(Lewin).  Those  having  the  lighter  grades  of  ichthyo- 
sis, and  they  are  by  far  the  more  numerous,  are  per- 
fectly healthy,  normally  plump,  and  have  good  hair, 
nails,  and  teeth.  Their  only  disadvantage  is  a  rough 
dry  skin,  sensitive  to  cold,  and  inclined  to  become 
eczematous.  If  the  scalp  is  neglected  the  hair  may  fall 
and  they  may  become  prematurely  bald  because  of  the 
pityriasis.  Douglas  W.   Montgomery. 


Ichthyosis  Fetalis.  — Definition.  — Ichthyosis 
fetalis  is  an  anomaly  of  development  accompanied  by 
consecutive  malformation  of  certain  parts  of  the  face, 
and  should  be  included  in  the  same  group  with  the 
nevi.  Ichthyosis  fetalis  must  not  be  confounded  with 
ichthyosis  vulgaris,  with  which  it  has  nothing  what- 
ever to  do  except  in  being  congenital,  and  in  being  a 
family  disease.  It  is  for  this  reason  that  the  word 
ichthyosis  in  the  name  of  this  disease  is  unfortunate  and 
leads  to  confusion.  Very  probably  a  better  name 
would  be  hyperkeratosis  fetalis. 
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The  disease  is  very  rare,  and  even  of  those  children 
who  are  born  wit  h  it,  but  few  come  under  the  observa- 
tion of  men  interested  in  skin  diseases,  as  they  usually 
die  shortly  after  birth.  Only  a  few  of  these  cases  have 
been  reported,  and  of  those  few,  it  has  several  times 
occurred  that  one  mother  has  had  more  than  one  child 
so  afflicted.  Excepting  this  fact  of  its  being  in  many 
instances  a  family  disease,  very  little  is  known  of  its 
etiology.  Bowen  attributes  the  condition  to  the  per- 
sistence of  the  epitrichial  layer.  The  epitrichial  layer 
of  epithelial  cells  occurs  in  some  animals,  and  Bowen 
thinks  that  it  is  present  at  one  stage  of  fetal  develop- 
ment, but  subsequently,  under  normal  conditions,  is 
shed. 

Symptoms. — The  epidermis  has  a  dirty  yellow, 
leathery  appearance,  and  is  thickened,  and  the  skin 
looks  too  small  to  contain  the  infant.  In  fact  it  looks 
as  if  the  infant  had  been  covered  by  a  much  thick- 
ened and  inelastic  epidermis,  and  that  in  growing  it 
had  burst  this  coating,  forming  cracks  in  it  running 
into  one  another  at  all  angles.  These  fissures  or  cracks 
are  more  or  less  red,  and  about  a  centimeter  wide,  and 
they  may  or  may  not  be  covered  by  a  thin  epidermic 
layer;  when  not  so  covered  the  raw  surface  lies  ex- 
posed, and  it  soon  suppurates  abundantly. 

In  addition  to  the  deformity  of  the  skin  there  are 
other  deformities  present,  such  as  congenital  ectropion 
in  which  the  lids  look  like  red  projections  hiding  the 
globes  of  the  eyes  completely.  There  are  neither 
eyelashes  nor  eyebrows  and  in  fact  the  whole  pileous 
system  is  very  badly  developed.  The  hair,  however, 
though  thin,  grows  very  quickly,  as  do  the  nails 
(Thibierge).  The  nose  is  flat  to  the  face  and  is  rep- 
resented by  two  rounded  holes,  and  the  cartilaginous 
septum  is  entirely  lacking.  The  lips  are  thickened 
and  are  cut  by  radiating  fissures,  or  they  are  entirely 
absent  and  the  skin  of  the  face  may  run  over  directly 
to  the  gums.  The  ear  shell  is  represented  by  a 
flattened  plateau  with  a  central  rounded  hole,  the  ex- 
ternal auditory  meatus.  There  are  no  nipples  on  the 
breast,  the  anus  may  be  imperforate,  and  the  external 
genital  organs  are  imperfectly  developed.  The 
fingers  and  toes  are  often  bent  and  clawed,  and  give 
the  impression  of  being  hidebound,  more  or  less  sold- 
ered to  one  another,  or  they  may  be  entirely  absent, 
the    extremities  terminating    in  rounded  masses. 

The  reasons  for  thinking  that  the  fetus  at  one  stage 
of  its  existence  is  completely  covered  with  this  in- 
extensible  horny  envelope,  which  afterward  is  burst 
open,  are  that  the  direction  of  the  fissures  is  in  all 
cases  about  the  same,  and  is  such  as  would  be  occa- 
sioned by  the  growth  of  the  enclosed  fetus;  that  the 
furrows  at  birth  are  partially  or  entirely  covered  with 
a  thin  epidermal  layer,  which  represents  the  healing 
process  after  the  bursting  has  taken  place;  that  the 
hair  follicles  are  entirely  absent  from  the  center  of  the 
furrows,  while  on  the  sides  the  hair  follicles  are  di- 
rected outward  as  would  result  from  tearing  the  plastic 
fetal  skin  asunder  (Peukert);  and  that  the  deformities 
at  the  orifices  of  the  body,  the  absence  of  the  eyelids 
and  of  the  lips,  the  flattening  of  the  nose  and  of  the 
ears  as  well  as  the  deformities  of  the  hands  and  feet 
are  such  as  would  be  occasioned  by  the  fetus  being 
hidebound. 

Infants  with  such  severe  lesions  die  inevitably,  and 
usually  in  two  or  three  days  after  birth.  They  may 
not  be  able  to  take  food  at  all,  because  of  the  malfor- 
mation of  the  lips,  or  they  may  die  from  the  suppura- 
tion in  the  cracks  of  the  skin,  or  from  bronchitis 
or  pneumonia.  Attenuated  forms  of  the  disease 
have  been  reported,  however,  in  which  the  patients 
have  lived  for  years.  The  mouth  seems  to  be  the 
chief  factor  in  determining  the  prognosis,  as  those 
having  a  badly  formed  mouth  die  of  inanition. 

Diagnosis. — Ichthyosis  fetalis  differs  from  ich- 
thyosis vulgaris  in  the  time  of  its  appearance,  ich- 
thyosis   fetalis    being  apparent   in   the  fetus  and   in 
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the  new-born  babe,  while  ichthyosis  vulgaris  is  rarelj 
evident  before  the  second  or  third  year  of  life.  Ich- 
thyosis fetalis  is  almost  always  associated  with  mal- 
formation of  the  ears,  eves,  and  lips,  and  frequently 
with  other  malformations.  It  is  rare  for  ichthyo 
vulgaris  to  be  associated  with  any  other  malformal  ion 
whatever.  Ichthyosis  vulgaris  has  its  regions  of 
greatest  development,  and  it  rarely  affects  the  folds 
of  the  articulations,  but  if  it  does  affect  them  the 
disease  in  such  situations  is  very  mild.  In  ichthyosis 
fetalis  on  the  contrary,  the  disease  is  as  severe  in 
the  articular  folds  as  anywhere  else.  Furthermore, 
in  ichthyosis  fetalis  the  epidermis  is  not  alone  thick- 
ened, but  it  is  also  abnormally  resistant  and  inex- 
tensible.  In  ichthyosis  vulgaris  the  absence  of  sweat 
is  a  marked  characteristic,  while  in  ichthyosis  fetalis 
the  secretion  of  sweat  takes  place  (Thibierge).  The 
diagnosis  between  hereditary  syphilis  and  ichthyosis 
fetalis  has  only  to  be  remembered  to  be  made.  Ich- 
thyosis sebacea  is  simply  a  temporary  exaggeration 
of  the  normal  physiological  desquamation  of  the 
new-born,  and  has  nothing  whatever  to  do  with 
ichthyosis  fetalis. 

Treatment. — In  a  case  observed  by  Sherwell,  in 
which  the  infant  lived  an  unusually  long  time,  it  was 
kept  soaked  in  olive  oil. 

Douglass  \V.  Montgomery. 


-Clear  Creek  County,  Colo- 


Icterus. — See  Jaundice. 

Idaho  Hot  Springs. 

rado. 

Post-office. — Idaho  Hot  Springs.     Hotel. 

Access. — Via  Colorado  and  Southern  Railroad, 
the  route  lying  through  the  famous  Clear  Creek 
Canyon;  and  by  a  new  automobile  road,  a  link  in  the 
coast-to-coast  Automobile  Highway,  running  through 
Denver's  Mountain  Parks  and  over  Genesee  Moun- 
tain at  a  maximum  grade  of  5  per  cent,  into  Idaho 
Springs  at  an  altitude  of  7,550  feet.  Idaho  Springs 
is  thirty-seven  miles  distant  from  Denver  and  is  only 
fourteen  miles  from  the  crest  of  the  Continental  Di- 
vide. This  beautiful  mountain  town  is  protected 
from  inclement  winds  by  a  rampart  of  mountains 
to  the  north.  The  location  is  exceedingly  pictur- 
esque, and  the  climate  of  a  wholesome  and  salubri- 
ous character.  Invigorating  mountain  breezes  prevail 
throughout  the  summer.  The  facilities  for  bathing 
form  a  special  attraction  at  these  springs.  Three  im- 
mense swimming  pools  have  been  constructed,  besides 
numerous  private  baths,  the  water  ranging  in  temper- 
ature from  85°  to  118°  F.  A  natural  tunnel  furnishes 
excellent  conveniences  for  a  ready-made  vapor  bath, 
and  is  largely  resorted  to.  The  following  analysis  of 
the  Idaho  Hot  Springs  water  has  been  made  by  the 
U.  S.  Geological  Survey: 

One  pint  contains. 

Solids.  Grains. 

Sodium  carbonate 3.85 

Magnesium  carbonate 0 .  36 

Ferrous  carbonate 0  .  52 

Calcium  carbonate 1.19 

Sodium  chloride. 0  52 

Magnesium  chloride .  .  Trace 

Calcium  chloride Trace 

Sodium  sulphate 3 .  67 

Magnesium  sulphate 2-34 

Calcium  sulphate 0.43 

Sodium  silicate 0.51 

13.39 


Total 

Temperature  118° 


Radioactivity. 


Reported  by  Prof.   G.  W.   Miller,  State  School  of 

Mines,  Golden,   Colorado: 

Radium  emanations  of  Idaho  Springs  Water,  .  .  25. 11  Mache  units 
Radium  emanations  of  gas  from  same  water.  .  1093.5  Mache  units 
Thorium  emanations  of  these  thermal  waters .  .  .  100 . 0  Mache  units 
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These  strongly  radioactive  waters  of  Idaho  Springs 
issue  forth  about  18,000  feet  distant  from  the  pitch- 
blende (radium-bearing  rock)  deposits  of  Quartz 
Hill,  Gilpin  County,  the  largest  yet  developed  in  the 
world.  In  comparison  it  may  be  said  that  the  radio- 
active springs  of  Carlsbad,  Bohemia,  are  twenty 
miles  distant  from  the  mines  of  St.  Joachimsthal. 

Within  five  minutes'  walk  of  the  Hot  Springs  there 
is  a  cold  spring  of  sparkling,  effervescent  water,  ex- 
cellent for  drinking  purposes.  A  good  carriage  road 
leads  to  the  summit  of  Bellevue  Mountain,  less  than 
three  miles  distant,  which  it  is  said  to  afford  the  most 
majestic  mountain  view  in  Colorado. 

The  waters  are  useful  in  the  treatment  of  rheuma- 
tism, disorders  of  the  stomach  and  kidneys,  and 
kindred  ills. 

The  hotel  is  open  throughout  the  year. 

Emma  E.  Walker. 


Identity,  Disorders  of  Personal — The  term 
"personal  identity"  is  really  tautological.  The  only 
true  identity  is  a  personal  identity  and  the  identity 
we  ascribe  to  things  is  but  a  prototype  of  one's  self — 
a  projection  of  our  own  unity  into  things.  In  one 
sense  the  conception  of  personal  indentity  is  axiomatic 
in  that  the  conception  comprised  in  the  phrase  is  a 
sine  qua  non  of  all  discussion  or  postulates.  The 
essence  of  identity  is  unity  and  the  origin  of  unity 
lies  in  that  consciousness  of  self  which  makes  ex- 
perience possible  and  which  must  be  accepted  without 
question  and  as  fundamental  to  thought  in  general. 

A  definition  of  identity  is  impossible  because  within 
the  conception  is  to  be  found  a  basic  psychic  element 
which  must  be  looked  upon  as  axiomatic  and  inex- 
plicable. There  will  always  be  men  who  appeal  to 
external  evidence  to  establish  their  own  reality  and 
identity.  They  are  like  the  little  old  woman  who, 
having  fallen  asleep  on  the  king's  highway,  lost  her 
identity  through  the  trick  of  the  peddler  Stout,  who 
cut  off  her  petticoat  at  the  knees  roundabout.  Quoth 
she 

"  But  if  it  be  I,  as  I  hope  it  be, 
I've  a  little  dog  at  home,  and  he'll  know  me: 
If  it  be  I,  he'll  wag  his  little  tail, 
And  if  it  be  not  I,  he'll  loudly  bark  and  wail." 

Home  went  the  little  woman,  all  in  the  dark. 
Up  got  the  little  dog,  and  he  began  to  bark, 
He  began  to  bark,  she  began  to  cry, 
"Lauk-a-mercy  on  me,  this  is  none  of  I!" 

The  agnosticism  which  allows  one  to  give  reality 
to  things  other  than  self  while  doubting  one's  own 
existence  is  but  a  farcical  anachronism  undeserving 
of  serious  consideration.  Certain  facts  must  be  ac- 
cepted without  question  in  any  branch  of  science. 
We  may  differ  in  our  conclusions  and  deductions 
but  certain  unexplained  data  must  be  admitted  with- 
out question  or  explanation.  In  circles  where  there 
is  a  tacit  agreement  as  to  fundamental  data  there 
is  legitimate  ground  for  discussion.  Where  this  is 
wanting  there  asserts  itself  a  divergence  of  opinion 
which  separates  the  various  offshoots  of  thought  into 
distinct  groups  or  sects.  All  eschew  dogmatism  as  a 
disgraceful  surrender  of  reason  and  yet  no  one  is  able 
to  give  expression  to  the  simplest  thought  without 
proclaiming  to  the  world  a  fundamental  dogmatism 
which  no  one  ridicules  and  the  validity  of  which  no 
one  questions.  Here  is  common  ground  for  every 
man,  be  he  civilized  or  savage.  This  fundamental 
axiom  asserted  dogmatically  and  accepted  uncritically 
is  the  simple  dictum  "I."  If  the  mere  brevity  of  such 
a  statement  seems  to  abrogate  its  truth  it  may  give 
mental  repose  to  enlarge  it  by  way  of  exemplification 
to  "I  am."  If  still  unsatisfied  with  such  sarcastic 
brevity  tautology  may  fool  us  into  believing  that  we 
have  exemplified  still  further  by  saying  "I  am  I" 
but  in  reality  when  we  say  "I"  we  have  said  all  thai 


can  be  found  in  "I  am;"  "I  am  that  I  .-ini "  or  "  I  am 
the  same  I  that  was  and  hope  to  be."  For  assumption 
of  this  one  common  starting  point  no  apology  is 
needed.     Some  ult  ra-scieni  ific  friend  may  wish  to   I 

his    breadth    of    mind    by    manifesting    a    readiness  to 

subject,  even  this  ultimate  experience  to  question  by 
expressing  a  doubt  as  to  his  own  existence  but  he  gets 
no  sympathy  even  from  himself. 

What,  then,  is  this  core  of  reality  which  is  found  in 
every  system  of  thought?  Is  personality  a  fixed 
unit  or  quantum  asserting  and  preserving  its  aloofness 
through  all  the  ramifications  and  undulations  of 
mental  struggle  and  psychic  resistance?  Does  it.  pass 
unscathed  through  the  kaleidoscopic  modifications  of 
experience  to  emerge  later  in  full  adult  life  with  the 
same  simplicity  which  marked  its  debut  at  the  very 
incipiencv  of  infantile  self-consciousness?  Thefact 
that  we  carry  ourselves  along  is  the  only  ground  for 
any  intellectuality.  That  there  is  no  stagnant  pool 
of  consciousness  persisting  as  a  nucleus  to  experience 

is  verified  by  every  new  experience  encountered.  The 
conscious  content  changes  decidedly  with  the  advent 

of  any  new  element  and  in  change  and  shifting  is  the 
very  essence  of  personality — kaleidoscopic  in  its 
variations  of  detail  and  yet  continuous  in  that  not  all 
details  change  during  the  shifting  of  the  center  of 
equilibrium.  In  fact  the  intensity  of  consciousness  de- 
pends largely  upon  the  variety  of  associations  through 
which  the  current  of  thought  can  be  identified.  The; 
richness  of  personality  and  the  acuteness  of  personal 
identity  are  in  direct  ratio  to  the  variety  of  associa- 
tions that  can  be  grouped  about  or  called  up  under  the 
inclusive  term  "I".  For  example,  that  picture  rep- 
resents the  acme  of  art  in  which  the  multitudinous 
details  serve  only  to  direct  the  attention  to  a  central 
thought  or  conception.  Without  the  details  the  central 
conception  of  the  whole  would  lack  in  intensity  though 
the  details  as  such  may  not  receive  conscious  attention. 
The  same  is  manifest  in  an  analysis  of  the  field  of 
vision.  The  eye  is  so  focused  that  the  object  of  our 
attention  falls  upon  the  macula  lutea  but  every  object 
in  the  field  of  vision  modifies  our  conception  of  the 
central  object  upon  which  attention  is  riveted.  Let 
some  object  in  the  periphery  assume  undue  prominence 
by  shifting  its  position  and  the  whole  relation  of  things 
is  changed.  The  macula  lutea  is  immediately  thrown 
upon  it  and  with  the  change  consciousness  undergoes  a 
decided  modification.  However,  in  the  change  enough 
familiar  elements  persist  to  carry  us  along,  as  it  were, 
enriched  by  the  addition  of  a  new  association  group  to 
our  past  experience.  By  such  a  process  the  core  of 
personality — with  due  apology  for  such  a  simile — 
becomes  intensified  while  the  elemental  details  as 
causative  agents  in  the  process  recede  into  relative 
oblivion.  Could  one  imagine  a  change  of  scene  so 
abrupt  as  to  obliterate  all  past  associations  then  the 
process  of  self-building  would  begin  anew.  It  is  ex- 
tremely doubtful  whether  any  such  psychic  trauma 
ever  occurs  as  to  obliterate  personal  identity  ;'/i  toto. 
However,  certain  varying  degrees  of  modification  of 
self  do  occur  by  this  process  causing  the  so-called 
disorders  of  personal  identity. 

Normal  psychic  life  might  be  defined  as  the  har- 
monious unification  of  all  associated  ideas  into  a  focal 
complete  conscious  content  in  which  all  the  experiences 
are  represented  proportionately  to  their  normal  in- 
tensitv.  Disturb  this  unified  conscious  content  in  any 
way  and  the  so-called  disorders  of  personal  identity 
present  themselves.  However,  all  such  disorders  have 
a  common  origin  and  the  dissociations  of  personality 
are  only  relative  and  consequently  all  disorders  of 
personal  identity  are  apparent  rather  than  real. 
Analysis  of  the  various  forms  of  disorder  will  always 
reveal  some  association  connecting  the  artificial  off- 
shoot with  the  mother-stem  of  that  unitary  conscious 
content  called  "self."  If  this  were  not  so  correction 
of  such  disorders  would  be  an  utter  impossibility. 
Without  some  association  connecting  the  segregated 
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personality  it  would  be  as  impossible  to  reunite  a 
dissociated  personality  with  the  mother  .stein  as  it 
would  be  to  transfer  t  he  experience  of  one  individual  to 
another  individual.  The  experiences  of  one  indi- 
vidual never  fuse  wit  li  or  become  a  component  element 
of  the  conscious  contenl  of  another  individual.  In 
other  words  it  would  be  as  impossible  to  conceive  of 
or  correct  a  dissociated  personality  without  some  ex- 
isting association  to  unite  it,  to  the  mother-stem  as  it 
would  be  to  conceive  of  Mr.  A  being  Mr.  B  or  of  the 
former  being  fused  with  the  latter.  We  may  get  our 
own  experiences  confused  or  apparently  displaced  but 
we  never  feel  another  man's  pain  nor  claim  his  experi- 
ences as  ours.  True,  in  certain  disorders  of  personal 
identity  the  individual  {i.e.  indivisible)  may  think  and 
claim  he  is  some  one  else  but  in  so  doing  he  merely 
objectifies  his  own  conscious  content  and  embodies  it 
in  the  imaginary  individual  other  than  himself.  The 
man  who  lays  claim  to  being  the  Christ  does  not  in 
any  sense  surrender  his  own  identity  but  merely  by 
an  acute  imaginary  process  he  frames  his  own  inner 
experiences  in  the  individuality  of  Christ  as  he  con- 
ceives him  to  be.  Every  step  in  such  a  process  in- 
stead of  nullifying  self  or  selfhood  really  emphasizes 
it  by  the  double  process  of  realization  of  identity  and 
the  objectification  of  the  same  into  some  objective 
setting  which  is  again  a  fabrication  of  the  very  per- 
sonality which  is  supposed  to  be  obliterated  for  the 
time  being.  This  is  exactly  what  we  do  when  we  allow 
so-called  inanimate  things  to  irritate  us.  They  are 
always  conceived  as  resisting  us.  We  transfer  our 
own  emotions  to  them  and  grant  them  an  existence 
comparable  to  our  own. 

This  same  process  of  objectifying  one's  own  ex- 
periences so  that  they  can  be  analyzed  and  examined 
accounts  for  those  peculiar  ruptures  in  personality 
which  occur  when  an  individual  gives  himself  good-bye 
as  he  leaves  the  room.  We  call  such  a  man  insane  be- 
cause he  fails  to  unify  his  experiences  into  a  harmonious 
conscious  content.  In  one  sense  the  man  has  not 
only  realized  his  identity  but  emphasizes  the  process 
by  objectifying  his  unified  experience  and  sees  him- 
self not  as  others  see  him  but  as  he  sees  himself.  In 
no  sense  has  he  made  two  of  himself.  Most  men 
accept  their  own  existence  without  question  or  demand 
for  explanation.  Others  analyze  their  own  experi- 
ences, pick  themselves  to  pieces,  as  it  were,  and  no  less 
astute  an  individual  than  Kant  was  fooled  into  the 
mental  gymnastics  of  juggling  abstractions  as  though 
they  were  concrete  objective  realities  and  his  cele- 
brated antinomies  were  the  result.  Neither  phase  of 
them  has  existence  except  in  the  abstract  and  yet 
the  conflict  between  the  two  is  so  endowed  with  vi- 
tality that  you  are  fooled  into  an  admission  of  the 
reality  of  both.  Just  so  with  the  insane  man  who  bids 
himself  good-bye.  By  a  long  process  of  introspection 
his  own  conception  of  self  gradually  takes  on  a  vivid- 
ness of  depiction  which  grants  it  an  objectivity  all  its 
own  and  the  step  of  setting  this  intellectual  "Frank- 
enstein" over  against  himself  really  endows  it  with  an 
individuality  comparable  to  the  unity  and  individ- 
uality we  give  things  or  persons  other  than  ourselves. 
In  the  final  analysis  things  other  than  self  are  but  the 
objectification  of  our  own  experiences  regarding  the 
stimuli  which  we  learn  to  interpret  as  objective  things 
and  where  this  intellectual  process  runs  riot  to  a 
sufficient  degree  to  allow  us  to  objectify  our  own  ab- 
straction of  the  unity  we  know  ourselves  to  be,  the 
dissociation  of  self  is  complete  and  our  own  personal 
identity  becomes  duplicated  or  segregated. 

The  very  opposite  of  this  mental  process  is  to  be 
found  in  the  melancholiac  who  so  centralizes  his 
thoughts  that  the  universe  invaginates  itself  within 
his  own  consciousness  of  .self  until  there  is  but  little 
else  than  his  own  meditations.  By  the  same  process 
— most  intellectual  to  be  sure  but  nevertheless  ultra- 
egoistic  in  its  outcome — the  so-called  phenomenalist 
is  able  to  reason  all  objective  data  out  of  existence  and 
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reduces  all  existence  to  the   nairow    sphere  of  his  own 

<■onseiou.sne.ss.     However,    this    intellectual    feat 
always    unconvincing    and   revolting;  such  solip 

always    explodes   as   soon    as    an    attempt    is    madi 

apply  the  principle  in  t  he  world  of  experience  and  the 

lonely  solipsist,  tiring  of  himself,  emerges  from  his 
shell  to  >eei.  companionship  in  the  resistance  hi 

periences  in  I  Ins  stubborn  reaction  of  something  other 
than  himself.  By  this  process  his  own  personal 
identity  rehabilitates  itself  with  renewed  richness  of 
content   begotten  of  fresh  associations. 

Such  modifications  of  personal  identity  emphasize 
the  astonishing  complexity  of  t  he  psychological  enl  ity 

we  call    mind.      Instead   of   lighting   upon   a   stagnant 

unity  in  our  attempts  to  conceive  of  personal  identity 

we  are  confronted  with  a  complex  shifting  continuum 
so  capable  of  variation  that  all  phases  of  self  conscious- 
ness thrust  themselves  upon  us  from  the  hysteric 
dominated  by  a  fixed  idea  to  the  abrupt  dissociation 
of  consciousness  to  be  found  in  the  complicated  cases 
of  so-called  multiple  personality.  All  such  phases 
are  dependent  upon  the  one  principle  thai  our  present 
conscious  content  is  dependent  upon  the  multiplicity 
of  its  associations  for  its  depth  or  richness  of  content. 
Normal  consciousness  finds  all  experiences  grouping 
themselves  about  a  common  center  and  each  fact  falls 
in  normal  relation  to  its  fellow  thus  making  of  the 
whole  a  continuum  of  experience  in  which  complete 
change  of  the  field  of  experience  is  impossible.  How- 
ever, let  two  or  more  central  phenomena  segregate 
and  group  about  themselves  separate  sets  of  experi- 
ence, with  separate  associations  peculiar  to  each,  and 
there  occurs  at  once  those  perplexing  dissociations  of 
personality  which  apparently  destroy  the  feeling  of 
personal  identity  so  commonly  called  "self."  It  can 
be  readily  seen  that  the  variations  to  be  obtained  by 
such  a  process  are  almost  infinite. 

Lotze  in  "  Mikrokosmus"  third  edition,  Leipzig. 
1878,  vol.  ii.,  p.  210,  says  with  true  insight:  "Every- 
where when  we  place  a  foreign  body  in  connection 
with  the  surface  of  our  body  (for  not  the  hand  alone 
develops  this  peculiarity),  the  consciousness  of  our 
personal  identity  is  in  a  certain  sense  transmitted 
into  the  ends  and  outer  surface  of  this  foreign  body, 
and  there  arise  feelings,  partly-  of  an  enlargement  of  our 
personal  ego,  partly  of  a  change  in  form  and  in  extent 
of  movement,  now  become  possible  to  us,  but  naturally- 
foreign  to  our  organs,  and  partly  of  an  unaccustomed 
tension,  firmness  or  security  of  our  carriage."  If 
such  extension  of  personal  identity-  is  made  possible 
by  a  widening  of  our  scope  of  experience  is  not  the 
converse  of  this  readily  conceivable?  By  a  narrowing 
of  our  conscious  content  through  concentration  of  the 
mind  on  a  limited  scope  of  experience  many  experi- 
ences once  vividly  conscious  fall  outside  the  threshold 
of  the  conscious  into  the  so-called  subconscious. 
Should  these  latter  experiences  become  of  sufficient 
cumulative  force  to  predominate  there  is  no  reason 
why  they  should  not  group  themselves  about  some 
appropriate  nucleus  and  strut  upon  the  stage  of 
consciousness  to  the  exclusion  of  the  former  nucleus  of 
self.  This  may  occur  to  such  an  extent  as  to  take  on 
the  attitude  of  a  secondary  personality,  each  person- 
ality being  the  subconscious  to  the  other  depending 
upon  existing  associations  of  the  moment.  Thus  ex- 
periences are  often  recalled  not  as  isolated  experiences 
in  a  series  tabulated  chronologically  but  as  groups  and 
where  the  groups  are  self-sufficient  you  have  engen- 
dered a  secondary  personality  meager  or  rich  in  pro- 
portion to  the  number  of  associations  included  in  the 
group.  This  underlying  principle  of  the  dissociation 
of  consciousness  will  account  for  all  the  disorders 
of   personal   identity. 

It  is  impossible  in  the  scope  of  this  discussion  to 
apply  this  general  principle  to  all  the  various  disorders 
of  personal  identity.  The  variations  or  modifica- 
tions are  unlimited.  For  convenience  we  speak  of 
certain  prominent  forms  under  distinct  names  but 
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the  fact  must  not  be  Lost  sight  of  that  such  names  do 
not  signify  a  definite  disease  entity  Imi  rather  give  a 
convenient  grouping  for  certain  kindred  modifica- 
tions of  personal  identity.  Take,  for  example,  the 
simple  form  of  hysteria  in  which  the  patient  is  in  the 
throes  or  a  hysterical  paroxysm.  One  idea  has 
apparently  occupied  the  field  of  consciousness  to 
the  exclusion  of  all  else  even  to  the  point  of  subsequent 
complete(?)  amnesia  for  all  that  occurred  during 
the  paroxysm.  However,  he  who  allows  himself 
to  be  fooled  into  thinking  that  the  hysterical  patient 
knows  not  what  is  going  on  and  hears  nothing  of 
what  is  said  during  her  apparent  unconsciousness 
will  be  surprised  years  afterward  at  having  some 
of  those  same  things  called  out  from  the  subconscious 
of  his  patient  into  full  conscious  reminiscence  by  an 
appropriate  association.  Every  experience  which 
falls  into  the  subconscious  "has  a  string  tied  to  it." 
Pull  that  string  and  you  will  get  the  experience. 

As  further  illustration  of  the  same  principle  certain 
cases  of  multiple  personality  frequently  relate  certain 
dreams  they  have  had  when  investigation  discloses 
the  fact  that  these  "dreams"  are  not  dreams  but  real 
experiences  in  a  second  personality.  Furthermore 
one  personality  will  at  times  have  hazy  impressions 
of  experiences  in  another  personality  thus  showing 
the  essential  intimacy  between  the  two. 

Multiple  personality  is  strictly  speaking  a  mis- 
nomer. For  example,  the  case  reported  by  me  in 
the  Medical  Record,  August  9  and  30,  1902,  apparently- 
had  four  different  personalities  XI,  X2,  X3.  and  Xt, 
no  one  of  which  knew  the  experiences  of  the  other 
three.  However,  after  fusion  of  XI,  X2,  X3,  and  X4 
into  a  unitary  personality  the  resulting  state  X5 
(X1234)  knew  nothing  whatever  of  XI,  X2,  X3,  or  X4. 
The  feeling  of  personal  identity  was  complete  in 
each  and  when  X5  was  confronted  with  the  fact  that 
at  various  times  the  experiences  of  XI,  X2,  X3,  and 
X4  were  unknown  to  him  it  seemed  a  huge  joke 
to  him  and  his  only  answer  was  "Yes  I  did  1  always 
knew  those  things."  Only  as  he  would  recall  the 
peculiar  experiences  through  which  he  had  passed 
could  he  convince  himself  that  at  certain  times 
"he  was  not  himself,"  contradictory  though  that 
conception  may  seem  and  really  is.  In  fact  the  con- 
ception is  untrue.  The  experiences  of  the  various 
"selves"  belong  to  one  individual  and  the  fusion  of 
XI,  X2,  X3,  and  X4  into  X5  was  but  the  breaking 
up  of  the  artificial  and  apparent  dissociation  of 
personality  which  left  separate  groups  of  experiences 
with  a  self  sufficient  personal  identity  of  their  own, 
limited  and  fragmentary  though  it  was. 

The  same  process  occurs  in  hypnosis  which  is 
nothing  but  an  artificially  induced  fixed  idea.  Take 
the  girl  who  is  told  during  the  hypnotic  state  that  on 
awakening  she  will  not  see  Mr.  A.  who  is  one  of  the 
company  present.  When  she  awakes  he  is  there  to 
be  sure  but  she  does  not  perceive  him.  By  the  fixed 
idea  of  his  absence  induced  while  hypnotized  she 
dissociates  her  experience  in  reference  to  Mr.  A.  from 
the  rest  of  her  conscious  content  and  for  the  time 
being  Mr.  A.  becomes  an  experience  for  a  secondary 
personality.  Should  such  experiences  become  suffi- 
ciently vivid  and  numerous  to  become  riveted  together 
by  associations  and  to  exceed  those  of  the  normal 
consciousness  it  is  natural  to  suppose  that  the  two 
states  would  alternate  each  in  turn  occupying  the 
field  of  consciousness  while  the  other  came  into 
abeyance  and  receded  into  the  so-called  subconscious. 
The  girl  who  has  yielded  to  the  posthypnotic  sug- 
gestion that  she  will  not  see  Mr.  A.  must  see  him  in 
order  not  to  see  him.  In  other  words  she  must 
segregate  that  group  of  experiences  in  order  to  negate 
it.  The  negation  however  is  but  artificial  and  the 
proper  association  or  countersuggestion  immediately 
rehabilitates  the  experience  known  as  Mr.  A.  In 
fact  the  negation  of  that  group  of  experiences  known 
as  Mr.  A.  is  the  best  proof  of  the  fact  that  segregation 


of  self  is  only  apparent  rat  her  than  real.     Thi   proi  i 
is   artificial    Induced    bj    some    association    which 
thrusts  itself  into  the  field  of  experience. 

Just  so  with  the  splitting  up  of  personality  giving 
confusion  of  identity.     The  split -off  self  still  retains  its 

allegiance  to  the  parent-stem  and  only  awaits  tie- 
proper  association  to  recall  it  with  full  vividness 
to  its  proper  setting  in  the  personal  identity  which  is 

essenl  ial  to  complete  individuality.      Even  in  a  normal 

selfconscious    ego    which   has  never  been  suspected 

of  any  disorder  of  personal  identity  the  same  principle 
is  at  work.  All  of  us  have  apparently  lost  a  pail  oi 
ourselves  in  that  certain  experiences  have  dropped 
out  of  memory.  Many  years  afterward  some  trivial 
circumstance  will  afford  the  proper  association  to 
call  up  afresh  the  old  forgotten  experience  and  after 
having    hi-en    dormant    for   years   it   comes   back    with 

a  vividness  sufficiently  forcible  to  modify  flu- whole 
trend  of  our  life.  From  such  trivial  losses  of  experi- 
ences from  memory  up  to  a  complete  dissociation  of 
personality  there  are  all  grades  of  disorders  of  perso  ial 
identity. 

By  way  of  summary  it  might  lie  said  that  (In-  cause 
of  ail  disorders  of  personal  identity  is  to  he  found  in 
the  tendency  for  experiences  to  group  themselves 
into  certain  complexes  with  some  crucial  experience 
as  a  nucleus.  The  particular  disorder  of  identity 
which  manifests  itself  will  naturally  depend  upon  the 
scope  and  degree  of  selfsufficiency  to  be  found  in 
the  respective  groups  or  complexes  of  experiences. 
The  cure  for  such  conditions  lies  in  establishing  the 
proper  associations  which  will  reunite  the  various 
dissociated  experiences  or  groups  of  experiences  and 
give  them  their  proper  setting  in  the  complete  con- 
scious content  necessary  to  a  full  realization  of 
individuality  or  personal  identity. 

J.  Allen   Gilbert. 

Idiocy. — See  Mental  Deficit  net/. 

Idiosyncrasy. — This  term  (from  lows,  aiv,  (.paats, 
literally,  a  persona]  or  individual  commingling)  is  ap- 
plied medically  to  those  mental  or  constitutional  pecul- 
iarities of  an  individual  which  separate  him  from  the 
majority  of  men.  To  those  peculiarities  which  are 
shared  by  classes  of  individuals,  on  the  other  hand,  the 
term  temperament  is  given. 

One  should  not  include  under  the  term  idiosyncrasy 
qualities  due  to  pathological  conditions,  as,  for  in- 
stance, the  absence  of  reflexes  in  tabetic  subjects,  or 
sensory  aberrations  like  color  blindness,  lack  of  smell 
or  taste  perception.  But  while  idiosyncrasies  are 
usually  congenital,  they  may  be.  as  we  shall  see  later 
in  the  case  of  drug  and  poison  addiction,  acquired. 

Idiosyncrasies  may  be  overcome  and  it  is  sometimes 
the  duty  of  the  physician  to  aid  in  this.  For  instance 
a  person  who  showed  a  morbid  terror  of  spiders  has 
been  cured  by  being  induced  to  handle  a  wax  one  which 
he  knew  to  be  such,  until  he  established  a  toleration 
for  a  real  spider.  A  man  who  always  suffered  from 
diarrhea  after  eating  soft  shelled  crabs  was  very 
fond  of  the  dish  and  persisted  in  eating  them  until 
he  established  a  tolerance. 

The  most  important  idiosyncrasies  which  fall  under 
the  attention  of  the  physician  are  included  under  (a) 
sensations,  (b)  reflexes,  (c)  infections,  (d)  foods,  (e) 
drugs  and  poisons. 

Sensations. — One  of  the  most  marked  idiosyncrasies 
has  to  do  with  response  of  a  given  individual  to  pain. 
This  is  shown,  for  a  common  illustration,  in  the  matter 
of  vaccination.  The  actual  insult  to  terminal  sensory 
nerves  in  a  series  of  patients  submitting  to  this  little 
operat  ion  is  about  t  lie  same :  but  while  some  of  them  will 
notice  no  hurt  whatever,  others  will  shrink  and  cry 
out  in  evident  acute  pain.  Some  few  will  faint.  This 
varying  personal  factor  of  pain  susceptibility  must 
receive  due  consideration  by  the  physician   in  inter- 
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preting  the  symptoms  which  a  patient  describes. 
Other  minor  discomforts,  which  yet.  from  a  nosological 
standpoint  may  be  important,  receive  very  varying 
attention  from  different  people.  For  example,  tin- 
writer  has  observed  a  large  scrotal  tumor  in  an  elderly 
bookworm  who  said,  on  his  attention  being  called  to 
it,  that  he  had  never  noticed  its  presence  at  all.  Or, 
again,  a  woman  is  found  with  a  completely  procident 
uterus  to  which  she  had  never  given  any  thought; 
whereas  most  women  with  a  far  less  pronounced  degree 
of  prolapsus  would  have  early  sought  medical  advice. 
Faintness  from  the  sight  of  blood  or  from  the  odor 
of  certain  flowers  are  familiar  experiences.  Tycho- 
Brahe  is  said  to  have  fainted  at  sight  of  a  fox. 
Henry  III.  of  France,  at  that  of  a  cat. 

Auditory  sensations  have  a  peculiarly  unwelcome  ef- 
fect on  certain  people.  The  squeak  of  a  file,  of  a  saw, 
or  of  a  slate  pencil  are  familiar  examples.  Shylock 
emphasizes  these  sensory  idiosyncrasies  when  he  says: 

"As  there  is  no  firm  reason  to  be  rendered 
Why  he  cannot  abide  a  gaping  pig, 
Why  he,  a  harmless,  necessary  cat. 
Why  lie,  a  swollen  bag-pie.  .  . 
So  can  I  give  no  reason,  not  I  will  not 
More  than  a  lodged  hate  and  a  certain  loathing." 

One  of  the  characters  of  antiquity  is  recorded  to  have 
fainted  at  the  sound  of  a  flute.  Instances  of  the 
sort  are  too  numerous  to  be  multiplied. 

Reflexes. — These  are  perhaps  more  important 
medically  than  the  class  just  considered. 

Sea-sickness  deserves  first  mention  here,  from  its 
wide  prevalence.  In  fact  it  is  perhaps  the  absence  of 
this  reflex  susceptibility  that  consitutes  the  idio- 
syncrasy. Certainly  there  is  no  way  of  foretelling 
which  individuals  will  prove  able  to  resist  it.  Free- 
dom from  it  is  to  some  extent  cultivable,  though  it  is 
well  know  that  some  sea  captains  and  naval  officers 
even  lose  what  they  have  gained  in  that  direction  after 
a  short  residence  ashore. 

Hay  fever  doubtless  belongs  in  this  category,  for 
while  a  pathological  lesion  exists  in  a  certain  propor- 
tion of  cases,  a  reflex  idiosyncrasy  to  certain  irritants 
is  also  a  factor.  Whatever  this  irritant  may  be,  it  is 
doubtless  similar  in  its  action  to  ipecac  upon  another 
sort  of  idiosyncrasy.  The  writer  knows  a  druggist 
who  is  so  susceptible  to  the  reflex  irritation  of  this  drug 
that  he  not  only  cannot  dispense  it  himself,  but  is 
obliged  to  leave  his  store  when  any  of  his  assistants  is 
doing  so. 

Asthma  probably  owes  a  part  at  least  of  its  etiology 
to  a  similar  reflex  idiosyncrasy.  For  while  we  have  a 
determining  cause  in  some  pathological  state  of  the 
respiratory  tract,  and  an  exciting  cause  in  an  acute 
inflammation  of  the  bronchi,  or  elsewhere,  we  must 
assume  in  asthmatics  a  predisposing  cause  i-n  a  peculiar 
reflex  irritability;  for  not  all  persons  possessing  the 
first  two  conditions  have  asthma.  The  odor  or  emana- 
tions of  the  horse  may  be  the  excitant  of  a  severe  at- 
tack of  asthma. 

Another  reflex  idiosyncrasy  is  that  which  enables 
the  rigger  and  the  steeple-climber  to  ascend  to  high 
places  without  giddiness  or  fear  of  falling.  The 
production  of  sleep,  occasionally  deep  and  prolonged, 
from  the  hearing  of  music,  is  another  instance. 

It  is  a  failure  of  natural  reflex  response  to  cold  baths 
and  cold  affusions  which  explains  the  idiosyncrasy 
noted  in  some  people  at  water-cure  establishments. 
On  the  other  hand,  those  untoward  results  of  baths 
which  include  skin  eruptions,  eczema,  furunculosis, 
etc.,  are,  in  so  far  as  they  are  not  due  to  uncleanly 
methods,  to  be  classed  among  cases  of  individual 
failure  of  the  protective  apparatus  to  overcome  bac- 
terial invaders.     Hence  we  have  idiosyncrasy. 

Infections. — The  present  article  does  not  touch 
upon  the  subject  of  immunity  (which  see).  But  there 
is  in  some  persons  a  lack  of  susceptibility  to  various 
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diseases  which  can  be  ascribed  only  to  idiosyncrasy. 
This  is  well  illustrated  by  vaccinia,  there  being  a  very 
few  persons  upon  whom  vaccination  cannot  be  made  to 
"take"  no  matter  how  often  repeated.  Some  families 
of  children  escape  in  epidemics  of  the  exanthemata, 
while  ot  hers  have  these  diseases  several  times,  seeming 
to  be  unable  to  acquire  the  usual  immunity  from  one 
attack.  The  universal  exposure  to  the  tubercle  bacil- 
lus would  indicate  that  the  varying  resistance  of 
different  individuals  was  largely  a  matter  of  idio- 
syncrasy. The  so-called  "negative  phase"  shown 
by  the  opsonic  index,  while  it  may  be  produced  by  an 
unduly  large  injection  of  the  specific  vaccine,  is  found 
to  be  present  before  vaccination  in  persons  show- 
ing a  special  susceptibility  to  the  disease,  e.g.  acne, 
furunculosis,  tuberculosis. 

On  the  other  hand,  a  special  susceptibility  to  the 
effect  of  certain  drugs  and  toxins  arises  in  some 
animals,  occasionally  persisting  a  long  time  after  the 
exhibition  of  the  drug  or  poison  which  has  caused  it. 
This  increased  sensitization  iscalledanap^i/Zaxzs(which 
see).  It  is  of  special  importance  in  animals  which  have 
once  received  serum  from  another  animal  and  which 
may  remain  for  a  long  time  oversensitized.  Thus,  a 
person  who  has  received  several  injections  of  antitoxin 
or  other  serum,  if  after  a  considerable  interval  he  be 
given  another  injection,  may  exhibit  symptoms  of 
anaphylactic  shock. 

Foods. — There  are  many  instances  of  idiosj-ncrasy 
as  regards  special  articles  of  diet.  One  person,  for 
instance,  not  only  cannot  eat  cheese  without  violent 
gastrointestinal  irritation  but  cannot  eat  comfortably 
at  a  table  where  it  is  served.  A  special  form  in  which 
these  food  idiosyncrasies  assert  themselves  is  in  the  pro- 
duction of  urticaria  from  the  use  of  certain  foods. 
Familiar  examples  are  fish  and  shell-fish,  especially  lob- 
sters; also  strawberries  and  peaches.  The  latter  fruit 
with  some  patients  will  cause  an  intense  coryza appar- 
ently like  a  rose-cold.  Herpes  and  angioneurotic  edema 
are  similarly  produced.  Bread,  especially  fermented 
bread,  and  pastry  are  intolerable  in  rare  cases.  The 
same  is  true  of  honey,  which  is  recorded  in  one  case, 
when  it  was  supposed  to  be  a  matter  of  whim,  to  have 
been  incorporated  into  a  plaster  and  applied  to  the  feet 
of  the  patient,  without  his  knowledge,  but  with  serious 
results.  Milk  is  an  article  of  diet  which  many  persons, 
generally  mistakenly,  think  they  cannot  take.  But 
there  are  really  some  who  undoubtedly  do  have  an 
idiosyncrasy  against  it.  Regarding  this  as  with  every 
other  article  of  diet,  a  person  should,  often  with  medical 
supervision  to  guard  against  error,  establish  the  fact 
of  his  own  idiosyncrasy,  and  having  once  established 
it  should  thereafter  respect  it . 

Drugs  and  Poisons. — In  this  field  idiosyncrasy  may 
show  itself  either  by  an  unusual  susceptibility  to  a 
small  dose,  or,  on  the  other  hand,  by  a  lack  of  suscepti- 
bility to  the  average  physiological  or  even  toxic  dose. 
The  former  of  these  conditions  is  usually  congenital; 
the  latter  may  be  either  congenital  or  acquired.  To 
it  is  given  the  technical  name  of  "tolerance." 

A  high  degree  of  tolerance  is  usually  an  acquired  con- 
dition. It  is  well  known  that  in  both  man  and  the 
lower  animals,  increasing  doses  of  a  toxin  can  be  given 
till  doses  are  tolerated  far  in  excess  of  what  would  be 
fatal  without  such  a  progressive  increase  in  dosage. 
The  use  of  the  toxin  of  diphtheria  in  the  preparation 
of  antitoxin  is  a  familiar  example  of  this.  The  same 
tolerance  is  established  in  the  case  of  non-bacterial 
poisons,  as,  for  example,  tobacco,  alcohol,  and  arsenic. 
But  while  such  tolerance  may  appear  to  be  present  in 
certain  organs  or  systems  of  the  body,  it  may  be  absent 
in  others.  For  example,  the  nervous  system  may  ap- 
pear to  be  resisting  tobacco  or  alcohol,  while  the  car- 
diac or  digestive  may  be  in  reality  succumbing  to  its 
use,  or  vice  versa. 

Such  an  acquired  tolerance,  whether  in  the  case  of 
toxins  or  of  drugs,  ceases  soon  after  the  regular  ad- 
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ministration  of  the  poison  has  been  si  opped.  The  term 
Mithridatism  was  applied  to  a  supposed  immunity 
against  poison  gained  by  King  Mithridates  through  the 
systematic  use  of  poisons  employed  for  that  end. 

The  Styrian  peasants  have  long  been  noted  for  their 
acquired  tolerance  for  arsenic.  One  sceptical  traveller 
is  recorded  to  have  administered  seven  grains  of  ar- 
senious  acid  to  an  apparently  healthy  Styrian  without 
ill  effect.  The  enormous  doses  of  morphine  taken  by 
morphinomaniaes  of  course  suggest  themselves  in  this 
connection. 

A  tolerance  for  one  drug  sometimes  develops  a  toler- 
ance for  others  of  similar  nature.  To  this  may  per- 
haps be  ascribed  the  large  amount  of  ether  required  to 
anesthetize  an  habitual  alcoholic.  The  writer  once  saw 
a  morphine  habitue1  who  after  taking  nearly  a  dram  of 
morphine  with  suicidal  purpose  added  to  the  dose  over 
one  hundred  grains  of  chloral,  to  which  he  was  not 
specially  addicted,  but  the  conjoined  dose  had  no 
serious  effect.  Insensibility  to  large  doses  of  sedatives, 
as  ether,  chloroform,  opium,  hashish,  and  bromides,  is 
found  in  some  persons  not  habitues  of  any  of  these 
drugs.  Such  persons  are  apt  to  be  of  an  hysterical  or 
emotional  character.  A  lack  of  response  to  large  doses 
of  cathartics  may  be  dependent  on  the  cathartic  habit 
or  may  be  met  with  independently  of  it.  People  of 
warm  climates  are  said  to  require  exceptionally  large 
cathartic  doses. 

Many  persons  are  aware  of  their  own  drug  idiosyn- 
crasies, and  may  properly  acquaint  a  strange  physician 
with  them.  It  is  unwise  to  disregard  such  information 
if  given  by  a  person  of  intelligence.  In  doing  so  one 
is  liable  to  repeat  the  disastrous  experience  of  a  previ- 
ous attendant,  and  even  if  the  experiment  has  no  other 
ill-effect  than  the  temporary  discomfort  of  the  patient, 
the  latter  is  likely  to  feel  provoked  that  his  warning 
was  not  regarded.  But  of  course  the  patient  may 
have  drug  idiosyncrasies  which  are  unknown  to  him. 
It  is  therefore  unwise  for  a  physician  in  case  of  un- 
toward symptoms  arising,  to  say  off-hand  that  they 
could  not  possibly  be  due  to  the  use  of  a  given  drug, 
even  though  in  his  experience  such  a  result  had  never 
occurred. 

It  may  be  said  in  passing  that  sometimes  a  patho- 
logical condition  of  some  organ,  involving  too  slow  or 
too  rapid  absorption  or  impaired  elimination,  is  at 
the  bottom  of  what  is  regarded  as  a  congenital  drug 
idiosyncrasy.  Thus  renal  inadequacy  has  been 
found  in  some  persons  who  could  not  take  iodine. 

Childhood  appears  to  present  some  special  features 
with  regard  to  drug  susceptibility.  Especially  opium 
should  be  used  very  cautiously  at  this  period.  There 
is  a  common  belief,  on  the  other  hand,  that  arsenic 
and  belladonna  are  especially  well  borne  by  children. 
I  think  it  very  doubtful  if  this  be  true  of  the  latter. 
Jacobi  thinks  children  tolerate  relatively  large  doses 
of  quinine,  digitalis,  potassium  iodide,  and  mercury. 

It  remains  to  mention  a  few  specific  drugs  and 
poisons  in  regard  to  which  marked  individual  idiosyn- 
crasy is  most  often  met. 

Ivy  Poison. — Here  all  degrees  of  susceptibility  are 
met,  from  perfect  immunity  to  the  most  intense 
dermatitis  following  the  slightest  contact. 

Alcohol.— Here  we  find  not  only  quantitative  but 
qualitative  idiosyncrasies.  One  man  can  drink  down 
all  his  fellows,  while  the  others  with  an  equal  quantity 
of  liquor  may  show  either  amativeness,  quarrelsome- 
ness, hilarity,  or  gloom. 

Quinine  is  a  drug  which  occasionally  produces  ill 
effects  in  a  dose  much  smaller  than  ordinarily  given. 
Such  effects  are  tinnitus,  deafness,  blindness,  and 
erythema.  The  writer  has  seen  an  intense  universal 
dermatitis  follow  its  use,  and  has  known  a  clergyman 
in  whom  a  dose  of  two  grains  invariably  produced  a 
marked  erythema  of  the  scrotum.  Fever  and  abor- 
tion have  both  been  reported  to  follow  the  use  of 
quinine. 

Salicylic  acid  will  cause  at  times  an  intense  delirium. 


I  have  seen  il  simulate  an  acute  mania  and  last  nearly 
a  fori  night. 

Mercury  finds  some  serious  personal  idiosyncrasies. 
One  grain  of  blue  mass  has  caused  alarming  symptoms. 

Belladonna  also,. as  is  well  known,  causes  delirium  in 
certain  patients.      Serious  results  from  the  instillation 

of  atropine  solution  into  the  eye  in  an  amount   ordi 

narily  properly  safe  have  been  met  with  in  unusually 
susceptible  persons  and  have  been  followed  by  legal 
consequences. 

Opium  has  caused  vomiting,  wakefulness,  convul- 
sions, and  delirium.  Doublless  there  are  some  per- 
sons who  should  never  take  the  drug.  Inthe  first  •<  e 
of  the  hypodermic  syringe  upon  strangers  a  consider- 
able conservatism  is  wise. 

Potassium  Iodide.  Perhaps  no  drug  reveals  more  of 
personal  Idiosyncrasy  than  this.  Two  to  five  grains 
often  cause  coryza.  Four  ten-grain  doses  have  pro- 
duced an  edema  of  the  glottis  severe  enough  to  re- 
quire tracheotomy.  Fifteen  grains  a  day  will  often 
cause  a  good  deal  of  acne.  But,  curiously,  patients 
who  cannot  take  the  small  doses  often  can  take  the 
large  ones,  and  the  massive  doses  of  four  to  six  drams 
three  times  a  day  are  generally  well  borne.  One 
cannot  insist  too  firmly  that  the  tolerance  for  this  drug 
is  not  a  diagnostic  criterion  of  syphilis. 

Charles  F.   Withington. 


Ignatia. — Saint  Ignatius'  Bean.  The  seed  of 
Slrychnos  ignatia  Lindl.  (fam.  Loganiacece).  This  is  a 
large,  half-climbing  shrub,  with  very  long,  slender 
branches,  and  rather  large,  oval,  pointed,  three-nerved 
leaves.  The  flowers  resemble  those  of  .S'.  nux  vomica, 
and  the  fruit  is  a  very  large  (10  to  20  cm.),  solid,  many- 
seeded,  hard  berry.  The  plant  grows  in  the  Philip- 
pine Islands,  and  has  been  introduced  into  Cochin- 
China.  The  fruit  appears  to  be  not  uncommon  in 
some  Asiatic  markets.  The  seed  has  been  known  to 
Europeans  since  1(>99  (Fluckiger). 

Saint  Ignatius'  Beans  are  hard,  oblong,  but  irregu- 
larly faceted  seeds,  2  or  3  cm.  in  length,  of  a  dull  yel- 
lowish-gray or  blackish  color,  and  corneous  texture; 
they  are  normally  covered  with  short,  coarse,  ap- 
pressed,  glistening  hairs,  but  these  are  usually  rubbed 
off  before  they  reach  this  country.  The  seed  consists 
mostly  of  perisperm,  but  contains  an  oblong  embryo, 
6  or  8  mm.  in  length,  in  a  cavity  near  the  center. 
The  seeds  have  but  little  odor,  and  a  very  bitter 
taste. 

Composition. — Strychnine,  to  the  extent  of  from 
one  to  one  and  a  half  per  cent.;  brucine  from  one-half 
to  three-fourths  per  cent.;  considerable  albuminoid 
matters;  no  starch.  These  seeds,  from  chemical, 
structural,  and  physiological  points  of  view,  are 
qualitatively  so  exactly  duplicates  of  nux  vomica  that 
the  reader  is  referred  to  that  article  for  further  in- 
formation. Because  it  was  supposed  to  be  more 
uniform  in  its  alkaloidal  percentage,  and  in  the  relative 
percentages  of  strychnine  and  brucine,  this  drug  was 
made  official  in  1SS0,  but  it  was  found  impossible  to 
induce  physicians  to  substitute  it  for  the  familiar  nux 
vomica,  and  it  was  dropped  at  the  1890  revision.  An 
abstract,  of  fifty-per-cent.  strength,  dose  gr.  i.-v. 
(0.06  to  0.3)  and  a  tincture  of  the  same  strength 
and  dose  as  that  of  nux  vomica,  were  supplied. 

Henry  H.  Rusey. 

Ileus. — See  Intestinal  Obstruction. 

Immigrants,    Medical    Examination    of. — The 

medical  aspects  of  immigration  came  up  for  considera- 
tion as  early  as  1824,  when  New  York  State,  owing 
to  the  large  number  of  aliens  arriving  in  a  diseased 
condition,  attempted  to  levy  a  head  tax  on  all  foreign 
passengers  w-ho  disembarked  at  its  principal  port. 
This  money  was  to  be  used  to  support  an  immigrant 
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hospital.  It  was  subsequently  declared  that  the 
act  was  unconstitutional  on  the  ground  that  the 
power  to  regulate  commerce  with  foreign  nations  was 
vested  in  Congress  and  not  in  any  particular  State. 

Until  the  first  general  act  of  1882,  the  individual 
States  deaH  with  the  problem  of  restricting  the  cntn 
of  diseased  aliens  as  best  they  could.  Naturally 
efforts  in  this  direction  must  have  been  largely  fruit- 
less, because  of  the  ease  with  which  entry  could  be 
effected  from  our  State  to  the  other. 

When  the  Federal  Government  finally  took  super- 
vision of  the  whole  question  in  1882,  the  medical 
phases  of  the  subjecl  assumed  greater  importance. 
By  a  Stair  ael  in  1S47  New  York  had  attempted  to 

reeulat ■  prohibit  the  entry  of  certain  classes  of 

diseased  aliens.  Congress  now  added  to  the  classes 
already  excluded  those  who  were  idiots  or  lunatics, 
and  persons  unable  to  care  for  themselves  who  were 
liable  to  become  public  charges.  The  next  general 
immigration  act  was  in  1891,  and  still  further  in- 
creased the  number  of  medical  reasons  for  denying 
entrance  by  the  exclusion  of  those  persons  who  were 
certified  by  the  examining  surgeons  as  suffering  from 
a  loathsome  or  dangerous  contagious  disease.  It  was 
not  until  1903,  however,  that  there  was  a  full  recog- 
nition of  the  importance  of  the  medical  aspects  of  the 
question.  The  immigration  law  of  that  year  not 
only  provided  for  the  exclusion  of  persons  suffering 
from  a  loathsome  or  dangerous  contagious  disease,  but 
it  also  provided  that  if  the  disease  could  have  been 
detected  at  the  time  of  embarcation  by  a  compel  en  t 
medical  examination,  the  person  or  company  bringing 
the  alien  should  be  liable  to  a  fine  of  S100.1  The 
last  act  in  1907  added  somewhat  to  the  efficiency  of 
the  exclusions  for  medical  reasons  already  in  existence. 
It  did  this  chiefly  by  adding  the  "feeble-minded"  to 
the  mandatory  classes.  Previous  to  1907  only  such 
grades  of  mental  defectiveness  were  deported  which 
were  certified  as  imbecile  or  idiot. 

In  order  to  carry  out  the  provisions  of  the  law  the 
physically  and  mentally  defective  aliens  are  divided 
into  three  general   classes  (A,   B,  and  C)2  as  follows: 

A.  Aliens  whose  exclusion  is  mandatory  under  the 
law. 

1.  Idiots,  imbeciles,  the  feeble-minded,  insane 
persons,  epileptics,  and  persons  afflicted  with 
t  uberculosis. 

2.  Persons  afflicted  with  a  loathsonie  con- 
tagious disease;  for  example,  favus,  ringworm 
of  the  scalp,  sycosis  barbae,  actinomycosis,  blasto- 
mycosis, frambesia,  leprosy,  and  venereal  diseases. 

3.  Persons  afflicted  with  a  dangerous  contagious  dis- 
ease; for  example,  trachoma,  filariasis,  uncinari- 
asis, amebic  infection,  endemic  hematuria. 

B.  Diseases  or  defects  that,  in  the  opinion  of  the 
medical  examiner,  affect  the  ability  of  the  alien  to 
earn  a  living,  or  in  the  case  of  children,  which  will 
in  the  future  so  affect  such  ability.  These  diseases 
and  defects  are  not  mandatory  under  the  law,  but 
aliens  who  are  thus  certified  must  appear  before  a 
board  of  special  inquiry  which  is  composed  of  three 
immigration  inspectors  (not  medical  men)  who  de- 
cide on  the  aliens'  eligibility  to  land.  This  board 
hears  all  the  evidence  in  the  case  and  regards  the 
certificate  of  disease  or  defect  as  either  contributory 
or  conclusive  evidence  justifying  exclusion,  or  else 
disregards  it  altogether  and  admits  the  alien  according 
to  the  merits  of  the  individual  ease  {vide  infra). 

C.  Diseases  or  defective  conditions  which  are  so 
slight  that  they  do  not  in  the  opinion  of  the  medical 
examiner  affect,  the  ability  of  the  alien  to  earn  a  living. 
These  cases  ma\  be  admitted  by  individual  immigra- 
tion inspectors  without  bring  compelled  to  appear 
before  a  board  of  special  inquiry. 

The  medical  examination  of  all  aliens  and  their 
certification  when  found  defective  under  one  of  the 
above  mentioned  headings  is  undertaken  by  medical 
officers  of  the  United  States  Public  Health  Service. 


There  are,  in  round  numbers  fifty  ports  oi  plaa 
entry  in  the  United  States.     Besides  the  large  ports 
of   the  sea  coasts,   the   Canadian    border,    and    the 

Mexican  border  are  also  guarded  by  thi  I  aited 
States  Immigration  Service.  Medical  officers  are 
placed  at  principal  border  points  in  order  to  facilitate 
the  work  of  inspection. 

The  Immigration  Service  proper  is  under  the  control 
of  the  Department  of  Labor,  but  the  medical  ex- 
amination, being  conducted  by  the  Public  Health 
Service,  falls  under  the  jurisdiction  of  the  Treasury 
Department.  At  first  thought  this  would  seem 
like  an  awkward  division  of  authority.  In  practice, 
however,  such  is  not  the  case,  because  the  medical 
examination  is  in  no  sense  of  the  word  executive. 
The  medical  officers  act  in  an  advisory  capacity  to  the 
Immigration  Service.  They  establish  diagnoses,  and 
certify  to  the  physical  and  mental  condition  of  the 
immigrant.  They  have  nothing  whatever  to  do  with 
the  enforcement  of  the  law  or  the  deportation  of  the 
alien.  The  only  jurisdiction  which  the  Department 
of  Labor  exercises  over  the  medical  examination  is 
that  the  Commissioner  of  Immigration  fixes  the  times 
and  places  of  such  examination.  The  manner  in 
which  they  shall  be  conducted  and  the  rules  governing 
the  conduct  and  personnel  of  the  medical  force  are 
left  entirely  in  the  hands  of  the  Surgeon  General  of 
the  United  States  Public  Health  Service.  Under 
existing  conditions  the  medical  examiners  can  ha  vi- 
no possible  interest  in  the  final  disposition  of  the  alien. 
They  are  simply  a  staff  of  experts  who  render  their 
opinion  without  fear  or  favor. 

Besides  the  examination  conducted  at  the  ports  of 
entry  into  this  country,  there  are  medical  officers  at- 
tached to  the  consulates  abroad  who  have  from  time 
to  time  conducted  examination  of  persons  intending 
to  emigrate  to  the  United  States.  Under  the  present 
law  such  examinations  cannot  be  final.  They  are 
made  only  with  the  view  of  giving  expert  advice  as  to 
the  aliens'  eligibility  to  land  from  the  physical  or 
mental  standpoint.  Whether  the  steamship  com- 
panies follow  this  advice  is  entirely  optional.  If  the 
alien  desires  to  come  any  how  and  the  steamship 
company  cares  to  take  the  chance  of  exclusion  at  the 
port  of  entry,  there  is  nothing  to  prevent  such  action. 
As  a  matter  of  fact  the  advice  is  usually  taken,  and 
in  Naples  where  this  plan  is  in  force  at  the  present 
time,  it  has  been  found  to  facilitate  greatly  the  land- 
ing of  healthy  immigrants,  and  to  prevent  many  de- 
portations naturally  following  among  those  who  come 
from  ports  where  no  such  preliminary  inspection  is 
conducted. 

At  Canadian  ports  there  is  also  an  examination  of 
immigrants  whose  final  destination  is  the  United 
States.  This  is  also  conducted  by  our  Immigration 
Service  with  medical  officers  of  the  Public  Health 
Service  acting  in  an  advisory  capacity  in  the  same 
manner  as  at  the  places  of  entry  within  our  own  terri- 
tority.  We  reciprocate  with  Canada  in  this  matter, 
and  at  our  principal  ports  of  entry,  Canadian  immi- 
gl  at  ion  officials  are  stationed  who  conduct  an  ex- 
amination of  aliens  whose  final  destination  is  that 
country. 

In  the  event  of  an  alien  arriving  with  a  quarantin- 
able  disease  he  is  placed  in  a  hospital  and  isolated  ac- 
cording to  the  law  governing  such  conditions  at  that 
particular  port.  For  example,  in  New  York  the 
quarantine  is  undertaken  by  the  State  of  New  York 
itself,  and  the  health  officer  of  the  port  boards  all  in- 
coming vessels  and  removes,  regardless  of  nationality, 
all  persons  suffering  from  infectious  diseases  whom  he 
may  see  fit  so  to  remove.  These  persons  are  isolated 
in  the  State's  hospital  provided  for  the  purpose  until 
recovery  and  such  time  as  danger  from  infection  is 
over.  After  this  period  has  elapsed  he  turns  over  to 
the  United  States  immigration  officials  all  aliens  whom 
he  has  thus  detained,  and  the  medical  examination  is 
then  undertaken  in  precisely  the  same  manner  as  in 
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the  case  of  those  who  have  not  been  quarantined. 
Thus  it  will  be  seen  that  the  medical  examination  for 
the  enforcement  of  quarantine  law,  and  that  for  the 
enforcement  of  the  immigration  law  are  entirely 
separate  and  distinct  functions.  The  one  seeks 
primarily  to  protect  the  community  from  epidemics 
of  disease  which  threaten  at  the  moment.  The  other 
seeks  to  protect  the  country  from  an  influx  of  phj  ical 
and  mental  defects  whose  deleterious  influence  will 
be  lasting. 

For  ten  years  past  the  annual  immigration  into  the 
United  States  has  never  been  less  than  700,000. 3  In  six 
of  these  ten  years  it  has  been  over  one  million.  Broadly 
speaking  three-fourths  of  all  immigrants  come  in  the 
steerage.  The  remaining  come  in  the  various  cabins 
and  by  rail  over  the  borders. 

The  method  of  medical  inspection  will  vary  some- 
what according  to  whether  it  is  conducted  on  board 
ships,  on  incoming  immigrant  trains,  or  at  an  immigrant 
station  where  special  facilities  are  provided  for  the 
purpose.  However  the  general  principles  are  the  same 
in  all  cases.  As  seventy-five  per  cent,  of  all  arriving 
aliens  come  through  the  port  of  New  York  the  method 
of  examination  as  conducted  at  the  Ellis  Island  station 
may  be  taken  as  the  standard  which  is  used  at  all 
places  with  such  modifications  as  the  peculiar  con- 
ditions may  require.  At  New  York  the  steerage 
immigrants  are  brought  on  barges  from  the  docks  to 
Ellis  Island.  They  are  made  to  pass  in  single  file  be- 
fore the  medical  examiners.  Each  line  of  passing 
immigrants  is  inspected  by  two  physicians.  One  is 
placed  at  the  angle  of  a  right  angled  runway,  the  other 
at  the  end.  The  physician  at  the  end  of  the  runway 
everts  the  eyelids  to  look  for  trachoma,  while  the  one 
at  the  angle  of  the  runway  looks  for  all  mental  and 
physical  defects  except  trachoma.  Either  the  phy- 
sicians themselves,  or  attendants  at  their  direction, 
make  a  distinctive  chalk  mark  on  the  clothing  of  every 
immigrant  who  presents  any  evidence  of  physical  or 
mental  defect  or  disease.  Those  who  have  no  chalk 
marks  on  their  clothes  are  directed  by  attendants  to 
the  general  line  of  travellers  going  toward  the  registry 
division  of  the  station.  These  unmarked  ones  are  not 
detained  any  further  by  the  medical  division.  Those 
who  have  been  marked  on  the  line  are  turned  aside 
into  the  special  examining  quarters  where  attendants 
distribute  them  to  the  particular  rooms  which  the 
chalk  mark  on  the  clothes  indicate.  In  these  rooms 
other  examiners  make  the  detailed  examination  which 
the  chalk  mark  calls  for,  and  also  note  any  other  con- 
dition which  may  have  been  overlooked.  Those  who 
require  further  observation  to  determine  the  exact 
nature  of  their  affection  are  either  sent  to  the  hospital 
or  held  in  detention  quarters  in  the  same  building 
according  to  the  nature  of  the  particular  case.  When 
the  immigrant  is  acutely  ill  his  examination  touching 
eligibility  to  land  is  postponed,  and  he  is  sent  to  the 
hospital  pending  recovery  from  his  acute  condition. 
The  final  examination  of  the  alien  results  either  in  his 
being  turned  over  to  the  registry  division  of  the 
station  with  a  report  that  he  is  medically  sound,  or  in 
his  being  delivered  to  them  with  a  certificate  which 
falls  under  one  of  the  above-mentioned  four  classes. 

It  will  be  obvious  that  the  detailed  physical  exam- 
ination of  all  immigrants  who  have  been  turned  aside 
from  the  primary  inspection  line  with  a  chalk  mark  on 
their  clothing,  and  hence  fall  under  the  close  scrutiny 
of  those  who  are  in  the  examining  rooms,  does  not 
present  any  characteristic  feature  aside  from  the 
difficulty  in  obtaining  a  history  from  any  person  speak- 
ing an  alien  tongue.  In  all  essentialsthis  is  an  ordinary 
physical  examination  and  is  conducted  on  the  same 
general  lines  as  in  the  out-patient  department  of  any 
hospital.  When  it  comes  to  the  mental  examination 
the  case  is  entirely  different.  The  strangeness  of  the 
surroundings,  the  fatigue  and  excitement  of  the  jour- 
ney, and  the  fear  of  deportation,  are  some  of  the  many 
factors  that  must  be  overcome  before  any  attempt  is 


made  to  determine  the  menial  status  of  the  immigrant 
who  is  suspected  to  be  mentally  deficient   or  in 
The    exai i     having    placed     himself    en    ra% 

with    the  one   to   be  examine,  I    there  still   remains   I  lie 

insurmountable  handicap  of  difference  in   langui 

Conduct  ing  a  mental  examination  through  the  medium 

of  an  interpreter  can  never  be  an  entirely  sai  i  factory 

procedure.  When  the  immigrant  is  ignorant  and 
illiterate  the  Conditions  are  about  as  far  removed  from 

the  ideal  as  possible.  Another  difficulty  is  the  one  of 
obtaining  a  history.  The  insane  often  have  sufficient 
insight  to  know  that  frank  conversat  ion  regarding  their 

mental  state  will  result  in  their  deportation.  For  a 
similar  reason  the  family  history  of  insane  and  men 
tally  defective  aliens  can  seldom  lie  obtained  from 
friends  or  relatives.  In  the  case  of  the  suspected 
insane,  the  only  method  available  to  overcome  these 
difficulties  is  thai  of  observation  in  the  hospital  wards 
for  such  a  period  as  may  be  necessary  to  arrive  at 
a  conclusion.  In  the  case  of  those  who  are  suspected 
of  being   mentally   defective,   I  he  obstacles  are  partly 

overcome  by  requiring  the  performance  of  tests  or 

puzzles  which  can  be  solved  by  illiterate  normal 
individuals  without  the  aid  of  language.  No  one 
system  of  intelligence  tests  yet  devised  is  applicable 
to  all  aliens.  The  present  plan  is  to  combine  the  knowl- 
edge obtained  by  observation,  oral  examination,  and 
the  performance  of  a  feu  reliable  mechanical  tests, 
and  in  this  way  come  to  a  final  conclusion  concerning 
the  mental  status.  Different  races  of  people  appear 
to  have  different  standards  of  normal  mentality.  Thi 
Public  Health  Service  is  at  present  conducting  an 
intensive  research  to  determine  what  these  standards 
may  be.  In  the  near  future  it  is  hoped  that  these 
investigations  may  result  in  a  standardized  system 
which  will  allow  of  more  rapid  and  thorough  examina- 
tion than  is  at  present  possible.  Not  withstanding  the 
necessarily  slow  and  tedious  methods  of  diagnosis  in 
vogue,  the  number  of  certifications  for  menial  defeats 
has  rapidly  increased  until  now  it  appears  as  one  of 
the  largest  single  causes  for  deportation.' 

Aside  from  the  difficulties  connected  with  the  diag- 
nosis of  mental  conditions  the  peculiar  features  of  the 
medical  examination  of  immigrants  are  chiefly  those 
of  the  primary  inspection.  Here  is  where  special 
training  and  quickness  of  observation  are  most  needed. 
Here  also  is  needed  the  faculty  to  discriminate  between 
racial  characteristics  and  pathological  conditions  of 
mind  or  body.  For  example  one  must  be  well  trained 
before  he  can  quickly  determine  what  constitutes  a 
healthy  color  of  the  skin  in  a  particular  race.  A 
healthy  gipsy  might  be  suspected  of  Addison's  disease 
A  sound  West  India  mulatto  often  has  a  peculiar 
pallor  resembling  that  of  tuberculosis,  and  the  dilated 
capillaries  common  among  the  t  emperate  mountaineer 
of  Alpine  stock  are  suggestive  of  chronic  alcoholism. 
Moreover,  certain  classic  signs  of  disease  may  be  with- 
out special  significance  in  the  newly  arrived  immigrant . 
For  instance,  pulsating  vessels  in  the  neck  are  often 
caused  by  the  increased  heart  action  arising  from  fear, 
and  if  this  symptom  presents  itself  in  an  immigrant 
without  signs  of  broken  compensation  or  symptoms 
of  exophthalmic  goiter,  it  is  not  sufficient  cause  for 
sending  him  into  the  examining  rooms.  Seasickness 
on  board  often  leaves  bad  effects  for  several  days,  and 
the  resulting  pallor  and  weakness  are  suggestive  of 
some  grave  constitutional  trouble.  The  irritation  of 
the  conjunctiva  caused  by  certain  occupations  involv- 
ing exposure  to  heat  and  dust,  such  as  iron  moulding, 
baking,  and  coal  mining,  not  infrequently  induo 
chronic  inflammation  and  scar  formation  closely  simu- 
lating the  appearance  of  an  old  incompletely  cicatrized 
trachoma.  The  faces  of  muscular  able-bodied  Italians 
are  often  so  devoid  of  adipose  tissue  and  muscle  that 
at  first  thought  one  would  conclude  that  the  whole 
body  was  equally  thin  and  undeveloped.  Likewise 
the  mental  reaction  of  the  immigrant  to  the  process 
of  medical  inspection  must  always  be  interpreted  in 
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the  light  of  a  full  know  ledge  of  his  racial  characteristics. 
The  stolidity  and  apparent  indifference  of  the  Slav 
would  be  suggestive  of  melancholy  if  presented  by  the 
South  Italian  or  Irish  immigrant.  If  the  Englishman 
evinced  the  same  signs  of  emotion  which  the  Creek 
shows  on  a  slight  provocal  ion,  his  sanity  would  at  once 
be  in  question.  It  is  perfectly  normal  for  the  German 
girl  to  take  her  medical  inspection  quietly,  seriously, 
and  as  a  matter  of  course,  and  should  she  see  the  same 
cause  for  laughter  or  light  remark  in  the  process  as  her 
sister  from  Ireland,  we  should  at  once  suspect  that 
she  might  not  be  incut  ally  balanced. 

Keeping  in  mind  the  fact  that  all  symptoms  must 
have  their  relative  values  interpreted  in  the  light  of  a 
full  knowledge  of  the  peculiar  conditions  under  which 
they  are  observed,  and  with  due  regard  to  the  racial 
characteristics  of  those  who  present  them,  the  medical 
inspector  stands  facing  the  line  of  oncoming  immi- 
grants. They  approach  him  slowly  with  an  interval 
of  about  ten  feet  between  each  person.  As  the  person 
In  be  inspected  approaches  him,  he  notes  almost 
simultaneously  the  gait,  stature,  expression  of  the  face, 
skin  color,  and  eyes.  Although  this  is  apparently 
done  at  one  glance  the  most  efficient  inspectors  really 
use  some  system  of  order  in  the  general  observation. 
Probably  the  best  way  is  to  commence  with  the  feet, 
note  the  character  of  the  gait,  and  let  the  eye  run 
up  the  legs  and  body,  taking  in  any  gross  peculiarities 
of  hands  or  legs  on  the  way,  noting  last  the  face,  eyes 
and  scalp,  and  also  the  mental  reaction  of  the  indi- 
vidual to  the  unusual  scrutiny  to  which  he  is  being 
subjected.  By  this  time  the  subject  has  arrived 
face  to  face  with  the  examiner  who  has  already  formed 
a  first  impression  of  his  general  condition.  He  now 
places  his  hand  on  the  forehead  and  by  word  or  gesture 
indicates  that  the  mouth  should  be  opened.  The 
sense  of  touch  gives  an  idea  of  the  presence  or  absence 
of  fever.  At  the  same  time  the  sense  of  sight  takes 
in  the  condition  of  the  gums,  teeth  and  mouth.  The 
acuity  of  hearing  and  the  general  mentality  are  judged 
by  the  degree  of  readiness  in  responding  to  the  request 
to  open  the  mouth.  The  sense  of  smell  comes  to  the 
aid  of  the  examiner  simultaneously  with  those  of 
sight,  touch,  and  hearing,  and  may  indicate  to  him 
favus,  uremia,  ozena,  foul  ear  discharges,  and  ulcers 
or  abcesses  concealed  by  the  clothing.  By  passing 
the  hand  from  the  forehead  over  the  shoulder  and 
down  the  arm,  an  idea  of  the  muscular  development 
is  obtained.  Inspection  of  the  hand  should  indicate 
the  presence  or  absence  of  chronic  wasting  disease — 
clubbed  fingers  suggesting  especially  tuberculosis 
and  heart  disease.  The  hands  of  the  gouty  diathesis, 
of  arthritis  deformans,  myxedema,  cretinism,  acro- 
megaly, achondroplasia,  and  Mongolian  idiocy  may 
be  quickly  recognized  and  mentally  noted.  If  the 
hand  is  cold  and  clammy  it  will  be  due  to  some  circu- 
latory disturbance,  and  experience  will  serve  almost 
instantly  to  relegate  this  disturbance  to  its  proper 
category  of  fright,  nervousness,  exposure  to  cold  and 
dampness,  or  possibly  organic  heart  disease.  Wtple 
this  cursory  inspection  is  going  on  a  few  questions 
directed  to  the  immigrant  in  his  own  language,  serve 
very  materially  in  determining  whether  he  shall  be 
allowed  to  pass  on  or  be  held  for  further  detailed 
examination.  It  is  best  to  follow  some  regular  system 
in  the  questioning.  In  practice  it  is  found  that  ques- 
tions involving  knowledge  of  name,  place,  nationality, 
and  simple  numbers  are  best  for  obtaining  an  idea  of 
the  general  mental  status  of  the  immigrant.  At  the 
same  time  that  the  character  of  the  answers  give  an 
idea  of  the  intelligence,  the  nature  and  qualffy  of  the 
voice  may  give  a  due  to  abnormal  physical  conditions. 
Thus  a  highly  pitched  feminine  voice  may  increase 
the  suspicion  of  arrested  sexual  development  which  has 
been  aroused  by  noting  the  absence  of  beard  and  the 
peculiar  wrinkles  on  the  upper  lip  and  at  the  angles 
of  the  mouth.  A  tremulous  voice  may  add  weight  to 
the  theory  of  chronic  alcoholism  which  has  been  sug- 
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gested  by  the  capillary  stasis  of  the  nose  and  check, 
and  tine  tremors  of  the  fingers.  Hoarseness  further 
Confirms  a  suspicion  of  tuberculosis,  while  a  scanning 
speech  demands  a  special  examination  for  multiple 
sclerosis  or  paralysis  agitans.  Perhaps  before  the 
speech  or  the  facial  expression  had  been  noted  sus- 
picion had  already  been  turned  in  this  direction  by 
the  peculiarity  of  the  gait. 

The  powers  of  observation  thus  rapidly  and  syste- 
matically extended  to  embrace  the  whole  body  and 
its  outwardly  manifested  functions,  enable  the  ex- 
aminer to  determine  in  a  very  few  moments  whether 
he  shall  let  the  immigrant  pass  by  or  have  him  de- 
tained for  further  detailed  examination.  Before  one 
hastily  assumes  that  little  can  be  accomplished  by 
casual  inspection,  he  should  remember  the  possibilities 
which  lie  in  observation  of  the  gait  alone.  As  illu- 
strating how  great  these  possibilities  are,  it  might  be 
noted  that  all  the  following  conditions  produce  a  sug- 
gestive manner  of  locomotion,  viz.,  dislocation  of  the 
hips,  hip-joint  disease,  rheumatism,  artifical  legs, 
various  paralytic  affections,  ankylosis  of  the  hips, 
ankles,  and  knees,  locomotor  ataxia,  paresis,  paranoia, 
idiocy,  imbecility,  flat-foot,  club-foot,  acute  local  in- 
fections, phlebitis,  epididymitis,  scrotal  tumors, 
neuritis,  rectal  inflammations,  gonorrhea,  rickets, 
muscular  dystrophies,  corns,  bunions,  cerebral  and 
cerebellar  tumors,  the  acute  intoxications  of  alcohol 
and  other  drugs,  and  acute  abdominal  pains  from  any 
cause. 

When  it  is  remembered  that  not  only  the  gait,  but 
every  movement  of  the  body  has  its  own  peculiar  mean- 
ing, and  that  careful  practice  enables  one  quickly  to 
interpret  the  thousand  and  one  variations  from  the 
normal,  it  will  be  seen  that  the  art  of  diagnosis  by  in- 
spection is  the  greatest  single  asset  of  the  successful 
medical  examiner  of  immigrants.' 

That  this  sifting-out  process  which  is  thus  quickly 
effected  as  the  line  of  immigrants  files  by  has  in  reality 
a  great  deal  of  value  is  shown  by  the  following  figures. 
The  report  of  the  Surgeon  General  for  1909  shows  that 
out  of  the  total  number  of  immigrants  entering  the 
United  States  during  that  year,  1.5  per  cent,  were 
certified  by  the  examining  surgeon  for  defects  which 
either    made    their    deportation     mandatory     or  else 

NUMBER  OF  ALIENS  CERTIFIED  AT  ELLIS  ISLAND 
FOR  ALL  CAUSES  (.EXCLUSIVE  OF  CLASS  C)  PER 
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required  the  submission  of  satisfactory  proofs  that 
they  would  not  become  public  charges.  This  per- 
centage of  certifications  to  total  number  inspected 
has  been  gradually  increasing.  This  is  graphically 
illustrated  in  Fig.  3371,*  where  it  will  be  seen  that  at 
Ellis  Island  the  increase  has  been  more  than  twofold 
during  the  past  decade.6 

Although  the  actual  admission  or  deportation  of 
certified  aliens  in  no  way  concerns  the  medical  ex- 
aminers, it  is  nevertheless  a  matter  of  interest  to  know 
the  disposal  of  these  eases,  for  it  is  in  this  way  alone 
that  one  can  arrive  at  an  intelligent  opinion  concern- 
ing the  practical  value  of  the  whole  procedure.  When 
one  carefully  studies  the  law  and  the  restrictions  which 
it  places  upon  the  landing  of  immigrants,  he  is  im- 

*The  compilation  of  the  figures  on  which  this  chart  is  based 
was  made  by  Dr.  Thomas  W.  Salmon,  U.  S.  Public  Health 
Service. 
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pressed  with  the  fact  that  the  medical  reasons  for 
deportation  take  the  most  prominent  place  In  fact 
one  may  say  in  a  general  way  that  if  an  alien  over  six- 
teen years  old  is  not  a  criminal,  a  contract  laborer,  a 
pauper,  a  polygamist,  or  an  anarchist,  he  will  almost 

NUMBER  OF  ALIENS  CERTIFIED  AT  ELLIS  ISLAND  FOR  INSANITY 
.AND  MENTAL  DEFECTS  ONCLUDINQ  EPILEP6Y) 
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certainly  be  allowed  to  land  if  he  is  able  to  pass  the 
medical  inspection.  The  prominence  of  medical 
reasons  as  cause  for  deportation  is  illustrated  in 
Fig.  3373  where  it  will  be  seen  that  although  non- 
medical  reasons   for  deportation  vary  greatly  from 
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month  to  month  they  do  not  on  the  whole  maintain 
the  high  level  of  the  medical. 

Vast  numbers  of  immigrants  are  certified  by  the 
examining  physicians  as  having  diseases  or  physical 
defects  which  affect  ability  to  earn  a  living  who  are 


nevertheless  allowed  to  land  by  the  boards  of  special 
Inquiry  which  hear  all  the  evidence  in  the  case.  This 
is  graphically  shown  in  Fig.  3374. 

The  reason  that  the  boards  of  special  inquiry  admit 
an  alien  with  a  certificate  of  defect  affecting  ability 

In  earn  a.  living,  is  not  because  the  diagnosis  of  the 
physicians  is  called  in  question,  but  because  they 
obtain  information  which  leads  them  to  believe  that 
the  disability  in  the  particular  case  under  considera- 
tion will  not  render  the  alien  liable  to  become  a  public 

RELATION  OF  CERTIFICATIONS  TO  DEPORTATIONS 

OF  NON-MANDATORY  CASES,  1913 
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charge.  There  are  many  typical  illustrations  of  such 
cases.  For  example,  a  man  may  be  certified  as  suffer- 
ing from  "arteriosclerosis  which  affects  ability  to  earn 
a  living"  and  be  admitted  by  the  board  of  special 
inquiry  because  of  the  sworn  statement  of  his  children 
that  they  are  domiciled  in  the  United  States  and  promise 
to  support  their  parents,  giving  evidence  which  shows 
that  they  are  financially  able  to  do  so.  Another  may 
be  certified  as  having  "loss  of  one  leg  at  the  knee  which 
affects  ability  to  earn  a  living"  and   nevertheless  be 

RELATION  OF  CERTIFICATIONS  TO  DEPORTATIONS 

OF  MANDATORY  CASES,  1913. 
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admitted  by  the  board  of  special  inquiry  because  it 
has  ascertained  that  his  occupation  is  such  that  in  his 
particular  case  his  ability  is  not  affected.  And  so 
illustrations  might  be  multiplied  almost  indefinitely, 
but  these  are  sufficient  to  explain  the  discrepancies 
existing  between  the  number  of  aliens  certified  and 
these  deported  on  account  of  physical  defect  or  dis- 
ease which  affects  ability  to  earn  a  living. 

Theoretically  the  number  of  deportations  for  man- 
datory causes  should  exactly  equal  the  certifications. 
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As  :i  matter  of  fad  it  doesclosely  approach  it.  Thi 
discrepancy  noted  ei  I  ig  3375)  is  chiefly  accounted 
for  by  the  fad  thai  the  law  of  l'.><)7  is  so  worded  thai 
aliens  certified  undei  Class  ^.-2,  but  whose  immediate 
family  is  domiciled  heir  may  in  ccruiin  instances  be  tem- 
porarily landed  under  bond  for  treatment.'  A  certain 
percentage  of  these  cases  recover  and  are  admitted. 
The  foregoing  facts  and  figures  show  that  the  result 
(if  the  medical   inspection  for  immigrants  is  on  the 

whole  what  the  law  intended  it  should  be.  Aside 
from  the  direct  elimination  of  a  large  number  of  un- 
desirables there  is  an  indirect  elimination  wnieh  take 
place  through  fear  of  the  medical  examination.  The 
fear  ol  the  law  and  the  thoroughness  of  the  inspection 
are  sufficient  to  cause  all  the  large  steamship  companies 
to  employ  physicians  to  examine  immigrants  before 
they  are  allowed  to  embark.  These  physicians  refuse 
passage  to  those  persons  whom  they  feel  morally  certain 
would  be  certified  on  arrival  as  mandatorily  excludable. 
Their  sole  interest  is  to  protect  the  steamship  company 
from  the  expense  of  fines  and  the  transportation  of 
deported  cases.  Thus  the  law  has  indirect  ly  made  the 
steamship  companies  a  more  or  less  unwilling  ally  in 
the  medical  inspection  of  immigrants. 

J.  G.  Wiison. 
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Immunity. — The  aspects  of  immunity  considered 
in  this  article  are  those  connected  with  the  resistance 
of  animals  and  man  to  the  invasion  of  microorganisms 
and  to  poisoning  by  their  products.  The  degree  of 
immunity  varies  from  a  trace  to  absolute. 

The  two  factors  always  to  be  considered  are  the 
microorganisms  and  the  host.  An  increase  in  virulence 
of  the  germs  or  in  the  number  brought  in  contact  with 
the  host  may  bring  about  infection  when  with  those 
of  the  same  virulence,  but  less  in  number  or  with 
lessened  virulence  and  the  same  number  no  infection 
would  occur.  The  host  also  varies.  The  protect- 
ing covering  may  be  injured  or  removed,  the  bacte- 
ricidal properties  of  the  body-  fluids  may  be  lessened 
or  increased  and  so  the  degrees  of  immunity  vary. 
We  will  now  consider  these  conditions  in  detail. 

Experience  and  observation  have  taught  us  that 
various  races  of  animals  and  men,  and  various  in- 
dividuals among  these,  differ  in  their  susceptibility 
to  certain  diseases;  and,  further,  that  as  already  stated 
the  same  individual  is  at  one  time  more  resistant  to 
such  diseases  than  at  another.  This  inborn  or  spon- 
taneous refractory  condition  is  termed  natural  im- 
munity, in  contradistinction  to  that  acquired  during 
an  attack  of  disease. 

As  in  microorganisms  we  distinguish  between  the 
ability  to  produce  poison  and  the  power  to  multiply, 
so  in  animals  and  man  we  may  distinguish  between 
immunity  to  poison  and  immunity  to  the  invasion  of 
bacteria. 

With  regard  to  wide  variations  in  susceptibility, 
certain  facts  have  been  ascertained.  Thus,  cold- 
blooded animals  are  generally  insusceptible  to  in- 
fection from  those  bacteria  which  produce  disease  in 
warm-blooded   animals,  and   vice  versa.     This  is  ex- 
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which  grow  a1  tin  temperature  of  warm-blooded 
animals  to  thrive  at  the  temperature  existing  in 
cold-blooded  animals.  But  differences  are  observed 
not  only  between  warm-blooded  and  cold-blooded 
animals.  bu1  also  between  the  several  races  of 
warm-blooded  animals.  The  anthrax  bacillus  is 
very  infectious  for  the  mouse  and  guinea-pig,  while 
the  rat  is  not  susceptible  to  it  unless  it:-  body  resist- 
d  by  disease  and  the  amount  of  infection 
is  great.  The  inability  of  a  microorganism  to  grow  in 
the  body  of  an  animal  does  not  indicate  an  insus- 
tiility  to  its  poison.  Differences  in  suscepti- 
bility arc  sometimes  very  marked  among  different 
varieties  of  the  same  race  of  animals,  as,  for  instance, 
between  different  kinds  of  rats  and  pigeons  to  anthrax. 
In  animals,  as  a  whole,  experiments  have  shown  that 
the  young  of  all  species  are  on  the  average  less  re- 
sistant to  infection  than  the  older  and  larger  ones. 
The  only  exception  to  this  is  the  immunity  of  the 
very  young  which  are  born  of  immune  mothers. 
This  is  due  to  the  passage  of  immune  substances  from 
the  mother  to  the  offspring. 

The  difficulty  experienced  by  many  microorganisms 
in  developing  in  suitable  tissues  of  "the  healthy  body 
can  be  to  a  great  extent  removed  by  any  cause  which 
lowers  the  general  or  local  vitality  of  the  tissues. 
Among  the  causes  which  bring  about  such  lessened 
resistance  of  the  body  are  hunger  and  starvation,  bad 
hygienic  surroundings,  exhaustion  from  overexertion, 
exposure  to  cold,  the  deleterious  effects  of  poisons, 
bacterial  or  other,  acute  and  chronic  diseases,  vicious 
habits,  drunkenness,  etc.  Purely  local  injuries,  such 
as  wounds,  contusions,  etc.,  give  a  point  of  entrance 
for  infection,  by  removing  protecting  cells  and  les- 
sening the  resistance  of  others.  Paths  are  opened 
where  the  bacteria  may  develop  and  produce  local 
inflammation.  Local  disease  processes,  such  as  endo- 
carditis, may  also  afford  a  weak  spot,  for  the  bacteria 
to  seize  upon.  The  presence  of  foreign  bodies  in  the 
tissues  in  like  manner  predisposes  them  to  bacterial 
invasion.  The  association  of  different  varieties  of 
bacteria  with  the  pathogenic  strain  may  increase 
the  liability  to  infection.  Interference  with  free 
circulation  of  blood  and  retention  in  the  body  of  sub- 
stances which  should  be  eliminated  also  tend  to  lessen 
the  vitality.  In  these  and  other  similar  ways  animals 
which  are  otherwise  refractory  may  acquire  a  sus- 
ceptibiltiy  to  the  invasion  of  microorganisms. 

Increase  of  Immunity  by  Non-specific  Means. — 
Just  as  all  conditions  which  are  deleterious  to  the 
body  lessen  its  power  of  resistance  to  bacterial  in- 
vasion, so  all  conditions  which  are  favorable  to  it  in- 
crease its  resistance,  and  thus  aid  in  preventing  and 
overcoming  infection.  The  internal  use  of  anti- 
septics against  bacteria  has  not  proved  successful, 
for  the  reason  that  of  all  known  non-specific  bacteri- 
cidal substances  an  amount  sufficient  to  inhibit 
bacterial  growth  is  found  to  be  poisonous  to  the  tissue 
cells.  The  efficacy  of  mercury  in  syphilis  is  possibly 
an  exception  to  this  rule.  In  dealing  with  animal 
parasites,  and  with  certain  moulds  there  are  a  number 
of  notable  exceptions;  e.g.  emetin  in  amebiasis,  quinine 
in  malaria,  trypanred  in  trypanosomiasis,  and  iodides 
in  sporotrichosis.  Such  substances  as  leucocytic  ex- 
tract, nuclein,  and  some  other  organic  substances  have 
some  slight  effect  in  inhibiting  bacterial  growth.  The 
hastening  of  elimination  of  the  bacterial  poisons  by  free 
intestinal  evacuation  and  encouragement  of  the  func- 
tions of  the  skin  and  kidneys  are  also  of  some  avail. 
The  removal  of  toxic  products  by  draining  an  abscess 
or  the  attenuation  of  the  microbes  by  direct  application 
of  germicidal  washes  as  in  exposure  to  gonorrheal  or 
syphilitic  virus  aids  greatly  in  preventing  the  spread 
of  infection  unless  such  damage  is  done  to  the  tissues 
as  to  reduce  the  resistance  of  the  cells.  The  enzymes 
formed  by  certain  bacteria  have  been  found  to  exert 
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a  slight  bactericidal  action,  not  only  on  the  germs 
which  have  produced  them  in  the  body,  but  also  on 
other  varieties.  None  of  these  enzymes  is  sufficient  ly 
protective,  however,  to  be  of  practical  value  nor 
equal  in  power  to  the  protective  substances  formed 
in  the  body  after  infection  with  many  micro- 
organisms. 

Specific  Immunity. — The  invasion  of  the  body 
by  almost  every  variety  of  microorganism  is  followed, 
if  death  does  not  quickly  ensue,  by  conditions  which 
for  a  variable  period  and  to  a  variable  degree  are 
deleterious  to  the  further  growth  of  that  variety. 
This  form  of  immunity  may  develop  in  those  not  hav- 
ing passed  through  an  infection.  The  explanation  of 
this  is  as  yet  unknown.  This  more  or  less  pro- 
nounced specific  immunity  may  be  created  in  vari 
ous  ways: 

1.  Through  recovery  from  disease  naturally  con- 
tracted or  from  infection  artificially  produced, 
According  to  the  nature  of  the  invading  microor- 
ganism this  immunity  may  be  slight,  as  after  re- 
covery from  erysipelas  or  pneumonia,  marked  for  a 
limited  period  of  time,  as  in  diphtheria  and  typhoid 
fever,  or  prolonged,  as  after  scarlet  fever  or  small- 
pox. The  extent  of  this  protection  also  varies  in 
different  persons  after  the  same  infection. 

2.  By  inoculation  with  microorganisms  attenuated 
by  heat,  chemicals,  or  other  means.  In  this  case  an 
infection  of  the  animal  is  produced,  of  moderate 
severity,  as  a  rule,  and  the  immunity  is  not  quite  as 
marked  and  lasting  as  after  recovery  from  more  seri- 
ous attack;  but  it  is,  nevertheless,  considerable. 
The  inoculation  of  sheep  with  the  attenuated  anthrax 
bacillus  and  the  use  of  vaccination  with  cow-pox 
in  man  are  examples  of  this  method. 

3.  By  the  injection  of  the  living  organisms  into 
tissues  where  development  will  not  take  place,  as 
the  injection  of  diphtheria  bacilli,  typhoid  bacilli  or 
cholera  spirilla  into  the  subcutaneous  tissues.  Here 
the  destruction  of  the  bacteria  with  the  absorption  of 
their  products  causes  mild  chemical  poisoning,  with 
considerable  resulting  immunity. 

4.  By  the  injection  of  the  dead  bodies  of  bacteria 
or  of  the  chemical  products  which  they  elaborate  and 
discharge  into  the  surrounding  culture  media  during 
their  life.  This  produces  a  less  marked  immunity 
than  when  the  living  culture  is  used,  but  the  method 
is  a  safer  one. 

5.  By  the  spontaneous  action  of  the  cells.  Little 
is  understood  of  the  conditions  under  which  anti- 
bodies develop  where  no  infection  is  present.  The 
clearest  illustration  of  this  form  of  immunity  is  in 
the  case  of  those  developing  diphtheria  antitoxin. 
At  birth  ninety  per  cent,  of  all  infants  have  "  natural" 
antitoxin  derived  passively  from  their  mothers.  At 
two  years  of  age  this  remains  in  only  about  twenty- 
five  per  cent.  The  proportion  immune  then  steadily 
increases  until  the  adults  show  as  in  infants  about 
eighty-eight  per  cent,  immune.  In  some  the  anti- 
toxin present  amounts  to  over  ten  units  per  cubic 
centimeter. 

It  seems  impossible  for  any  such  proportion  of 
the  people  to  be  carriers  of  diphtheria  bacilli.  This 
natural  antitoxin  seems  to  be  identical  with  that 
produced  after  infection.  It  is  well  known  that 
many  persons  as  they  grow  older  develop  immunity 
to  scarlet  fever  and  other  diseases. 

6.  By  the  injection  of  the  blood  serum  of  animals 
which  have  previously  passed  through  a  specific 
disease,  or  have  been  inoculated  with  the  microbic 
products.  The  first,  probably,  to  think  of  the 
possibility  of  effecting  this  was  Raynaud,  who  in 
1877  showed  that  the  injection  of  large  quantities  of 
serum  derived  from  a  vaccinated  calf  into  an  animal 
prevented  its  successful  vaccination.  The  results 
obtained  by  Behring  and  Kitasato  upon  diphtheria 
and  tetanus,  where  the  serum  neutralized  the  poisons 


rai  Imt  than  the  direct  development  of  the  bacteria, 
gave  a  still  greater  impetus  to  these  investigations. 
Suitable  animals  alter  repeated  infections  gradually 

accumulate    in    (heir    blood    considerable    amounts    of 

these    protective    substances,    so    that    xny    small 

amounts  of  serum  inserted  in  another  animal  will 
inhibit  the  growth  of  the  microbes  or  neutralize 
their  products.  Thus,  0.1  c.c.  of  a  serum  from  a  horse 
frequently  infected  by  the  pneumococcus  will  pre- 
vent the  development  in  the  body  of  a  rabbit  of 
many  thousand  times  the  fatal  dose  of  I  he  same  strain 
of  verj  virulent  pneumococci,  and  a  few  times  a  fatal 
dose  of  less  virulent  ones,  the  actual  number  as  well 
as  the  virulence  of  the  bacteria  affect  ing  the  proted  ive 
value  of  i  he  serum. 

Location  of  protective  substances.  These  are 
believed  to  be  present  in  the  substance  of  man}  cells 

to  a  greater  or  lesser  extent.      This  is  especially  true 

of  those  in  which  antibodies  haved<  veloped.  As  thej 
are  eliminated  i  hey  pass  to  the  lymph  and  then  to  the 
blood. 

The  protective  substances  pass  from  the  blood 
through  the  walls  of  the  capillaries  and  finally  find 
their  way  to  the  lymph  and  back  to  the  blood.     The 

closed  cavities  of  the  body  like  the  spinal  Canal,  the 

pleural  sac,  etc.,  emit  a  in  much  less  antibodies  than  the 
lymph.  When  the  general  immunity  is  but  slight, 
infection  may  take  place  in  t  he  more  sensitive  region 
or  those  in  which  the  antibodies  are  less  abundant  <<i 
where  a  large  number  of  organisms  have  gained  acci 
and  still  be  impossible  in  those  tissues  having  more 
natural  resistance  or  slighter  infection. 

The  Nature  of  the  Protective  Defenses  of  the 
Body. — The  tissues  of  the  animal  body  under  the 
normal  conditions  of  life  are  unsuitable  for  the  growth 
of  the  great  majority-  of  bacteria,  and  are  only  fairly 
favorable  to  the  development  of  the  few  remaining. 
Indeed,  only  a  very  small  number  of  varieties  of 
bacteria  find  the  conditions  really  satisfactory,  and 
even  these  must  gain  a  point  of  entrance. 

In  seeking  for  a  reason  for  the  difficulty  experienced 
by  the  bacteria  in  growing  in  the  tissues,  we  cannot 
expect  to  find  it  in  either  the  lack  of  or  concentration 
of  the  nutritive  substances,  in  the  temperature,  or  in 
the  reaction;  for  although  these  conditions  may  be  un- 
suitable for  some  bacteria  they  are  suitable  for  many, 
and  thus  cannot  constitute  the  fundamental  explana- 
tion of  immunity.  A  possible  reason  for  the  inability 
of  the  bacteria  to  invade  living  tissues  may  be  in  the 
fact  that  the  nutritious  material  in  the  living  cells  is 
in  a  form  which  the  bacteria  cannot  readily  assimi- 
late; but  if  this  be  true  it  does  not  adequately  explain 
why  the  bacteria  do  not  develop  in  the  nutritious 
fluids  so  abundant  about  and  in  the  body  tissues.  We 
are  thus  driven  to  the  conclusion  that  the  body 
fluids  themselves  contain  substances  which  are 
directly  deleterious  to  the  bacteria.  As  to  the  origin 
of  these  substances,  it  is  conceivable  that  they  may 
be  either  regularly  produced  in  very  small  amounts 
in  the  cells  or  that  they  may  be  produced  only  when 
the  body  is  invaded  by  microorganisms.  They  may 
then  remain  unaltered  in  the  fluids  or  be  quickly 
eliminated.  More  than  one  of  these  things  may 
actually  occur. 

The  bactericidal  effect  of  sera  upon  most  bacteria 
is  shown  by  the  fact  that  when  injected  into  the  blood 
they  begin  to  die  at  once,  and  this  often  continues 
until  in  a  few  hours  all  have  died.  Even  when  bac- 
teria produce  infection  there  is  usually  for  a  time  a 
decrease  in  the  number  of  bacteria  living,  but  this  is 
soon  followed  by  a  progressive  increase.  This  fact 
can  be  observed  not  only  in  the  blood  and  peritoneal 
cavity,  but  also  when  the  bacteria  are  enclosed  in 
animal  or  vegetable  capsules,  where  the  serum  passing 
into  them  destroys  the  bacteria.  The  bacteria  are 
killed  even  if  they  have  previously  grown  in  blood 
serum.     Bacteria    have    also    been    injected    into    a 
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vein  carefully  ligated  above  and  below,  and  here  with- 
out coagulation  the  blood  exerts  bactericidal  proper- 
ties. Even  spores  are  killed  in  a  few  days.  The  effect 
of  the  fresh  unheated  blood  serum  can  also  be  watched 
outside  of  the  body.  Here  some  species  of  bacteria 
die  quickly,  some  slowly,  and  some  lose  only  a  portion 
of  their  number,  and  lien-  the  remaining  portion  after 
a  time  rapidly  increases.  The  number  of  bacteria 
introduced  is  o£  greal  importance,  for  the  serum  seems 
capable  of  destroying  only  a  certain  number  and 
after  that  loses  its  bactericidal  properties.  Nuttall 
first  drew  attention  to  these  facts.  Buchner  in  1889 
showed  that  serum  heated  to  55°  C.  lost  this  destruc- 
tive power  and  this  led  to  a  separation  of  the  germi- 
cidal elements  of  the  serum  into  different  components. 

Buchner  made  many  experiments  on  the  nature  of 
the  process.  He  showed  that  bacteria  absorbed  these 
bactericidal  substances.  Later,  Bordet,  Ehrlich,  and 
others  established  that  the  alexin  of  Buchner  was 
really  a  mixture  of  two  types  of  substances  of  which 
one,  named  "immune  body,"  "sensitizer,"  or  "op- 
sonin," is  developed  as  the  result  of  the  injection  of 
foreign  cell  substance,  and  the  other,  named  "comple- 
ment" or  "alexin,"  is  present  in  the  blood  of  normal 
animals,  and  is  not  increased  by  injection.  Neither 
one  of  these  types  of  substances  alone  destroys  bac- 
teria, while  together  they  destroy  certain  varieties. 
Other  bacteria  require  the  action  of  the  complement- 
like ferment  in  the  leucocytes  also. 

The  Nature  of  Bacteriolytic,  Hemolytic,  Cytolytic 
Sera. — Bordet,  through  his  own  researches  and  those 
of  Gruber  and  Durham,  was  able  to  show  that  the 
same  type  of  reaction  took  place  in  the  animal  body 
when  cells  of  any  kind  were  injected.  He  showed, 
for  instance,  that'there  was  a  close  similarity  between 
bacteria  and  the  cells  of  the  blood.  By  immunizing 
an  animal,  species  ^4,  with  red-blood  cells  of  animal, 
species  B,  he  found  that  the  blood  of  A  became 
hemolytic  for  the  cells  of  B,  just  as  if  immunized  with 
cholera  spirilla  it  would  have  been  bacteriolytic  for 
cholera  spirilla.  Since  then  truths  obtained  from 
investigation  with  any  type  of  cells  have  been  applied 
equally  to  all  others."  This  made  it  possible  for  Ehr- 
lich, Bordet,  and  others  to  study  the  nature  of  these 
processes  upon  blood  cells  instead  of  bacteria. 

Limitation  of  Curative  Power  of  Serums  which  Act 
Directly  against  Microorganisms. — As  a  rule,  the  serum 
has  to  be  given  before  the  bacteria  introduced  into 
the  body  have  multiplied  greatly.  After  that  period 
has  elapsed  the  serum  usually  fails  to  act.  This  is 
partly  because  the  germicidal  and  antitoxic  substances 
of  the  serum  are  insufficient  in  amount,  partly  because 
suitable  antibodies  develop  for  only  a  portion  of  the 
varied  types  of  poison  produced  by  microorganisms 
and  partly  because  the  bacteria  developing  in  the  blood 
stream  and  tissues  of  the  body  develop  a  condition 
which  renders  them  resistant  to  the  germicidal  ac- 
tion of  the  serum. 

Practical  Therapeutic  Value  of  Bactericidal  Sera. — 
The  use  of  serums  having  specific  protective  prop- 
erties has  been  tried  practically  on  a  large  scale  in  man 
as  a  preventive  of  infection.  "  In  susceptible  animals 
injections  of  some  of  the  very  virulent  bacteria, 
as  pneumococci,  streptococci,  meningococci,  and  ty- 
phoid bacilli,  can  be  robbed  of  all  danger  if  small 
doses  of  their  respective  serums  are  given  before  the 
bacteria  have  increased  to  any  great  extent  in  the 
body.  If  given  later  they  are  usually  ineffective. 
Forsome  bacteria,  such  as  tubercle  bacilli,  no  serum 
has  been  obtained  of  sufficient  power  surely  to  pre- 
vent infection.  Through  bactericidal  serums,  there- 
fore, we  can  immunize  against  many  infections,  and 
even  stop  some  just  commencing;  but  as  yet  we  cannot 
cure  an  infection  which  is  already  fully  developed, 
though  even  here  there  is  reason  to  believe  that  we 
may  possibly  prevent  an  invasion  of  the  general  sys- 
tem from  a  diseased  organ,  as  by  the  pneumococcus 
from  an  infected  lung  in  pneumonia.     On  the  whole, 
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the  serums  which  simply  inhibit  the  growl  h  of  microbes 
without  neutralizing  the  toxins  have  not  given,  as 
observed  in  pracl  ice-,  conclusive  evidence  of  great  value 
in  already  developed  disease,  unless  tin-  serum  can 
be  brought  in  considerable  concentration  in  contact 
with  the  infected  tissues  as  is  done  by  intraspinal  in- 
jections in  cerebrospinal  meningitis.  An  important 
limitation  is  that  bacteria  apparently  similar  in  their 
morphological  and  cultural  characteristics  may  be 
quite  different  in  their  immunological  qualities. 
This  has  been  brought  out  very  clearly  by  I  he  H  ork  of 
Cole  who  found  that  the  majority  of  pneumococci  ex- 
citing pneumonia  in  New  York  belong  to  three  dis- 
tinct types  each  of  which  is  distinct  in  its  relation  to 
immune  sera.  Type  one  is  destroyed  by  antibodies 
produced  in  animals  because  of  infection  with  type 
one,  but  not  by  antibodies  produced  by  type  two. 
He  has  had  considerable  success  in  treating  cases 
caused  by  type  one,  when  type  one  serum  was  used, 
but  little  or  no  results  have  been  obtained  in  the 
treatment  of  cases  due  to  the  other  types  even  when 
sera  obtained  from  horses  immunized  to  similar  stains 
was  employed. 

Relative  Development  of  Antitoxins  and  Bactericidal 
Substances  in  the  Different  Infections. — Although  the 
serum  of  animals  which  have  been  infected  with  any- 
one of  many  varieties  of  bacteria  is  usually  both  anti- 
toxic and  bactericidal,  still  one  form  of  these  protect- 
ive substances  is  usually  present  almost  alone;  thus 
antitoxic  substances  are  present  almost  exclusively 
in  animals  injected  with  two  species  of  bacteria  which 
produce  powerful  specific  poisons — viz.,  the  bacilli 
of  diphtheria  and  tetanus.  When  the  toxins  of  either 
of  these  are  injected  in  small  amounts  the  animals 
after  complete  recovery  are  able  to  bear  a  larger  dose 
without  deleterious  effects.  To  Behring  and  Kitasato 
we  owe  the  discovery  that  this  protecting  substance 
accumulates  to  such  an  extent  in  the  blood  that  very 
small  amounts  of  serum  are  sufficient  to  protect  other 
animals  from  the  effects  of  the  true  extracellular  toxins. 

Except  the  diphtheria  and  tetanus  bacilli,  a  few 
only  of  the  important  parasitic  bacteria  attacking 
man  produce  these  extracellular  toxins  in  any  consid- 
erable degree  and  thus  become  capable  of  causing  the 
production  in  the  body  of  antitoxins,  and  even  these 
do  it  to  a  far  less  extent  than  those  of  tetanus  and  diph- 
theria. Following  them  are  the  dysentery  and  plague 
bacilli,  and  then  the  cholera  spirilla,  the  typhoid  bacilli, 
the  gonococci,  meningococci,  streptococci,  etc.  These 
latter  bacteria  when  injected  excite  more  of  the  sub- 
stances which  inhibit  bacterial  growth  than  of  those 
which  neutralize  their  toxins.  The  bacillus  of  symp- 
tomatic anthrax  and  of  botulismus  and  the  vegetable 
poisons  ricin,  crotin,  and  abrin  also  produce  specific 
antitoxins.  So  far,  neither  protozoa  nor  moulds  have 
been  shown  to  produce  specific  antitoxin,  though  with 
a  few  species  agglutinins  and  other  antibodies  have 
been  demonstrated. 

Passive  as  Contrasted  with  Active  Immunity. — 
After  the  immune  serum  is  injected  into  man  the  immu- 
nity is  highest  at  the  time  of  its  greatest  accumulation 
in  the  blood.  This  point  is  reached  instantaneously 
after  an  intravenous  injection,  but  only  after  forty- 
eight  to  thirty-six  hours  when  given  subcutaneously  as 
seen  in  the  estimation  of  the  antitoxin  content  in  the 
blood  of  two  goats  (Fig.  3376) ,  and  then  declines,  being 
rather  quickly  (in  several  months  or  weeks,  according 
as  to  whether  or  not  the  serum  is  injected  into  the 
same  species  of  animal  as  the  one  from  which  it  was 
drawn)  almost  entirely  lost,  so  that  repeated  injections 
are  required  to  maintain  the  immunity.  This  passive 
immunity  is  distinctly  in  contrast  to  the  active  im- 
munity acquired  after  the  introduction  of  microbes 
or  microbic  products,  where  the  tissues  of  the  organ- 
ism, in  ways  to  us  unknown,  throw  out,  in  response 
to  the  mierobal  stimulus,  inhibitory  or  antitoxic  sub- 
stances.    Here  immunity  is  actually  lessened  for  one 
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or  two  days,  and  then  is  increased,  and  reaches  its 
height  a  week  or  ten  days  after  the  inject  ion,  and  1  hen 
continues  for  a  week  or  two,  when  it  slowly  declines 
again  and  is  lost  after  several  months  or  years. 

Names  Attached  to  Suhstunn  s  I'nuluri nij  ('i/lnh/sis. — 
Different  investigators  have  applied  to  them  different 
names.     The  one  which  is  resistant  to    heat,  which 
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Average  antitoxin  content  -'(  one  o.o.  of  the  blood  of  goats  receiving  a  subcutaneous 
injection  of  10,000  unitaof  antitoxin. 

Fig.  3376. — Average  Antitoxin  Content  of  Goats  Receiving  a 
Subcutaneous  Injection  of  10,000  Units  of  Antitoxin.  (Park 
and  Williams  on  Pathogenic  Microorganisms,  Lea  and  Febiger.) 

attaches  itself  directly  the  the  cells,  even  at  low  tem- 
peratures, and  is  increased  during  immunization,  is 
called  sensitizing  substance,  interbody,  amboceptor, 
or  immune  body.  The  other,  which  is  sensitive  to 
heat,  is  present  in  the  healthy  normal  serum,  is  not 
increased  during  immunization,  and  which  unites 
with  the  cells'  protoplasm  only  at  temperatures  above 
the  freezing-point,  is  called  alexin,  or  complement. 

The  immune  body  attaches  itself  to  the  cellular 
substance,  but  does  not  appreciably  harm  the  cells. 
The  complement  destroys  the  cells  after  the  immune 
body  has  made  the  cell  vulnerable. 

According  to  Ehrlich,  the  immune  body  first  unites 
with  the  protoplasm  of  the  cell  and  this  develops  in 

the  immune  body  an  affin- 
ity for  the  complement 
and  the  two  unite.  (See 
Fig.  3377.)  He  believes 
that  it  is  through  the  im- 
mune body  that  the  com- 
plement exerts  its  action 
on  the  cell.  Very  similar 
to  the  immune  body  is  the 
substance  called  opsonin. 
This  unites  with  the  cell, 
but  instead  of  making  it 
sensitive  to  the  comple- 
ment it  makes  it  sensitive 
to  some  ferment  contained 
in  the  leucocytes. 

Bordet's  Theory. — Bor- 
det  supposes  that,  instead 
of  the  tissue  cell  receptors 
which  have  combined  with 
the  toxin  or  foreign  cell 
substance  (antigen,  hap- 
tine)  producing  an  excess 
of  similar  receptors,  the 
body  of  the  animal  that  is 
immunized,  instead  of  re- 
producing old  receptors 
in   large  amount   without 


Fig.  3377. — Graphic  Repre- 
sentation of  Amboceptor,  or  Re- 
ceptor of  the  Third  Order,  and 
of  Complement,  showing  on  left 
the  immune  body  uniting  com- 
plement to  foreign  cell  and  on 
right  the  action  of  anticomple- 
ment,  binding  complement:  A, 
complement;  B,  intermediary 
body;  C,  receptor;  D,  cell;  E, 
nnticomplement-  (Park  and 
Williams  on  Pathogenic  Micro- 
organisms, Lea  and  Febiger-) 


changing  them,  builds  up  substances  which  in  their 
character  resemble  but  are  not  identical  with  pre- 
existent  principles.  These  %ew  substances  have  be- 
come endowed  with  a  more  marked  affinity  for  the 
specific  antigen  in  question.  Bordet  considers  that 
Ehrlich,  in  offering  explanations  which  seem  defini- 
tive, has  caused  certain  problems  which  have  scarcely 


t  ><  ■'  ■  r  ■  1 1,  u  eh  I'll  upon  i,,  i,.'  regarded  as  settled.     Accord- 
ing to  Bordet,  Ehrlich  is   wrong  in  attributing  such 

special  properties  to  the  immune  body  alone  rather 
than  to  both  antigen  and  immune  body  to  an  equal 
degree.  He  states  that,  "as  a  matter  of  fact,  these 
phenomena  should  lie  related,  not  as  regards  antigen 
fir  antibody  considered  separately,  but  as  regards  the 
Complexes  which  result  from  their  union,  and  it  is 
evident  that  the  special  properties  of  the  antigen 
must  affect  markedly  anil  perhaps  to  a  prepondci 
ating  degree  the  qualities  of  such  complexes.  Just, 
as  the  union  of  agglutinins  with  microbes  produces  in 
them  a  remarkable  sensitivity  to  the  agglutinating 
effect  of  electrolytes  by  mollifying  their  property  of 
molecular  adhesion,  in  a  similar  way  sensitizers  confer- 
on  their  antigens  a  similar  modified  property  of  adhe 
sion,  namely,  alexin  absorption."  In  his  opinion,  an- 
tibodies, whatever  their  nature,  act  very  much  alike; 
but  the  effects  which  they  produce  differ  with  the 
antigen  in  question. 

Most  of  the  experiments  which  have  been  made  with 
the  purpose  of  clearing  up  these  difficult  problems 
have  been  made  upon  red-blood  cells.  Here  the  ab 
sorption  of  the  immune  bodies  at  low  temperatures 
and  the  lack  of  noticeable  injury  until  the  comple- 
ment is  added  at  a  suitably  high  temperature  is  very 
striking. 

Multiplicity  of  Immune  Bodies  and  I 'um plements. — 
The  immune  bodies  are  very  numerous  anil  fairly 
specific  in  their  action.  The  complement  substance 
is  much  less  specific  and,  although  probably  multiple, 
when  chemically  considered,  each  variety  acts  upon 
widely  different  bacteria  and  cells  after  they  have 
united  with  the  immune  body.  There  is  little  reason 
to  think  that  the  complement  of  one  animal  is  any 
more  capable  of  attacking  cells  prepared  by  immune 
bodies  developed  in  its  blood  than  by  immune  bodies 
developed  in  some  other  species. 

Relation  between  Virulence  and  the  Building  of  Im- 
mune Bodies. — It  is  probable  that  organisms  which 
have  recently  caused  infection  produce  in  somewhat 
different  degree  the  poisons  they  are  capable  of  elabor- 
ating than  do  similar  ones  which  have  grown  for  a 
long  time  on  artificial  media,  ami  it  is  necessary  there- 
fore, in  immunizing  experiments,  to  test  by  experi- 
ment each  variety  before  substituting  stock  vaccines  for 
freshly  isolated  cultures.  Many  varieties  of  bacteria 
stimulate  the  production  of  antibodies  equally  well 
whether  they  have  been  grown  on  artificial  media  or 
have  been  recently  isolated.  It  must  be  remembered 
that  increase  of  virulence  for  one  species  of  animal  does 
not  mean  increase  for  all  animals;  so  that  in  order 
to  draw  conclusions,  the  animal  upon  which  the  viru- 
lence is  tested  must  be  the  same  variety  as  the  one 
being  immunized. 


Origin  of  Antibodies. — Many  types  of  cells  un- 
doubtedly produce  antibodies,  but  some  more  than 
others. 

The  cells  of  the  spleen,  bone  marrow,  lymphatic 
organs  and  connective  tissues  seem  to  be  among  the 
most  active  producers  of  antibodies. 

Wassermann  and  Citron  tested  the  blood  and  perit- 
oneal fluids  of  immunized  animals  for  antibodies. 
Those  receiving  intravenous  injections  had  a  greater 
concentration  in  the  blood,  and  those  having  received 
intraperitoneal  injections  the  greater  in  the  peritoneal 
fluid.  In  another  case  they  amputated  the  ear  of  a 
rabbit  after  having  previously  injected  into  the  tissues 
of  the  ear  typhoid  bacilli.  The  antibodies,  which 
were  increasing  in  the  blood  before  the  amputation, 
began  immediately  after  the  operation  to  diminish. 
Romer  instilled  abrin  in  a  rabbit's  eye  and  found  anti- 
toxin developed  in  the  retina  of  that  eye,  while  the 
other  eye  developed  none.  These  facts  as  well  as 
many  others  prove  that  antibodies  are  developed  by 
various  types  of  cells,  when  influenced  by  the  absorp- 
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tion  of  the  bacterial  substances  and  that  the  cells 
retain  a  portion  of  the  produced  antibodies. 

Origin  of  Complement  (Alexin). — The  cells  which 
have  abundant  nuclear  substance,  such  as  the  leuco- 
cytes and  lymph  cells,  seem  especially  to  be  a  source, 
and  Metchnikoff  asserts  their  preeminent  role  as  the 
producers  of  both  complements  and  immune  bodii 
Buchner  and  others  have  found  that  after  injection  of 
bacterial  filtratep  the  leucocytes  were  attracted  in 
great  numbers  to  the  region  of  injection,  and  thai 
the  fluid  here,  which  was  rich  in  leucocytes,  was 
more  bactericidal  than  that  of  the  blood  serum 
elsewhere.  Some  claim  to  have  demonstrated  that 
along   with   increased   leuCOCytosis  there  i.s  a    general 

increase  in  the  « iplemenl    in  the  blond;  still,  it   lias 

not  yet  been  positively  established  that  the  comple- 
ment is  derived  solely  from  the  leucocytes,  nor  from 
all  leucocytes,  and  a  mere  increase  in  them  does  not 
always  mean  an  increase  in  the  complement. 

Multiparlial  or  Polyvalent  Sera. — Microbes  are  not 
homogeneous  masses  of  protoplasm,  but  are  made  up 
of  various  molecules  which  differ  biologically  from 
one  another.  Conforming  to  this,  the  antisubstance 
immune  bodies  (antitoxins,  opsonins,  etc.),  which 
appear  in  a  serum  are  made  up  of  the  sum  of  the  anti- 
bodies which  correspond  to  these  partial  elements  in 
the  microorganism.  These  separate  groups  are  called 
"partial  groups."  An  immune  serum,  therefore, 
consists  of  the  partial  groups  which  correspond  to 
the  separate  partial  elements  of  the  microbial  body. 
We  are  further  able  to  show  that  these  partial  elements 
in  one  and  the  same  microbial  species  are  not  the  same 
for  all  individuals  of  that  species.  Thus  one  culture 
of  streptococci  or  of  Bacillus  coli  may  have  a  few 
partial  elements  which  differ  from  those  of  another 
culture.  What  is  the  consequence  of  this?  The  con- 
sequence will  be  that  when  we  immunize  with  a  cul- 
ture a  of  such  bacteria  we  shall  obtain  a  serum  which 
acts  completely  on  this  culture,  for  in  this  serum  all  the 
partial  elements  present  in  culture  a  are  represented. 
If,  however,  we  employ  culture  b,  e,  or  d,  which 
perhaps  possesses  other  partial  elements,  we  shall 
find  that  the  serum  does  not  completely  affect  these 
cultures.  As  already  stated,  such  a  condition  of 
things  is  met  with  in  inflammations  due  to  strepto- 
cocci and  other  bacteria,  and  is,  therefore,  of  consider- 
able practical  importance.  It  is  because  of  this  fact 
that  a  serum  from  an  animal  immunized  to  one  culture 
acts  best  only  in  a  certain  percentage  of  cases.  In 
order  to  overcome  this  difficulty  in  persons  infected 
with  these  bacterial  species  we  have  no  choice  but 
to  make  sera,  not  by  means  of  one  culture,  but  by 
means  of  a  number  of  different  strains  of  the  same 
species.  The  result  of  this  will  be  that,  corresponding 
to  the  various  partial  elements  in  these  different 
cultures,  we  shall  obtain  a  serum  containing  a  large 
number  of  the  partial  groups.  Such  a  serum  will 
then  exert  a  specific  action  on  a  large  number  of  differ- 
ent cultures,  but  not  quite  as  great  an  influence  on 
any  one  as  if  only  that  variety  had  been  injected. 

In  other  words,  the  development  and  the  closer 
analysis  of  the  problem  of  immunity,  especially  during 
the  past  few  years,  have  shown  us  that  we  must 
make  use,  more  than  heretofore,  of  so-called  polyvalent 
or  multipartial  sera.  In  the  serum  therapy  of  strep- 
tococcus infections,  of  dysentery,  etc.,  the  production 
of  such  multipartial  sera  is  an  advantage  in  practice. 
Owing  to  these  partial  groups  also,  a  serum — e.g. 
antityphoid  serum — can  specifically  affect  to  a  very 
slight  degree  a  closely  allied  species  of  bacterium,  like 
Bacillus  coli,  for  example. 

The  Roll  oj  the  Leucocytes. — The  theory  of  Metchni- 
koff, that  the  leucocytes  were  the  only  actual  pro- 
teci  tve  bodies  which  warded  off  disease,  and  that  they 
did  this  by  attacking  the  bacteria,  was  founded  on  the 
fact  that  certain  of  the  white  cells  possess  the  power  of 
taking  up  into  themselves  pathogenic  bacteria,  which 
are  there  destroyed.     It  was  later  observed  that  these 
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cells  have  the  property  of  taking  from  the  blood  many 

lifeless  foreign  elements. 

The  question  thereby  arose  as  to  whei  her  I  hese  cells 
engulfed  and  then  killed  the  bacteria,  or  whether  per- 
haps other  substances  previously  prepared  them  be- 
fore the  cells  took  them  up.  'lie  ktttci  opposition 
was  found  to  be  the  fact.  Xeufeld  called  these  sub- 
stances bacteriotropins,  and  Wright,  opsonins.  The 
leucocytes  and  the  chemical  substances  of  the  blood 
thus  both  play  an  important  part.  The  death  ol 
bacteria  a  1st.  liberates  positive  chemotactic substances, 
and  the  disintegration  of  the  white-blood  cells  gives 
rise  to  bactericidal  bodies.  We  find  that  phagocytosis 
is  most  marked  when  the  disease  is  on  the  decline  or 
the  infection  mild,  but  is  usually  absent  in  rapidly 
increasing  infection.  This  would  seem  to  indicate 
that  the  course  of  the  infection  i.s  often  already  deter- 
mined before  the  leucocytes  become  massed  at  the 
point  of  its  entrance.  The  first  determining  influence 
is  given  by  the  condition  of  1  ho  tissues  and  the  amount 
of  bactericidal  .substances  contained  in  them,  and 
then,  later,  in  cases  where  the  bacteria  have  been 
checked,  comes  the  additional  help  of  the  leucocytes. 
If  the  tissues  are  wholly  free  of  bactericidal  and  sen- 
sitizing substances,  neither  they  nor  the  leucocytes, 
nor  both  combined,  can  prevent  the  bacterial  increase. 
The  simple  engulfing  by  the  cells  of  bacteria  is  not 
necessarily  a  destructive  process.  Metchnikoff  be- 
lieves that  the  polymorphonuclear  leucocytes  are 
especially  antibacterial  in  relation  to  acute  infections. 
The  large  phagocytes  are  conceived  to  deal  chiefly 
with  tin-  resorption  of  animal  cells  and  with  immunity 
to  certain  chronic  diseases,  such  as  tuberculosis. 

The  present  great  interest  in  the  subject  of  the  op- 
sonins is  largely  due  to  the  investigations  and  in- 
fluence of  Wright.  We  should,  however,  recognize 
the  important  earlier  work  of  others.  Denys  and  Le- 
clef  had  previously  shown  that  in  the  case  of  rabbits 
immunized  against  streptococci,  the  increased  phago- 
cytosis was  due  to  an  alteration  in  the  serum  and  not 
to  changes  induced  in  the  leucocytes.  They  demon- 
strated that  the  leucocytes  of  the  immunized  animal 
when  placed  in  normal  serum  showed  no  greater  phago- 
cytic activity  than  normal  leucocytes  did,  and  that 
therefore  the  substances  in  the  serum  favoring  phago- 
cytosis united  with  the  bacteria.  Wright  and  Douglass 
definitely  showed  that  phagocytosis  of  bacteria  in 
normal  serum  depends  upon  a  special  substance  in 
the  serum  which  becomes  fixed  to  the  bacteria  and 
then  prepares  them  for  phagocytes.  They  called 
this  substance  opsonin.  Neufeld  and  Rimpau  dis- 
covered the  same  point  independently.  Wright  dealt 
mostly  with  normal  serum,  while  Xeufeld  used  serum 
from  immunized  animals. 

Wright  originated  the  idea  of  estimating  the  changes 
in  the  opsonic  power  of  the  blood  for  the  purpose  of 
guiding  the  use  of  vaccines  in  the  treatment  of  bac- 
terial infections.     Thus  he  states: 

"I  have  found  that  there  exists  in  the  serum  of  the 
successfully  inoculated  patient  an  increase  of  opsonin. 
This  is  a  substance  which  lends  itself  to  very  accurate 
measurement  by  a  modification  of  Leishman's  method. 
By  the  aid  of  this  method  the  patient's  progress  or 
regress  can  be  very  accurately  followed." 

Where  vaccines  are  injected  Wright  states  there 
supervenes  a  negative  phase  where  there  is  a  di- 
minished content  in  protective  substances.  This  is 
succeeded  by  a  positive  phase.  This  inflowing  wave 
of  protective  substances  rapidly  flows  out  again,  but 
leaves  behind  in  the  blood  a  more  or  less  permanently 
increased  content  of  protective  substances.  When  a 
small  dose  of  vaccine  is  given  the  negative  phase  may 
hardly  appear,  but  the  positive  phase  may  be  corre- 
spondingly diminished.  »Where  an  unduly  large  dose 
of  vaccine  is  inoculated  the  negative  phase  is  pro- 
longed and  much  attenuated.  The  positive  phase  may 
in  such  a  case  make  default. 

It  will  be  obvious  that,  if  we,  in  the  case  of  a  pa- 
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tient  who  is  already  the  subject  of  a  bacterial  invasion, 
produce  by  the  injection  of  an  excessive  dose  of  vac- 
cine a  prolonged  and  well-marked  negative  phase,  we 
may,  instead  of  benefiting  the  patient,  bring  about 
conditions  which  will  enable  the  bacteria  to  run  riot  in 
his  system. 

An  immense  amount  of  investigation  has  revealed 
the  fact  that  the  index  cannot  be  obtained  accurately 
enough  to  be  a  safe  guide  in  single  tests  to  be  used  in 
diagnosis  or  treatment  unless  the  variation  from  the 
normal  is  exceptionally  great  and  that  the  opsonic 
content  is  not  a  safe  guide  for  the  measure  of  the  total 
antibodies  in  the  blood. 
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Fiq.  3378 — Opsonic  Curve  Showing  the  Slight  Immediate  Rise 
and  the  Later  Negative  and  Positive  Phases  Following  Inoculation. 
The  changes  here  are  more  regular  than  usual-  (Park  and  Williams 
on  Pathogenic  Microorganisms,  Lea  and  Febiger.) 

Observation  of  the  Relation  of  the  Course  of  Infection 
to  Phagocytosis. — The  death  of  the  bacteria  liberates 
this  positive  chemotactic  substance,  and  the  death  of 
the  leucocytes  gives  rise  to  an  increase  of  the  non- 
specific bactericidal  bodies.  Thus  we  find  that  phago- 
cytosis is  most  marked  when  the  disease  is  on  the 
decline  or  the  infection  mild,  but  that  in  rapidly  in- 
creasing progressive  infection  it  is  usually  absent. 
This  would  seem  to  indicate  that  the  course  of  the  in- 
fection is  already  determined  before  the  leucocytes 
become  massed  at  the  point  of  its  entrance.  The 
first  determining  influence  is  given  by  the  condition  of 
the  tissues  and  the  bactericidal  substances  contained 
in  them,  and  then  later,  in  cases  in  which  the  infection 
is  checked,  comes  the  additional  bactericidal  substance 
given  off  by  the  attracted  leucocytes.  In  so  far  as  the 
tissues  themselves  are  unsuitable  for  the  development 
of  bacteria  they  are  sufficient  to  ward  off  infection,  but 
in  proportion  as  they  are  incapable  of  doing  this  they 
are  assisted  by  the  substances  contained  in  the  leuco- 
cytes. If  the  tissues  are  wholly  adapted  for  the  growth 
of  the  bacteria,  neither  they  nor  the  leucocytes,  nor  both 
combined,  can  furnish  sufficient  protective  substances 
to  prevent  the  bacterial  increase.  The  entrance  of 
bacteria  into  the  leucocytes,  which  is  not  infrequent, 
may  inean  the  destruction  of  the  former;  but,  on  the 
other  hand,  the  bacteria  may  increase  in  the  white 
blood  cells  and  destroy  them,  and  they  may  be  killed 
without  entering  the  cells.  The  simple  absorption 
by  the  cells  is  not  necessarily  a  destructive  process. 

Immunity  to  Poisons. — No  explanation  can  as  yet 
be  given  of  natural  immunity  to  bacterial  poisons,  ex- 
cept that  it  may  be  connected  with  some  general 
property  of  the  protoplasm  of  the  cells  which  renders  a 
combination  between  certain  molecules  of  the  cell 
and  the  poison  impossible;  thus,  if  tetanus  toxin  is 
injected  into  a  susceptible  animal  it  has  been  found 
that  it  will  disappear  from  the  blood  in  a  few  minutes. 
If  the  cells  are  subjected  to  suitable  processes  the 
tetanus  poison  will  be  found  present  in  all  the  cells 
except  those  of  the  nervous  system.  In  these  it  has 
apparently  disappeared.  As  these  are  the  cells  that 
received  injury  from  the  toxin  it  is  fair  to  assume  that 
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some  chemical  combination  has  occurred  between 
them  and  the  toxin.  There  is  far  less  variation  among 
differen!   species  in  their  resistance  to  the  bacterial 

poisons  than  in  their  suitability  for  the  growth  of  the 
living  bacteria  which  produce  them.  Possibly  cer- 
taia  organs,  such  as  the  lymph  glands,  the  liver,  etc  . 
may  have  some  destructive  power  with  regard  to 
poisons. 

Suture  of  Virulence. — By  what  means  are  virulent 
bacteria  enabled  to  increase  in  the  body,  when  non- 
virulenl  organisms  of  I  he  same  species  are  incapable 
of  so  doing?  This  is  but  little  understood,  but  ex- 
periment shows  in  the  first  place  that  both  virulent 
and  non-virulent  tonus  are  equally  resistant  to  gen- 
eral destructive  agencies;  and,  secondly,  that  the 
bacteria  are  capable  of  producing  substances  which 
prevent  access  of  immune  bodies  or  neutralize  them. 
The  virulence  of  bacteria  would,  therefore,  depend 
partly  upon  their  ability  to  produce  these  poisons, 
which  act  perhaps  as  the  ferments  upon  the  ant  ibodies, 
or  perhaps  combine  with  them.  That  bacteria  under 
certain  conditions  form  specific  poisons,  and  under 
others,  even  when  they  grow  luxuriantly,  do  not,  is 
clearly  shown  by  our  experiments  on  the  production 
of  diphtheria  toxin.  Here  it  was  found  that  when  the 
bouillon  was  either  a  little  too  alkaline  or  too  acid, 
though  the  bacilli  grew  rapidly,  they  did  ao1  produce 
specific  toxins.  When  the  bacilli  were  grown  for  a 
time  in  such  bouillon  they  eventually  became  able  to 
develop  toxin  in  a  soil  in  which  they  previously  failed 
to  do  so.  Similar  cultivation  in  the  body  may  be 
assumed  to  increase  their  ability  to  produce  specific 
poison  after  a  while  under  what  would  at  first  be 
adverse  conditions. 

Ehrlich's  Theory  of  the  Production  of  Antibodies. — 
According  to  Ehrlich  the  production  of  ant  itoxins  and 
of  the  specific  portion  of  bactericidal  sera  is  due  to 
overproduction  of  molecules  in  cells  sensitive  to  the 
toxins  or  bacterial  cell  products.  Ehrlich  considers 
that  toxin  molecules  have  what  he  calls  haptophore 
atom  groups  which  find  in  sensitive  animals  cells  and 
atom  groups  having  for  them  an  affinity.  The  groups 
unite  and  later  the  poison  or  toxophore  atom  group  of 
the  toxin  molecule  having  been  assimilated  acts  upon 
the  vital  part  of  the  protoplasm  of  the  cell,  and  injury 
results.  This  injured  cell  substance  is  replaced  by  the 
cell  in  excess,  and  this  excess  is  thrown  off  free  in  the 
blood.  This  free  cell  substance  has  affinities  similar 
to  what  it  had  in  the  cells  and  so  unites  with  the  toxin 
molecules,  and  satisfying  them,  neutralizes  their 
poisonous  properties. 

When  the  substance  of  bacterial  cells  is  injected  into 
a  susceptible  animal  body,  there  results  in  the  same 
way  as  with  toxins  an  injury  of  certain  cell  molecules, 
and  an  attempt  at  repair,  with  usually  an  overproduc- 
tion. The  specific  substances  produced  cannot  alone 
attack  living  bacterial  cells  similar  to  those  whose 
protoplasm  has  previously  caused  the  injury.  To  de- 
stroy the  bacterial  cell,  besides  the  specific  "antibody" 
there  is  needed  a  complementary  body.  This  is  the 
substance  normally  present  in  all  healthy  sera.  The 
two  substances  together,  uniting  with  the  bacterial 
cell,  destroy  it. 

According  to  Ehrlich  these  specific  substances  are 
present  in  minute  amount  in  all  living  animals.  After 
an  injection  or  a  series  of  injections,  that  one  which  has 
affinity  for  the  poison  or  bacterial  protoplasm  is  enor- 
mously increased.  These  atom  groups  of  the  large 
molecules  of  certain  body  cells  are  "side  chains"  as  it 
were,  which  stand  in  the  same  relation  as  the  side 
chains  of  the  aromatic  attachment  to  the  benzol 
nucleus.  On  the  ability  of  these  groups  to  unite  lies 
their  tendency  to  be  poisoned  or  to  proteet 

The  agglutins  seem  to  have  a  close  resemblance  to, 
if  they  are  not  identical  with,  the  antibodies,  which 
together  with  the  complementary  bodies  destroy  the 
bacteri. 

Ehrlich's  "side-chain"  theories  have  helped  greatly 
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to  establish  that  the  protect  ion  given  by  antitoxic  and 
bactericidal  serums  is  due,  for  the  most  part  al  Ii 
to  purely  chemical  act  inn,  the  ant  itoxins  uniting  with 
the  toxins,  and  the  bactericidal  ant  i  I  mdies  and  comple- 
mentary bodies  combining  with  the  bacterial  cells. 

The  Production  of  Sera  for  Therapeutic  Pur- 
poses.— The  injection  of  toxins  and  bacterial  poisons 
is  followed  after  forty-eight  to  ninety -six  hours  by  the 
development  of  protective  substances.  The  immu- 
nity reaches  its  height  a  week  or  ten  days  after  the 
injection,  and  then  continues  for  a  week  or  two,  when 
it  slowly  declines  again.  When  protective  sera  are  in- 
jected the  immunity  is  greatest  at  the  time  of  the  in- 
jection and  then  gradually  lessens.  The  immunity 
following  serum  injections  is  frequently  called  passive 
immunity  and  that  due  to  bacterial  or  toxin  injections 
active  immunity. 

If  a  greater  quantity  of  protective  substance  is  de- 
sired in  the  blood  than  occurs  after  one  infection,  re- 
peated injections  of  living  or  dead  bacteria  or  their 
products  are  given,  the  doses  being  administered  at 
short  intervals  and  in  sufficient  amount  to  produce  a 
slight  elevation  of  temperature  and  malaise.  Then, 
as  soon  as  the  animal  returns  to  a  normal  condition, 
another  injection  of  slightly  greater  quantity  is  given. 
After  several  months  of  such  treatment  the  blood  is 
withdrawn,  allowed  to  clot,  and  the  serum  then  si- 
phoned off  aseptically  and  stored  either  with  or  with- 
out the  addition  of  preservatives. 

Testing  of  Immunizing  Value  of  Sera. — The  serum 
is  tested  by  mixing  it  with  a  certain  number  of  times 
the  fatal  dose  of  a  culture  or  its  toxins  whose  virulence 
or  toxicity  is  known,  and  then  injecting  this  under 
the  skin,  in  the  vein,  or  into  the  peritoneum,  according 
to  the  nature  of  the  bacteria  to  be  tested.  The  main 
point  is  that  some  definite  method  be  carried  out  by 
which  the  relative  value  of  the  serum  can  be  judged  in 
comparison  with  other  serums.  As  a  rule,  the  value  is 
stated  in  the  number  of  fatal  doses  of  culture  or  of 
toxin  which  a  fraction  of  a  cubic  centimeter  of  serum 
will  prevent  from  destroying  the  animal.  It  is  well  to 
remember  that  with  a  living  germ  a  multiple  of  a  fatal 
dose  is  not  as  much  more  severe  than  a  single  dose 
as  the  figure  would  suggest.  One  thousand  times  a 
fatal  dose  of  a  very  virulent  microorganism  will  be 
neutralized  by  several  times  the  amount  of  serum  which 
a  single  fatal  dose  requires,  since  in  the  ease  of  very 
virulent  living  bacteria  whose  virulence  is  due  to  their 
ability  to  increase,  it  is  not  the  organisms  which  are 
introduced  that  kill  but  the  millions  that  develop 
from  them.  As  a  rule,  the  serum  has  to  be  given  be- 
fore the  bacteria  introduced  into  the  body  have  multi- 
plied greatly.  After  that  period  has  elapsed  the  serum 
usually  fails  to  act.  The  immunity  conferred  on  a 
person  from  serum  lasts  from  a  few  days  to  several 
months,  according  to  the  amount  of  serum  injected. 
As  in  animals,  it  is  strongest  immediately  after  absorp- 
tion. An  injection  of  bacterial  poisons  or  the  contrac- 
t  inn  of  actual  disease  usually  confers  immunity  in  from 
one  to  three  weeks  after  the  infection,  which  lasts,  ac- 
cording to  the  nature  of  the  infection,  from  one  month 
to  a  year  or  more.  The  serum  loses  all  appreciable 
protective  value  as  measured  in  test  animals  in  the 
usual  doses  before  the  person  is  liable  to  infection. 
Repeated  injections  of  serum  continue  this  condition 
of  immunity  indefinitely. 

Inherited  Immunity. — Natural  immunity  pertains 
more  to  species  than  individuals,  and  such  immunity  is 
handed  down  by  the  parents  to  their  offspring.  '  If 
the  immunity  of  one  or  both  parents  has  been  acquired 
by  them  during  their  lifetime  previous  to  the  birth  of 
the  offspring  the  immunity  conferred  is  wholly  through 
the  mother.  In  the  case  of  the  female  parent  factor 
comes  into  play  after  the  fructification  of  the  ovum — 
viz.,  the  absorption  of  products  from  the  fluids  of  the 
mother,  for  the  placenta  is  no  barrier  to  soluble  sub- 
stances.    Thus,  sheep  which  have  been  immunized 
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in  anthrax  have  moderately  immune  young,  and  I 

i  ^sing  antitoxins  transmit  a  portion  to  their  oflf- 
pring.  Antitoxins  injected  info  the  parents  pas 
placenta,  giving  thus  a  passive  immunity  which  gradu- 
ally lessens  and  disappears  in  six  to  twelve  months. 
A  slight  immunity  is  also  given  by  immune  mothers 
through  their  milk,  a  small  amount  of  antitoxic  sub- 
stance being  absorbed  from  the  intestines  during 
the  first  few  days  of  life.  When  the  parent  is  im- 
munized by  the  injection  of  sera  from  animals  of 
another  species  the  immunity  transmitted  is  much 
less  and  lasts  for  a  few  weeks  only. 

William  II.  Park. 


Impetigo. — This  is  an  acute  specific  inflammatory 
affection  of  the  skin,  spontaneously  and  experimen- 
tally inoculable,  contagious,  and  epidemic;  charac- 
terized by  the  formation  of  superficial  flaccid  vesicles 
which  soon  rupture  and  give  place  to  crusts  formed 
by  the  drying  of  the  effused  serum.  These  crusts  are 
without  inflammatory  areola  and  look  as  if  stuck  on 
the  sound  skin,  the  underlying  epidermic  erosions 
healing  in  a  few  days  without  leaving  cicatrices. 

Impetigo  is  a  disease  peculiar  to  infants  and  young 
children,  not  that  there  is  with  them  any  special 
underlying  predisposing  cause  in  the  soil,  so  to  speak, 
such  as  a  strumous  or  lymphatic  condition  as  is  often 
alleged,  but  that  simply  their  skins  are  more  delicate, 
particularly  that  of  the  face,  where  the  corneal  epi- 
dermis is  less  thick  and  where  impetigo  occurs  most 
frequently. 

Given  an  erosion  of  the  skin — and  the  thinner  the 
skin  the  more  easily  does  erosion  occur — and  the  in- 
troduction of  the  special  germ,  a  characteristic  lesion 
of  impetigo  will  result.  The  accidental  causes  which 
lead  to  this  inoculation  are  those  that  conduce  to 
scratching  by  which  the  skin  is  broken,  such  as  phthi- 
riasis,  especially  of  the  scalp,  and  scabies.  Eczema 
may  lead  to  impetigo.  The  contagiousness  of  im- 
petigo was  clinically  established  by  Devergie  and 
experimentally  proven  later  by  Tilbury  Fox,  of  Lon- 
don, and  others.  Fox  prefixed  the  term  contagious, 
which  would  make  it  appear  that  his  "contagious 
impetigo"  was  a  different  affection  from  the  impetigo 
of  the  French  school,  which  is  not  the  case.  Impetigo 
and  "contagious  impetigo"  are  one  and  the  same 
disease  and  "contagious"  is  an  entirely  unnecessary 
and  confusing  qualification.  Through  the  more  or 
less  intimate  association  with  the  greater  opportunity 
for  contagion  that  takes  place  in  schools  and  families, 
impetigo  may  become  epidemic  solely  through  the 
inoculation  of  one  by  the  other  of  the  members  of 
such  bodies.  The  direct  and  efficient  cause  of  im- 
petigo is  a  microorganism — one  of  the  streptococci. 

The  elementary  lesion  of  impetigo  is  an  erythem- 
atous spot  but  slightly  if  at  all  elevated,  varying  in 
size  from  the  head  of  a  large  pin  to  that  of  a  split  pea. 
This  lesion  is  very  transitory  and  gives  place  in  a  few 
hours  to  a  superficial  flaccid  vesicle  containing  a.  clear 
limpid  serum.  The  thin  corneal  covering  of  this 
blister-like  lesion  is  easily  ruptured,  spontaneously 
or  by  scratching,  allowing  to  exude  a  limpid  serum 
which  quickly  coagulates  and  forms  the  characteristic 
honey-like  crusts  that  appear  as  if  stuck  on  the  sound 
skin.  An  accumulation  of  these  friable  amber-yellow 
crusts,  without  surrounding  inflammatory  areola,  over 
the  cheeks,  forehead,  and  chin,  and  around  the  lips, 
presents  a  classical  picture  of  the  disease  known  as 
impetigo.  It  may  occur  on  any  part  of  the  body, 
but  the  face  is  the  familiar  location.  At  times,  after 
the  breaking  of  the  imperfect  vesicle,  little  or  no  exu- 
dation will  take  place,  so  that  no  crusts  are  formed, 
there  being  merely  a  thin  glaze  over  the  underlying 
superficial  erosion  which  heals  quickly,  leaving  an 
erythematous  spot  that  slowly  disappears.  This 
abortive  attempt  is  noticed  more  frequently  in  grown 
persons.     Ordinarily    through    successive    reinocula- 
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tions  an  attack  of  impetigo  will  last  for  from  throe  to 
four  weeks.  The  burning  and  itching,  though  slight, 
are  sufficient  in  a  child  to  cause  it,  to  scratch  Hie 
lesions,  thereby  infecting  the  linger  nails,  and  thus 
transference  to  other  parts  is  effected  with  the  estab- 
lishment of  new  lesions.  When  uncomplicated,  the 
lesion  of  impetigo  never  suppurates  and  terminates, 
after  falling  of  the  crust  and  the  gradual  disappearance 
of  the  underlying  reddened  area,  without  cicatrix. 

Impetigo  may  be  diagnosed  from  varicella  by  the 
more  widespread  distribution  of  the  latter,  impetigo 
being  essentially  regional;  the  vesicle  of  varicella  is 
smaller  and  more  prominent,  is  surrounded  by  a  wide 
area  of  erythema,  and  dries  up  into  smaller  and  far 
less  bulky  crusts. 

From  ecthyma  the  diagnosis  is  made  by  the  distri- 
bution of  the  lesions  of  the  latter  on  the  covered  por- 
tions of  the  body,  and  by  the  greater  intensity  of  the 
inflammatory  process  in  ecthyma  with  accompanying 
indurated  base,  wide  inflamed  areola  around  the  crust- 
covered  pustule,  and  deeper  erosive  action  upon  the 
skin. 

A  bullous  impetigo — a  rare  form — has  at  times  been 
erroneously  reported  as  "acute  pemphigus  in  chil- 
dren." 

A  crusted  impetigo  lesion  may  simulate  a  syphilide, 
especially  when  situated  around  the  mouth  and  chin 
in  adults;  if  the  lesion  is  one  of  syphilis  the  crust  on 
being  removed  will  be  found  to  have  surmounted  a 
papule  or  a  sanious  ulcer. 

Treatment  is  simple  and  effective.  Removal  of 
the  crusts  by  soaking  in  olive  oil  until  they  are  easily 
detached  is  the  first  step,  after  which  an  application, 
renewed  twice  daily,  of  a  five-  to  ten-per-cent.  oint- 
ment of  ammoniated  mercury  will  complete  the  heal- 
ing in  a  few  days,  leaving  only  the  after-redness  which 
in  turn  gradually  disappears.  This  treatment  is 
all-sufficient,  and  while  there  are  many  other  remedies 
that  will  perhaps  cure  as  well,  there  is  none  better  than 
this.  Charles  Townshend  Dade. 

Impotence. — See  Neuroses,  Sexual. 

Impregnation  is  "the  action  or  process  of  making 
pregnant,  fecundation"  (Murray).  It  includes  the 
two  functions,  copulation  and  fertilization.  The 
former  is  an  adaptation  to  fertilization  within  the 
oviduct,  and  is  described  in  another  article  (q.v.). 
Fertilization  is  the  essential  part  of  the  process.  It  is 
a  special  case  of  syngamy,  a  phenomenon  exhibited 
almost  universally  by  organisms  of  all  grades,  by 
plants  as  well  as  by  animals,  whether  unicellular  or 
multicellular.  Syngamy  is  the  union  of  two  cells, 
gametes,  to  form  a  new  cell,  zygote.  When  the  gametes 
are  alike  their  union  is  called  isogamy,  or  conjugation; 
when  they  are  unlike  the  process  is  called  anisogamy, 
or  fertilization.  In  all  multicellular  animals,  metazoa, 
fertilization  occurs  as  a  part  of  the  life-cycle,  and  is 
the  first  step  in  the  development  of  a  new  individual. 
The  gametes  differ  in  size  and  structure.  The  smaller 
more  active  microgamete  is  the  spermatozoon,  the 
larger  inactive  macrogamete  is  the  ovum,  and  the 
zygote  is  the  fertilized  ovum.  (See  articles  Germ-Cells, 
Maturation,  Ovum  and  Spermatozoon.) 

For  many  centuries  the  process  of  fecundation  was 
wrapped  in  the  deepest  mystery.  Although  sper- 
matozoa were  discovered  as  long  ago  as  1677  by 
Hamm  and  Leeuwenhoek,  and  were  believed  by 
them  to  be  germs  which  enter  the  egg,  the  first  step 
toward  gaining  actual  knowledge  of  the  process  was 
the  discovery  of  the  possibility  of  artificial  fertilization 
by  Jacobi  in  1764.  Before  this  the  spermatozoa 
were  believed  by  many  to  be  merely  parasites.  Their 
name  was  given  to  them  by  von  Baer  with  this  idea 
in  mind.  The  position  of  the  "ovists"  was  strength- 
ened by  the  discovery  of  parthenogenesis  by  Bonnet, 
who  published  in  1762  the  results  of  experiments 
begun  in  1740,  which  showed  that  in  some  cases  an 


embryo  can  be  formed  without  a  male  parent. 
Jacobi's  work  was  followed  i,\  a  remarkable  series 
of  experiments  by  Spallanzani  (1786),  which  proved 
among  other  things  that  the  seminal  fluid  when  de- 
prived of  spermatozoa  by  filtration  is  sterile.  But 
not  until  (illy  years  later  did  the  memorable  experi- 
ments of   Prevost  and    Dumas   (1824)  establish  the 

fact    I  ha  I    Ilie    spcrnialozoa    are    the    essential    factors 

in  fertilization.  While  these  keen  observers  of  the 
latter  half  of  the  eighteenth  century  and  the  first 
half  of  the  nineteenth  did  much  necessary  preliminary 
work  in  this  direction,  they  so  far  failed  to  clear  up 
the  mystery  that  it  was  possible  for  Johannes  Muller 

to  write  ill  his  "Physiology"  in  1840  that  it  was  un- 
certain whether  the  spermatozoa  are  parasites  or  not; 
and,  although  Schwann  had  declared  the  egg  to  be  a 
cell  as  early  as  1838,  if  was  still  possible  in  187.5  for 
a  distinguished  zoologist,  Alexander  Goette,  to  write 
"that  the  egg  is  a  mass  of  non-living  yolk  which, 
under  the  influence  of  the  spermatozoon,  gradually 
comes  into  a  living  condition."  While  the  process  is 
still  sufficiently  wonderful  and  mysterious,  a  great 
deal  has  been  done  during  the  past  forty  years  to 
render  it  intelligible. 

The  first  great  discovery  was  made  by  Oscar 
Hertwdg,  who  observed  in  1875  that  the  egg  of  a  sea- 
urchin,  Toxopneustes  lividus,  is  normally  fertilized  by 
the  entrance  of  a  single  spermatozoon,  and  that  the 
spermatozoon  gives  rise  to  a  nucleus  which  unites 
with  the  nucleus  of  the  egg,  forming  by  this  union  the 
segmentation,  or  cleavage,  nucleus.  We  know  now  , 
as  the  result  of  numerous  observations,  that  both 
the  egg  and  the  spermatozoon  are  living  cells,  and 
that  they  are  morphologically  equivalent,  except  in 
so  far  as  they  are  altered  in  form  in  adaptation  to  a 
physiological  division  of  labor,  the  principal  differ- 
ence being  that  the  egg  is  provided  with  a  large 
amount  of  cytoplasm,  often  heavily  laden  with  food 
yolk  for  the  nourishment  of  the  embryo,  and  has  no 
power  of  locomotion;  while  the  spermatozoon  is 
totally  devoid  of  food  material  and  has  but  little 
cytoplasm,  most  of  which  is  usually  modified  to  form 
a  flagellum  or  other  organ  by  which  the  spermatozoon 
may  move  actively  and  seek  the  egg.  There  is  another 
physiological  difference  which  will  be  noticed  in 
connection  with  the  determination  of  sex  (q.v.). 
In  many  animals  the  spermatozoa  are  of  two  kinds, 
one  of  which  produces  male  and  the  other  female 
offspring.  In  a  few  animals  this  function  appears 
to  reside  in  the  eggs  instead  of  the  spermatozoa. 
The  terms  male  and  female  nevertheless  cannot  be 
applied  properly  to  these  cells,  and  should  be  used 
only  as  descriptive  of  the  organisms  that  produce 
them  or  their  equivalents. 

Fertilization,  then,  consists  in  the  union  of  a  sper- 
matozoon with  an  egg,  into  which  the  spermatozoon 
enters.  The  immediate  effects  upon  the  egg  are  two: 
(1)  the  initiation  of  development  and  (2)  the  increase 
in  the  number  of  chromosomes  from  the  haploid  to 
the  diploid  number  by  the  addition  of  the  chromosomes 
in  the  head  of  the  spermatozoon  to  those  in  the  egg 
nucleus.  (See  Chromosonu  and  Maturation.)  That 
these  two  effects  are  independent  is  shown  by  the 
fact  that  the  development  of  the  egg  may  be  started 
without  fertilization,  either  normally,  as  in  the  aphids 
and  bees,  or  by  artificial  stimulation  (see  Partheno- 
genesis); and  fertilization  need  not  be  followed  im- 
mediately by  development,  as  in  the  case  of  the  winter 
eggs  of  Rotifers,  Cladocera,  ami  Aphids. 

Results  of  fertilization  that  can  be  seen  only  after 
the  development  of  the  egg  are  (1)  the  determination 
of  sex  and  (2)  the  mingling  of  parental  characteristics 
in  the  offspring  (see  Heredity). 

The  process  of  fecundation  consists  of  two  main 
steps:  (1)  the  approach  of  the  gamites  and  (2)  the 
union  of  the  gametes,  syngamy.  or  fertilization  proper. 

1 .  The  A  pproach  of  the  Gametes. — The  eggs  and  sper- 
motozoa  of  animals  are  brought  together  in  a  great 
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variety  of  ways,  which,  however,  fall  into  two  main 
groups,  according  as  fertilization  occurs  (a)  outside  or 
(li)  inside  the  body  of  the  mother.  The  simplest 
manner  is  the  discharge  of  eggs  and  spermatozoa  at 
the  same  time  into  the  water.  This  is  the  method 
of  many  aquatic  invertebrates  and  fishes.  The 
male  Amblystoma  deposits  spermatozoa,  inclosed  in 
spermatophores,  on  submerged  sticks  and  leaves, 
whence  they  are  taken  by  the  female'  into  her  cloaca. 
In  frogs  and  toads  there  is  a  copulation,  during  which 
the  male  embraces  the  female  and  ejects  sperm  upon 
i  he  eggs  when  they  are  discharged.  In  the  arachnids, 
insects,  some  fishes  and  amphibia,  and  in  all  reptiles, 
birds,  and    mammals    the    seminal   fluid   containing 

.spermatozoa  is  transferred  fri mi  1  lie  male  to  the  female 
organs  during  coitus.  The  physiology  of  this  com- 
plicated function  is  described  in  another  article  (see 
<  'o  />  idalion) , 

We  have  then  to  consider  how  the  spermatozoa, 
after  the  semen  has  been  transferred  to  the  female, 
attain  the  ovum.  They  are  found  in  mammals  after 
copulation  in  the  vagina  and  even  in  the  uterus,  but 
it  is  not  clearl}'  ascertained  how  they  get  beyond  the 
vagina.  It  is  probable  that  they  travel  through  the 
female  passages  by  their  own  locomotion,  and  enter 
the  Fallopian  tubes,  directed  by  the  ciliary  currents 
of  the  oviduct.  According  to  Lott,  human  spermato- 
zoa swim  at  the  rate  of  27  mm.  in  7.5  minutes.  They 
are  found  in  considerable  numbers  in  the  Fallo- 
pian tubes.  The  ovum  meanwhile  travels  down  the 
oviduct. 

The  meeting  point  or  site  of  impregnation  in  pla- 
cental mammals  is  about  one-third,  perhaps  one-half 
way  down  from  the  fimbria  to 
the  uterus.  It  is  remarkably 
constant  for  each  species. 
Nothing  positive  is  known  as 
to  the  site  of  impregnation  in 
man,  but  it  is  probably  in  the 
first  portion  of  the  Fallopian 
tube.  It  may  be  rarely  on  the 
surface  of  the  ovary  or  even  in 
the  Graafian  follicle.  There  is 
no  good  evidence  that  fertiliza- 
tion ever  takes  place  in  the 
uterus. 

In  the  sexual  reproduction 
of  plants  the  germ  cells  are 
brought  together  in  a  great 
variety  of  ways:  and  in  the 
higher  forms  the  process  is 
complicated  by  an  alternation 
of  generations.  It  will  suffice 
for  our  present  purpose  to  note 
that  in  many  of  the  lower 
plants  the  male  germ  cell  is  an 
actively  motile  spermatozoid, 
homologous  with  the  sperma- 
tozoon of  animals,  on  the  one 
hand,  and  with  the  germ  cell 
of  the  pollen  grain  in  higher 
plants,  on  the  other  hand. 

The  earlier  observers  as- 
sumed without  any  very  exact 
evidence  that  the  ovum  exerts 
a  specific  attraction  upon  sper- 
matozoa of  the   same   species. 

We  observe,  in  fact,  when  artificial  fecundation  is  em- 
ployed, the  spermatozoa  swarming  around  the  ova  as 
if  held  by  an  irresistible  impulse.  This  phenomenon 
occurs  with  every  class  of  animals,  even  in  mammals, 
whose  freshly  removed  ova  were  examined  on  a  warm 
stage  under  the  microscope  (Rein).  Stassano  has 
maintained  that  the  eggs  of  echinoderms  do  exert 
such  an  attraction  and  also  a  similar  but  less  strong 
attraction  upon  the  spermatozoa  of  allied  species. 
Very  suggestive  in  this  connection  is  Pfeffer's  dis- 
overy  that  certain  chemical  substances  may  attract 


moving  spores,  etc.,  to  definite  spots.  Later  ob- 
servers, on  the  other  hand,  have  denied  that  there  is 
such  an  attraction,  and  fertilization  has  generally 
been  regarded  as  purely  a  matter  of  chance.  Lille 
(1913),  however,  has  demonstrated  thai  such  at- 
traction exists  between  eggs  and  sperm  in  two  widely 
separated  species — a  marine  worm,  Nereis,  and  a 
sea-urchin.  Arbacia.  If  water  in  which  eggs  have 
lain  for  some  time,  or  a  clump  of  fresh  eggs,  be  in- 
troduced as  a  drop  into  a  suspension  of  sperm  of 
the  same  species,  an  immediate  and  well-marked 
chemotactic  response  may  be  observed. 

Many  eggs  when  ready  for  fertilization  are  either 
naked  or  covered  by  only  a  thin  vitelline  membrane, 
and  the  spermatozoon  appears  to  be  able  to  enter  at 
any  point.  In  other  species  the  eggs  are  provided 
with  an  impenetrable  covering,  in  which  there  is  a 
single  small  opening,  the  micropyle,  through  which 
spermatozoa  may  enter.  i 

Although  the  egg  is  surrounded  by  numerous  sper- 
matozoa, as  a  rule  one  only  is  permitted  to  enter 
(monospermy).  If  by  accident  or  experimental 
interference  several  spermatozoa  gain  entrance  (poly- 
spermy) the  course  of  development  becomes  deranged. 
The  method  of  preventing  polyspermy  will  be  dis- 
cussed in  the  next  section.  In  some  animals  with 
large  eggs  filled  with  yolk  several  spermatozoa  usually 
enter  the  egg  (physiological  polyspermy).  This 
occurs  in  some  insects,  selachians,  reptiles,  and  birds. 
In  these  cases,  however,  only  one  of  the  spermatozoa 
that  enter  actually  unites  with  the  egg  nucleus.  The 
others  sooner  or  later  disintegrate. 

2.  Syngamy. — In  this  step  in  the  process  of  fertili- 


Fig.  3379. — Diagrams  of  Two  Principal  Types  of  Fertilization.  A.,  B,  and  C,  Polar  bodies 
formed  after  the  entrance  of  the  spermatozoon,  as  in  Nematodes,  Annelids,  and  Mollusks:  D, 
Et  and  F,  polar  bodies  formed  before  entrance  of  spermatozoon,  as  in  Echinoderms.  Egg 
nucleus  at  9  ,  spermnucleus  at  cr.      (From  Wilson.) 

zation  Loeb  (1913)  and  subsequently  Lillie  (1911) 
have  recognized  two  phases:  (a)  the  first  phase  begins 
when  the  first  spermatozoon  touches  the  egg  (in- 
semination) and  ends  with  the  penetration  of  the 
spermatozoon  into  the  egg;  (b)  the  second  phase  be- 
gins with  the  penetration  of  the  sperm  and  ends  with 
the  formation  of  the  cleavage  spindle.  These  phases 
differ  somewhat  in  the  two  main  types  of  fertiliza- 
tion, which,  as  was  first  pointed  out  by  Hertwig, 
depend  upon  the  time  of  insemination.  In  type  A 
insemination  occurs  after  the  egg  has  passed  through 
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the  whole  process  of  maturation  (q.r.),  as  in  the 
echinoderms  (Fig.  3379,  D.  E.  F.).  In  type  B,  seen 
in  the  eggs  of  flat  worms,  annelids,  and  mollusks 
(Fig.  3379,  A.  B.  C.)  the  whole  process  of  maturation 
takes  place  after  insemination,  thai  acl  being  the 
stimulus  necessary  to  set  the  process  in  motion. 
Between  these  two  types  there  are  various  inter- 
mediate forms. 


Fig.  3380- — Efrg  of  Nereis  Fifteen  Minutes  after  Insemination  in 
Ink.  The  black  outer  circle  represents  the  ink.  the  clear  area  be- 
tween the  ink  and  the  egg  ia  the  jelly,  cl,  cortical  layer;  /  <•  , 
fertilization  cone;  g-v.,  germinal  vesicle;  i.e.,  ink  cone;  0-,  oil  drops; 
pl-m-,  plasma  membrane;  sp-,  spermatozoon;  v-m.,  vitelline  mem- 
brane; y  ,  yolk-     X  450-     (After  Lillie.) 

a.  First  Phase. — When  the  first  spermatozoon 
touches  the  egg  a  sudden  change  occurs  in  the  cortex 
of  the  egg,  which  is  described  by  Loeb  asa"cytol- 
ysis,"  or  partial  dissolution  of  the  peripheral  layer. 
It  is  described  by  R.  S.  Lillie  (1911)  as  an  increase  in 
permeability.  This  is  followed  quickly  by  the  ex- 
trusion of  a  substance  that  forms  around  the  egg,  a 
fertilization  membrane,  or  similar  structure.  In 
Nereis  (Fig.  33S0)  this  takes  the  form  of  a  thick  layer 
of   colorless,    transparent   jelly,    which   pushes   away 


Fig.  33S1. — Anterior  Pole  of  the  Ovum  of  Petromyzon,  with  a 
Spermatozoon  (sp).,  entering  the  Micropyle  (mi).  (After  Cal- 
berla.  p.v.,  Perivitelline  space;  z,  zona  pellucida;  a,  pathway  to  egg 
nucleus,  n;  yk,  yolk. 

from  the  egg  all  spermatozoa  except  the  effective 
one.  Between  the  membrane  and  the  egg  is  formed 
the  perivitelline  space.  -At  the  point  where  the  ef- 
fective spermatozoon  is  attached  the  cytoplasm  of 
the  egg  rises  in  a  protuberance,  the  fertilization 
It  crosses  the  perivitelline  space,  and  into  its  tip  the 
apex  of  the  spermatozoon  becomes  firmly  attached 
(Figs.  33S0,  f.c,  3381,  and  3382),  after  which  the  cone 
retracts,    dragging    the    spermatozoon    after    it.     In 


Hi.-   meantime  m  cursuf  type  B  the  process  of  tnalu- 

ration  has  begun.      The   penetration  of  Hie  spermato- 
zoon is  described  by  Lillie  (1912)  as  occurring  rather 

suddenly     in     Nereis     aboul     forty     or     fifty     iniiiu   I 

after  inseminat  ion,  at  the  same  time  as  t  lie  end  of  the 
first   maturation    division    "/•    Hie   extrusion    of   the 

first  polar  body.  It  appears  from  the  study  of  sec- 
tions that  the  fertilization  cone  with  the  spermatozoon 
attached  is  engulfed  by  the 
cytoplasm  of  I  he  egg.  In  this 
process     the    spermatozoon    is 

pulled  in  through  riri  opening 
smaller  than  itself  in  Hie  vitel- 
line membrane,  bo  thai  H  is 
drawn  out  into  a  thread.  The 
egg,  not  the  sperm,  appears  to 
be  the  active  agent  in  the  pene- 
tration. 

In  some  animals  the  whole 
spermatozoon  enters  the  egg;  in 
others  the  head  and  middle 
piece   enter  and   the   tail    is  left 

outside;  in  Nereis,  according  to  Lillie,  the  head  only 
enters,  leaving  both  tail  and  middle  piece  without. 

b.  Second  Phase. — The  process  during  the  second 
phase  differs  somewhat  according  as  the  eggs  are  of 
type  A  or  type  B.  The  eggs  of  echinoderms  belong 
to  type  A.  Before  insemination  the  egg  nucleus  has 
assumed  the  form  of  a  spherical  vesicle,  and  the 
aster  and  centrosome  of  the  second  maturation  spindle 
have  disappeared.  The  spermatozoon  may  enter 
the  egg  at  any  point.  Soon  after  entrance  the  head 
of  the  spermatozoon  revolves  end  for  end  and  begins 
to  enlarge,  while  a  series  of  lines  appear  in  the  cyto- 
plasm radiating  from  the  position  of  the  middle 
piece.     These  radiations   form   the   sperm  aster,   and 


Fig.     3382.— Egg    of 
l         i  tea,     with    en- 

tering Spermatozoi 
and   b    Protuberanc<     o( 
,  I,,-  Cytoplasm  ri    i 
ward  ".  'After  Selenka  ) 


'**    'i.  •-  •.   .-ft  ..  .  ■ 


Fig.  33S3. — Fertilization  of  the  Egg  of  Tlmlnssemn  melitla.  The 
head  of  the  spermatozoon  preceded  by  the  sperm  aster  is  shown  at 
d\  The  formation  of  the  first  polar  body  is  nearly  completed  and 
the  inner  centrosome  of  the  polar  spindle  has  divided  preparatory 
to  the  formation  of  the  second  polar  amphiaster.  Highly  magni- 
fied.    (After  Griffin.) 

at  their  center  there  is  a  small  darkly  staining  spot, 
the  sperm  centrosome.  The  head  of  the  spermatozoon, 
now  called  the  sperm  nucleus,  moves  rapidly  toward 
the  egg  nucleus,  preceded  by  the  aster.  The  latter 
touches  the  egg  nucleus  and  divides  into  two,  and 
shortly  after  this  the  sperm  nucleus  unites  with  the 
egg  nucleus,  the  two  becoming  completely  fused  in  a 
single  segmentation,  or  cleavage,  nucleus.  In  the 
meantime  the  two  asters  formed  by  division  of  the 
sperm  aster  have  taken  up  positions  at  opposite  poles 
of  the  nucleus.  Soon  the  nuclear  membrane  disap- 
pears, chromosomes  and  spindle  are  formed,  and  the 
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first  cleavage  begins.    In  this  type  of  fertilization  the 

two  nuclei  arc  cif  unequal  size,  the  sperm  nucleus  being 
much  the  smaller. 

The  second  type  is  seen  in  the  eggs  of  flat  worms, 
annelids,  and  mollusks  (Fig.  3379,  A,  B,   C).    While 


Fia.  3384. — Later  Stage  of  the  Same.  The  egg  nucleus  is  snown 
at  9  and  the  sperm  nucleus  at  d*.  The  two  nuclei  are  approaching 
one  another.  The  egg  centrosome  has  vanished,  while  the  per- 
sistant sperm  centrosome  has  divided  forming  two  centrosomes 
with   asters.      (After   Griffin.) 

the  two  polar  bodies  are  being  formed,  the  sperm 
nucleus  advances  to  the  center  of  the  egg  and  becomes 
greatly  enlarged,  and  at  the  same  time  the  sperm 
aster  divides  to  form  an  amphiaster  (Fig.  3383).  At 
the  completion  of  the  second  polar  division  the  egg 
nucleus  is  reformed   and   moves   toward   the  sperm 


Fro.  33S5. — Thalassema.  Copulation  of  the  germ  nuclei. 
The  sperm  centrosomes  are  seen  in  the  plane  separating  the  two 
nuclei.      (After  Griffin). 

nucleus  (Fig.  3384).  The  egg  aster  and  centrosome 
disappear.  Finally  the  two  nuclei,  now  of  equal 
size,  lie  side  by  side,  but  without  fusing,  with  the  two 
asters  derived  from  the  sperm  aster  lying  in  the  plane 
between  them  (Fig.  3385).  Soon  after  this  the  chro- 
mosomes reappear  in  each  nucleus,  the  nuclear  mem- 
brane fades  away,  and  the  first  cleavage  spindle  is 
formed  as  before  (Figs.  3386,  3387,  and  338S). 
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Between   these  two  types  there  are  various  inter- 
mediate  forms   in    which    the   entrance   of   the   sper- 
matozoon occurs  either  after  the  extrusion  of  the  lu  -t 
polar  body  or  during  some  other  phase  of  the  pp. 
of  (natural  ion. 

The    account    given    in    the   preceding    paragraphs 
should  be  taken  as  merely  a  general  statement  oi 


»»     a 


Fig.  3386. — Thalassema.  The  first  cleavage  amphiaster. 
Germ  nuclei  completely  fused,  with  the  chromatin  in  the  spireme 
stage.     (After  Griffin.) 

main  facts  of  fertilization.  The  details  of  the  process 
vary  to  a  greater  or  less  degree  in  different  species. 
In  the  slipper  shell,  Crepidula,  for  example,  the  pro- 
toplasm flows  toward  the  upper  pole  of  the  egg,  while 
the  yolk  becomes  more  concentrated  in  the  low-er  part. 
This  is  true  probably,  more  or  less,  in  all  eggs  that 
divide  unequally.  In  such  cases  the  union  of  the 
germ  nuclei  takes  place  near  the  center  of  the  proto- 
plasmic mass. 


Fig.  33S7. — Thalassema.  First  cleavage  spindle  in  the  late 
prophase.  Chromosomes  forming  at  the  equator.  The  centro- 
somes have  begun  to  divide  preparatory  to  the  second  cleavage. 
This  section  passes  through  the  plane  of  the  two  polar  bodies, 
which  are  seen  at  the  upper  pole  of  the  egg.      (After  Griffin.) 

In  the  first  type  of  fertilization  it  is  impossible  to 
trace  the  history  of  the  chromosomes  of  the  cleavage 
nucleus.  But  in  many  cases  of  the  second  type  it  is 
possible  to  do  this  very  clearly.  The  eggs  of  Ascaris 
are  known  to  be  especially  favorable  objects  as  the 
result  of  the  brilliant  researches  of  Boveri,  Van 
Beneden,  and  Herla.  In  such  cases  it  has  been  shown 
beyond  a  doubt  that  of  the  ordinary  chromosomes  in 
the  cleavage  spindle,  one-half  are  derived  from  the 
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egg  nucleus  of  maternal  origin  and  the  oilier  half  are 
in  like  manner  derived  from  the  sperm  nucleus  of 
paternal  origin  (Fig.  3389).  Now  during  the  mitosis 
preparatory  to  the  first  cleavage,  each  chromosome  is 
divided  into  two  and  the  halves  separate  to  opposite 


■y 
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Fig-  33SS. — Same  as  Fig.  33S7.  Cleavage  spindle  in  the  anaphase. 
The  chromosomes  have  divided  and  are  separating  to  opposite 
poles.     (After  Griffin.) 

poles  of  the  spindle,  so  that  each  daughter  nucleus  re- 
ceives an  equal  number  of  chromosomes  of  maternal 
and  of  paternal  origin  (Fig.  3388).  The  same  thing 
occurs  in  all  subsequent  mitoses.  Therefore  if  the 
chromosomes  maintain  their  individuality  during 
the  resting  stage,  as  there  is  reason  to  suppose  they  do 
(see  Chromosome),  each  somatic  cell  is  provided  with 
chromatin  derived  in  equal 
measure  from  the  two 
parents.  This  is  a  fact  of 
the  greatest  importance  for 
our  theory  of  heredity  (see 
Heredity). 

The  origin  and  fate  of  the 
centrosomes  of  the  cleavage 
spindle  have  been  fruitful  of 
much  discussion.  The  ma- 
jority of  observers  are 
agreed  now  that  the  centro- 
some  accompanying  the  egg 
nucleus  after  the  separation 
of  the  second  polar  body 
usually  disintegrates  and 
disappears  before  the  union 
of  the  two  nuclei  (as  seen  in 
Fig.  33S4) .     The  sperm  cen 


Fig.  3380.— Fertilized  Egg 
of  Ascaris  megalocephala 
bivalens  just  previous  to  the 
formation  of  the  cleavage  spin- 
dle.    Two    elongated  chromo- 


germ  nucleus.  The  two  large 
centrosomes  are  surrounded  by 
extensive  masses  of  granular 
archoplasm,  and  the  second 
polar  body  is  visible  in  the 
upper  part  of  the  section. 
Highly  magnified.  (After 
Boveri.) 


somes  haye  appeared  in  each  trosome  which  appears  near 
the  sperm  nucleus  soon 
after  the  entrance  of  the 
spermatozoon  appears  to  be 
derived  from  the  middle 
piece,  which  in  turn  was 
formed  from  the  centrosome 
of  the  spermatid  (see  Sper- 
matozoon). At  any  rate,  it 
appears  in  the  position  of  the  middle  piece,  or  near  it. 
But  because  of  its  minute  size  it  cannot,  as  a  rule,  be 
supposed  to  represent  more  than  a  part  of  the  middle 
piece.  Some  observers  have  asserted  that  it  is  a  new 
structure  that  arises  in  the  cytoplasm  of  the  egg  as  a 
result  of  a  stimulus  from  the  spermatozoon,  with  which 
it  has  no  morphological  connection.  This  view  is  con- 
firmed by  Lillie,  who  finds  that  in  Nereis  the  middle 
piece  doe's  not  enter  the  egg  at  all.     Moreover  by  cen- 


trifuging  eggs  at  the  proper  stage  he  is  able  to  bn 
<>ir  part  of  the  head  of  i  In-  sperm,     lint  it  makes  no 
difference  whether  the  whole  or  part  of  the  head  enti  - 
a  centrosome  and  aster  appear  in  the  typical  position. 
He  infers,  therefore,  thai  the  formation  of  the   cen 
trosome   is   due   to   a    reaction    between   the   sperm 
nucleus  and  the  cytoplasm  of  the  egg. 

The  fate  of  the  sperm  centrosome  is  also  a  matter 
of  doubt.  \t  least  in  mo  I  ca  es  it  has  been  im- 
possible to  show  conclusively  thai  this  centrosome 
gives  rise  to  the  centrosomes  of  the  cleavage  amphi- 
aster.     II    may  disintegrate,   and  a  new    centrosome 

may  arise  in'  the  cytopl.-i  m  rinse  by  the  united 
nuclei.  But  Griffin  has  asserted  positivelj  that  inthe 
gepherian   worm.  Thalassema,  he  has   been  able  to 

trace  the  history  of  the  sperm  centrosome'  continu- 
ously to  the  formation  of  the  cleavage  amphiaster. 
The  centrosomes  of  this  amphiaster  pass  one  into 
each  daughter  cell  during  cleavage,  and  frequently 

each  one  divides  into  two  before  the  first  cleavage 
is  complete,  in  anticipation  of  the  second  cleavage 
(Eig.  338S).  This  process  is  continued  during  sub- 
sequent cleavages;  so  it  appears  that  the  centrosomes 
of  t  he  first  cleavage  amphiaster  give  rise  by  division 
to  the  centrosomes  of  all  the  cells  of  the  embryo, 
at  least  for  a  number  of  cell  generations. 

As  to  the  mechanism  by  which  the  development  of 
the  egg  is  initiated,  we  have  three  principal  by  pot  he- 
ses:  (a)  the  centrosome  hypothesis  of  Boveri,  (o)  the 
lysin  hypothesis  of  Loeb",  and  (c)  the  fertilizin  hy- 
pothesis of  Lillie.  Boveri  regards  the  sperm  centro- 
some as  the  especial  fertilizing  agent  introduced  into 
the  egg  by  the  spermatozoon.  That  is,  while  the 
sperm  nucleus  introduces  the  physical  basis  for 
heredity  of  the  paternal  characteristics,  it  is  the 
centrosome  that  furnishes  the  stimulus  necessary  to 
start  the  segmentation  of  the  egg  and  development 
of  the  embryo.  Boveri  finds  evidence  for  this 
view  in  certain  abnormal  phenomena  called  partial 
fertilization.  He  observed  that  in  sea  urchin  eggs  it 
sometimes  happens  that  the  sperm  centrosome  gets  so 
far  ahead  of  the  sperm  nucleus  that  it  conjugates  with 
the  egg  nucleus  and  causes  the  egg  to  divide  before 
the  union  of  the  two  nuclei.  The  sperm  nucleus, 
however,  subsequently  unites  with  one  of  the  nuclei 
of  maternal  origin  in  the  two-cell  stage. 

Loeb  thinks  that  the  spermatozoa  carry  a  lysin  or 
enzyme  that  affects  the  egg  in  the  same  way  that  tie- 
fatty  acids  and  other  substances  do  which  he  finds 
efficacious  in  producing  artificial  parthenogenesis. 
(See  article  Parthenogenesis.) 

In  opposition  to  both  Boveri  and  Loeb,  Lillie  ( 1914) 
has  evolved  a  complicated  hypothesis  founded  on 
Ehrlic.h's  theory  of  immunity,  lie  regards  fertiliza- 
tion as  involving  a  chemical  interaction  of  the 
ovum  and  the  spermatozoon.  It  is  a  reaction  be- 
tween three  bodies,  of  which  one  is  born  by  the 
sperm,  one  bv  the  egg,  and  a  third  body  which  is 
secreted  by  the  egg  and  reacts  with  both  the  others. 
The  spermatozoon  functions  essentially  as  an  act  i- 
vator  of  the  third  body,  which  he  calls  fertilizin.  This 
is  a  substance  that 'causes  agglutination  in  sperm 
suspensions  of  the  same  species.  When  activated 
it  enters  into  certain  reactions  in  the  cortex  of  the 
egg  which  lead  to  membrane  formation.  He  regards 
fertilizin  as  composed  of  molecules  possessing  two 
side  chains,  one  reacting  with  the  sperm  and  called 
the  "spermophile  side  chain"  and  the  other  react- 
ing with  the  egg  and  called  the  "ovophile  side  chain." 
The  chemical  group  of  the  sperm  which  reacts  with 
the  fertilizin  is  named  the  sperm  receptor,  and  that 
of  the  egg  the  egg-receptor.  Fertilizin  is  secreted  by 
the  ripe  eggs  of  the  sea-urchin.  Arbacea,  until  fertilized, 
when  the  secretion  suddenly  ceases.  Secreted  with 
it  is  a  chemotactic  substance  that  attracts  sper- 
matozoa. The  eggs  produce  another  substance,  anti- 
fertilizin,  that  is  not  normally  secreted  but  may  be 
extracted  by  distilled  water  or  by  breaking  up  the 
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eggs,  and  which  neutralizes  the  fertilizin.  Lillir's 
hypothesis  is  illustrated  in  Fig.  3390.  Section  1  shows 
the  arrangement  of  these  substances  in  sperm  and 


Symbols 
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sperm 


combining 
group 
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_spermophile 
group 

fertllizin 
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group 


£  anti-fertihzm 
A    egg 


Fia.  3390. — Diagram  of  the  Fertilizin  Theory.  1,  Arrange- 
ment of  substances  in  the  unfertilized  egg  and  spermatozoon : 
2,  mechanism  of  normal  fertilization;  3,  Inhibition  by  loss  of 
fertilizin;  4,  antagonistic  action  of  foreign  sperm;  5,  hypothetical; 
6,  inhibitory  effect  of  blood.      (After  Lillie.) 


ripe  egg.  Section  2  shows  the  mechanism  of  fer- 
tilization. The  sperm-receptor  having  united  with 
the  fertilizin  activates  it  so  thai  it  i  abli  to  com- 
i,ii,i  with  the  egg-receptor.  This  is  the  stimulus 
that  induces  membrane  formation.  At  the  same 
time  the  adjacent  fertilizin  in  the  egg  is  neutralized 
by  antifertilizin,  thus  preventing  polyspermy.  Thus 
it  i-  l  lie  egg,  not  the  spermatozoon,  that  bears  the 
bance  (fertilizin)  necessary  Eor  tie-  initiation  of 
development.  Any  substance  that  will  accelerate 
the  combination  of  fertilizin  with  the  egg-receptor 
may  start  development — hence  the  effect  of  butyric 
acid  and  other  substances  in  producing  artificial 
parthenogenesis.  This  hypothesis  has  been  par- 
tially  confirmed  by  Claser  ( 1913) ,  and  has  been  at- 
<  1  by  Loeb  ( 1914) .  It  is  too  early  to  judge  of  its 
value . 

Additional  light,  is  thrown  on  the  process  of  fer- 
tilization by  the  phenomenon  of  merogony,  which  is 
the  fertilization  by  spermatozoa  of  fragments  ol 
eKH*  containing  no  nucleus.  Hertwig,  Boveri,  and 
others  have  found  that  if  enucleated  fragments  of 
unfertilized  eggs  be  mixed  with  spermatozoa  of  the 
same  or  closely  related  species,  the  spermatozoa  will 
enter  the  fragments,  the  sperm  nucleus  will  undergo 
regular  mitotic  division,  the  cytoplasm  will  divide, 
and  larva-  will  be  produced  that  are  indistinguish- 
able from  normally  produced  larvae,  except  for  their 
smaller  size.  The  sperm  nucleus  is,  then,  perfectly 
equivalent  to  the  egg  nucleus  and  only  needs  to  be 
supplied  with  the  necessary  envelope  of  cytoplasm 
in  order  to  undergo  the  same  series  of  changes;  and 
under  certain  conditions  the  normal  cycle  of  life 
may  be  inaugurated  by  either  the  sperm  or  the  egg 
nucleus  without  union  with  the  other,  even  in  species 
in  which  normal  parthenogenesis  is  unknown. 

Fertilization  in  Plants. — The  process  of  fertiliza- 
tion in  plants  has  not  been  studied  so  extensively  as 
in  animals.  But  enough  has  been  learned  to  show- 
that,  so  far  as  the  nucleus  is  concerned,  the  process  is 


Fie,.  3391. — The  Conjugation  of  Infusoria.  (From  Weismann,  after  Maupas.)  1,  Two  infusoria  copulating;  M,  meganucleus;  m, 
micronucleus;  2-5,  successive  divisions  of  micronuclei;  6,  fertilization  by  the  migration  of  one  of  the  persisting  micronuclei  from  each 
infusorian  into  the  other;  7,  union  of  the  interchanged  micronuclei. 
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essentially  the  same.  In  the  sexual  reproduction  of 
all  plants  that  have  been  examined,  it  has  been  found 
that  fertilization  is  effected  by  the  union  of  a  single 
germ  nucleus  of  paternal  origin  with  the  egg  nucleus. 
This  was  described  for  the  firsl  I  ime  by  Si  rasburger  in 
1884,  and  his  results  have  been  confirmed  by  Guig- 
nard  and  a  number  of  other  investigators  in  a  variety 
of  plants  of  various  orders.  In  some  plants  the 
paternal  gamete  is  an  actively  motile  spermatozoid, 
in  others  it  is  an  immobile  cell  that  reaches  the  egg 
cell  by  a  process  of  growth,  as  is  the  case  with  the 
pollen  tube  of  the  higher  plants.  But  in  all  essential 
features  the  process  is  the  same  in  both  cases. 

Although  Guignard,  in  1891,  described  with  much 
detail  a  conjugation  of  centrosomes  in  conned  ion  with 
fertilization  in  the  lily,  his  results  have  not  been  con 
firmed;  and  most  observers  have  failed  to  find  any 
evidence  of  a  centrosome  in  any  way  connected  with 
either  of  the  conjugating  nuclei  of  plants.  This 
would  seem  to  indicate  that  the  presence  of  a  centro- 
some is  not  essential  to  fertilization.  But  Stras- 
burger  has  found  that  a  centrosome  appears  in  Fucus 
on  the  side  of  the  cleavage  nucleus  that  is  derived 
from  the  sperm  nucleus,  and  Wilson  approves  of 
his  suggestion  that  in  plants  "the  sperm  nucleus  may 
import  into  the  egg  either  a  formed  centrosome 
(probably  thus  in  Fucus)  or  a  certain  quantity  of 
'kinoplasm'  which  excites  the  mitotic  phenomena 
in  the  absence  of  individualized  centrosomes." 

The  pollen  tube  of  angiosperms  contains  two  sperm 
nuclei,  of  which  only  one  unites  with  the  egg  nucleus. 
In  1898  Nawaschin  published  the  interesting  dis- 
covery that  in  Lilium  martagon  and  Fritillaria  tenella 
the  other  sperm  nucleus  conjugates  with  the  two 
"polar  nuclei"  to  form  the  embryo  sac  nucleus,  the 
division  of  which  gives  rise  to  the  endosperm  of  the 
seed.  The  same  phenomenon  was  described  more  in 
detail  by  Guignard  in  1899,  and  confirmed  by  Miss 
Sargent.  It  immediately  occurred  to  De  Vries,  and 
independently  to  Webber  that  this  might  explain  a 
phenomenon  called  xenia  by  Focke  ( 1SS1) .  For  a  long 
time  it  has  been  known  that  if  the  pollen  of  one  variety 
of  maize  be  allowed  to  fall  upon  the  silk  of  a  different 
variety,  the  kernels  in  the  ear  may  show  the  char- 
acters of  the  male  parent.  Until  this  process  of 
double  fertilization  was  discovered,  the  embryo  was 
the  only  part  known  to  have  a  double  origin,  and  the 
appearance  of  the  paternal  characters  in  a  part  of  the 
seed  supposed  to  be  purely  of  maternal  origin  seemed 
very  mysterious. 

From  a  careful  study  of  the  phenomena  of  xenia 
in  maize,  in  which  the  only  undoubted  cases  occur, 
Webber  has  reached  the  conclusion  that  they  are 
perfectly  consistent  with  the  theory  of  double  fertili- 
zation, no  xenia  appearing  in  characters  not  connected 
with  the  endosperm.  But  the  actual  double  fertiliza- 
tion has  not  yet  been  observed  in  this  plant. 

Xenia  has  been  supposed  to  be  a  similar  phenomenon 
to  telegony  in  animals.  But  it  seems  impossible  for 
any  such  process  of  double  fertilization  to  occur  in 
animals,  and  Ewart  has  found  that  in  the  mare  "the 
spermatozoa  lodged  in  the  upper  dilated  part  of  the 
oviduct  are  dead,  and  in  process  of  disintegrating, 
eight  days  after  insemination."  Moreover,  the  sup- 
posed existence  of  telegony  has  been  entirely  dis- 
credited by  Ewart  on  experimental  evidence,  and  by 
Pearson  on  evidence  from  statistics. 

Conjugation. — In  the  conjugation  of  the  unicellular 
animals  and  plants,  we  find  a  process  clearly  analogous 
to  the  fertilization  of  the  higher  groups.  The  two 
conjugating  cells  may  be  similar  or  diverse  in  form. 
In  many  motile  Infus'oria  (Fig.  3391)  two  similar  in- 
dividuals come  together,  exchange  nuclei,  each  one 
giving  off  a  "male  pronucleus,"  which  enters  the  body 
of  the  other  and  unites  with  its  "female  pronucleus," 
and  then  the  two  individuals  separate.  In  other  cases 
there  is  a  motile  "microgamete"  that  forms^a  per- 
manent  union  with  a  sessile    "macrogamete,"    com- 


parable  to  spermatozoon    and   egg   respectively.     In 

each  case  the  esse 'ul  i.'il  feature  of  the  proci  is  a  union 
of  two  equivalent  nuclei,  preceded  and   followed    l>y 

ii  complicated  series  of  divisions  that  we  need  <<•'' 
discuss   here. 

Summing  up  the  subject  of  the  fertilization,  \\  il  or 
says  ("The  Cell,"  ed.  2,  p.  230):  "We  thus  find  the 
essentia]  fad  ol  fertilization  and  sexual  reproduction 
to  be  a  union  of  equivalent  nuclei;  and  to  this  all 
o1  her  processes  arc  tributary."  The  almost  universal 
occurrence  of  this  process  in  animals  and  plants  of  all 
grades,  from  the  protozoa  to  man,  indicates  that  it 
has  some  profound  significance,  but  what  this  is  is 

unknown.  According  to  Weismann,  fertilization 
has  for  its  object  the  mingling  of  ancestral  germ  plasms 
and  the  consequent  production  of  variability  in  the 
offspring.  But  Pearson,  as  the  result  of  statistical 
investigations,  holds  that  variability  is  not  produced 
by  fertilization.  According  to  Maupas,  fertilization 
has  for  its  object  a   rejuvenescence  of  protoplasm, 

which  thus  wards  off  the  senescence  and  "natural 
death"  that  must  inevitably  overtake  it  if  fertiliza- 
tion does  not  take  place;  and  Minot  finds  evidence 
for  this  view  in  the  results  of  his  investigations  of  the 
law  of  growth  (see  Growth).  But  when  we  consider 
the  innumerable  generations  of  domestic  plants  that 
have  been  produced  with  unimpaired  vigor  by  cut- 
tings, grafts,  and  other  purely  asexual  methods  of 
reproduction,  the  existence  of  any  such  "natural 
death"  appears  to  be  extremely  doubtful.  So  while 
our  knowledge  of  the  details  of  fertilization  has  ad- 
vanced enormously  during  the  past  quarter  century, 
the  origin  and  object  of  the  process  remain  as  mys- 
terious as  ever.  Robert  Payne  Bioklow. 
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Incompatibility,  Medicinal.— The  word  incom- 
patible, used  in  connect  ion  with  the  mutual  relations  of 
medicines,  is  one  of  very  loose  application.  Thus,  in  a 
sweeping  way,  a  medicine  is  said  to  be  chi  micoMy  "in- 
compatible" with  anything  that  will  produce  a  chem- 
ical or  physical  change  in  its  condition,  and  physio- 
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logically  "incompatible"  with  anything  that  produces 
the  reverse  of  its  so-called  physiological  effects.  Un- 
der these  definitions,  however,  it  is  evident  that  in 
many  eases  so-called  " incompatibility "  may  yet  not 
interfere  at  all  with  full  medicinal  power  or  purpose. 
Practically,  the  subject  of  medicinal  incompatibility 
deals  with  those  chemical,  physical,  and  physiological 
mutual  relations  of  medicines  that  require  considera- 
tion in  the  prescription  of  different  medicinal  sub- 
stances in  conjunction,  and  such  topic  it  is  that  will 
here  be  considered. 

As  regards  chemical  and  physical  reactions  there  are 
many  which  are  special,  between  special  medicines. 
Such  must  be  learned  in  connection  with  the  indi- 
vidual medicines  concerned.  But,  also,  there  are 
certain  reactions  that  affect  broad  categories  of 
medicines,  and  which,  therefore,  admit  of  general 
consideration.  Such  reactions  and  the  practical 
bearings  thereof  in  prescribing  are  as  follows: 

1.  Acids  and  bases  tend  directly  to  combine,  to  form 
sails.  This  reaction  may  be  utilized,  if  it  be  the  ob- 
ject of  the  prescriber  to  obtain  the  salt  that  will  result 
from  the  bringing  together  of  an  acid  and  base;  but 
if  the  purpose  of  the  prescription  be  to  retain  free 
acidity  or  alkalinity,  acids  and  bases  must  not  be 
conjoined  in  prescription. 

12.  Stronger  acids  or  bases  tend  to  displace,  in  the  cast 
of  .-salts  in  solution,  weaker  bodies  of  their  own  respective 
kinds.  Thus,  if  sodium  carbonate  in  solution  be 
treated  with  nitric  acid,  the  nitric  acid  will  displace  the 
carbonic  to  the  formation  of  sodium  nitrate  in  solu- 
tion and  the  evolution  of  carbon-dioxide  gas.  Strictly 
speaking,  the  statement  of  this  reaction  is  a  circulus  in 
definiendo,  since  one  acid  is  known  to  be  "stronger" 
than  another  only  by  the  fact  of  its  supplanting 
such  other  acid  in  saline  combination  in  solution. 
The  statement,  however,  is  a  convenient  reminder, 
to  the  prescriber,  of  a  set  of  reactions  which  are  of 
common  occurrence,  and  whose  bearing  upon  pre- 
scribing is  as  important  as  it  is  obvious. 


drawn,  on  the  one  hand,  from  the  full  or,  on  the  other, 
from  the  nearly  empty  vial  will  vary  enormously  in 
strength  of  the  precipitated  ingredient,  unless  I  he 
bottle  be  thoroughly  shaken  at  the  taking  of  each  d 
The  table  of  notable  mutually  precipitant  solutions, 
taken  from  Curtis'  "Manual  of  Medicinal  Tech- 
nology" is  convenient  for  reference.  The  reactions 
therein  broadly  stated  as  occurring  with  solutions 
of  salts  of  the  alkaloids,  and  of  the  metals,  are  true  in 
the  generality  of  instances  only. 

4.  Things  in  solution  precipitate  on  addition  of  an 
excess  of  a  fluid  in  which  Ihi  y  are  respectin  ly  insoluble. 
Here,  as  in  the  former  instance,  precipitation  may  not 
affect  medicinal  potency,  but  yet  is  generally  to  be 
avoided  because  of  the  intrinsic  object  inns  to  precip- 
itates in  medicinal  mixtures,  as  set  forth  above.  The 
two  medicinal  solvents  most  concerned  in  the  present 
relation  are  water  and  alcohol,  and  the  commonest  in- 
stances of  the  reaction  in  question  are  as  follows: 
albuminous,  gelatinous,  gummy,  saccharine,  and  certain 
saline  bodies  dissolve  in  water  but  are  insoluble  in 
alcohol,  and  accordingly  precipitate  on  addition  of  an 
excess  of  alcohol  to  their  aqueous  solution;  while 
alcoholic  solutions  of  volatile  oils,  balsams,  camphor, 
and  resins  precipitate  on  treatment  with  excess  of 
water. 

5.  Powerfully  oxidizing  agents  may  determine  ex- 
plosions on  concentrated  admixture  with  readily  oxidiza- 
able  substances.  The  exact  conditions  determining  ex- 
plosions with  individual  mixtures  of  this  category  will 
vary  with  the  substances  concerned,  and  must  accord- 
ingly be  learned  wTith  each  medicine.  All  that  is  ap- 
propriate to  state  in  this  .place  is  that  the  powerful 
oxidizers  used  in  medicine  are  chromic  and  strong 
nitric  or  nitrohydrochloric  acids,  potassium  chlorate, 
and  potassium  permanganate;  while  the  medicinal 
substances  of  easy  combustibility  are  oils,  alcohols, 
and  ethers  (including  glycerin  and  sugars),  dry  organic 
substances  generally,  and  the  elementary  bodies,  sul- 
phur and  phosphorus. 
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3.  Salts  in  solution  tend  to  exchange  radicals;  and 
acids  or  bases  to  displace  their  respective  brethren  in 
saline  combination,  if  thereby  an  insoluble  compound 
will  form.  If,  as  the  cant  phrase  runs,  nature  "abhors 
a  vacuum,"  she  also  delights  in  precipitates;  for  reac- 
tions, determined  evidently  by  the  fact  that  a  precip- 
itate will  result,  are  among  the  commonest  occur- 
rences of  chemistry.  Concerning  this  reaction  it  is 
to  be  noted  that  while  precipitation  may  affect 
potency  profoundly  in  the  case  of  some  medicines,  in 
other  cases  it  maj-  make  no  difference  or  may  be  of 
distinct  advantage.  Thus  in  the  case  of  the  so- 
called  black  and  yellow  washes  of  mercury,  it  is  a 
precipitate  which  is  wanted,  and  which  therefore  is 
intentionally  the  subject  of  prescription.  Generally, 
however,  the  occurrence  of  a  precipitate  in  a  medicinal 
mixture  is  objectionable:  for,  even  if  medicinal  virtue 
be  not  affected,  the  turbidity  is  unsightly,  and,  by  the 
settling  of  the  precipitate  as  the  bottle  stands,  doses 
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Physiological  incompatibility,  as  already  stated,  is 
alleged  between  medicines  whose  respective  so-called 
"physiological"  effects  are  mutually  antagonistic. 
Such  antagonisms  are  individual  and  peculiar,  and 
are  best  discussed  in  connection  with  the  individual 
medicines  concerned.  Two  points  alone  are  proper 
subject  for  mention  in  this  place.  The  first  is  that 
exact  antagonism  in  all  directions  of  physiological 
action  of  drugs  is  very  rare;  and  the  second,  that  in 
practical  prescribing  the  fact  of  an  antagonism  need 
not  preclude  the  proper  conjunction  of  two  antago- 
nistic medicines  in  the  same  mixture.  On  the  con- 
trary, many  of  the  happiest  of  medicinal  combina- 
tions are  of  remedies  more  or  less  antagonistic  in 
operation;  this  either  because  the  antagonism  is 
itself  serviceable  in  mellowing  a  too  intense  action  of 
the  dominant  antagonist,  or  because  the  drugs,  though 
antagonistic  in  some  lines,  are  synergic  in  others,  and 
so  together  vield  a  resultant  effect  better  for  certain 
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Indianapolis 


remedial  purposes  than  the  unmodified  effect  of  ei1  her 
medicine  used  singly.  An  example  of  the  former  in- 
stance is  the  common  combination  of  castor  oil  and 
laudanum;  and  of  the  latter,  the  association  of 
atropine  with  morphine. 

The  modern  tendency  is  toward  simplicity  in 
prescription  writing;  and  the  less  that  one.  jeans 
toward  polypharmacy  the  safer  one  is  with  regard  to 
incompatibility.  If  one  drug  or  preparation  will  serve 
the  practitioner's  purpose,  he  should  never  use  more. 

Edward  Cubtis. 
R.  J.  E.  Scott. 

Indian  Hemp. — See  Caiuiabis  Indica. 

Indian  Medical  Spring. — Sherburne  County, 
Minnesota. 

Post-Office. — Minneapolis. 

The  Indian  Medical  Spring  is  situated  in  an  ideal 
spot,  twenty-seven  miles  from  Minneapolis,  near 
the  village  of  Elk  River.  The  water  boils  up  through 
from  six  to  eight  feet  of  pure  white  quicksand, 
sparkling  in  its  purity  and  freshness. 

The  following  analysis  was  made  by  A.  F.  Irwin, 
Ph.  G.  M.  D.: 

Potassium  bicarbonate 1.09S1 

Potassium  sulphate 425 

Magnesium  bicarbonate 2.058 

Calcium  bicarbonate 3 .  654 

Sodium  bicarbonate 1 .  832 

Sodium  sulphate 285 

Sodium  chloride .425 

Iron  bicarbonate 084 

Iron  phosphate 003 

Alumina 030 

Organic  matter 562 

Silica 1.056 

Total 11.512 

The  water  contains  sulphureted  hydrogen  which 
escapes  on  standing.  Analysis  shows  that  it  is  a 
very  soft,  mildly  alkaline  water.  It  is  beneficial  in 
disorders  of  the  stomach  and  kidneys,  in  constipa- 
tion, rheumatism  and  eczema.  The  water  is  used 
commercially.  Emma  E.   Walker. 


Indian  Springs,  Georgia. — Post-office. — Indian 
Springs,  Butts  County.  Several  hotels  in  village. 
The  Wigwam  is  the  principal  one.     Boarding  houses. 

Access. — Via  Southern  Railway  to  Flovilla,  thence 
two  and  one-half  miles  by  dummy  line  to  spring. 
This  celebrated  spring  received  its  name  on  account 


Potassium  bromide 

Sodium  iodide 

Sodium  phosphate 

Ammonium  chloride 

Lithium  bicarbonate 

Potassium  chloride 

Sodium  chloride 

Sodium  sulphate 

Magnesium  bicarbonate. 
Calcium  bicarbonate. . .  . 

Sodium  bicarbonate 

Sodium  silicate 

Silicon  dioxide 

Iron  sesquioxide 

Organic  and  volatile 


Grains   Per    U.    S. 


Gallon 

0.0113 
0.0009 
0.0032 
0.0072 
0.1933 
0.1326 
1.3S72 
2.9582 
0.8373 
3.2842 
1.9592 
0.5235 
1.4150 
0.0297 
0 . 8S63 


Total  Solids 13.6291 

Carbonic    Acid    combined    with    Carbonates    to    form 

Bicarbonates 2 .  4237 


1 1    21154 


Free  Ammonia 0.04  part  per  million  parts 

Albuminoid  Ammonia 0.06  part  per  million  parts 

Hardness 3.50  degrees. 

Reaction Alkaline. 


of  its  great  reputi na    a  medicine  spring  among  the 

Indians.  In  the  treaty  of  1821,  when  all  this  portion 
of  Georgia  was  ceded  to  the  whites,  a  special  reserva- 
tion of  one  thousand  acres,  including  Indian  Spring 

was  made  by  t  lie  Creek  nation.  This,  however,  Was 
given  up  !'•  the  whiles  a  few  years  later.  \  village 
of  several  hundred  inhabitants  has  sprung  up  in  the 
neighborhood.  'The  above  analvsis  was  made  by 
George  F.  Payne,  M.  D.,  F.  C.  S.,  State  Chemisl  ol 
Georgia. 

The  sulphureted  hydrogen  gas  was  not  present  in  the 

water  alter  ii    had  stood  some  time.    This  anal 

represents  the  bottled  water  as  received  at  the 
laboratory. 

The  waters  air-  used  both  internally  and  externally. 
There  isa swimming  pool  25  X  100  feet.  Among  the 
numerous  affect  ions  in  which  t  he  water  has  been  found 
useful  may  be  mentioned  dropsical  conditions  when 
not  due  to  heart  disease;  rheumatism,  gout,  Bright's 
disease,  acid  dyspepsia,  many  skin  diseases,  and 
teri  iary  syphilis. 

The  climatic  conditions  are  most    favorable. 

Emma     E.   Walker. 


Indian   Springs,  Indiana.     Access,  via   Chicago, 

Tcrre  Haute  and  Southeastern  Railroad  to  Indian 
Springs  station,  thence  three  miles  by  stage  to  the 
springs. 

Post-office. — Indian  Springs,  Martin  County. 
Hotel.  Conveyances  meet  all  trains  during  t  lie  season. 
The  resort  is  located  eight  miles  north  of  Shoals, 
the  county  seat  of  Martin  County. 

The  therapeutic  value  of  the  waters  of  these  springs 
has  been  known  for  years,  and  they  were  in  great  re- 
pute among  the  aborigines.  The  springs  were  first 
opened  to  the  public  as  a  health  resort  in  1814,  and 
they  have  maintained  their  reputation  ever  since. 
They  have  their  source  along  the  course  of  Sulphur 
Creek,  which  wends  its  way  through  the  surrounding 
valley  and  empties  into  the  Indian  Creek  one  mile 
distant  from  the  hotel.  The  surrounding  country  is 
hilly  and  quite  picturesque.  The  following  analysis 
has  been  made  of  the  water  at  Indian  Springs: 


Indian 
Springs 


Trinity 
Springs 


Calcium  carbonate  . 
Magnesium  carbonate 
Magnesium   sulphate 

Calcium  sulphate 

Magnesium   chloride .  . 

Sodium  chloride 

Sodium  sulphate 


Total  solids 

Hydrogen  sulphide 


8.76 
Trace 
25.46 
J  I    52 

1.40 
None 
18.65 

79.09 
0.64 


.".  s4 
Trace 
14  71 
71  07 
II  S3 
None 
32.82 

II    12 


This  water  is  a  powerful  chalybeate,  also  a  fairly 
strong  alkaline-saline  water.        Emma  E.   Walkeb. 

Indianapolis. — The  largest  city  and  capital  of 
Indiana  with  a  population  of  233,650,  is  situated  near 
the  center  of  the  State.  1!).")  miles  southeast  of  Chicago. 
An  index  of  its  climate  is  here  given  for  the  sake  of 
reference  and  comparison. 

As  will  be  seen,  it  is  a  temperate  climate,  with  consid- 
erable seasonal  extremes  and  diurnal  fluctuations  of 
temperature.  The  humidity  is  not  high,  and  the  rain- 
fall is  moderate.  More  than  a  quarter  of  the  days  in  the 
year  are  clear,  more  than  a  third  fair,  and  about  two- 
thirds  clear  and  fair. 

Such  a  climate  is  well-situated  for  a  residence  for 
those  in  ordinary  health.  For  the  delicate  or  sick,  a 
change  might  be  advised  to  escape  the  cold  of  the  winter 
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Climate  of  Indianapolis,   Ind.- 
86°10'.     Period  of  (  Observation 


-Latitude,   39°46';  Longiti  di 
Eleven  Years  Nine  Months. 
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and  the  heat  of  the  summer,  and  in  order  to  obtain 
purer  air  than  a  city  affords.  As  the  elevation  is  low, 
a  change  also  to  a  high  altitude  might  be  beneficial  fur 
various  morbid  conditions.  Edward  O.  Otis. 


- 1  in  li  >\ yl-sulphuric  acid. 
C.O.SC.OH 


Indican. - 


NH 

This  compound  occurs  as  the  potassium  salt  in  urine 
being  derived  from  indole  formed  in  the  intestine  as  the 
result  of  putrefactive  processes.  Indole  thus  formed 
is  absorbed,  carried  to  the  liver,  and  after  oxidation  to 
indoxyl  is  conjugated  with  sulphuric  acid.  The  re- 
actions involved  follow: 

CH  C  — OH 

CeH^^CH  +  O  =  CeH,<?CH 


Ml 

Ilnluli' 


C  — OH 
C.H^^CH  +  H2SQ4  =  CeH* 


NH 

Indoxyl 

C.O.So2.OH 

"V 


^CH 


NH 

Indoxyl 


C,;II, 


C.O.SOs.OH 

Vh 


NH 

Indoxyl  Sulphuric  Acid 

C.O.SO,.OK 
V 


C  f,H 


>CH 


NH  NH 

Indoxyl  Sulphuric  Acid  Indican 

By  treatment  with  concentrated  hydrochloric  acid 
indican  is  transformed  into  sulphuric  acid  and  indoxyl. 
The  latter  body  may  then  be  oxidized  to  form  indigo 
blue  in  accordance  with  the  following  reactions: 


C  -  OH 
CeH4<ScH  +  20  =  CH, 


NH 

Indoxyl 


CO 

>-< 

NH 

Indigo  blue 


CO 


C.II, 


NH 


This  reaction  is  the  basis  for  the  test  and  quantita- 
tive estimation  of  indican  in  the  urine,  the  indigo  blue 
being  extracted  from  the  urine  with  chloroform. 
Indican  having  its  origin  in  putrefaction  in  the  in- 
testine may  be  taken  as  a  measure  of  the  extent  of 
putrefactive  action  in  the  alimentary  canal.  Under 
various  pathological  conditions  within  the  organism 
the  same  react  ion  may  occur,  giving  rise  to  t  he  appear- 
ance of  crystals  of  indigo  blue  in  the  urine.  After 
subcutaneous  injection  of  indole  the  quantity  of 
indican  in  the  urine  is  markedly  increased  and  it  may 
be  greatly  augmented  by  the  introduction  into  the 
organism  of  orthonitrophenol  propiolic  acid.  The 
I  in  l  refact  ion  of  secretions  of  the  intestine  explains  the 
elimination  of  indican  during  starvation.  Gelatin 
does  not  increase  the  elimination  of  indican  for  the 
reason  that  this  substance  does  not  contain  the 
tryptophane  group  which  is  the  mother  substance  of 
indole,  whereas  most  proteins  contain  a  considerable 
quantity  of  this  group.  In  those  diseases  where  the 
small  intestine  is  obstructed  there  is  also  an  increased 
elimination  of  indican.  Frank   P.    Underhill. 


Indicanuria. — Indican,  indoxyl  sulphate,  C.H.- 
NSO2OH  is  a  chromogen  that  occurs  physiologically  in 
normal  urine,  as  the  potassium  or  glucuronic  acid  salt, 
in  quantities  varying  from  4.5  to  19.5  mg.  in  the  twenty- 
four  hours,  averaging  6.6  mg.  per  1,000  c.c.  of  urine 
in  a  series  of  eight  observations  reported  by  Jaffe. 
Such  small  quantities  do  not  respond  to  the  tests  ordi- 
narily employed  for  the  excessive  presence  of  indican. 

Indican  is  a  derivative  of  indol,  and  is  formed  within 
the  body  through  the  action  of  microorganisms. 
Senator  declares  that  indican  does  not  occur  in  the 
urine  of  the  newly  born.  In  experiments  upon  the 
dog,  indican  disappears  from  the  urine  following  the 
exhibition  of  large  doses  of  calomel,  according  to  the 
observation  of  Beauman. 

Tuzzek  studied  the  effect  of  restricted  diet  in  insanity 
and  found  indican  in  the  urine  only  when  albumins 
were  ingested.  When  the  ileum  is  brought  into  an 
artificial  anus,  thus  sidetracking  the  large  intestine, 
indican  disappears  largely  or  altogether  from  the  urine, 
to  reappear  normally  upon  the  obliteration  of  the  arti- 
ficial  anus  and  the  reestablishment  of  the  alimentary 
flow  through  the  large  intestine. 

Indican  in  the  urine  increases  physiologically  under 
meat  diet  and  is  lowest  under  a  milk  or  kefir  diet.  The 
nucleus  of  the  indols,  tryptophan,  is  normally  present 
in  the  proteins  and  is  converted  into  indol  through  the 
action  of  microorganisms.  Indol,  C8H7N,  is  usually 
present  in  the  intestinal  tract,  but  is  excreted  in  the 
urine  only  when  present  in  considerable  quantity  in 
an  intestine  that  is  not  normal.  At  any  rate  it  would 
appear  that  only  very  small  quantities  may  be  absorbed 
by  the  normal  intestine. 

Indol  absorbed  from  the  intestinal  tract  becomes 
oxidized,  forming  indoxyl,  which  combines  with  sul- 
phuric acid  and  is  excreted  in  the  urine  as  the  potassium 
or  glycuronie  acid  salt  of  indoxyl  sulphate. 

The  indoxyl  derivatives  are  comparatively  non-toxic. 
Other  products  of  nitrogenous  putrefaction,  such  as 
ptomains,  leucomains,  phenol,  cresol,  and  skatol,  are 
notably  toxic.  For  these  other  substances  we  have 
no  simple  test,  so  that  it  has  become  a  common 
practice  to  estimate  the  presence  or  degree  of  intestinal 
putrefaction  by  testing  the  urine  for  indican.  The 
value  and  reliability  of  this  method  would  seem  to  be 
indicated  by  the  observations  of  Jaffe,  that  there  are 
microorganisms  capable  of  producing  both  indol  and 
phenol  on  albuminous  media,  that  other  microor- 
ganisms produce  only  phenolandothersproduceneither 
indol  nor  phenol,  but  that  there  are  none  that  produce 
phenol  that  do  not  produce  indol. 

Baar  found  indicanuria  in  all  cases  of  achlorhydria, 
so  long  as  free  hydrochloric  acid  was  absent  from  the 
stomach    contents.     This    he    explains    as    follows: 
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Bayliss  and  Starling  showed  that  the  normal  hydro- 
chlorioacid  of  the  stomach,  upon  entering  the  duodenum 

forms  secretin  out  of  the  prosecretin  contained  iti  the 
cells  of  the  duodenal  mucosa.  This  secretin,  accord- 
ing to  Enriqucz  and  Hall  ion,  enters  1  he  cueu  lat  ion  and 
stimulates  the  pancreas  to  secrete.  The  pancreatic 
secretion  in  its  turn  causes  the  secretion  of  SUCCUS 
entericus;  this  contains  enterokinase,  originating  from 
the  duodenal  glands,  and  erepsin,  originating  lower- 
down  in  the  intestines;  these  two  latter  ferments  then 
activate  trypsinogen  (which  is  contained  in  the  pan- 
creatic secretion)  to  trypsin,  whereupon  the  pancreal  Lc 
secretion  becomes  proteolytic.  If,  then,  as  in  1  he  cases 
of  achlorhydria,  there  is  no  hydrochloric  acid,  I  here 
will  be  no  secretin  formed  in  the  duodenal  mucosa  and, 
consequently,  there  will  be  no  pancreatic  .secretion 
brought  into  the  intestinal  tract  and  no  secretion  of 
succus  entericus.  In  other  words,  the  normal  pro- 
teolysis is  disturbed  and  the  ever-present  bacteria 
have  an  opportunity  to  form  putrefactive  products  out 
of  the  undigested  proteins,  and  we  shall  find  indicanuria 
as  an  expression  of  their  excessive  formation. 

In  this  connection  it  is  interesting  to  note  the 
observation  of  Simon,  that  there  is  an  increased  indi- 
cation of  indican  in  the  hyperchlorhydria  of  gastric 
ulcer,  whereas  indicanuria  is  not  found  in  hyperchlor- 
hydria of  nervous  origin.  The  highest  grades  of 
indicanuria  are  observed  in  ileus.  Gross  indicanuria 
does  not  occur  in  simple  uncomplicated  constipation. 

The  pathological  occurrence  of  indicanuria  is  found 
in  achlorhydria  and  hypochlorhydria,  especially  in 
carcinoma  of  the  stomach;  in  acute,  subacute,  and 
chronic  gastritis,  and  as  stated,  in  the  hyperchlorhydria 
of  gastric  ulcer;  in  ileus,  acute  and  chronic  peritonitis, 
conditions  in  which  there  is  marked  lessening  of  the 
peristaltic  movements  of  the  small  intestine.  Diseases 
of  the  large  intestine  are  peculiarly  free  from  indi- 
canuria. It  is  held  that  indicanuria  may  be  caused  by 
albuminous  putrefaction  within  the  body  in  cases  of 
empyema,  putrid  bronchitis,  gangrene  of  the  lung,  etc. 

Indicanuria  is  a  common  symptom  of  epilepsy  and 
other  neuroses,  in  which  it  occurs  in  connection  with 
secretory  insufficiency.  Chorea  and  neurasthenia 
may  show  indicanuria  due  to  secretory  insufficiency. 
Baar  has  called  attention  to  the  frequency  of  indi- 
canuria in  the  cases  showing  the  evidences  of  hy- 
poplasia described  by  Bartell,  viz.,  hyperirritability 
of  the  vasomotor  system  (erythema  pudicitise,  der- 
matographia),  hyperflexibility  of  the  metacarpo- 
phalangeal joints,  large  tonsils,  high,  narrow  hard 
palate,  uvula  bifida,  heterologous  sexual  character- 
istics; with  woman  the  masculine  type  of  hair  growth, 
lanugo  on  the  cheeks  and  upper  lip,  long  hairs  in  the 
axilla,  upper  arms  and  thighs  hairy,  the  hairs  on  the 
mons  veneris  extending  into  the  linea  alba  instead  of 
being  horizontally  limited,  perineum  hairy,  pelvis 
masculine,  lower  extremities  of  masculine  length, 
hypoplastic  mammae,  strongly  developed  lower  jaw; 
of  in  men  the  feminine  type,  scant  hair  growth  in  the 
face,  on  breast  and  pubic  region,  cubitus  valgus,  etc. 
In  these  cases  there  is  probably  a  hypoplastic  condi- 
tion of  the  secretory  glands  and  the  mucous  lining  of 
the  gastrointestinal  tract. 

Cases  of  gastroenteroanastomosis,  appendectomy, 
enteroanastomosis,  cholecystectomy,  cholecystostomy, 
show  indicanuria  from  the  first  day  of  the  operation 
until  the  intestinal  wall  is  healed.  In  short,  all 
anatomical  lesions  of  the  gastrointestinal  tract  may 
show  indicanuria. 

Repeated  examination  of  the  twenty-four  hour  urine 
for  indican  will  reveal  obscure  lesions  of  the  gastro- 
intestinal tract  in  many  cases  that  would  otherwise  not 
be  recognized. 

Tests  for  Indican. — The  Obermayer  reagent,  com- 
posed of  ferric  chloride  in  concentrated  hydrochloric 
acid,  1:500,  affords  one  of  the  simplest  tests.  Equal 
volumes  of  urine  and  Obermayer  reagent  are  shaken  in 
a  test-tube   with  a  small  amount  of  chloroform.     In 


the  presence  of  indican,  the  chloroform  take   up  the 

indigo  blue,  so  thai    the  depth  of  color  iridic: 

rough    way    the   amount   of   indican   present   in    the 

urine. 

The  .lath'-  tesl  as  modified  by  Stokvis.  To  equal 
quantities  of  urine  and  concentrated  hydrochloric 
acid,  in  a  test-tube,  two  or  three  drops  of  a  strong  solu- 
tion of  .sodium  in-  calcium  h\  puchlorite  are  added  and 

the  mixture  i  tiaken  with  a  small  amouni  of  chloro- 
form.    The  chloroform  is  colored  blue,  the  depth  of 

color  indicating  the  relative  amount  Of  indican  in  the 
urine.  Albumin  does  imi  interfere  with  this  test,  but 
any  bile  pigment   should   be  removed   by   means  of  a 

solul  ion  of  lead  subacetate. 

The  treatment  of  indicanuria  depend  upon  the 
cause.  Cases  due  to  defective  secretion  of  hydro- 
chloric acid  ma\  be  relieved  bj  gastric  lavage,  washing 
the  stomach  with  a  1  :  1000  solution  nitrate  of  silver, 
or  by  the  administration  of  dilute  hydrochloric  acid. 

The    intestinal    cases   may   often  be  relieved   or   cured 

by  high  colonic  lavage  with  a  one  per  cent,  solution  of 
ichthyol.  In  any  case  it  is  advisable  to  curtail  the 
proteins  in  the  diet.  Constipation,  though  no  longer 
accredited  with  it-  former  importance  in  the  can. -at ion 
of  indicanuria,  should  nevertheless  be  corrected  if 
present.  Often  an  appeal  to  surgery  must  be  made, 
as  in  chronic  appendicitis,  cholecystitis,  and  ulcer  of 
the  duodenum  or  stomach. 

Fortunately,  in  many  cases  it  suffices  to  place  the 
patient  upon  a  carbohydrate  diet  with  a  liberal 
allowance  of  milk  culture  of  the  lactic  acid  bacillus. 
Animal  experimentation  justifies  the  use  of  the  intes- 
tinal antiseptics,  especially  the  initial  dose  of  calomel 
in  cases  of  constipation.         George  E.   Mai.siiaky. 

Indigo  Blue. — See  Indican. 

Indigo,  Wild. — Baptisia,  Dyers'  Green  Weed. 
Under  these  names,  the  herb  and  more  particularly  the 
root  of  Baptisia  linctoria  (L.)  R.  Br.  (fam.  Legumi- 
nosw)  has  been  more  or  less  used  in  domestic,  and  to  a 
slight  extent  in  professional  medicine.  Its  common 
names  come  from  the  fact  that  it  has  been  used  as  a 
poor  substitute  for  indigo. 

The  plant  is  a  large,  much-branded  perennial  herb, 
very  abundant  in  sandy  soil,  especially  in  the  borders 
of  woods,  throughout  the  Eastern  United  States.  It 
is  said  to  contain  two  glucosides,  baptin  a.nd  baptisin, 
and  the  poisonous  alkaloid  baptitoxine,  which  is  be- 
lieved to  be  identical  with  cytisine.  According  to  the 
dose,  the  properties  vary  from  stimulant,  increasing 
peristalsis  and  acting  as  a  laxative,  to  irritant,  pro- 
ducing purging  and  vomiting.  Upon  the  nerve 
centers,  it  is  primarily  stimulant,  secondarily  depress- 
ant or  paralyzant,  and  causing  death  by  paralysis  of 
respiration.  Its  use  has  been  chiefly,  both  systemic- 
ally  and  locally,  in  diphtheria,  scarlet  fever,  and  sore 
throat.  The  dose  of  the  fluid  extract  is  TTl  xv.  to  lx. 
(1.0  to  4.0).  Henry  II.   Rusby. 


Indole.— C6H4. 


X 


(H.     This  substance  is  formed 


NH 

from  protein  by  the  action  of  putrefaction  in  the 
alimentary  canal  and  also  in  rotting  mixtures.  It. 
together  with  skatole,  methyl  indole,  yields  to  feces  and 
to  putrefying  flesh  their  peculiar  disagreeable  odors. 
The  mother  substance  of  indole  is  in  the  tryptophane 
group  of  the  protein  molecule.  After  absorption, 
oxidation,  and  conjugation  with  sulphuric  acid,  indole 
is  eliminated  in  the  urine  in  large  measure  as  indican. 
Indole  crystallizes  in  shining  plates  with  a  melting 
point  of  52°  C.  It  is  volatilized  by  steam  and  may  be 
removed  from  the  watery  distillate  by  ether.  An 
alcohol  solution  of  indole  treated  with  hydrochloric 
acid  colors  a  pine  chip  cherry  red.     (See  Indican.) 

F.  P.  U. 
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Infancy.  Under  the  term  infancy  (inability  to 
speak)  we  include  thai  early  period  of  life  which  ex- 
tends from  birth  to  the  close  of  the  first,  dentition. 
Its  first  few  weeks  represent  a  period  of  great  feeble- 
ness during  which  there  exists  a  liability  to  special 
forms  of  disease  consequent  upon  the  great  change 
which  takes  place  in  the  circulation  at  birth,  and 
upon  the  assumption  by  the  several  organs  of  their 
special  work  in  the  economy.  To  the  infant  at  this 
period  the  name  of  "the  new-born"  (neonatus)  is 
applied.  From  the  end  of  the  first  month  to  the  close 
of  lactation  between  the  ninth  and  twelfth  months  is 
sometimes  referred  to  as  the  period  of  early  infancy 
and  corresponds  to  the  term  "Sauglingsalter"  of 
German  writers. 

Compared  with  childhood  and  adult  life,  infancy  is 
characterized  by  rapid  growth  and  development.  It 
is  a  period  specially  liable  to  disease,  some  of  the 
manifestations  of  which  are  peculiar  to  it;  others 
though  similar  to  what  we  meet  with  in  adult  life, 
are  more  or  less  modified  by  the  peculiarities  of  the 
infant  constitution.  Its  mortality  is  much  greater 
than  that  of  adult  life. 

Anatomical  and  Physiological  Characteristics. — 
The  first  act  of  the  new-born  is  to  inspire.  With  the 
separation  of  the  placenta  from  the  maternal  con- 
nection and  the  tying  of  the  cord,  the  whole  circulation 
of  the  infant  is  profoundly  altered;  for  the  first  time  a 
full  current  of  blood  distends  the  pulmonary  arteries 
to  meet  air  in  the  newly  opened  vesicles  of  the  ex- 
panding lungs.  The  thorax  is  enlarged  and  the  dia- 
phragm and  abdominal  viscera  are  depressed,  all 
conspiring  to  favor  the  associated  changes  which  take 
place  in  the  heart.  With  the  sudden  deflection  of 
blood  to  the  pulmonary  circulation  and  the  greatly 
increased  intrathoracic  pressure,  the  flow  of  blood 
through  the  foramen  ovale  and  the  ductus  arteriosus 
comes  almost  to  a  standstill,  and  both  these  passages 
become  gradually  obliterated.  Within  thirty-six 
hours  Vogel  found  the  ductus  arteriosus  scarcely  large 
enough  to  admit  a  probe;  the  foramen  ovale  closes  more 
slowly,  the  border  of  the  valve  usually  remaining  free 
for  some  months,  but  the  foramen  is  so  completely 
covered  that  no  detriment  to  the  circulation  ensues. 
The  left  ventricle  now  takes  on  the  burden  of  the 
systemic  circulation,  rapidly  increasing  the  muscular 
power  so  that  at  the  end  of  the  second  year  its 
walls  are  double  the  thickness  of  those  of  the  right 
side. 

With  the  establishment  of  respiration  the  livid  hue 
of  the  skin,  due  to  the  interference  by  parturition  with 
the  fetal  circulation,  is  rapidly  exchanged  for  the  deep 
red  of  the  new-born  infant.  This  hue  fades  in  a  few- 
days  and  the  skin  not,  infrequently  then  assumes  a 
more  or  less  yellow  tinge  unaccompanied  by  any 
symptoms  of  systemic  disorder.  This  condition  is 
known  as  icterus  neonatorum  its  true  cause  is  still 
uncertain,  but  it  is  supposed  to  be  associated  with  a 
disturbance  of  the  hepatic  circulation  due  to  the  altera- 
tion in  its  blood  supply.  This  yellow  tinge  gradually 
disappears  of  itself,  and  by  the  third  week  of  life  the 
skin  assumes  the  rosy  tint  of  healthy  infancy.  The 
fine  soft  hairs  which  at  birth  frequently  cover  almost 
the  whole  body  generally  fall  out  by  this  time  and  are 
not  renewed,  though  feeble  infants  may  retain  them 
for  some  time.  The  long  strong  hairs  on  the  scalp 
with  which  many  infants  are  born  fall  out  at  a  later 
period  and  are  generally  replaced  by  finer  and,  as  a 
rule,  lighter-colored  hair.  At  birth  the  laerymal  and 
sudoriferous  glands  are  inactive.  It  is  almost  im- 
possible to  produce  sensible  perspiration  in  an  infant 
a  few  weeks  old;  not  until  after  the  third  month  does 
the  activity  of  the  sweat  glands  commence,  but  after 
this  age  in  rachitic  infants,  perspiration  is  often  very 
profuse.  The  sebaceous  glands,  on  the  contrary,  are 
very  active  in  the  new-born.     In  the  third  month  the 
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secretion  of  those  in  the  scalp  frequently  gives  the 
vertex  the  appearance  of  having  been  smeared  with 
and  latei  on  forms  a  distinct  crusl  oi  a  j  ellowish- 
brown  color  (seborrhea  capillitii).  This  is  to  be  dis- 
tinguished from  inflammatory  exudal  ions  by  t  lie  I 
that  if  a  portion  of  the  crust,  be  removed,  which  can  be 
easily  done  by  the  finger  nail,  the  subjacent  skin  will 
be  found  in  a  healthy  state,  not  even  congested.  This 
excessive  secretion  ceases  spontaneously  about  the 
end  of  the  first  year,  and  the  scabs,  if  still  remaining, 
drv  and  crumble  away. 

I  ;ii  i  abundant  in  the  subcutaneous  tissues  of  the 
healthy  infant  but  is  present  in  only  small  amounts  in 
the  interior  of  the  body.  The  muscles  in  the  first 
months  are  small  and  soft;  not  till  after  the  sixth 
month  can  they  be  felt  firm  and  resisting.  The  bones 
are  still  in  great  part  cartilaginous  and  possess,  there- 
fore, much  greater  flexibility  than  in  the  adult. 

With  the  introduction  of  air  the  compact  tissue  of 
the  fetal  lung  is  converted  into  a  spongy  alveolar 
structure  of  a  rose-pink  color  and  expands  so  as  to 
cover  in  great  part  the  pericardium  and  to  come  into 
contact  with  almost  the  whole  extent  of  the  thoracic 
wall.  The  approximation  anteriorly  of  the  two  pleural 
cavities,  however,  is  not  so  close  as  it  becomes  in  later 
life,  the  anterior  aspect  of  the  heart  and  thymus  gland 
remaining  comparatively  uncovered. 

The  thymus  gland  in  the  new-born  weighs  on  an 
average  from  five  to  eight  grams.  Bovaird  and 
Nicoll  consider  that  its  size  and  weight  are  at  a  maxi- 
mum at  birth,  but  Olivier  after  a  series  of  observations, 
states  that  it  doubles  its  weight  during  the  first  two 
years  of  life,  remains  about  the  same  till  the  eighth 
year  or  a  little  longer,  after  which  it  rapidly  decreases 
in  size.  Its  period  of  greatest  functional  activity 
appears  to  be  during  infancy  and  early  childhood. 
What  its  exact  functions  are  is  still  uncertain.  Recent 
experiments  appear  to  indicate  that  it  furnishes  an 
internal  secretion  which  exerts  an  important  influence 
on  nutrition.  An  excessive  secretion  has  been  sug- 
gested as  the  cause  of  the  condition  known  as  status 
lymphalicus,  Thymectomized  animals  develop  at 
first  a  condition  of  increased  fat  assimilation  followed 
later  on  by  a  grave  cachexia.  The  thyroid  gland  in 
the  infant  is  relatively  larger  than  in  the  adult. 

The  liver  at  birth  is  large  and  its  lower  margin  is 
easily  felt  from  one  to  two  centimeters  below  the 
ribs.  The  stomach  occupies  a  more  vertical  position 
than  in  the  adult  owing  to  the  slight  development  of 
its  fundus.  Its  capacity  at  birth  is  somewhat  less 
than  one  ounce. 

In  the  infant  the  shape  of  the  duodenum  is  not 
unlike  its  form  in  adult  life;  its  folds  are  less  devel- 
oped, and  more  than  in  the  adult  does  it  act  as  a  diges- 
tive reservoir  where  the  food  from  the  stomach  is 
mingled  with  the  secretions  of  the  liver  and  the  pan- 
creas. Below  the  duodenum  the  several  portions  of 
the  intestines  show  considerable  difference  in  their 
relative  lengths  as  compared  with  those  which  they 
attain  in  the  adult.  Both  small  and  large  intestines 
are  relatively  long;  Treves  states  that  the  average 
length  of  the  small  intestine  at  birth  is  nine  feet  five 
inches  and  of  the  large,  one  foot  ten  inches,  and  says 
there  is  remarkably  little  deviation  from  these  figures. 
He  estimates  that  the  small  intestine  grows  about  two 
feet  per  month  for  the  first  few  months,  but  after  this 
period  development  proceeds  irregularly,  depending 
upon  the  nature  of  the  food,  the  vigor  of  the  digestive 
process,  and  the  activity  of  the  abdominal  nervous 
centers;  it  bears  no  relation  to  the  general  growth  of 
the  body  nor  to  the  weight  of  the  child.  The  position 
of  both  small  and  large  bowel  is  much  less  fixed  than 
in  the  adult;  the  upper  part  of  the  small  bowel  may 
frequently  be  found  occupying  the  lower  part  of  the 
right  iliac  fossa,  and  the  caput  coli  may  be  found  near 
the  umbilicus  from  which  position  the  colon  ascends 
toward  the  left  hypochondrium.  Both  ascending  and 
transverse  colons  are  generally  very  short,  while  the 
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descending  colon  and  sigmoid  flexure  arc  of  great  com- 
parative length.  For  the  first  four  months  the 
growth  of  the  large  bowel  is  relatively  slight,  but  a 
certain  amount  of  readjust  men  I  of  its  position  appears 
to  take  place  by  which  the  ascending  and  transverse 
portions  increase  at  the  expense  of  the  sigmoid  flexure. 
After  the  age  of  four  months,  however,  growth 
generally  goes  on  steadily.  Occasionally  this  undue 
length  of  the  sigmoid  flexure  persists  during  infancy, 
seriously  impeding  the  passage  of  the  feces  and  leading 
to  constipation. 

At  birth  the  kidneys  are  of  comparatively  large  size 
and  distinctly  lobulated.  This  peculiarity  in  form 
passes  away  shortly.  Anomalies  are  occasionally 
found.  The  suprarenals  at  birth  are  as  large  as  in  the 
adult.  The  bladder  in  the  new-born  has  a  capacity 
of  from  two  to  four  drams  and  lies  partly  in  the 
pelvis,  and  partly  above  it  in  the  abdominal  cavity. 
Renal  secretion  commences  early,  and  at  birth  urine 
is  normally  present  in  the  bladder  and  should  be  voided 
during  the  first  twelve  hours  of  life.  During  the  first, 
few  weeks  of  life  crystals  of  uric  acid  and  urates, 
occasionally  hyaline  casts  and  epithelial  cells  with  a 
minute  amount  of  albumin,  may  be  found  in  the  urine, 
a  result  of  the  prenatal  condition  known  as  uric-acid 
infarction.  During  infancy  the  urine  is  of  a  light- 
color,  low  specific  gravity  (1.004-1.010),  faintly  arid 
in  reaction,  and  contains  a  low  percentage  of  urea  and 
of  the  inorganic  salts.  The  amount  of  urine  passed 
for  the  first  few  days  is  very  variable  and  has  been 
estimated  at  from  two  to  three  ounces,  increasing  in 
the  week  to  five  or  ten  ounces.  Throughout  infancy 
the  amount  of  urine  passed  is  relatively  larger  than  in 
adult  life,  but  is  dependent  upon  the  amount  of  liquid 
taken  by  the  infant;  micturition  is  very  frequent. 

The  urethra  in  the  male  is  sLx  centimeters  long,  deli- 
cate and  distensible  and  generally  presents  a  marked 
constriction  at  the  meatus.  The  glans  penis  is  closely 
invested  by  the  prepuce;  cohesion  is  frequently  ver}' 
firm  between  the  membrane  covering  the  glans  and 
that  covering  the  prepuce.  Congenital  deformities 
due  to  arrested  development  are  not  infrequent. 
In  the  female  infant  the  urethra  and  vagina  are 
relatively  large  and  distensible",  the  uterus  is  from 
an  inch  to  an  inch  and  a  quarter  long,  but  its  fundus 
is  quite  undeveloped.  Deformities  occasionally  arise 
from  the  non-absorption  of  the  septum  formed  by  the 
infolding  of  the  cloaca.  The  mammary  gland  is  well 
developed,  possessing  secreting,  structure  in  both 
sexes . 

Although  the  brain  of  the  new-born  is  of  relatively 
large  size  the  anterior  lobes,  and  the  cerebellum  are 
comparatively  small.  The  blood-vessels  of  the  pia 
mater  are  abundant  and  very  fragile,  so  that  hemor- 
rhage into  the  subarachnoid  space  is  liable  to  occur 
not  only  from  slight  traumatism  but  from  any  cause 
producing  high  blood  pressure.  The  brain  tissue 
itself  is  most  immature,  of  a  uniform  whitish  color, 
and  of  soft  pulpy  consistence.  Not  till  toward 
the  first  month  of  life  does  gray  matter  make  its 
appearance  on  the  convolutions.  The  centers  in 
the  medulla  and  in  the  spinal  cord  are  in  a  much  more 
forward  state  of  development  than  those  in  the  cere- 
brum, and  throughout  infancy  maintain  their  func- 
tional superiority;  of  those  in  the  spinal  cord  the 
motor  centers  in  the  anterior  cornua  are  more  developed 
than  those  of  sensation  in  the  posterior;  to  this  for- 
ward state  of  development  of  the  spinal  centers  is 
due  the  great  reflex  excitability  of  the  nervous  system 
in  infants.  Even  in  normal  infants,  however,  much 
variation  in  the  time  and  development  of  the  various 
nerve  centers  may  be  observed. 

Circulation. — The  blood  of  the  new-born  for  the 
first  few  days  after  birth  resembles  that  of  the  fetus, 
and  shows  signs  of  immaturity.  As  compared  with 
the  blood  of  an  adult  its  percentage  of  hemoglobin 
is  very  high;  both  the  red  and  the  white  cells  are 
present  in  greatly  increased  numbers,  and  a  few  nu- 


cleated   red   cells  may  be  seen;  at    the  same  time  the 

total  amounl   of  blood  as  compared  with  the  b 
weight  is  less  than  in  tin-  adult.     Owing  to  the  com- 
paratively small  amounl  of  it   and  to  its  immaturit 
the  young  infant  stands  the  loss  of  even  small  quan- 

til  ies  of  blood   badly. 

Owing  to  the  rapidity  of  the  developmental  changes, 
and  to  the  dilution  of  the  blood  by  the  large  amounl 
of  fluid  food  taken  by  the  infant,  these  conditions 

change  rapidly.  By  the  third  month  a  normal  in- 
fant has  more  Mood  in  proportion  to  its  weight 
than  an  adult;  its  percentage  of  hemoglobin  is  gri 
reduced  so  thai  it  averages  between  sixty  and  seventy- 
five;  the  red  blood  cells  number  from  4,500,000  to 
5,500,000.  The  white  blood  cells  are  still  in  large 
numbers  from  10  to  15,000,  and  even  20,000.  01 
these  the  mononuclear  Lymphocytes  are  in  much  the 
largest  number  all  through  infancy  and  childhood,  a 
prominence  due  to  the  great  functional  activity  of  the 
spleen  and  lymphatic  glands.  The  organs,  on  the 
other  hand,  which  have  to  do  with  the  production 
of  the  red  cells  during  early  life  are  taxed  to  their 
full  capacity;  and  anemia  arises  from  comparatively 
slight   causes. 

Although  at  birth  the  heart  as  a  whole  is  relatively 
larger  then  in  the  adult,  it  has  to  be  remembered  that 
in  intrauterine  life  the  auricular  half  is  unduly  devel- 
oped, and  that  after  birth  t  he  walls  of  the  left  ventricle 
only  slowly  acquire  that  increase  of  power  demanded 
by  their  newly  assumed  burden  of  the  systemic  cir- 
culation. The  arterial  system  of  the  infant  has  also 
a  large  relative  capacity  as  compared  with  the  size 
of  the  heart,  which,  associated  with  a  comparatively 
weak  ventricle,  renders  arterial  tension  low.  This 
condition  persists  in  some  degree  till  puberty,  when 
it  ceases  owing  to  the  rapid  development  of  the  heart 
at  that  age.  It  would  appear  that  in  the  young 
growth  and  physiologically  low  blood  pressure  go 
hand-in-hand  (Jacobi).  It  is  also  to  be  noted  that 
the  growth  of  the  large  arterial  trunks  in  the  infant  is 
not  uniform:  the  subclavian  and  carotid  at  birth  are 
relatively  large,  corresponding  with  the  greater 
development  of  the  head  and  upper  extremities; 
after  birth  the  descending  aorta  and  the  femoral  and 
renal  arteries  increase  more  rapidly  in  size,  corre- 
sponding with  the  rapid  growth  of  the  lower  ex- 
tremities. 

The  pulse  rate  during  infancy  is  much  more  rapid 
than  during  childhood  or  adult  age,  and  is  easily  dis- 
turbed and  quickened  by  slight  causes;  irregularity 
of  rhythm  may  not  infrequently  be  noted.  A  girl's 
pulse  is  almost  always  a  few  beats  more  rapid  than 
that  of  a  boy.  The  following  table  furnishes  approx- 
imately the  pulse  rate  at  various  periods: 

Table  Showing  Pulse  Rate  at  Different  Periods  of  Infancy. 

At  birth From  120-140 

At  six  months From  1 10-120 

At  twelve  months From  105-115 

At  two  years From    90-105 

At  five  years From    S0-90 

Muscular  exercise  or  excitement  will  increase  this  rate 
by  from  twenty  to  fifty  beats. 

The  lymphatic  system  in  the  infant  is  well  devel- 
oped; its  glands  are  numerous  and  large  in  size,  and  the 
intercommunication  between  them  and  the  general 
svstem  is  more  marked  than  at  any  other  period  of 
life. 

Respiration  in  the  infant,  as  a  consequence  of  the 
circular  shape  of  the  chest,  is  chiefly  carried  on  by 
the  diaphragm.  Owing  to  the  compressibility  of  the 
chest  wall,  to  the  lack  of  development  in  the  respir- 
atory muscles,  ami  the  yielding  character  of  their 
points  of  origin  and  insertion,  and  also  to  the  narrow- 
ness of  the  upper  air  passages,  respiration  is  easily 
disturbed  and  in  young  infants  may  not  infrequently 
be  observed  to  be  irregular.  The  rate  and  rhythm 
of  the  respiratory  movement  are  very  variable ;  Eus  I 
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Smith  gives  forty  or  perhaps  more  as  the  number  of 
respirations  in  the  new-born,  but  adds  that  they  soon 
become  less  rapid.  Rotch  places  them  at  about  forty- 
li\  c  for  the  first  weeks  of  life,  and  in  infants  under  t  wo 
years  at  between  twenty  and  fortyper  minute.  The 
rat  in  between  the  rapidity  of  the  respiration  and  that 
of  the  pulse  for  the  first  few  months  of  life  is  inconstant 
and  easily  disturbed.  During  infancy  more  oxygen 
is  inhaled  and  more  carbonic  dioxide  exhaled  than 
in  adult  life,  as  the  result  of  the  more  rapid  tissue 
change,      infants,      however,     stand       complete      de- 

privati f  air  lor  a  longer  period  than  will  adults. 

Attention  is  drawn  by  Jacobi  to  the  greater- labor 
required  by  the  organs  of  both  circulation  and  res- 
piration in  the  infant  as  compared  with  those  of  the 
adult,  while  at  the  same  time  their  own  development 
must  go  on.  Hence  fatigue  is  more  easily  experienced 
and  rest  and  sleep  are  much  more  urgently  demanded 

The  Digestive  Tract. — The  mouth  is  early  moistened 
by  secretion  from  the  buccal  and  labial  glands,  though 
iii  the  first  days  of  life  often  imperfectly  SO.  Saliva 
is  secreted  at  this  date  only  by  the  parotid  glands; 
its  amount  for  the  first  two  or  three  weeks  is  but  one- 
tenth  of  what  it  becomes  after  the  sixth  month;  not 
until  after  the  fourth  month  do  the  submaxillary 
glands  assume  activity.  Even  in  the  first  days  of  life, 
pepsin  is  secreted  by  the  gastric  follicles  in  small 
amount.  For  the  first  few  weeks  the  stomach  is 
small  in  size,  somewhat  tubular  in  shape,  and  plays 
a  comparatively  unimportant  part  in  the  proci 
of  digestion,  acting  chiefly  as  a- receptacle  in  which 
the  milk  is  coagulated  by  the  rennet  ferment,  and 
from  which  it  passes  in  a  comparatively  undigested 
slate  into  the  duodenum  where  digestion  is  com- 
pleted by  the  pancreatic  ferments.  While  in  a 
breast-fed  infant  two  months  old  the  stomach  empties 
itself  in  an  hour  and  a  half,  in  an  infant  four  months 
old  the  average  time  is  about  two  hours.  Infants  fed 
on  cow's  milk  require  half  an  hour  longer.  At  birth 
the  average  capacity  of  the  stomach  is  under  an  ounce; 
the  organ,  however,  increases  rapidly  in  size,  and  by 
the  end  of  the  fourth  week  its  capacity  in  an  infant 
of  average  size  is  about  two  and  a  half  ounces,  at 
three  months  four  and  a  half  ounces,  at  s'ix  months 
six  ounces,  and  at  twelve  months  nine  ounces.  In 
estimating  the  size  of  the  stomach  of  an  infant,  not 
only  is  its  age  to  be  considered,  but  also  its  weight ; 
the  greater  the  weight  of  the  infant  the  greater  will  be 
its  gastric  capacity.  After  the  first  six  months  of  life 
the  secretion  of  gastric  juice  becomes  distinctly  more 
abundant,  but  during  the  entire  period  of  infancy 
free  hydrochloric  acid  is  either  absent  altogether  or 
exists  in  only  small  amounts  toward  the  close  of 
digestion  in  an  infant's  stomach.  In  the  intestines 
the  villi  are  numerous  and  large,  even  surpassing  in 
size  the  corresponding  structures  in  the  adult,  and 
contain  large  capillaries.  The  glands  of  Lieberkiihn 
are  present,  but  only  in  small  numbers  and  they  are 
poorly  developed.  The  same  is  true  of  Peyer's 
glands,  which  do  not  reach  their  proper  development 
till  the  second  year  of  infancy.  In  a  healthy  infant 
the  greater  part  of  the  food  is  absorbed  from  the 
small  intestine.  The  mucous  glands  of  both  stomach 
and  small  intestine  are  more  numerous  in  the  infant 
than  in  later  life,  and  if  unduly  stimulated  pour  forth 
a  copious  secretion  which  readily  undergoes  acid 
fermentation  and  becomes  an  irritant.  The  secretion 
of  the  pancreas  is  for  the  first  few  months  very  de- 
ficient; three  of  its  ferments  are  present  at  birth, 
viz.,  trypsin,  steapsin,  and  the  milk-curding  ferment, 
but  the  amylolytic  ferment  is  deficient  till  after  the 
sixth  month.  Bile  is  early  secreted  in  considerable 
quantity,  but  compared  with  that  of  the  adult  it  is 
defective  in  organic  salts,  in  cholesterin,  in  lecithin, 
and  in  fat. 

The  feces  of  an  infant  after  the  first  few  days  should 
be  of  an  orange-yellow  color,  of  soft  homogeneous  con- 
sistence, distinctly  acid  in  reaction,  and  not  offensive 


in  odor.  They  are  chiefly  composed  of  fats,  of  fatty 
and  lactic  acids  in  combination  with  lime,  of  choles- 
terin, of  intestinal  epithelium  ami  mucus,  with  about 
three  per  cent,  of  the  milk  ingested  which  has  remained 
mialisorlied.  Meconium  is  no  longer  considered  to  be 
simply  an  admixture  of  bile  with  intestinal  mucus, 
but  is  found  to  contain  flat  epithelial  cells  which  can- 
not have  originated  in  the  intestinal  canal,  along  with 
fine  hairs  and  fat  globules  which  have  evidently  had  a 

cutaneous  origin. 

(  Iuowth. — The  average  weight  of  the  new-born  babe 
is  a  little  over  seven  pounds,  males  as  a  rule  weighing 
a  few  ounces  more  than  females,  but  occasionally  this 
average  is  much  exceeded.  During  the  first  two  or 
three  days  of  life  a  loss  in  weight  of  from  eight  to 
twelve  ounces  usually  takes  place,  due  partly  to  the 
passage  of  urine  and  meconium,  partly  to  the  disturb- 
ance of  nutritive  processes  necessarily  associated  with 
its  entrance  on  a  new  life,  and  partly  to  the  fact  that 
during  these  days  the  infant  is  not  supplied  with 
sufficient  nourishment.  Townsend,  at  the  Boston 
Lying-in  Hospital,  has  shown  that  the  infants  of  primi- 
parae  lose  more  and  are  slower  to  recover  their  loss 
than  those  of  multipara-;  large  children,  however, 
suffer  less  loss  of  weight  and  recover  more  quickly 
than  small  ones;  children  who  have  to  be  fed  arti- 
ficially do  not  as  a  rule  regain  their  original  weight 
before  the  tenth  day.  That  the  loss  is  to  some  extent 
avoidable  is  indicated  by  the  fact  that  in  the  young 
of  mammals  which  commence  to  take  the  dug  im- 
mediately after  birth,  increase  of  weight  is  immediate 
and  uninterrupted.  Any  failure  of  the  infant  fully  to 
regain  this  loss  by  the  end  of  the  second  week  should 
be  regarded  as  an  indication  that  its  nutrition  is  at 
fault  and  special  measures  should  be  taken  to  increase 
its  vitality  (Rotch).  After  the  second  week  there 
should  be  a  weekly  gain  in  weight  of  from  five  to  seven 
ounces  for  the  first  five  months.  After  this  age  growth 
gradually  becomes  less  rapid.  It  is  generally  consid- 
ered that  the  initial  weight  of  the  infant  at  birth  should 
be  doubled  at  five  months  and  trebled  between  thirteen 
and  fourteen  months  of  age.  The  weight  at  one  year 
should  be  doubled  at  six  years  and  this  weight  doubled 
again  when  the  child  reaches  fourteen  years.  Weighed 
from  day  to  day  the  amount  of  increase  in  an  infant 
may  be  found  to  vary  considerably,  even  a  uniform 
weekly  increase  is  exceptional.  Slight  disturbances 
such  as  dentition,  weaning,  improper  feeding,  or  undue 
excitement  may  interfere  with  or  even  interrupt  the 
regular  increment.  The  weight  of  an  infant  carefully 
and  systematically  taken  is  to  be  regarded  as  an 
excellent  index  of  the  infant's  nutrition,  and  our  most 
exact  guide  in  determining  the  suitability  and  suffi- 
ciency of  the  food  supplied.  Bowditch  has  also 
insisted  that  actual  loss  in  weight,  and  sometimes  even 
a  failure  to  gain,  is  often  an  early  premonitory  indica- 
tion of  the  onset  of  constitutional  disease. 

The  average  length  of  the  infant  at  birth  is  nineteen 
and  three-quarter  inches.  During  the  first  six  months 
it  grows  from  four  to  five  inches  and  in  the  second 
from  three  to  four.  In  the  second  year  the  gain  is 
from  three  to  five  inches,  and  by  the  end  of  the  fifth 
year  the  child  should  have  doubled  its  original  length, 
insufficient  nourishment  and  improper  food,  especially 
in  rachitic  children,  retard  growth  in  length.  Chronic 
disease  of  the  brain  (idiocy)  is  apt  to  give  rise  to  more 
or  less  dwarfing.  Cretinism,  also,  in  a  very  marked 
degree  stunts  growth.  On  the  other  hand  an  attack 
of  one  of  the  exanthemata  appears  in  some  children  to 
accelerate  growth. 

At  birth  the  circumference  of  the  head  much  ex- 
ceeds the  circumference  of  the  thorax,  but  with  the 
rapid  development  of  the  lungs  the  difference  is  nota- 
bly diminished  during  the  first  few  months,  and  at  the 
end  of  the  first  vear,  notwithstanding  the  rapid  devel- 
opment of  the  head,  the  thorax  exceeds  it.  When  be- 
tween six  and  eight  weeks  old,  the  child  begins  to  raise 
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its  head  and  turn  it  voluntarily  toward  a  bright  object 
and  a  few  weeks  later  is  able  to  hold  it  up  without 
support.  Not  till  about  the  seventh  month  docs  the 
average  infant  acquire  the  power  of  silling  alone,  and 
not  (ill  the  close  of  the  first  year  are  the  lower  extremi- 
ties sufficiently  developed  to  enable  it  to  make  some 
effort  to  stand.  Two  or  three  months  later  it  .should 
walk  alone.  Growth  does  not  always  take  place 
uniformly;  the  head  often  increases  the  most  rapidly 
in  size,  but  sometimes  the  extremities.  When  growl  h 
is  too  rapid,  failure  of  strength,  with  anemia  and  more 
or  less  emaciation,  ensues. 

About  the  sixth  month  dentition  generally  com- 
mences with  the  eruption  of  the  two  lower  central 
incisors  and  these  are  followed  at  varying  intervals  by 
the  other  teeth  in  successive  groups.  Every  kind  of 
variation  may  be  met  with  as  to  the  order  in  which  the 
several  groups  of  teeth  appear  without  any  evidence 
being  found  either  at  the  time  or  later,  of  the  existence 
of  any  pathological  condition,  rachitic  or  otherwise 
(Rotch).  Nevertheless  delayed  dentition  is  generally 
regarded  as  to  some  extent  an  evidence  of  imperfect 
nutrition.  Merei  and  Whitehead  state  that  in  seventy- 
nine  per  cent,  of  the  well-developed,  the  first  teeth 
appear  before  the  eighth  month  has  passed,  while  in 
sixty  per  cent,  of  those  with  imperfect  development 
the  first  teeth  are  cut  after  the  eighth  month.  The 
following  is  the  formula  for  their  usual  appearance  as 
given  by  Rotch : 

Groups.  Time  of  appearance. 

Two  central  lower  incisors 6th  to    8th  month. 

Four  upper  incisors 8th  to  10th  month. 

Two  lateral  lower  incisors  and  four  Brst ',    12th  tQ  uth  month 

molars J 

Four  canines 18th  to  20th  month. 

Four  second  molars 28th  to  32d  mouth. 

During  the  earlier  months  of  infancy  the  anterior 
fontanel  remains  open,  and  affords  a  fair  indication  by 
its  size  of  the  state  of  development  in  the  cranial 
bones,  and  to  some  extent  of  the  state  of  ossification 
in  the  body  generally;  and  by  the  presence  or  other- 
wise of  any  distention  in  the  membrane  covering  it, 
of  the  condition  of  the  brain,  whether  congested 
or  anemic.  This  fontanel  is  of  small  size  in  the 
new-born,  but  gradually  increases  up  to  the  ninth 
month  when  its  size  remains  stationary  for  two  or 
three  months,  and  then  it  begins  rapidly  to  close 
(Vogel).  Between  the  fifteenth  and  eighteenth  months 
in  healthy,  well-developed  children  it  should  be- 
come completely  ossified. 

The  development  of  the  senses  and  mental  faculties  in 
the  infant  is  an  interesting  study  to  which  in  recent 
years  considerable  attention  has  been  directed.  The 
first  movements  of  the  new-born  infant  are  either 
purely  reflex,  like  its  crying,  or  impulsive,  and  due 
to  the  unloading,  in  an  objectless  manner,  of  its  "in- 
herited provision  of  motor  impulses.  "  Tactile  sensa- 
tion at  birth  appears  to  be  developed  in  lips,  tongue, 
eyes,  and  hands;  numerous  reflexes  of  prenatal  devel- 
opment also  mainfest  themselves,  e.g.  respiration, 
swallowing,  winking,  coughing,  sneezing,  etc.  With 
these  exceptions  sensation,  both  general  and  special, 
is  in  the  early  weeks  of  life  very  defective.  The 
senses  of  taste  and  smell  appear  to  be  the  first  to 
make  distinct  and  clear  impressions  on  the  mind. 
The  new-born  can  distinguish  between  bitter  and 
sweet,  and  the  taste  and  smell  of  the  milk  first  received 
makes  a  permanent  impression,  so  that  another  is 
often  tried  only  to  be  put  away.  Thus  memory  and 
judgment  appear  to  arise  first  in  the  domain  of  these 
senses. 

Hearing  and  sight  are  defective  at  first,  but  be- 
come afterward  of  much  importance  to  development. 
All  children  are  born  deaf  owing  to  the  fact  that  the 
Eustachian  tube  is  closed  at  birth  and  is  only  gradually 
opened  bv  the  acts  of  breathing  and  swallowing. 
Until  it  is'  opened  the  middle  ear  contains  no  air,  and 
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the  tympanum  stands  verj  obliquely.  After  hearing 
becomes  active  no  organ  of  sense  contributes  so  much 
toward  mental  development.  Deaf  children  are 
much  more  backward  than  are  the  blind.     Toward  the 

end   of  Hie  third   month   a  child   should   recognize   the 

direction  of  a  noise  and  turn  toward  it.     It  requires 

mole   time,    however,   before  children   can    distinguish 

between  different  sounds.     Demme  found  only  two 

per  cent,  able  to  recognize  their  mother's  voice  at 
three  and  a  half  months.  At  six  months  most  babies 
enjoy  being  sung  to,  and  are  amused  by  the  jingle  of 
rattles. 

The  infant,  appeal's  lo  be  able  to  distinguish  light 
from  darkness  almost  immediately  after  birth,  but 
that  is  all,  for  the  movements  of  the  lids  and  balls  are 
not  at  first  symmetrical.  About  the  sixth  week  a 
bright  light,  if  moved  slowly,  is  followed  by  the  eyes, 
and  after  the  third  month  we  may  observe  the  quick 
closing  of  the  lids  on  Hie  approach  of  an  object.  By 
this  time  also  the  child  should  recognize  its  mother's 
face.  After  the  sixth  month  the  estimation  of  size, 
distance,  and  color  becomes  gradually  developed,  but 
not  till  after  the  third  year  are  all  the  colors  distin- 
guished. 

Voluntary  grasping  is  generally  noticed  very  shortly 
after  the  third  month  and  with  it  comes  the  knowledge 
of  things  apart  from  itself. 

Speech  is  not  inborn,  but  the  tendency  to  it  is  in- 
herited. At  first  only  vowels  are  uttered,  but  after 
the  first  few  weeks  the  mental  state  of  the  child  may 
be  determined  to  some  extent  from  the  different 
sounds  that  it  makes  and  its  voice  gradually  becomes 
modulated  to  suit  its  mood.  Toward  the  end  of  the 
first  year  the  child  begins  its  first  imitation  of  sound. 
The  progress  is  more  rapid  after  this,  but  for  a  long 
time  expression  and  gestures  are  the  most  important 
means  of  communication,  and  sounds  are  merely 
accompaniments.  Then  one  word  is  used  to  signify 
several  thoughts,  showing  the  growth  of  reasoning 
power.  Two  or  three  words  are  next  joined  together, 
and  finally  complete  sentences  are  formulated.  All 
the  disturbances  of  speech  noted  in  the  adult  may  have 
their  counterpart  in  the  child.  In  the  one  the  func- 
tions are  disturbed  by  disease,  in  the  other  the  defect 
is  due  to  insufficient  development. 

Infantile  Mortality. — Until  very  recent  years  the 
mortality  during  the  first  year  of  life  has  been  appall- 
ing, amounting  to  about  twenty-five  per  cent,  of  all 
infants  born.  In  the  last  decade  of  the  past  century 
the  death  rate  at  this  age  for  all  England  amounted 
to  180  per  1,000  born;  for  France  225.  and  for  Italy 
275.  In  America  the  infant  mortality  in  all  the  large 
cities  reached  similar  figures. 

With  the  great  improvement  in  the  general  hygienic 
conditions  of  living  which  has  taken  place  in  all 
civilized  countries  and  the  more  perfect  knowledge  of 
the  necessities  of  infant  feeding  and  hygiene  which  is 
being  diffused  through  all  classes  of  .society,  these 
statistics  have  during  the  past  decade  been  greatly 
reduced.  How  much  can  be  done  in  this  way  is  well 
illustrated  by  the  statistics  quoted  at  the  Conference 
on  Infant  Mortality  held  in  London.  1912,  at  which  it 
was  stated  that  in  the  well-kept  parish  of  Hampstead 
in  London  infant  mortality  had  been  reduced  to 
71  per  1,000,  while  in  the  more  crowded  and  less 
hygienic  district  of  Shoreditch  the  death  rate  among 
infants  still  remained  at  145  per  1,000.  Still  further 
comparing  the  statistics  of  the  various  classes  in 
England  it  was  stated  that  infant  mortality  only 
reached  40  per  1,000  born  in  the  families  of  physi- 
cians, and  77  in  the  families  of  the  upper  and  mid- 
dle classes;  it  rose  to  160  in  families  of  miners  and 
to  between  150  and  250  in  those  of  unskilled  city 
workmen,  while  it  fell  to  97  in  the  families  of 
the  poorly  paid  agricultural  laborers. 

While  a  few  of  the  causes  of  this  heavy  death  rate 
are  at  the  present  unable  to  be  foreseen  and  prevented ; 
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such  as  prematurity,  malformations,  and  birth  in- 
j urics.  the  greal  majority  can  In-  avoided  by  intelligent 
care  before  and  after  birth,  by  more  perfect  hygienic 
surroundings  for  the  infant,  and  by  more  scientific 
attempts  at  infant  feeding.  In  the  parent,  tin1  pres- 
ence of  syphilis  or  tuberculosis  necessarily  entails  an 
enfeebled  offspring  unless  effective  precautionarj 
measures  are  taken.  Even  with  no  diathetic  di 
tn  deal  with  in  the  mother,  overwork,  general  debility 
and  many  chronic  affections  will  affect  unfavorably 

the  vitality  of  the  offspring  and  render  it  less  able  to 
withstand  disease.  Alter  birth,  the  very  defective 
hygienic  conditions  into  which  many  babies  are  born 
predispose  1<>  sepsis  and  diseases  of  both  upper  and 
lower  respiratory  tracts.  Under  such  conditions  also 
acute  zymotic  disease  plays  an  important  role  in  the 
death  rate.  Pertussis  has  its  maximum  mortality 
during  the  first  year  of  life,  and  measles  in  the  second, 
but  scarlet  fever  does  not  reach  its  maximum  fatality 
till  between  the  third  and  fourth  years  of  life. 

The  most  important  factor,  however,  contributing 
to  this  heavy  death  rate  is  gastrointestinal  disease. 
According  to  Jacobi  forty-one  per  cent,  of  the  mortal- 
ity in  the  first  year  of  life,  and  almost  as  large  a  per- 
centage in  the  second  year,  is  due  to  this  class  of 
diseases.  During  the  past  few  years  great  efforts 
have  been  put  forth  both  of  a  public  and  of  a  private 
character  to  remove  and  counteract  the  conditions 
which  have  so  much  to  do  with  the  production  of  this 
class  of  disorder.  Already  these  efforts  are  bearing 
fruit  in  a  greatly  lessened  death  rate  compared  with 
that  of  the  past. 

Another  important  factor  contributing  to  the  high 
infant  mortality  is  disease  of  the  respiratory  tract  to 
which,  according  to  Jacobi,  twenty-one  per  cent,  of  all 
deaths  in  the  first  year  of  life,  and  thirty-six  per  cent, 
in  the  second  year,  are  due.  Imperfect  ventilation 
of  living  rooms  and  undue  exposure  to  wet  and  cold, 
with  insufficient  covering  of  the  extremities  conduce 
greatly  to  the  onset  of  these  affections. 

The  fact  that,  medical  science  has  shown  that  the 
greater  part  of  this  heavy  infant  mortality  can  be 
prevented  by  a  more  healthful  civic  environment  and 
by  the  general  diffusion  of  more  exact  knowledge 
of  the  important  principles  of  infant  feeding  and 
hygiene,  should  stimulate  all  who  have  the  good  of 
the  community  at  heart  to  increased  effort  to  miti- 
gate the  heavy  death  toll  due  to  ignorance,  poverty, 
and  an  unclean  milk  supply. 

Infant  Htgiene. — As  soon  as  the  requisite  atten- 
tion has  been  given  to  the  mother,  the  newly  born 
infant  demands  the  physician's  care.  Its  breathing 
and  heart  action  should  be  carefully  observed;  the 
mouth  wiped  out  to  remove  any  mucus  that  may 
impede  respiration,  and  its  eyes  washed  with  either 
physiological  saline  or  weak  boric  acid  solution. 
Should  any  possibility  exist  of  an  infection  by  Neisser's 
coccus  it  is  always  wise  to  instil  under  the  lids  a  two 
per  cent,  silver  nitrate  solution  and  then  wash  out 
with  sterile  water  or  saline  solution.  After  the  bath 
has  been  given  the  infant  the  umbilical  stump  requires 
careful  aseptic  dressing.  It  is  always  desirable  that 
for  the  first  two  days  the  rectal  temperature  of  the 
infant  should  be  taken  twice  a  day  or  oftener  if  there 
is  any  reason  to  suspect  trouble 

Feeding. — As  soon  as  the  mother  has  to  some  extent 
recovered  from  the  exhaustion  of  labor,  the  infant 
should  be  applied  to  the  breast.  Although  the  full 
supply  of  milk  is  not  established  until  the  second  or 
third  day,  yet,  as  a  rule,  sufficient  will  be  obtained  to 
satisfy  the  infant;  when  it  is  very  feeble,  however, 
artificial  feeding  with  a  weak  lactose  or  sterile  cream 
mixture  may  be  advisable.  At  this  early  period  the 
infant  does  not  require  much  and  a  frequent  applica- 
tion to  the  breast  is  unnecessary.  Should  the  influx 
of  milk  be  delayed  and  the  infant  be  fretful,  feeding 
with  some  substitute  milk  may  be  deemed  advisable. 
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regularity  in  nursing,  but  the  importance  oi   reg 
feeding  should  be  impressed  on  the  mother,  and  she 
should  lie  told   thai    crying   and  fretting  during  the 
intervals  are  in   general  due  not    to  hunger,  but   t., 
colic,  which  may  be  aggravated   by  irregular   n 

ing.  Alter  the  second  month  an  interval  Ol  at 
two  hours  between  the  periods  of  nursing  should  be 
insisted  on  during  the  day  and  until  about  ten  o'clocl 
.-it  night;  after  that  for  the  rest  ol  the  nighl  one  nurs- 
ing only  should  be  permitted.  As  the  child  grows 
older  its  stomach  becomes  capable  oi  taking  larger 
quantities  at  a  lime,  and  tin-  intervals  should  ac- 
cordingly be  gradually  lengthened  to  three,  after- 
ward  to  four  hours.  In  some  cases  the  breast  milk 
of  the  mother  does  not  agree  with  the  infant  and  g 
rise  to  more  or  less  pronounced  symptoms  of  indiges- 
tion associated  with  much  fretfulness,  sleepless] 
and  either  an  actual  loss  of,  or  a  failure  to  gain  in 
weight.  This  condition  of  the  milk  is  .sometimes  due 
1 1 .  over-anxiety,  insufficient  sleep,  an  improper  dietary, 
or  irregular  habits  on  the  part  of  the  mother,  and  may 
be  remedied  by  securing  for  her  a  correct  dietary, 
regular  outdoor  exercise,  sufficient  sleep  and  freedom 
from  undue  worry  and  excitement.  In  a  few  instances, 
however,  the  fault  appears  to  be  irremediable,  and 
artificial  feeding  with  a  properly  constituted  food  must 
be  attempted.  (See  article  Infinity,  Artificial  Feed- 
ing of.)       I 

In  estimating  the  suitability  of  any  food  to  an  in- 
fant's requirements  the  important  test  is  the  weekly 
increase  in  weight.  If  the  food  is  digestible,  and 
sufficient  in  amount  for  its  wants,  the  infant  should  be 
free  from  colic,  happy  in  disposition,  should  sleep 
quietly,  and  gain  regularly  in  weight.  No  fixed  rule 
can  be  stated  as  to  the  proper  time  to  supplement  the 
breast  milk  with  an  artificial  food.  While  robust 
mothers,  with  an  abundant  supply  of  milk,  can  easily 
satisfy  their  infants  up  to  the  age  of  nine  or  ten  months, 
many  begin  to  feel  the  drain  upon  them  by  the  second 
or  third.  In  others,  the  milk,  though  abundant, 
fails  to  satisfy  and  sufficiently  nourish  the  child,  and 
must  be  early  supplemented  by  artificial  food. 

Bathing. — The  first  bath  of  the  infant  should  be 
given  in  a  warm  room,  free  from  draughts,  and  in 
water  of  a  temperature  of  96°  F.  The  infant  should 
be  dried  beneath  some  warm  flannel  covering.  In 
general,  nurses  are  not  sufficiently  alive  to  the  neces- 
sity of  preventing  undue  chilling  of  the  surface. 
from  the  fifth  to  the  ninth  day  the  navel  string  be- 
comes detached,  and  not  till  that  occurs  is  a  second 
general  bath  advisable.  After  that  the  bath  should 
be  given  daily  in  water  at  a  temperature  of  about 
02°  F.  This  temperature,  after  the  age  of  eight  or 
nine  months,  may  be  lowered  carefully  to  90°  or 
even  a  few  degrees  lower,  according  to  the  strength 
of  the  infant  and  the  vigor  of  its  reaction.  Too 
prolonged  chilling  of  the  surface  during  bathing  and 
dressing  is  the  frequent  cause  of  catarrhs  of  all  sorts. 

Clothing. — In  the  dressing  of  the  new-born  care 
should  be  taken  that  there  is  no  injurious  dragging  on 
the  navel,  that  the  usual  abdominal  band  is  not  applied 
so  tightly  as  to  interfere  with  respiration  or  digestion, 
and  that  sufficient  warmth  be  secured  for  the  ex- 
tremities. Later  on,  caution  should  be  enjoined  that 
none  of  the  clothing  press  unduly  on  either  chest  or 
abdomen — all  should  hang  loosely  from  the  shoulders, 
neck  bands  should  not  be  tight,  and  the  extremities 
should  always  be  efficiently  and  warmly  covered. 
Xo  sudden  change  in  the  amount,  or  character  of  the 
clothing  is,  on  any  account,  to  be  permitted.  Special 
care  is  also  to  be  given  to  the  shoes.  The  leather 
should  be  pliable,  and  the  shoes  made  broad  and  loose 
about  the  toes,  so  as  to  allow  freedom  for  movement 
and  growth. 

Sleeping. — For  the  first  few  weeks  of  its  life  an  in- 
fant, should  sleep  eighteen  hours  out  of  the  twenty-four. 
As  it  grows  older,  it  gradually  requires  less.     A  fretful 
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and  wakeful  baby  is  ailing  in  some  way,  and  I  he  cause 
of  its  fretfulness  should  be  found  oul  and  remedied. 
When  possible  the  nursery  should  be  targe  and  well 
ventilated.  For  the  first  few  days  of  infant  life  it 
may  be  desirable  thai  the  room  in  which  ii  is  kept 
should  be  somewhat  darkened,  but  after  thai  fresh 
air  and  sunlight  should  never  be  excluded.  At  the 
same  time  draughts  and  rapid  changes  of  temperature 
are  fraught  with  much  danger. 

Exercise  is  important,  but  the  manner  of  it.  is  equally 
so.  No  infant  should  be  carried  about  upright  until 
it  is  able  to  raise  its  head  and  rotate  it  easily;  nor 
should  it  be  encouraged  to  walk  or  stand  till  nearly  a 
year  old,  and  if  there  be  any  tendency  to  rachitis 
this  must  be  postponed  still  later.  After  an  infant  is 
three  months  old — a  little  later,  in  the  winter  season — 
it  should  be  "short-coated,"  and  the  fullest  liberty 
given  to  its  armsand  legs.  It  should  beencouraged  to 
lie  on  its  back  in  its  crib  with  loose  clothes  and  enjoy, 
as  it  will  do,  the  liberty  of  kicking.  Every  day  it 
should  be  taken  out  regularly  during  the  more  suitable 
portion  of  the  day,  unless  the  weather  be  too  blustery. 

Weaning  if  possible  should  be  effected  gradually. 
Many  physicians  deem  it  wise  to  accustom  an  infant 
early  to  one  feeding  of  artificial  food  in  the  day,  a 
practice  which  also  affords  to  the  mother  a  little 
greater  liberty  for  any  outside  duties  which  she  may 
have.  As  lactation  fails  these  feedings  may  be  gradu- 
ally increased  in  number.  Abrupt  changes  in  an 
infant's  food  if  possible  should  be  avoided.  When 
possible  to  select  the  time  to  make  a  change  it  is  wise 
to  avoid  a  period  when  the  teeth  are  erupting.  It  is 
also  unwise  to  take  the  breast  from  an  infant  while  it  is 
sick  or  recovering  from  an  illness,  unless  it  is  quite 
manifest  that  the  milk  of  the  mother  is  distinctly 
harmful.  Even  an  inadequate  supply  at  such  times 
may  be  all-important  for  the  infant.  Wegard  must  also 
be  paid  to  the  season  of  the  year.  Any  radical  change 
during  the  summer  months  is  undesirable. 

In  the  examination  of  infants  tact  and  careful 
observation  are  necessary.  All  appearance  of  abrupt- 
ness is  to  be  avoided ;  no  harshness  in  voice  or  manner 
is  allowable;  the  physician's  hands  must  be  warm; 
and  a  full  supply  of  patience  must  ever  be  ready  to  be 
exercised  if  demanded.  If  the  infant  be  asleep  on 
the  physician's  arrival  it  is  wise  to  permit  no  disturb- 
ance of  it,  until  the  decubitus  has  been  noted,  the 
pulse  and  respirations  counted,  and  their  character 
observed,  and  such  other  superficial  observations 
made  as  are  possible  without  disturbing  the  infant. 
The  pulse  and  respirations  in  an  infant  just  awakened 
are  always  extremely  rapid.  With  regard  to  its  de- 
cubitus, a  healthy  young  infant  in  sleeping  generally 
assumes  the  position  he  is  supposed  to  have  had  in 
Micro.  An  older  infant,  even  if  lying  on  its  back, 
generally  inclines  its  head  to  one  side  or  the  other, 
so  that  its  cheek  comes  in  contact  with  the  pillow. 
If  it  be  lying  with  its  head  retracted  some  inter- 
ference in  the  throat  with  inspiration,  or  cranial 
disease  should  be  thought  of.  If  it  sleep  on  its  belly, 
or  resting  on  elbows  and  knees,  it  is  suffering  from 
abdominal  discomfort.  Healthy  children  should  sleep 
quietly.  Much  tossing,  any  twitching  of  the  muscles, 
or  screaming  and  talking  in  sleep,  indicate  feverish- 
ness  or  digestive  derangement.  Much  may  be  learned 
from  the  character  of  the  child's  cry.  Unappeasable 
screaming,  without  any  other  symptom,  often  results 
from  earache.  The  temperature  should  always  be 
taken  with  a  sensitive  thermometer,  preferably  in  the 
rectum;  if  not  convenient  there,  in  the  groin.  The 
armpit  is  not  so  good,  as  infants  object  to  the  necessary 
restraint  of  the  arm.  In  many  abdominal  troubles 
the  skin  and  extremities  may  be  quite  cool,  yet  the 
thermometer  in  the  rectum  show  a  temperature  of 
104°  or  105°.  The  respirations,  if  practicable,  should 
always  be  counted.  At  the  first  examination  of  an 
infant  we  should  always  insist  on  having  the  infant 


si  ripped,  o1  hern  ise  no  th ugh  -    aminai  on   can  be 

made  Can  hi  mid  at  I  he  same  t  ime  be  taken  i  hal 
the  infant  be  noi  chilled  bj  a  too  proloni  nina- 

i  ion.     Passing  downward    ■  i    note:    I  I )  'I  hi 
child's  head  and    tate  ol   font  anel ;  (2)  The  sha  p 
the  ohesl  and  the  character  of  the  breathing,  whether 
there  be  anj  retraction  of  the  chest  walls  or  intercostal 
spaces;  with  warm  hands  -  ol  the  thorax  should 

be  made,  and  the  presence  of  any  rhonchal  fremitus 
should    be    noted;   (3)   The  shape    of  the   abdomen, 

whether  i berant   oi    retracted,  and  whether  the 

walls  are  tense  or  lax;  gentle  palpation bj  the  hand, 
will  deteei  any  tenderness  of  the  abdomen  or  enli 
inent   of  liver  or   spleen;    (4)    The  condition  of   the 
Ivnipliat ic  glands. 

In  addition,  the  color  and  elasticity  of  the  skin 
and  the  general  nourishment  of  the  tissues  should 
be  observed  at  this  time.  In  auscultating  the  chest, 
the  infant   should  be  placed  on  the  le  <j   the 

nurse,  leaning  over  her  left  shoulder,  with  its  arm 
around  her  neck  or  lying  prone  across  the  nurse's 
knees,  with  its  arms  hanging  down.  The  muscli 
the  back  must  be  equally  relaxed  to  obtain  correct 
results.  Percussion  should  always  be  gentle.  Im- 
mediate auscultation  never  gives  the  exact  results 
obtained  by  the  use  of  the  stethoscope,  but  any  pain- 
ful pressure  by  the  instrument  must  be  carefully 
avoided.  In  infants,  symptoms  of  disease  are  more 
frequently  found  at  the  back  than  at  the  front,  and 
at  the  base  rather  than  at  the  apex:     Nevertheless, 

no  part  should  be  omitted  in  the  examination.  In- 
spection of  the  mouth  and  fauces  should  always  be 
left  to  the  last,  as  it  is  invariably  resisted  by  the  infant . 
To  effect  this  the  infant  should  be  seated  on  the  nurse's 
lap  before  a  bright  window.  Sometimes  with  a  little 
gentle  pressure  on  the  chin  the  mouth  is  opened  and  the 
tongue  seen.  To  examine  the  fauces  requires  the  use 
of  a  depressor,  for  which  nothing  is  better  than  the 
smooth  handle  of  a  spoon.  This  can  always  be  slipped 
in  behind  the  teeth  and  over  the  tongue  to  its  base. 
When  the  pharynx  is  reached  the  mouth  involuntarily 
opens,  and,  if  the  physician  be  on  the  alert,  a  good 
view  of  the  fauces  is  obtained.  Lastly,  the  secretions 
should  be  examined,  if  in  any  way  at  fault.  Trouble 
is  sometimes  experienced  in  obtaining  the  urine.  If 
necessary,  a  small  silver  catheter  may  be  passed  and 
a  sample  drawn  off. 

In  making  our  diagnosis  and  prognosis  in  infancy, 
the  following  points  must  always  be  remembered 
as  modifying  disease  at  this  period: 

1.  The  wide  diffusion  of  symptoms  met  with  at 
the  onset  of  an  acute  attack. 

2.  The  severity  of  the  initial  symptoms  often  bear 
no  proportion  to  the  gravity  of  the  local  lesion. 

3.  The  extremely  rapid  rise  and  fall  in  the  tem- 
perature of  the  body  frequently  observed. 

4.  The  rapidity  with  which  functional  mischief 
may  pass  into  organic. 

5.  The  extent  to  which  local  disease  is  modified 
by  certain  diatheses. 

For  an  account  of  the  special  diseases  to  which  the 
infant  and  new-born  are  liable,  the  reader  is  referred 
to  the  separate  articles  on  these  diseases. 

Alexander  D.   Blackader. 

Infants,  Artificial  Feeding  of. — When  for  any 
reason  the  infant  is  deprived  of  its  mother's  milk,  its 
natural  and  most  perfect  food,  the  necessity  of  supply- 
ing it  with  nourishment  from  some  ot  her  source  is  forced 
upon  us.  This  may  best  be  done  by  means  of  a 
healthy,  efficient  wet-nurse,  if  such  can  be  obtained; 
iaut  this  is  always  a  difficult  matter.  Very  seldom 
can  one  be  found  who  fulfils  all  the  requirements 
demanded  by  the  physician,  and  who  is  willing  to 
submit  to  the  careful  dietary  and  regular  mode  of  life 
necessary  to  insure  a  wholesome  and  even  supply  of 
breast  milk  to  the  foster  child.  In  the  great  majority 
of  cases,  therefore,   we  have  to  find  some  artificial 
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nutriment  which  shall  fulfil  the  importanl  conditions 
of  being  easily  digested  by  the  infant  and  at  the  same 
time  of  supplying  in  due  amounts  all  the  elements 
required  for  nut  ni  ion. 

Protein  material  the  infant  must  have  to  provide  for 
the  wants  of  the  growing  tissues.  Protein  furnishes 
the  elements  from  which  the  cells  of  the  body  arc 
built  up,  and  when  it  is  deficient  in  the  food,  growth 
and  development  an- correspondingly  impaired.  Es- 
pecially is  this  true  during  the  early  months  of  life. 
Experiments  on  the  young  of  animals  indicate  that  a 
food  containing  a  liberal  supply  of  protein  tends  to 
produce  larger  animals,  with  more  bone,  muscle,  and 
blood,  than  docs  a  food  in  which  the  protein  is  deficient 
and  the  fats  and  carbohydrates  in  excess.  If  the  food 
contains  an  excess  of  protein  with  a  deficiency  of  fats 
and  carbohydrates,  the  protein  may  supply  the  de- 
ficiency and  be  converted  into  muscular  and  nervous 
energy.  But  such  a  use  of  protein  makes  a  heavy 
demand  on  the  digestive  and  assimilative  powers  of 
the  infant,  and  except  under  abnormal  conditions  is 
not  to  be  recommended. 

Next  to  the  proteins  the  carbohydrates  are  the  most 
important  element  in  the  infant's  food  and  are essent  ial 
to  nutrition  and  proper  metabolism,  for  when  they 
are  absent,  or  present  in  only  small  amounts  symptoms 
of  acidosis  may  set  in.  Both  carbohydrates  and  fats 
when  burned  in  the  system  furnish  heat  and  supply 
muscular  energy  to  the  cells,  but  the  carbohydrates 
when  broken  up  in  the  metabolism  of  the  body  are 
able  not  only  to  supply  sufficient  oxygen  for  their  own 
hydrogen,  but  also  to  aid  in  the  oxidation  of  the  waste 
products  of  the  fat  and  protein  molecules  as  they  are 
broken  down  in  the  body.      (Rachford.) 

A  recent  writer  states  that  the  carbohydrates  also 
supply  water  to  the  cells  in  such  a  manner  that  it 
dilutes  the  cell  contents  and  reduces  their  osmotic 
pressure  so  as  to  produce  a  flow  of  nutriment  into 
them  from  the  more  concentrated  blood  on  their 
exterior.  (Chapin.)  Too  great  excess  of  carbohydrate 
material  in  the  food  may  result  in  intestinal  indigestion 
with  diarrhea. 

Fats  are  also  important  as  a  source  of  fuel  and 
energy  for  the  cells.  Fat  is  the  most  important 
factor  in  increasing  body  weight;  it  forms  an  impor- 
tant element  in  the  structure  and  nutrition  of  the 
nerve  cells,  and  a  deficiency  of  fat  in  the  food  seriously 
interferes  with  the  nutrition  of  the  bony  structures. 
Its  value  as  a  source  of  heat  is  double  that  of  the 
carbohydrates.  Fats,  however,  are  difficult  of  diges- 
tion and  require  to  be  supplied  in  a  state  of  fine 
emulsion.  Any  excess  of  them  beyond  the  infant's 
capacity  of  digestion  may  give  rise  to  serious  gastro- 
intestinal disturbance. 

The  food  must  also  contain  a  due  amount  of 
mineral  matter,  calcium  phosphate  for  the  hardening 
bone,  and  sodium  chloride  and  iron  for  the  blood, 
daily  increasing  in  amount.  Salines  are  also  un- 
doubtedly of  much  service  in  the  vital  processes  of 
digestion,  absorption,  and  nutrition — processes  for 
which  water  is  demanded  in  larger  amounts  than 
required  by  the  more  adult  constitution. 

To  supply  a  food  which  will  contain  all  these  ele- 
ments in  their  proper  amount  and  relative  proportions 
and  which  will  be  easily  digested  and  assimilated  by 
the  imperfectly  developed  alimentary  tract  of  the 
infant,  is  a  problem  demanding  much  thought  and 
care.  Its  importance  will  be  appreciated  when  we 
consider  the  disastrous  results  which  frequently  follow 
attempts  made  in  thoughtlessness  and  ignorance  to 
hand-feed  infants.  The  enormous  death  rate  which 
in  all  countries  occurs  among  those  deprived  in  early 
days  of  maternal  milk  is  appalling,  while  among  those 
that  survive,  poor  health,  defective  nutrition,  and 
stunted  growth  plainly  attest  the  defective  nourish- 
ment supplied.  As  a  recent  writer  says,  it  is  proper 
or  improper  nutriment  which  makes  or  mars  the  per- 
fection of  the  coming  generations. 


The    problem,    although    at,    all    times    demanding 

careful  thought,  i-  one  of  very  varying  difficulty.     If 

I  he  powers  of  digestion  are  naturally  strong,  and 
especially  if  the  infant  has  received  the  advantage  of 
maternal  nursing  until  the  gastric  and  intestinal  secre- 
tions have  become  to  some  degree  developed  the  task 
of  supplying  a  suitable  food  may  be  a  comparatively 
easy  one.  But  if  the  infant  inherit  a  weak  constitution 
with  feeble  powers  of  digestion  and  assimilation,  still 
worse,  if  it  must  be  bottle-fed  from  its  birth,  much 
difficulty  will  be  experienced;  our  difficulties  are  still 
further  increased  during  the  hot  season  and  under  the 
unsanitary  influences  associated  with  city  life.  It  is 
only  within  the  last  few  years  that  advancing  knowl- 
edge has  enabled  us  to  cope,  for  the  most  part  suc- 
cessfully, with  these  various  difficulties,  and  it  must 
be  acknowledged  that  for  the  greater  part  of  this 
advance  the  profession  is  indebted  to  American 
physicians. 

In  the  preparation  of  a  food  for  infants  which  will 
comply  with  the  requirements  above  stated  it  should  be 
our  aim  to  copy  as  closely  as  possible  in  all  particulars 
the  food  which  nature  supplies.  The  substitute  food 
must  resemble  maternal  milk  in  the  elements  entering 
into  its  composition,  in  the  percentage  of  them  present 
in  the  food,  and  in  its  freedom  from  the  presence  of 
noxious  microorganisms,  and  so  far  as  may  be  practica- 
ble, in  its  digestibility  by  the  infant  stomach.  To 
enable  us  to  attain  this  result,  many  careful  analyses 
have  been  made  to  find  out  the  exact  composition  of 
mother's  milk. 

Rotch  gives  us  the  following  as  a  summary  of  sev- 
eral of  the  more  recent  analyses  of  human  milk: 

Average  Human  Milk.     (Rotch.) 

Reaction Amphoteric  or  slightly  alkaline. 

Specific  gravity 1.028  to  Mill 

Water 87  to  88  per  cent. 

Total  solids 12  to  13  per  cent. 

Fats 3  to    4  per  cent. 

Milk-sugar 6  to    7  per  cent. 

Proteins 1  to    2  per  cent. 

Total    mineral    matter 18  to  25  per  cent. 

As  an  indication  of  the  differences  which  may  exist  in 
the  breast  milk  of  different  women,  the  following 
analyses,  made  by  Harrington  and  quoted  by  Rotch, 
are  interesting: 

Human-  Breast-milk  Analyses. 
(Mothers  Healthy  and  Infants  Digesting  WTell  and  Gaining  Weight.) 


Fat 

Milk-sugar 

Proteins. 

Mineral  matter 
Total  solids.  .  . . 
Water 
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6.30 

5.70 

4.14 

3.27 

1.08 
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0.16 

0.20 

15.15 
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10.80 

84 .  85 

85.90 

S9.20 

3.16 
7.20 
1.65 

0.21 
12.22 
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In  connection  with  these  analyses  it  is  to  be  noted 
that,  although  the  several  infants  digested  and  throve 
well  on  their  own  mother's  milk,  when  supplied  with 
milk  from  another  mother  colic  and  disturbed  diges- 
tion frequently  resulted. 

It  is  evident  from  these  analyses  that  we  have  to 
deal  with  a  fluid  which,  while  containing  all  the 
elements  necessary  for  the  perfect  nutrition  of  the 
growing  infant,  contains  them  in  quantities  which 
may  vary  considerably  in  each  individual  case,  and 
to  some  extent  from  time  to  time.  Of  its  several 
constituents  the  proteins  and  the  fats  are  the  most 
variable  in  their  amounts,  while  the  sugar  in  all  is 
comparatively  constant. 

To  prepare  a  food  for  the  infant  which  will  be  as 
nearly  as  possible  a  substitute  for  that  of  its  mother 
we  naturally  turn  to  the  milk  of  other  mammals. 
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Careful  analyses  have  been  made  of  the  milk  of  the 
cow,  goat,  mare,  and  ass,  and  although  some  of  them 
in  certain  respects  appear  to  approach  human  milk 
in  composition  more  closely  than  does  1li.1i  of  cow's 
milk,  nevertheless  cow's  milk  is  practically  our  only 
available  supply;  it  is  plentiful  and  cheap  and  with 
due  care  can  be  obtained  fresh  and  pure  Coat's 
milk  although  occasionally  available,  possesses  no  ad- 
vantage over  cow's  milk,  and  its  peculiar  odor  is  often 
very  objectionable. 

Analyses  of  the  Milk  of  Various  Animals.     (After  Kdnig.) 


Water 

Caseinogen 
Lactalbumin. . . 

Fat 

Sugar 

Mineral  matter 


Cow. 

Goat. 

Mare. 

87.41 

86.91 

90.71 

3.01 

2.87 

1.24 

0.75 

1.19 

0.75 

3.66 

4.09 

1.17 

4.92 

4.45 

5.70 

0.70 

(i  96 

0 .  37 

91 

40 

1 

23 

3 

01 

6 

93 

0 

45 

The  following  analyses  of  cow's  milk  and  human 
breast  milk  as  given  by  Rotch,  shows  us  how  closely 
they  resemble  one  another  in  composition : 


Reaction 

Water 

Mineral  matter 
Total  solids. . .  . 

Fats 

Milk-sugar 

Proteins 

Caseinogen. . . . 
Lactalbumin...  . 


Cow's 
per  cent. 


Slightly  acid. 

86-87 
0.70 
14-13 
4.00 
4.50 
4.00 
2.88 
0.53 


Woman's 

(directly  from  breast). 

per  cent 


Amphoteric,  generally 
alkaline. 
s7   ss 

0.20 
13-12 

4.00 

7.00 
1.5-2 

0.59 

1.23 


Although  on  comparing  these  two  tables  we  see 
much  similarity  between  the  two  fluids,  nevertheless 
important  points  of  difference  may  be  noted.  While 
human  milk  is  almost  always  alkaline  to  litmus  and 
remains  so  for  many  hours,  the  reaction  of  cow's 
milk  is  acid,  owing  partly  to  the  presence  in  it  of 
potassium  Diphosphate,  and  partly  to  the  formation 
of  small  quantities  of  lactic  acid;  especially  is  this 
the  case  when  the  cow  is  stall-fed  or  the  milk  a  few 
hours  old.  While  the  fat  content  of  the  two  milks  is 
virtually  the  same,  yet  the  fat  of  cow's  milk  is  not 
so  digestible  by  the  infant's  stomach  as  that  of  human 
milk.  This  is"  due  to  the  fact  that  in  human  milk 
the  fat  emulsion  is  finer  and  also  that  the  fat  of  cow's 
milk  contains  a  greater  percentage  of  the  volatile 
fatty  acids  with  a  smaller  amount  of  oleic  acid. 
The  milk-sugar  is  notably  deficient  in  cow's  as  com- 
pared with  human  milk.  The  mineral  matter  is 
more  abundant  in  cow's  milk.  An  analysis  of  the 
saline  ingredients  in  the  two  milks  shows  that  the 
potassium  salts  are  in  larger  proportion  in  breast 
milk,  while  the  lime,  salts  are  more  abundant  in  cow's 
milk.  Cow's  milk  also  contains  more  phosphoric 
acid,  less  chlorine,  less  iron,  and  less  sulphur. 
These  differences,  however,  may  be  regarded  as  com- 
paratively unimportant.  The  most  important  prac- 
tical difference  exists  in  the  proteins,  as  shown 
in  the  way  in  which  they  react  to  ferments  and 
reagents.  Konig's  analysis  shows  that,  while  in 
human  milk  the  caseinogen  forms  one-third  and 
the  lactalbumin  two-thirds  of  the  proteins,  in  cow's 
milk  the  caseinogen  forms  four-fifths  and  the  lact- 
albumin only  one-fifth.  As  a  result  of  this  difference, 
it  is  noticed  that  on  coagulation  of  the  proteins  of 
human  milk  by  acids  or  rennet  the  curds  form  slowly 


and  arc  small  and  Socculent.  In  the  infant  'a  stomach 
the  calcium  casein  of  cow's  milk  is  promptlj  , 
cipitated  bj  thi  rennel  fei  menl  in  tne  pn  i  ace  of 
a  slight  amount  of  acid  into  a  firm  clot  of  calcium 
paraca  ein,  which  Inter  on  combines  with  the  hy- 
drochloric acid  as  it  is  secreted,  forming  the  hydro- 
chlorate  of  paraca  ein  with  the  separation  of  calcium. 
Thisclol  i  fargi  and  firm  and  digestible  with  difficulty, 
quite  different  from  the  sofl  flocculent  curds  of  the 
paracasein  of  mother's  milk. 

Another  important  difference  between  the  two 
milks    still    remains.      While    breast    milk    is    always 

practically  sterile,  commercial  cow's  milk  invariably 

contains  many   bacteria,  from   one  hundred   thousand 

to  several  million  in  each  cubic  centimeter,  and  if 
old  it  also  contains  the  toxins  evolved  by  their  actions. 

It  is  therefore  extremely   important    lliat    milk   to  be 

employed  in  tin;  feeding  of  infants  should  be  obtained 

from  healthy,  vigorous  animals,  cleanly  kept  under 
the  best  hygienic  conditions,  and  carefully  fed  and 
watered.  The  milking  should  be  done  with  careful 
precautions  to  avoid  contamination  by  impurities. 
The  milk  should  at  mice  be  cooled  and  aerated  and 
delivered  to  the  consumer  with  as  little  delay  as 
possible;  prolonged  transportation  is  to  be  avoided. 
Milk  may  acquire  noxious  properties  and  be  rendered 
dangerous  as  a  food,  especially  for  infants,  by  (1) 
poisonous  weeds  taken  with  the  food;  (2)  diseased  con- 
ditions in  the  cow;  (3)  contamination  with  pathogenic 
organisms  communicated  during  either  milking,  or 
storing,  or  transportation.  Whenever  the  temperature 
of  milk  is  allowed  to  rise  above  7°  C.  (45°  K.),  it  be- 
comes an  excellent  culture  medium  for  the  growth  and 
development  of  the  many  forms  of  bacteria  which,  even 
with  our  most  careful  precautions,  are  always  present 
to  a  greater  or  lesser  extent.  Milk  containing  micro- 
organisms in  excess  of  one  hundred  thousand  per  cubic 
centimeter  must  be  regarded  as  unfit  for  infant  feeding. 
Certified  milk  in  cities,  always  the  most  desirable  milk 
for  use  in  an  infant's  food,  should  ha\  e  a  bacterial  con- 
tent not  above  10,000  to  the  cubic  cent  imi 

Cow's  milk  also  varies  considerably  in  its  percentages 
according  to  the  special  breed  supplying  it.  according 
to  the  character  of  the  food  on  which  the  animals 
are  fed,  and  the  amount  of  exercise  permitted. 

Obtained  with  the  above  precautions,  we  have  in 
pure  cow's  milk  a  food  which,  compared  with  breast 
milk,  contains  an  equal  amount  of  fat,  an  excess  of 
indigestible  proteins,  an  insufficiency  of  sugar,  and  an 
excess  of  saline  matter;  our  efforts  must  therefore 
be  directed  so  to  modify  its  composition  and  the 
character  of  its  proteins  as  to  render  it  suitable  and 
digestible  by  the  young  infant. 

Many  plans  have  at  various  times  been  recom- 
mended. Simple  dilution  lessens  the  amount  of  the 
proteins,  and  to  a  slight  extent  renders  the  curd 
formed  by  them  less  dense.  It  reduces,  however, 
the  fats  and  sugars  much  below  the  amount  demanded 
by  the  infant  organism.  Keller  has  also  shown  us 
that  with  a  low  percentage  of  carbohydrates  in  the 
food  there  is  a  very  low  retention  percentage  of 
nitrogen  in  the  system,  and  general  nutrition  is  de- 
fective. Mere  dilution,  therefore,  is  not  to  be  com- 
mended. 

Lehmann  many  years  ago  pointed  out  the  effect  of 
the  addition  of  an  alkali  in  rendering  the  curd  produced 
by  rennet  less  dense.  He  stated  that  human  milk 
when  acid  yields  a  much  thicker  coagulum  than  when 
alkaline,  and  cow's  milk  when  alkaline  a  much  looser 
coagulum  than  when  acid.  The  alkalies  generally  em- 
ployed fortius  purpose  are  lime  waterinthe  proportion 
of  one  to  tenortwenty  of  milk  and  sodium  bicarbonate 
to  the  extent  of  five  or  ten  grains  to  the  pint  of  milk. 
This  alkalinizing  the  milk  is  of  value  only  in  preventing 
the  rapid  action  of  the  acid  and  rennet  on  the  milk 
in  the  infant's  stomach.  The  caseinogen  or  para- 
casein as  it  is  frequently  termed,  combines  with 
both  acids  and  alkalies.     When  rennet  is  added  to  a 
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neutral  milk  in  an  acid  medium  clotting  lakes  place 
rapidly,  but  if  the  milk  be  distinctly  alkaline  the  acid- 
ity of  the  medium  is  neutralized,  and  coagulation  taki 
place  slowly  as  the  acidity  is  regained.  If  milk  is 
rendered  so  alkaline  that  the  fluids  of  Hie  stomach 
cannot  acidify  it,  much  of  ii  may  be  passed  into  the 
duodenum  without  coagulation,  there  to  be  acted  upon 
by  the  pancreatic  juice.  A  few  years  ago  Poynton 
of  London  advocated  the  use  of  sodium  citrate  one 
or  two  grains  to  the  'Mince  of  milk  as  the  best  means 
of  preventing  this  coagulation.  Sodium  caseino- 
genate  is  formed  with  the  liberation  of  citric  acid,  and 
this  unites  with  the  calcium  forming  calcium  citrate 
which  is  said  to  he  absorbed.  This  .sodium  caseino- 
genate  does  not  coagulate  till  acted  upon  by  tin' 
hydrochloric  acid,  an  action  which  takes  place  only 
slowly. 

Another  method  of  much  value  in  preventing  the 
formation  of  large  linn  curds  i.s  dilution  of  the  milk 
with  a  thin  gruel,  winch  by  its  physical  consistence  is 
able  to  diminish  the  density  of  the  coagulum.  This 
method  is  an  old  one,  as  we  read  that  Van  Swieten, 
in  the  fifteenth  century,  used  decoctions  of  wheat 
or  barley  for  this  purpose;  Imt  its  utility  has  of  late 
years  been  very  strongly  urged  by  Dr.  Jacobi  and  Dr. 
Chapin.  That  it  has  a  distinct  value  has  also  been 
proved  by  Professor  Leeds,  who,  in  a  series  of  careful 
experiments,  showed  that  the  coagulum  which  forms  in 
a  thin  gruel  encloses  much  material  which,  by  honey- 
combing the  curd,  acts  as  an  attenuant.  Coagulation 
also  takes  place  more  slowly,  a  very  positive  ad- 
vantage, as  it  affords  the  digestive  fluids  a  better 
opportunity  for  action.  Many  substances  have 
been  used  for  this  purpose.  Dr.  Jacobi  recommends 
well-boiled  decoctions  of  barley  or  oatmeal.  He  saj  - 
"I  have  always  preferred  barley  when  an  article 
for  steady  die!  was  to  be  recommended,  for  the  reason 
that  oatmeal,  on  account  of  its  containing  fat  and 
mucin,  tends  to  relax  the  intestines  more  than  barley 
meal.  Otherwise  the  chemical  composition  of  both 
is  so  nearly  alike  that  it  would  make  but  little  dif- 
ference upon  which  the  choice  would  fall.  Gum 
arabic  and  gelatin  may  also  be  employed  in  the  case 
of  very  young  infants. 

Dr.  S.  C.  Busey  urged  the  advantage  occasionally 
obtained  by  substituting  rice  water,  prepared  in  a 
similar  way,  for  the  barley  gruel,  and  says  that  he 
has  often  witnessed  its  beneficial  effects  in  cases  of 
diarrhea   and   vomiting. 

The  disadvantage  of  all  such  diluents,  for  young 
infants,  is  that  they  introduce  a  material  quite  foreign 
to  milk,  and  one  with  which  their  digestive  powers  are 
unfit  to  grapple  until  their  salivary  and  pancreatic 
secretions  are  more  developed.  For  such,  therefore, 
the  addition  of  a  gruel  to  milk  while  serving  as  an 
attenuant  of  the  casein  may  give  rise  to  symptoms 
of  indigestion.  Dr.  Jacobi,  however,  considers  that 
a  small  amount  of  starch  may  be  digested  at  the  very 
earliest  age.  It  is  important,  nevertheless,  in  the  case 
of  infants  under  six  months  of  age  that  the  percentage 
of  starchy  matter  should  be  small,  and  that  it  should 
be  very  thoroughly  cooked.  Recently  Chapin  has 
strongly  advocated  the  use  of  a  gruel  made  from 
wheat,  barley,  or  oatmeal,  the  starch  of  which  has 
been  predigested  or  dextrinized  by  the  addition  of 
some  form  of  diastase.  His  directions  areas  follows: 
"A  heaping  tablespoonful  of  flour  made  from  one 
of  these  cereals  is  boiled  with  a  pint  and  a  half  of 
water  for  fifteen  minutes.  It  is  then  removed  from 
the  stove  and  set  in  cold  water  till  cooled  to  about 
120°  F.,  when  a  teaspoonful  of  some  good  preparation 
of  diastase  is  added;  this  dextrinizes  the  starches  and 
renders  the  gruel  thin,  watery,  and  easily  assimilated 
by  the  infant,  though  it  still  remains  an  efficient 
ai  tenuant  of  the  curd." 

In  addition  to  these  methods  of  preventing  the 
too  firm  coagulation  of  the  casein  in  the  infant's 
stomach    it   is  always   practicable   to  predigest   the 
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proteins  of  the  milk  by  means  of  one  of  the  numerous 

preparations  of  pancreas,  and  thus  to  do  away  i 
or  less   completely   with  the  formation  of  the  curd. 
In    using    one   of    these   preparations   the   following 
method  is  recommended:     The  milk  modification  in 

.11 nit     sufficient     for  the  infant's    feeding    is    taken 

from  the  cool  chamber  in  which  it   is  kept   and  heated 

to  a  temperature  between  110°  F.  and  120°  F.  The 
peptonizing  powder  is  then  added  and  the  heat  main- 
tained for  ten  or  fifteen  minutes.  The  food  should 
then  be  cooled  to  a  temperature  of  'IS'  [■'.  and  at  once 
fed  to  the  infant.  A  peptogenie  milk  powder  has 
also  been  prepared,  containing  pancreatin  and  bi- 
carbonate of  sodium,  along  with  milk-sugar.  When 
the  food  is  wanted  the  powder  is  added  to  a  mixture 

of  milk,  cream,  and  water,  and  the  whole  is  kept  at 
blood  heat  for  some  minutes.  When  properly  pre- 
pared the  resulting  milk  should  closely  resemble 
mother's  milk  in  the  reaction  of  its  proteins  and  its 
composition. 

In  practical  use,  however,  predigestion  of  milk 
does  not  appear  to  have  given  as  excellent  results 
as  was  at  first  anticipated.  It  is  a  method  that  may 
be  employed  occasionally  with  benefit  especially  in 
cases  of  severe  exhaustion  accompanying  or  following 
acute  disease,  and  in  some  forms  of  gastric  disorder 
i.ited  with  a  temporary  inability  to  digest  the 
proteins  in  milk.  The  degree  to  which  the  pre- 
digestion must  be  carried  will  depend  on  the  power 
of  protein  digestion  present  in  the  infant,  but  as  soon 
as  possible  the  time  of  predigesting  the  milk  and 
therefore  the  amount  of  peptonization  it  undergoes 
should  gradually  be  lessened;  predigestion  of  food  for 
any  lengthened  period  appears  to  be  opposed  to  the 
teachings  of  physiology. 

In  all  these  methods,  however,  with  the  necessary 
dilution  of  the  milk,  the  quantity  of  fats  and  sugar 
falls  far  below  the  requirements  of  the  growing  infant 
organism  and  requires  to  be  increased.  In  reference 
to  the  deficiency  in  the  fat,  Dr.  Jacobi  puts  in  a  strong 
plea  against  allowing  any  excess  to  be  present  in  our 
mixtures.  He  says  that  the  infant  does  not  digest 
all  the  fat  contained  even  in  its  mother's  milk,  and 
we  ought  not  therefore  to  increase  the  amount  of  the 
indigestible  ingesta  by  adding  to  them.  In  opposi- 
tion to  this,  Dr.  Rotch  very  pertinently  remarks: 
"We  have  no  right  to  conclude  from  the  fact  that  a 
certain  amount  of  surplus  fat  is  found  in  the  napkins, 
that  only  a  small  per  cent,  is  sufficient  for  nutrition. 
It  is  more  probable  that  nature  introduces  a  certain 
percentage  of  fat  in  human  milk  with  a  purpose  which 
can  only  be  accomplished  by  that  percentage,  and 
it  will  be  an  error  on  our  part  not  to  conform  to  our 
standard."  My  own  experience  confirms  that  of 
many  others,  that  average  infants  can  digest  from 
two  to  four  per  cent,  of  fat;  more  than  this  is  liable 
to  give  rise  to  gastric  disturbance,  and  may  induce 
vomiting  or  diarrhea;  a  prolonged  deficiency  in  the 
fat,  however,  will  interfere  distinctly  with  the  in- 
fant's nutrition. 

To  make  good  the  deficiency  in  the  fat  we  must 
rely  either  on  creams  of  a  known  percentage  or  make 
use  of  Chapin's  method  of  obtaining  top  milk.  The 
serious  drawback  to  the  employment  of  creams 
of  various  strengths  is  the  difficulty  of  obtaining  them 
fresh  and  sterile.  Cream  obtained  by  means  of  a  cen- 
trifugal separator  contains  from  twenty  to  thirty  per 
cent,  of  fat  with  a  slightly  lessened  percentage  of  pro- 
teins and  carbohydrates;  but  cream  thus  obtained  is 
in  the  opinion  of  many  physicians  more  indigestible 
than  "gravity"  cream  [i.e.  cream  obtained  by  al- 
lowing the  milk  to  stand),  as  frequently  in  centrifugal 
cream  many  of  the  fat  globules  have  coalesced.  With 
gravity  cream  it  is  undesirable  that  the  milk  from 
which  it  is  obtained  be  more  than  twelve  hours  old. 
The  most  convenient  method  to  obtain  such  a  cream 
is  to  allow  fresh  milk  containing  about  four  per  cent. 
fat  to  stand  in  a  tall   glass   jar  on  ice  for  a  certain 
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number  of  hours.  After  standing  six  hours  almost 
all  the  cream  will  have  risen  and  if  carefully  removed 
will  contain  about  .sixteen  per  cent,  of  fat.  In  this 
top  milk  the  proteins  and  carbohydrates  may  be  re- 
garded as  approximately  3.5  per  cent.  By  employ- 
ing such  gravity  cream  or  top  milk  in  our  dilutions 
we  may  raise  the  amount  of  tat  content  in  our  milk 
modification  to  any  desired  standard. 

A  milk  modification  containing  fresh  milk  sixteen 
ounces,  gravity  cream  (It)  per  cent.)  eight,  ounces, 
barley  gruel  sixteen  ounces,  will  give  us  a  food  con- 
taining 4  per  cent,  fat,  nearly  2  per  cent,  protein, 
and  2.5  per  cent,  carbohydrate. 

Chapin  recommends  that  a  certain  portion  of  the 
top  of  the  milk  taken  from  the  quart  bottles  as  ordi- 
narily delivered  at  the  door  in  the  morning  be  em- 
ployed for  the  preparation  of  our  milk  modifications. 
The  milk  should  be  the  cleanest  obtainable  from  a  lien  I 
of  well-selected  cows.  The  bottles  as  delivered  should 
be  allowed  to  stand  for  six  hours  at  a  temperature  not 
exceeding  45-50°  F.  The  desired  amount  may  then 
either  be  removed  from  the  top  by  means  of  a  Chapin 
dipper,  or  the  milk  may  be  siphoned  from  the  bottom 
of  the  bottle  till  the  requisite  amount  remains  behind 
in  the  bottle.  Chapin  gives  the  following  assays  of 
the  amount  of  fat  in  the  various  portions  of  top  milk 
obtained  in  this  way: 

The  top    6  ounces  contain  nearly  17       per  cent.  fat. 

The  top    9  ounces  contain  11.5  per  cent.  fat. 

The  top  12  ounces  contain  0       per  cent,  fat. 

The  top  10  ounces  contain  7       per  cent.  fat. 

The  top  24  ounces  contain  ."»        per  cent,  fat, 

When  the  whole  32  ounces  contain  t         per  cent.  fat. 

One  may  in  this  way  obtain  a  superfatted  milk  which 
on  proper  dilution  will  give  us  the  desired  percentages 
in  both  proteins  and  fats.  Thus  if  we  take  a  12  per 
cent,  top  milk  and  add  to  it  three  parts  of  diluent,  we 
shall  obtain  a  modification  containing  three  per  cent, 
fat,  nearly  one  per  cent,  protein,  and  one  per  cent, 
milk  sugar;  or  if  we  take  a  seven  per  cent,  top  milk 
and  dilute  with  an  equal  quantity  of  diluent  we  obtain 
a  modification  containing  3.5  per  cent,  fat,  1.75 
protein,  and  1.75  carbohydrate. 

In  correcting  the  deficiency  of  the  carbohydrates 
the  majority  of  pediatrists  prefer  to  use  milk-sugar, 
the  form  found  in  the  milk  of  all  mammals.  Jacobi, 
however,  prefers  cane  sugar,  considering  that  the 
identity  of  the  lactose  in  human  and  cow's  milk  is  very 
doubtful.  He  also  thinks  that  as  milk-sugar  readily 
undergoes  the  lactic-acid  fermentation,  any  excess 
of  it  tends  to  increase  the  elimination  of  calcium  phos- 
phate and  thus  favors  the  development  of  rickets.  On 
the  other  hand,  Vaughan  considers  that  milk  sugar  is 
more  readily  assimilated  by  infants,  and  Escherich 
states  that  milk-sugar  when  acted  on  by  the  Barillas 
laclis  aerogenes  develops  lactic  acid,  which  tends  to 
prevent  the  development  of  many  noxious  forms  of 
bacteria. 

On  the  whole  milk-sugar  is  generally  a  satisfactor}' 
form  in  which  we  can  supply  the  deficiency  of  carbo- 
hydrates. Added  in  the  proportion  of  one  ounce  to 
twenty  of  the  milk  modification  it  supplies  an  addi- 
tional five  per  cent,  of  carbohydrate.  Cane  sugar 
may  be  used  occasionally,  but  because  of  its  sweetness 
must  be  employed  in  much  smaller  amount,  and  for 
this  reason  scarcely  supplies  sufficient  for  the  carbo- 
hydrate demands  of  the  system.  Both  milk  and  cane 
sugar  may  give  rise  to  intestinal  fermentation. 

Attention  has  been  called  during  recent  years  to 
maltose  as  a  useful  substitute  for  milk-sugar  when  the 
latter  shows  a  tendency  to  produce  intestinal  fer- 
mentation. It  is  said  to  be  more  rapidly  and  more 
completely  absorbed  and  more  easily  assimilated  than 
either  milk  or  cane  sugar  and  may  be  employed  in  the 
same  or  even  larger  amounts. 

By  means  of  these  methods  we  are  enabled  so  to 
modify  cow's  milk  that  it  fairly  represents  in  its  ele- 


mental  ingredients  and  in  its  digestibility  human 
breast  milk. 

The  profession  is  very  deeply  indebted  to  the  [ate 
Dr.  Hutch  of  Boston,  who  lust  introduced  the  method 
of  thinking  and  making  milk  modifications  in  exact 
percentages  of  protein  fa1  and  sugars.  By  this 
plan  scientific  accuracj  in  our  modifications  was  sub- 
stituted for  much  indefiniteness.  We  were  thus  not 
only  enabled   t"  prepare  a  food  to  resemble  cli 

breast    milk    in    its   physical    chai         el      and    chen 

composition,  but  also  to  vary  its  composition  with 
accuracj  ,  and  thus  rendi  able  i"  I  he    pi 

demands  of  individual  infants.  On  this  subject 
Rotch  says:  "  While  in  quite  a  number  o  ither 

gross  changes  in  the  percentage  of  the  different  ele- 
ments of  the  milk  maj  be  sufficient  for  the  range  of  the 
individual  digestion  and  for  the  nutrition  of  the  special 

ease,  yet  in  a  large  number  of  infants  whose  vitality  is 
low  and  digestive  powers  feeble,  good  results  ran  o 

in'  obtained  by  gradual  and  minute  change:  in  'In-  per- 
centage combinat  ions  of  t  he  milk  elements.  " 

For  such  it  is  desirable  thai  we  have  the  power  of 
making  use  of  modifications  as  preci  i  a  our  knowl- 
edgeat  t  he  present  time  renders  possible.     Even  slight 

changes  in  the  percentages  of  the  fat.  the  sugar,  and 

the  proteins  may  be  of  real  value  in  the  management 

Of  the  digestion  and  nutrition  of  the  infant. 

The  substitute  food  inii-l  be  adapted,  nut  only  to 
the  infant's  stage  of  development,  but  also  to  its 
individual  capability  of  digesting  the  several  elemi 
of  its  food.  To  enable  us  to  obtain  these  varying 
combinations  of  the  milk  elements  and  to  have  them 
regularly  and  exactly  supplied  to  our  patients.  Dr. 
Rotch  originated  milk  laboratories,  which  have  been 
established  in  many  of  our  large  cities,  equipped  with 
special  machinery  and  placed  under  the  management 
of  men  specially  trained  for  the  work.  The  milk 
employed  in  these  laboratories  is  obtained  with  the 
strictest  precautions  to  insure  its  absolute  cleanliness, 
from  vigorous  cows  of  a  carefully  selected  breed. 
The  feeding  and  housing  of  these  cows  are  under  care- 
ful supervision,  and  are  so  arranged  that  milk  of  a 
known  and  almost  uniform  composition  is  obtained. 
From  this  milk,  by  means  of  the  centrifugal  separator, 
the  fat  is  separated  and  a  cream  of  uniform  percentage 
obtained.  The  milk  remaining  is  almost  fat-free,  ami 
is  found  by  frequent  analysis  to  contain  a  fairly  uni- 
form percentage  of  proteins,  milk-sugar,  and  mineral 
matter.  It  is  now  a  simple  matter  to  dilute,  with 
distilled  water,  either  the  cream  or  fat-free  milk,  so  as 
to  obtain  the  requisite  amount  of  protein;  milk-sugar 
is  added  to  make  up  the  defective  percentage  in  that 
element,  and  cream  supplies  the  exact  quantity  oi 
With  a  knowledge  of  the  exact  percentages  in  the 
cream  and  fat-free  milk,  a  simple  calculation  suffices 
to  obtain  whatever  percentage  of  the  elements  the 
physician  may  prescribe.  The  amount  of  mineral 
matter  may  be  disregarded,  as  the  dilution  required  by 
the  protein  practically  makes  a  sufficient  reduction  in 
its  amount. 

The  milk  thus  modified  may  be  sterilized,  at  the 
temperature  deemed  necessary  by  the  physician,  and 
placed  in  bottles,  each  containing  the  amount  ordered 
for  one  feeding  of  the  infant;  the  total  number  of 
feedings  for  the  day.  securely  packed  in  a  small  basket . 
are  delivered  each  morning  to  the  consumer. 

The  following  is  an  illustration  of  the  method  in 
which  this  modified  milk  may  be  ordered  by  the 
physician: 


Fat  ..   3.00 

Milk-sugar     7.00 

Albuminoids — 

Caseinogen 2i> 

Lactalbumirj  ...      .  7."> 

Mineral  matter 


Xo.   of  feedings 9 

\  in.  mnt  at  each  fi 

75  cc.i2i  oz.) 

Infant's  age 3  w  ■ 

Infant's  weight. . .     .       9  pounds 

Alkalinity  5  per  cent. 

Pasteurize  at 155°  F. 


Although   this   was  a   very  great    advance  on   our 
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previous  crude  methods  of  modifying  cow's  milk, 
nevertheless  instances  occur  in  which  even  the  small 
percentage  of  casein  present  in  the  diluted  milk 
overtaxes  the  feeble  digestive  powers  of  the  infant. 
In  these  Rotch  recommended  that  the  amount  of 
proteins  be  reduced  at  the  first  to  a  minimum,  and  then 
gradually,  as  the  infant's  digestion  becomes  stronger, 
this  amount  may  be  increased  until  the  quantity 
necessary  for  perfect,  nutrition  is  attained.  Much 
difficulty  may  be  experienced  in  making  this  increase 
as  rapidly  as  the  demands  of  nutrition  appear  to 
require,  and  recourse  may  be  had  to  the  addition  of 
one  of  the  cereal  gruels,  which  in  many  instances 
appear  to  render  the  casein  more  digestible. 

More  recently  Dr.  Rotch  proposed  to  get  rid  of 
the  caseinogen,"  in  young  infants  such  a  frequent 
source  of  trouble,  by  the  use  of  a  whey  obtained  from 
fresh  cow's  milk  by  means  of  rennet.  Thus  prepared, 
whey  contains  all  the  lactalbumin,  sugar,  and  mineral 
matter,  but  none  of  the  caseinogen  and  almost  none 
of  the  fat.  Its  average  composition,  as  compared  with 
that  of  whole  milk,  is  as  follows: 


Fat 

Sugar.  .  . 
Proteins 


u  bole  milk. 


4.00 
4.50 
4.00 


I 


Whey. 


0.32 
4.79 
0.85 


Dr.  Rotch's  directions  for  its  preparation  are  as 
follows:  For  each  pint  of  whey  required  take  one  quart 
of  whole  fresh  milk,  or  fat-free  milk,  heated  to  37.7°  C, 
and  add  8  c.c.  of  essence  of  pepsin  or  an  equivalent  of 
one  of  the  liquid  preparations  of  rennet.  This  will 
precipitate  the  casein  in  the  form  of  curds,  which  are 
afterward  to  be  broken  up  with  a  fork;  the  fluid  re- 
maining is  then  strained  through  several  thicknesses  of 
boiled  cheese  cloth  and  slowly  cooled  to  a  temperature 
of  10°  C.  It  must  be  kept  on  ice  till  required.  If  the 
whey  is  to  be  mixed  with  cream,  the  whey  must  first 
be  heated  to  65.5°  C,  in  order  to  kill  the  rennet 
enzyme.  Whey  mixtures  should  not  be  heated  above 
68.3°  C,  if  one  "wishes  to  keep  safely  under  the  coagu- 
lation point  of  the  lactalbumin.  With  whey  as  a 
basis  to  which  cream  and  milk-sugar  in  requisite 
amounts  may  be  added,  a  modified  milk  may  be  pre- 
pared which  will  exactly  correspond  in  its  percentages 
and  reactions  to  that  of  breast  milk.  This  modifica- 
tion has  been  found  of  value  during  the  early  months  of 


infancy,  while  lie   digestive  powers  of  the  infant  are 

I  ill  leeble. 

While  milk  laboratories  are  not.  only  a  great  con- 
venience to  the  physician  in  He   preparation  <>l  thi 

various  Combinations  of  percentages,  but  also  of  value 
in  permitting  such  combinations  to  be  made  with 
greater  exactness  than  by  any  method  of  home  modi- 
fication, nevertheless  the  advantages  of  a  milk  labora- 
tory an-  not  everywhere  to  be  obtained,  and  in  the 
opinion  of  many  physicians  modifications  of  milk  can 
be  carried  out  at  home;  with  sufficient  exactness  to 
fulfil  the  wants  of  the  great  majority  of  infants.  To 
succeed,  however,  the  physician  must  be  capable  of 
giving  exact  instructions  as  to  the  details  of  the  process. 

In  undertaking  home  modification  it  is  extremely  im- 
portant to  secure  a  supply  of  good  fresh  milk,  and  one 
in  which  the  percentage  of  the  fat  is  known  and  main- 
tained by  careful  feeding  at  a  fairly  uniform  amount. 
It  is  to  be  remembered  that  the  amounts  of  fat  will 
vary  very  much  according  to  the  particular  breed  of 
cows  supplying  the  milk.  In  an  average  mixed  herd 
the  fat  generally  amounts  to  about  four  per  cent.;  in 
a  herd  of  Jersey  or  Alderney  cattle  it  may  amount  to 
five  or  six  per  cent. 

These  rich  milks  generally  disagree  with  the  infant's 
stomach.  In  the  preparation  of  our  modifications  for 
infant  feeding  many  physicians  recommend  whole 
fresh  milk  as  the  simplest  material  to  be  employed. 
But  this,  when  diluted  sufficiently  to  secure  easy 
protein  digestion,  leaves  us  with  a  decided  deficiency 
in  the  fats.  In  warm  weather,  and  in  some  infants 
who  digest  fat  with  difficulty,  this  relative  deficiency 
may  suit  the  infant's  digestion  better  than  a  modifica- 
tion containing  a  higher  percentage  of  fat.  For 
average  infants,  with  fair  digestive  powers,  however,  it 
is  not  wise  to  let  the  percentage  of  fat  fall  below  two  or 
exceed  four.  To  obtain  these  percentages  in  a  diluted 
milk  we  must  either  add  cream  to  our  dilution  or 
employ  top  milk.  Cream,  as  we  have  before  stated,  is 
liable  to  be  uncertain  of  uniformity  in  its  composition, 
is  frequently  old  and  laden  with  bacteria,  or  if  ob- 
tained from  the  separator  has  its  natural  emulsion 
destroyed.  Therefore,  as  a  rule,  superfatted  milk  or 
top  milk  is  much  to  be  preferred.  The  table  which 
follows  will  show  the  method  by  which  this  top  milk 
may  be  employed  in  making  modifications  of  any  de- 
sired strength.  The  diluent  may  be  either  water  or 
some  cereal  gruel.  When  we  use  the  latter  it  must  be 
remembered  that  gruels  contain  a  certain  amount  of 
both  protein  and  carbohydrate  and  therefore  have  a 
food  value  which  is  not  negligible.     A  gruel  made  from 


Suggested  Modifications  of  Cow's  Milk  Suitable  for  Healthy  Infants. 
(Modified  from  Chapin.1 


Amount 
of  food  to 
be  pre- 
pared. 

Number  and 
size  of  feed- 
ings for 
twenty-four 
hours. 

Intervals 
of  feeding. 

How  to  make  food 

Add 

Percentage  composition. 

Age. 

Remove  from 
top  of  quart 
bottle  milk. 

Of  this 
use. 

Water 

Gruel. 

Sugar. 

Protein. 

Fat. 

Carbo- 
hydrate. 

2(1  oz. 
28  oz. 

32  oz. 

36  oz. 

40  oz. 

48  oz. 
48  oz. 

10  of  1}  oz. 
9  of  2  oz. 

7  of  2J-3J  oz. 

7  of  4  oz. 

6  of  5-7  oz. 

5  of  8-9  oz. 
5  of  9  oz. 
10  oz. 

2  hours 

2  hours 
twice  dur- 
ing night. 

2J  hours 
once  dur- 
ing night. 

3  hours 
once  at 

night. 

3  hours 
once  at 

night. 
3$  hours 

4  hours 
4  hours 

top    9  oz. 
top  12  oz. 

top  16  oz. 

top  16  oz. 

top  20  oz. 

top  24  oz. 
whole  milk, 
whole  milk. 

2J  oz. 

7  oz 

12  oz. 

16  oz. 

20  oz. 

30  oz. 
36  oz. 

17?  oz. 
21oz. 

20  oz. 

16  oz. 

10  oz. 

16  oz. 

10  oz. 

18  oz. 
12  oz. 

1  oz. 
1J  oz. 

If  oz. 

1|  oz. 

1J  oz. 

li  oz. 
1J  oz. 

0.40 
0.80 

1.20 

1.4 

1.70 

2.00 
3.40 
3.5 

1.5 
2.25 

2.60 

3.00 

3.00 

3.00 
3.00 
4.00 

5  50 

Two  to  four  weeks 

6.00 
6.5 

Three  months 

Four  to  six  months.  .  .  . 

Seven  to  nine  months. 
Ten  to  twelve  months. . 

7.0 

7.0 

7.0 
7.0 
4.50 
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one  ounce  of  cereal  to  the  quart  of  water  contains 
approximately  twenty-five  percent,  of  protein  and  two 
per  cent,  of  carbohydrate;  therefore  when  a  gruel  is 
employed  a  smaller  amount  of  milk  sugar  is  required. 

In  the  case  of  healthy  children  a  modification  of  a 
good  quality  of  milk  prepared  according  to  the  above 
formula  will  generally  prove  sal  isfactory.  In  deciding 
upon  the  modification  to  be  used  the  weight  of  the 
infant  must  be  considered  as  well  as  the  age.  If 
above  the  average  weight  it  will  require  a  stronger 
food,  while  if  below  weight  a  weaker  food  than  is  in- 
dicated in  the  schedule.  If  there  are  no  digestive 
disturbances  but  the  infant  does  not  appear  satisfied 
and  fails  to  gain  satisfactorily,  the  food  should  he 
strengthened  or  the  amount  increased.  If  vomiting 
of  sour  and  rancid  smelling  material  occur  an  hour 
or  more  after  feeding  the  amount  of  fat  in  the  food 
should  be  promptly  reduced,  especially  if  such  vomit- 
ing is  associated  with  an  acrid  diarrhea.  In  extreme 
cases  the  fat  element  must  be  omitted  altogether,  using 
only  skim  milk  in  the  preparation  of  the  food.  If  the 
baby's  stools  are  sour  and  watery  the  quantity  of  sugar 
in  the  food  should  be  reduced.  If  the  infant  suffers 
from  colic  and  passes  many  curds  in  its  stools,  an 
attempt  may  be  made  to  prevent  the  curds  by  the 
addition  of  one  grain  of  sodium  citrate  to  the  ounce  of 
milk.  If  this  fail  the  food  may  be  peptonized  for 
ten  or  fifteen  minutes  before  it  is  fed  to  the  infant.  If 
the  infant  is  doing  well  but  is  constipated,  oatmeal 
gruel  should  be  used  as  a  diluent  and  the  amount  of 
fat  content  in  the  food  may  be  gradually  increased. 
Sudden  changes  in  the  strength  of  the  food  and  the 
amount  given  at  a  time  should  be  avoided.  It  is 
always  wise  to  advance  very  gradually  from  the  weaker 
to  the  stronger  modifications. 

When  the  infant  is  eight  months  old,  a  little  stronger 
and  more  solid  food  may  be  given.  Preceding  the 
bottle  one  or  two  tablespoonfuls  of  some  cereal  may 
be  fed  by  a  spoon  (oatmeal,  cream  of  wheat,  or  farina 
sweetened  and  to  which  a  little  fresh  milk  has  been 
added),  after  which  the  infant  maybe  allowed  to  finish 
its  meal  with  what  it  will  take  of  its  milk  modification. 
At  the  ninth  month  a  little  meat  juice  or  beef  tea 
may  be  given  at  its  mid-day  feeding,  and  whenthe 
child  is  a  year  old  a  raw  egg  may  be  broken  into 
the  beef  tea,  or  a  lightly  coddled  egg  with  bread 
crumbs  may  be  allowed.  "  A  little  stale  bread  and 
butter  may  also  be  given  at  one  or  two  of  his  meals. 

The  German  school  has  for  many  years  insisted  on 
the  value  of  comparing  the  caloric  value  of  any  artifi- 
cial food  with  which  an  infant  is  being  fed  with  a 
standard  estimated  from  the  caloric  value  of  mother's 
milk  as  consumed  by  a  normal  infant  of  the  same  age 
and  weight.  According  to  calculations  made  by 
several  investigators  infants  consume  daily  during  the 
first  three  months  an  amount  of  milk  equal  to  forty- 
five  calories  per  pound  of  body  weight;  during  the  next 
quarter  about  fortv-three  calories;  during  the  third 
quarter  about  thirty-eight  calories,  and  during  the 
last  quarter  of  the  first  year  about  thirty-four  calories. 
We  are  told  accordingly  that  an  infant's  food  should 
have  at  least  a  value  of' forty  calories  for  every  pound 
of  the  infant's  body  weight,  this  amount  to  be  slightly 
increased  for  infants  under  six  months  of  age. 

To  estimate  the  number  of  calories  in  any  food  mul- 
tiply the  caloric  value  of  an  ounce  of  each  ingredient 
entering  into  the  composition  of  the  food  by  the 
number  of  ounces  contained  in  the  total  day's  feeding 
and  add  the  products  together;  the  total  will  represent 
the  caloric  value  of  the  food: 

1  ounce  of  skimmed  milk  =  13  calories. 

1  ounce  whole  milk  =  21  calories. 

1  ounce  7  per  cent,  top  milk  =    31  calories. 

1  ounce  9  per  cent.  =  36  calories. 

1  ounce  16  per  cent.  =  54  calories. 

1  ounce  of  carbohydrate  =  120  calories. 

The  onlv  value  of  this  caloric  estimation  is  to  prevent 
over-  or  underfeeding;    it    cannot  be  regarded  as  in 


anj    measure  able  to  take  the  place  of  percent 

feeding. 

Sterilization. — In  the   infant   the  digestion   of   n 

is  for  the  mo  I  part  accomplished  in  the  small  in- 
testine. There  is  no  long  delay  in  the  stomach 
with  prolonged  exposure  to  an  acid  and  then 
antiseptic  medium,  as  in  the  adult,  bu1  the  milh 
an  imperfect  curdling  is  quickly  passed  on  to  the 
duodenum.  Gastric  digestion,  the  safeguard  in 
older  children  and  in  adults  against  the  entrance  ol 
disturbing  microorganisms  into  the  alimentary  tract, 
affords  in  infants  but  a  feeble  barrier.  For  that 
reason  one  of  the  more  important  conditions  in  the 
infant's  food  is  that  it  be  sterile.  This  is  the  more 
necessary  should  the  infant's  food  involve  a  longer 
time  in  its  digestion  than  breast  milk. 

It  is,  therefore,  extremely  desirable  that  the  milk 
employed  in  infant  feeding  be  obtained  with  such 
careful  precautions  as  to  render  it  practically  free 
from  extraneous  bacteria.  It  is  not  always  our  good 
fortune,  however,  to  be  able  to  obtain  such  with  the 
regularity  necessary  for  the  daily  preparation  of  an 
infant's  food,  and  when  our  supply  cannot  be  de- 
pended upon  it  appears  the  lesser  of  two  evils  to  have 
the  milk  pasteurized  at  the  lowest  efficient  tempera- 
ture—that is,  60°-08°  C.  (140°-155°  F.).  Milk 
sterilized  at  over  70°  ('.  is  altered  to  an  extent 
varying  according  to  the  elevation  of  the  temperature 
employed  and  the  duration  of  the  exposure  in  the 
following  respects:  (1)  its  proteins  are  modified 
and  rendered  less  digestible;  our  knowledge  on  this 
subject,  however,  is  still  indefinite  and  dependent 
chiefly  on  clinical  experience;  (2)  the  combination 
of  its  saline  ingredients  with  the  proteins  is  to  some 
extent  broken  up  and  the  salts  assume  a  condition  in 
which  they  are  less  readily  absorbed;  (3)  natural  fer- 
ments, whose  presence  in  milk  may  with  much  proba- 
bility be  inferred  and  which  may  materially  assist  its 
digestion  in  the  infant's  stomach,  are  destroyed;  and 
(4)  an  alteration  takes  place  in  the  emulsion  normal 
to  milk,  which  may  also  have  distinct  effect  in  lessen- 
ing its  digestibility  by 'the  infant.  For  these  reasons, 
it  is  important  that  the  milk  for  infant  feeding  should 
not  be  sterilized  at  too  high  a  temperature.  After 
pasteurization  it  should  be  kept  at  a  continuously 
low  temperature;  and  it  is  to  be  remembered  that 
the  employment  of  sterilized  milk  which  has  been 
kept  for  many  days  is  not  free  from  danger. 

Condensed  'Milk. — Fresh  evaporated  milk  (milk 
condensed  with  the  addition  of  cane  sugar)  may 
be  of  some  service  when  pure  fresh  milk  is  im- 
possible to  obtain.  The  heat  employed  during 
the  earlier  stages  of  its  preparation  has  rendered 
it  sterile,  and  it  may  under  favorable  conditions 
keep  after  the  can  is  opened  for  two  or  three 
days.  For  use  in  infant  feeding  it  should  be  di- 
luted with  four  or  five  parts  of  water,  or  cereal  gruel, 
and  sufficient  lactose  or  maltose  added  to  make  up 
the  requisite  percentage  of  carbohydrate.  Kerley 
states  that  many  infants  of  very  weak  digestion  will 
thrive  on  evaporated  milk  when  the  modifications  of 
cow's  milk  fail.  The  ordinary  canned  condensed 
milk  has  the  disadvantage  of  containing  a  large 
amount  of  cane  sugar  and  a  very  small  amount  of 
fat.  When  diluted  with  ten  or  twelve  parts  of  water, 
as  it  usually  is,  the  mixture  is  altogether  too  weak  of 
itself  to  serve  efficiently  as  a  permanent  diet.  For 
children  over  six  months  of  age  the  dilution  should 
be  made  with  a  strong  cereal  gruel.  Such  a  combi- 
nation may  tide  an  infant  with  impaired  digestion 
and  under  unfavorable  conditions,  over  two  or  three  of 
the  hot  summer  months.  As  soon  as  possible  fresh  top 
milk  should  be  added  in  gradually  increasing  amounts 
to  strengthen  its  nutritive  powers.  The  use  of  con- 
densed milk  for  any  prolonged  period  is  much  to  be  dep- 
recated. Holt  states  that  he  has  not  yet  seen  an  in- 
fant who  was  reared  exclusively  on  condensed  milk  who 
did  not  show  more  or  less  evidence  of  rickets. 
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OBITION  of  Evaporated  and  Condensed  Mile  and  theiu 
Dilutions. 
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Gartner's  Fettmilch.  -In  Germany  during  the  last 
few  years  a  modification  of  cow's  milk  has  been 
prepared  by  Gartner,  as  follows:  Into  the  drum  of  a 
large  centrifuge  a  mixture  of  milk  and  sterile  water, 
at  a  temperature  of  from  10°-15°  C,  is  allowed  to  run, 
care  being  taken  that  the  milk  used  is  obtained  in  the 
must  cleanly  manner  from  healthy  cows  properly  fed. 
The  drum' of  the  centrifuge  is  made  to  revolve 
rapidly,  driving  the  fat.  as  it  is  only  in  suspension, 
toward  the  center  of  the  drum,  while  the  sugar, 
casein,  and  salts,  which  are  in  solution,  remain  uni- 
formly distributed.  Two  tubes  which  carry  off  the 
milk  enter  the  drum,  one  near  the  center  and  one  at 
the  periphery.  By  arranging  how  near  to  the  center 
the  inner  tube  opens,  and  the  speed  at  which  the 
drum  revolves,  milk  containing  fat  in  various  per- 
centages may  be  drawn  off.  As  ordinarily  set  the 
milk  drawn  off  near  the  center  has  the  same  amount 
of  fat  as  mother's  milk,  and  is  only  deficient  in  sugar. 
Its  composition,  which  is  fairly  constant,  is  fat  '■'>, 
sugar  2.5,  proteins,  1.76.  By  adding  a  certain 
proportion  of  milk-sugar,  milk  closely  resembling 
breast  milk  in  composition  is  obtained. 

This  plan  has  also  the  advantage  that  any  dirt 
present,  in  milk  and  most  of  the  bacteria  are  thrown 
off  toward  the  periphery,  thus  leaving  the  central 
portion  free.  It  is  also  claimed  that  the  cream  is  not 
so  completely  separated  from  the  milk  as  in  Jtotch's 
plan,  but  remains  in  a  more  perfect  emulsion.  Thus 
prepared  the  Fettmilch  resembles  ordinary  milk  in 
appearance  and  has  an  agreeable  taste.  Before  using 
it  as  an  infant's  food  it  is  recommended  that  it  should 
be  sterilized.  Escherich  has  laid  down  the  follow- 
ing rules  for  the  amount  and  frequency  with  which 
this  food  may  be  given: 

During  each  24  hours  children  of  2  weeks  require  16 
ounces  in  9  meals;  from  2  to  4  weeks,  25  ounces  in  8 
meals;  from  4  to  8  weeks,  33  ounces  in  8  meals;  from  3 
to  4  months,  42  ounces  in  8  meals;  from  5  to  6  months, 
50  ounces  in  7  meals. 

The  employment  of  this  milk  is  strongly  recom- 
mended by  many  eminent  German  authorities. 

Buttermilk. — In  some  cases  of  infantile  atrophy  and 
gastrointestinal  disease  buttermilk  may  be  of  service. 
It  has  long  been  successfully  used  in  Holland.  Ordi- 
nary buttermilk  made  from  cream  or  milk  that  has 
soured  naturally  has  an  average  composition  of  one  per 
cent,  of  fat,  four  per  cent,  of  sugar,  and  three  per  cent, 
of  protein.  A  better  preparation  is  made,  however,  by 
adding  one  of  the  lactic  acid  ferments  on  the  market 
to  fresh  whole  milk.  Buttermilk  obtained  in  either 
of  these  ways  contains  enormous  numbers  of  lactic 
acid  bacteria  which  when  introduced  into  the  intes- 
tine may  have  a  definite  value  in  preventing  the  devel- 
opment of  more  harmful  species. 

A  modification  of  buttermilk  very  frequently  em- 
ployed and  readily  taken  by  the  infant  is  prepared  as 
follows:  To  one  quart  of  buttermilk  is  added  one  ounce 
of  wheat  flour  (four  level  tablespoonfuls)  and  one  level 
tablespoonful  of  cane  sugar.  This  mixture  is  with 
constant  vigorous  stirring  slowly  brought  to  the  boil- 
ing point  and  kept  there  for  twenty  minutes  and  then 
allowed  to  cool.     Buttermilk  thus  prepared  has  ahigh 


protein  and  carbohydrate  and  a  very  low  fat  percent- 
The  casein  is  very  finely  divided  .ami  i 

i   [incoagulable  by  the  rennet,  but  read- 
ily digested  by  the  intestinal  ferments.     It  may  be 

further  modified  by  dilution  with  water. 

Albumin  Mil!:. — Finklestein's  albumin  milk  has  for 

the   past    few  years  been  very  strongly   recommended 

for  the  relief  of  the  conditions. attributed  to  sugar  in- 
toxication, and  in  acute  intestinal  diseases.  It  is 
prepared  ■<-  follows:  One  junket  tablet  is  added  to  a 
quarl  of  milk  at  a  tempera!  ure  of  Hi;,  F.  and  allowed 
and  until  the  milk  coagulates  about  one  hour). 
The  curd  is  then  thoroughly  beaten  with  a  fork  to 
break  it  into  fine  particles  and  it  is  then  placed  in  a 
bag  of  fine  cheesecloth  and  allowed  to  drip  for  an  hour: 
it  is  then  washed  carefully  wit  h  boiled  water  and  after- 
ward put  through  a  strainer  t\\  ice.  To  the  curd  I 
prepared  one  pint  of  boiled  buttermilk  is  added  and  the 
whole  sed  through  a  -trainer  until  the  casein 

0  lmel\  broken  up  that  it  resembles  in  appearance 
ordinary  milk.  Water  should  be  added  to  make  the 
whole  measure  one  quart.  Thus  prepared  its  com- 
position is  stated  to  be,  protein  3,  fat  2.  sugar  1.5. 
Kerley  strongly  recommends  the  use  of  it  in  acute 
intestinal  disease.  After  a  large  dose  of  castor  oil. 
followed  by  the  administration  of  plain  barley  water 
for  twenty-four  or  forty-eight  hours,  the  infant  is 
placed  on  this  albumin  milk  quite  regardless  of  the 
character  of  the  stools.  From  one  to  four  ounces  are 
given  at  a  feeding;  when  small  quantities  are  given 
each  feeding  is  supplemented  by  as  much  barley  water 
as  the  child  will  take.  Kerley  claims  his  results  have 
been  uniformly  satisfactory,  but  recommends  that  as 
soon  as  the  condition  of  the  intestinal  trouble  wiil 
permit,  the  infant  should  be  placed  on  a  fresh  milk 
modification. 

Patented  Food. — When  for  any  reason  failure  has  at- 
tended the  attempt  to  feed  an  infant  on  cow's  milk 
more  or  less  modified,  there  is  with  many  pareir 
strong  inclination  to  resort  to  one  of  the  numei 
patent  artificial  foods  placed  before  the  public  by  in- 
terested agents  who  loudly  vaunt  their  own  special 
preparations  as  the  exact  analogue  of  mother's  milk 
and  the  only  food  calculated  to  help  the  infant  in  its 
dire  distress.  We  cannot  deny  that  many  of  1 1 
foods  have  met  with  much  popular  favor  and  that 
some  of  them  have  proved  of  occasional  service.  It 
seems  desirable,  therefore,  that  the  physician  should 
have  a  know  ledge  of  their  physical  properties  and  their 
composition  further  than  the  meager  and  often  in- 
correct statements  contained  in  their  advertisements. 
In  almost  all  these  foods  dependence  is  put,  for  the 
greater  part  of  the  nourishment  supplied,  on  milk  which 
is  either  added  by  the  user  or  previously  introduced 
by  the  manufacturer.  They  are  therefore  to  be  re- 
garded as  modifications  of  cow's  milk;  a  fact  which 
may  explain  the  apparently  successful  results  which 
sometimes  attend  their  employment. 

With  the  exception  of  those  which  contain  the  milk 
in  a  condensed  form,  all,  if  administered  alone,  show  a 
great  deficiency  in  many  of  the  most  important  in- 
gredients of  an  infant  food,  and  especially  in  the  ele- 
ment of  fat.  It  is  to  be  noted  also  that  they  are  secret 
preparations,  over  which  we  as  physicians  can  exercise 
no  supervision  or  control  in  regard  to  the  quality  of  the 
material  or  to  the  amount  of  care  used  in  their  manu- 
facture; that  analyses  made  by  many  able  chemists 
have  given  very  variable  results,  often  differing  widely 
from  the  manufacturer's  published  composition;  that 
they  are  liable  to  be  old  and  musty;  and  that  for  the 
poorer  classes  they  are  an  expensive  food.  These 
foods  may  be  grouped  into  four  classes.  The  first 
class  contains  the  farinaceous  foods  prepared  from 
the  flour  of  one  or  more  of  the  cereals,  with  the  starch 
to  some  extent  modified  by  baking.  Among  the  best 
known  of  this  class  are  the  following:  Imperial  Gra- 
num,  Blair's  Wheat,  Hubbell's  Wheat,  Hard's  Food, 
Ridge's  Food,  and  Robinson's  Patent  Barley. 
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In  a  second  class  are  placed  all  those  in  which  the 
starch  is  almost  entirely  converted  into  a  mixture  of 
dextrin,  dextrose,  and  maltose,  with  a  small  amount 
of  cane  sugar.  These  foods  have  in  some  instances 
a  distinctly  laxative  action,  and  may  sometimes  be 
of  service  when  the  infant  is  of  a  constipated  habit. 
They  are  not  complete  without,  the  addition  of  milk. 
Mellin's  food  is  the  best  example  of  this  class. 

A  third  class  comprises  those  foods  to  which  the 
milk  has  already  been  added  during  the  process  of 
manufacture.  All  of  them  contain  starch  in  consider- 
able quantities,  to  a  small  extent  only  converted  into 
dextrose.  Their  mode  of  preparation  insures  more 
or  less  complete  sterilization  of  the  milk,  and  t  his  may 
sometimes  be  an  advantage  during  the  summer 
season.  Nestle's  food  and  Horlick's  malted  milk 
are  examples  of  this  class. 

A  fourth  class  may  be  made  of  foods  recently 
introduced  in  which  a  certain  amount  of  prediges- 
tion  of  the  milk  takes  place  in  the  course  of  the 
preparation  of  the  food.  Peptogenic  milk  powder 
the  Allenbury  foods,  and  Benger's  food  may  be 
quoted  as  examples  of  this  class. 

The  following  table  of  Chittenden's  analyses 
represents  the  composition  of  several  of  these  foods 
when  prepared  as  directed  for  the  infant's  use: 

These  Analyses  Represent  the  Composition  of  Some  of 
the  Infant  Foods  as  Prepared  According  to  the  Direc- 
tions fob  Infants  Six  Months  of  Age. 
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Amount  In  be  given. — Not  only  are  the  character  and 
composition  of  the  food  itself  of  importance,  but  the 
amount  to  be  given  and  the  times  of  giving  it  de- 
mand the  physician's  careful  attention.  As  Biedert 
remarks:  the  infant  has  no  instinct  which  guards 
against  overfeeding.  Even  breast-fed  children  are 
apt  to  drink  too  much,  but  those  artificially  fed  have 
a  greater  tendency  to  excess,  since  in  general  they 
obtain  their  food  more  quickly  and  with  less  exertion 
on  their  part.  The  truth  should  be  carefully  im- 
pressed upon  mother  and  nurse,  that  a  bottle-fed 
infant  thrives  best  upon  the  minimum  amount  of 
food  necessary  for  good  development;  excess  tends  to 
interfere  with"  digestion,  and  thus  unfavorably  affects 
nutrition. 

Illustrations  of  Above  Rule  to  Serve  as  Guides  for  Espe- 
cially  Difficult  Cases. 


Each  feeding. 


Initial  weight.        Early  days. 


I  I 

At  15  days.         At  :«>  days  . 
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30  gm.  (about 

30  +  15  =  45  gm. 

30  +  30  =  60  gm. 

(6.6  lb.) 

oi-). 

(about  o  iss.). 

(about  B  ij.). 

4,500  gm 

45  gm.  (about 

45  +  15  =  60  gm. 

45  +  30  =  75  gm. 

(9.9  lb.) 

5  iss.). 

(about  5  ij-)- 
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Dr.  Etotch  quotes  the  results  of  Smitkin's  invt 
gations  a1  the  Children's  Hospital  in  St.  Petersburg, 

to  determine  flu-  amount  thai   should  be  given  <liiriritf 

the  first  few  weeks  of  life.  Be  find  thai  the  greatci 
the  weighl  thegreatei  i  the  gastric  capacity,  and  says 
that  one  one-hundredth  of  the  Initial  weight  of  tln- 
infant  should  be  taken  as  the  starting  figure  for  each 
meal,  and  to  this  should  ho  added  one  grain  for  each 
day  of  life. 

The  following  table  (from  Rotch)  will  afford  an 
indication,  for  an  a1  erage  infant,  oi  the  amounl  t<> 
be  given  a1  each  feeding  and  the  number  of  feeding 

which  should  take  place  in  the  twenty-four  hours: 
Gbnebai   i:  i  .  .  ■  fob  Feeding  Dubinq  the  Fibst  Vicar. 

(Hutch). 

(The  day  feedings  are  supposed  to  begin  at  6  a.  m    and    to  end  at 

in  p.  m.) 
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Very  rarely,  in  the  cases  of  immature  and  very 
sickly  babies  ami  of  infants  with  cleft  palate,  the 
ordinary  feeding-bottle  is  ineffectual,  owing  to  the 
infants  not  having  power  to  suck.  Feeding  by  spoon 
is  slow  and  wearisome  to  the  infant.  In  these  cases, 
Jacobi  recommends  the  use  of  Soltmann's  biberon 
pompe.  In  this  feeding-bottle  simple  pressure  on 
the  mouthpiece,  either  by  tin-  lips  or  minis  of  the  in- 
fant, or  on  the  expanded  portion  of  the  tube  outside 
the  bottle  by  the  fingers  of  the  nurse,  will  cause  the 
food  to  escape  from  the  bottle.  Jacobi  says  that 
in  many  cases  it  has  done  good  service.  Kotch 
recommends  the  use  of  a  glass  cylinder,  graduated 
and  capable  of  holding  nine  drachms.  One  end 
gradually  tapers  till  a  small  nipple  can  lie  fitted  on  to 
it;  the  upper  end  is  covered  by  a  compressible  rubber 
bulb.  By  gentle  compression  of  this  bulb  the  food 
may  be  slowly  forced  into  the  infant's  throat  without 
any  effort  on  its  part. 

This  method  appears  to  be  specially  desirable  in 
the  case  of  a  weak  infant,  as  it  involves  no  loss  of 
strength. 

Gavage. — Some  years  ago  Tarnier,  of  Paris,  ad- 
vocated the  method  of  gavage  in  infants  prematurely 
born  or  in  such  as  are  congenitally  weak.  The 
apparatus  necessary  for  the  purpose  is  very  simple: 
a  soft-rubber  catheter,  Xo.  14  or  15  French,  or  a  piece 
of  gutta-percha  tubing  with  a  small  glass  receptacle, 
of  sufficient  size  to  hold  the  amount  of  milk  to  be 
administered,  attached  to  the  distal  end.  The  child 
is  placed  on  the  knee  of  the  nurse  with  its  head  slightly 
raised.  The  tube  is  moistened  with  milk  and  intro- 
duced at  the  base  of  the  tongue  and  then  very  gently, 
forced  down  the  esophagus  to  a  distance  of  fifteen  cen- 
timeters. The  sound  is  then  pinched  between  the  two 
fingers  and  the  food  is  introduced  into  the  receptacle. 
On  relaxing  the  fingers  and  raising  the  receptacle  the 
food  flows  gently  into  the  stomach.     Care  must  be 
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taken  to  remove  the  tube  gently  and  quickly,  the  in- 
fant must  then  be  replaced  in  its  warm  cradle  or  cou- 
veuse.  To  the  weakest  infants  eight  grams  of  food  are 
given  every  hour.  In  spite  of  this  feeding  the  infant 
frequently  loses  weight  for  the  first  few  days,  but  soon 
begins  to  gain  steadily.  Tarnier  claims  to  have 
achieved  marvelous  results  by  this  method. 

Alexander  D.  Blaokader. 


Infantilism. — This  is  defined  by  Hastings  Gilford 
as  a  conspicuous  iliimj  or  arrest  of  >l<  r<  lopim  n't  and  is  to 
be  distinguished  from  dwarfism  which  is  a  serious 
delay  or  arrest  of  growth.  There  is,  on  the  one  hand, 
a  racial  or  an  ethnic  infantilism  as  illustrated  by  the 
forest  dwarfs  of  Centra]  Africa,  and  there  is,  on  the 
other  hand,  an  individual  or  developmental  infantilism 
which  may  be  again  subdivided  into  the  infantilism 
either  of  cells,  of  organs,  or  of  the  body  as  a  whole. 
The  last  may  be  the  result  of  two  factors:  an  inherent 
tendency  to  variation  and  some  external  cause  such  as 
the  action  of  disease  toxins;  or  it  may  be  idiopathic 
or  spontaneous,  the  expression  of  a  mutation,  sudden 
in  its  appearance  and  often  hereditary.  One  may 
therefore  speak  of  symptomatic  general  infantilism 
and  of  infantilism  as  a  fluctuation.  The  former  is 
subdivided  into  (1)  toxic,  (2)  correlative,  and  (3) 
deprivational  infantilism.  Toxic  infantilism  is  ex- 
emplified by  the  instances  of  arrested  development 
occurring  as  the  result  of  the  toxic  action  of  syphilis, 
tuberculosis,  malaria,  pellagra,  etc..  Correlative  in- 
fantilism is  seen  when  the  growth  and  development  of 
the  body  as  a  whole  are  arrested  to  accommodate 
the  body  to  the  retardation  that  occurs  in  any  par- 
ticular organ  or  groups  of  organs.  Correlative  in- 
fantilism is  again  subdivided  into  the  endocrinous 
and  the  simple  correlative.  Endocrinous  infantilism 
is  illustrated  by  the  cases  of  arrested  development 
resulting  from  thyroid  deficiency;  and  possibly  by 
the  cases  associated  with  hypopituitarism,  as  in 
Frohlich's  syndrome;  and  also  possibly  by  the  cases 
of   so-called   suprarenal    and   pancreatic   infantilism. 

The  type  characterized  as  simple  correlative  infantil- 
ism is  one  in  which  the  action  of  toxins  or  of  hormones 
may  be  excluded,  and  includes  cases  such  as  those 
associated  with  achondroplasia,  scleroderma,  mus- 
cular dystrophy,  congenital  cardiac  defects,  hypoplasia 
of  the  arterial  system,  microcephalus,  and  hydro- 
cephalus. Deprivational  infantilism  occurs  when  an 
essential  constituent  is  lacking  from  the  food,  as  in 
the  cases  of  arrested  growth  resulting  from  the  absence 
of  the  vitamines  from  the  diet.  There  are  mixed 
types  of  infantilism  which  include  characteristics  be- 
longing to  several  groups. 

Symptomatic  infantilism  may  be  of  the  Lorain  type 
in  which  the  arrest  of  growth  is  more  obvious  than  the 
arrest  of  development,  a  type  which  was  originally 
regarded  as  the  result  of  an  underdevelopment  of  the 
arterial  system.  In  the  Lorain  type  the  individual  is 
thin  and  angular  with  a  tendency  to  debility.  Symp- 
tomatic infantilism  may,  on  the  other  hand,  be  of  the 
Brissaud  type  which  was  formerly  regarded  as  the 
result  of  thyroid  deficiency  and  in  which  there  is  a 
tendency  to  obesity.  Most  of  the  cases  of  this  type 
are  now  regarded  as  instances  of  pituitary  disease 
or  examples  of  idiopathic  infantilism. 

Idiopathic  or  essential  infantilism  or  that  form  in 
which  there  is  no  apparent  cause,  is  subdivided  into 
ateleiosis,  an  unmixed  infantilism  (see  Ateleiosis) 
and  progeria  in  which  infantilism  and  senilism  are 
both  manifest  in  the  same  patient.     (See  Progeria.) 

Alexander  Spingam. 
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Infarction. — (Infarciri ,  to  fill  in,  to  stuff  into.)  The 
act  of  plugging  up  or  filling  up;  also  the  organ  or  (issue 
which  is  filled  with  blood,  fluid,  or  oilier  sub 
The  development  of  tin-  various  meanings  of  infarc- 
tion forms  a  very  interesting  chapter  in  the  history  of 
medical  terminology.  Originally  used  as  a  dei  ignation 
for  the  Galenic  teaching  of  the  black  bile  as  the  cause 
of  melancholia  and  hypochondria,  infarcts  gradually 
came  to  mean  a  stoppage  of  the  intestinal  canal  either 
through  hardened  fecal  matter  or  through  precipita- 
tions from  the  blood  into  the  intestinal  canal.  Later, 
the  idea  included  also  obstruction  in  the  blood  and 
lymph  vessels  and  the  ducts  of  glands.  The  theory 
of  intestinal  infarctus  as  the  cause  of  hypochondria, 
melancholia,  hemorrhoids,  and  other  conditions 
reached  the  height  of  its  development  in  the  latter  half 
of  the  eighteenth  century  under  the  influence  of  the 
two  Kampfs,  father  and  son.  By  them  the  doctrine 
was  reduced  to  what  was  considered  to  be  a  scientific 
basis,  the  infarcts  were  obtained  for  examination  by 
means  of  injections,  and  were  classified  according  to 
symptoms,  location,  and  composition.  Their  treat- 
ment by  clysters  attained  an  extraordinary  degree  of 
popularity.  The  abuse  of  this  treatment  and  the 
advancement  of  knowledge  of  the  anatomy  and  phys- 
iology of  the  gastrointestinal  tract  brought  about  the 
natural  death  of  the  doctrine  during  the  early  part  of 
the  last  century.  As  outgrowths  from  the  early  idea  of 
infarctus  were  such  usages  as  the  following:  infarction 
of  humors,  a  term  formerly  applied  to  ulcers  whose  base 
and  borders  were  infiltrated;  infarctus  mamma  lacteus, 
the  collection  of  coagulated  milk  in  the  ducts  of  the 
mammary  gland;  infarctus  lactei  extremitatum,  applied 
to  phlegmasia  dolens  because  it  was  supposed  to  be 
caused  by  metastasis  of  the  milk  to  the  legs;  infarctus 
uteri,  applied  to  a  variety  of  diseased  conditions  of 
this  organ,  etc.  The  term  infarction  was  also  formerly 
used  clinically  to  indicate  a  sense  of  fulness  or  oppres- 
sion in  the  chest.  The  enlarged  spleen  in  chronic 
malaria  was  called  infarctus  Kenis.  The  old  meaning 
of  intestinal  obstruction  still  survives  in  the  expression 
infarcted  hernia. 

At  present  infarction  is  unfortunately  used  as  a 
designation  for  two  classes  of  pathological  conditions 
essentially  different  in  kind:  (1)  The  infiltration  of  the 
tubules  or  tissue  spaces  of  an  organ  with  blood,  blood 
pigment,  uric  acid  or  urates,  calcium  salts,  etc.  (2) 
The  anemic  necrosis  of  an  organ  or  tissue  due  to  an 
obstruction  of  its  nutrient  artery  by  embolism  or 
thrombosis.  The  different  processes  are  usually 
distinguished  by  some  modifying  term,  as  uric-acid 
infarction,  anemic  or  hemorrhagic  infarction,  etc.; 
but  when  used  without  such  the  term  is  usually  nar- 
rowed to  the  second  meaning. 

1.  L"Ric-Acn>  Infarction. — In  the  kidneys  of  the 
new-born  there  is  almost  always  present  in  the  medul- 
lary pyramids  a  number  of  glistening,  golden,  or 
orange-red  lines  converging  to  the  papilla?.  These 
lines  are  easily  scraped  away  with  the  knife  and  form  a 
glistening  orange  powder  on  the  moist  surface  of  the 
organ.  On  microscopical  examination  the  straight 
tubules  are  found  to  be  filled  with  dark  semitranslu- 
cent  masses  which  dissolve  on  treatment  with  acetic 
acid,  leaving  behind  an  albuminous  stroma.  From 
the  solution  uric-acid  crystals  are  formed.  The  epi- 
thelium of  the  tubules  shows  little  or  no  change.  The 
granules  consist  of  crystalline  spheroliths  of  ammonia 
urates.  The  condition  is  known  as  the  uric  acid 
infarct  of  the  new-born,  and  was  at  one  time  supposed 
to  be  of  medicolegal  value  as  occurring  only  in  infants 
who  have  breathed;  but  similar  infarcts  have  been 
found  in  the  kidneys  of  still-born  children  and  in  the 
fetus.  In  one  case  of  ectopic  gestation  seen  by  the 
writer  the  kidneys  presented  an  extensive  degree  of 
this  condition.  According  to  Spiegelberg,  uric-acid 
infarct  is  present  in  only  one-half  of  the  children  exam- 
ined, being  most  marked  after  the  second  or  third  day 
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after  birth.  The  condition  may  persist  until  the 
seventy-sixth  day,  but  usually  disappears  early. 
When  persistent,  it  may  give  rise  to  nephritis  or  cause 
uremia  by  the  simple  obstruction  of  the  tubules. 
Neither  the  origin  nor  the  significance  of  the  Gondii  ion 
is  known.  The  change  of  metabolism  following  the 
establishment  of  pulmonary  oxygenation,  the  slight 
degree  of  oxidation  processes  in  the  new-born,  lack  of 
ability  on  the  part  of  the  urine  to  dissolve  the  uric 
acid,  are  among  the  causes  adduced  in  explanation, 
but  no  one  of  these  is  adequately  supported.  Uric- 
acid  and  sodium-urate  infarcts  occur  also  in  the  adult 
kidney  in  cases  of  gout  or  the  so-called  uric-acid 
diathesis.  The  appearances  are  similar  to  those  in 
the  new-born,  but  the  condition  is  rarely  so  extensive. 
More  frequently,  scattered  concretions  are  formed  in 
dilated  tubules. 

Calcium  Infarcts,  Chalk  Infarcts. — In  senile  kidneys, 
in  osteomalacia  and  other  destructive  diseases  of  bone, 
in  gout,  in  cases  of  poisoning  with  mercuric  chloride, 
phosphorus,  aloin,  bismuth,  etc.,  extensive  deposits 
of  lime  salts,  phosphates  or  carbonates,  may  occur  in 
the  tubules,  the  deposit  taking  place  either  in  or  upon 
the  necrotic  epithelium  of  the  tubules.  When  visible 
to  the  naked  eye,  such  deposits  appear  as  opaque 
whitish  or  yellow  streaks  corresponding  to  the  tubules, 
or  as  minute  dots  representing  the  glomeruli.  Micro- 
scopically the  deposits  give  the  specific  staining  reaction 
with  hematoxylin.  Calcium-oxalate  infarction  oc- 
curs rarely  as  the  result  of  ingestion  of  food  containing 
large  amounts  of  oxalic  acid  or  in  cases  of  disturbed 
metabolism.  White  streaks  occur  in  the  pyramids 
similar  to  those  of  phosphate  infarction,  but  are 
distinguished  from  the  latter  by  their  insolubility  in 
dilute  acids. 

Bilirubin  Infarct. — -In  cases  of  chronic  obstructive 
jaundice  the  collecting  tubules  of  the  kidney  usually 
contain  large  numbers  of  bile-pigment  casts.  In 
tissue  fixed  with  alcohol  these  appear  as  yellow  or 
brown  streaks  in  the  cut  surface  of  the  medullary 
pyramids;  in  mercuric  chloride  fixation  they  have  a 
bright  green  color.  Uric-acid  infarction  is  not  infre- 
quently combined  with  this  condition,  particularly  in 
cases  of  icterus  neonatorum. 

Hematoidin  Infarct. — In  cases  of  hemoglobinuria, 
hemoglobinemia,  and  methemoglobinemia,  due  to 
poisoning,  infections,  extensive  burns,  etc.,  large 
quantities  of  blood  pigment  may  be  found  in  the  kid- 
ney tubules  in  the  form  of  brownish  casts  or  irregular 
masses.  The  pyramids  show  radiating  yellow  or 
reddish-brown  striae.  Usually  the  pigment  does  not 
give  the  iron  reaction,  and  is  therefore  to  be  classed 
with  the  hematoidin  group.  Very  rarely  hemosi- 
derin infarction  occurs. 

Melanin  Infarct. — Very  rarely  in  cases  of  extensive 
metastasis  of  melanotic  sarcomata  large  quantities  of 
melanin  are  said  to  be  excreted  through  the  kidneys. 
In  such  cases  melanin  casts  are  found  in  the  tubules. 
It  is  doubtful,  however,  if  the  brownish  casts  described 
as  occurring  in  these  cases  were  composed  of  melanin; 
it  is  more  likely  that  they  were  formed  of  blood  pig- 
ment. 

2.  Anemic  and  Hemorrhagic  Infarction. — The  oc- 
clusion of  a  terminal  artery  by  embolism  or  throm- 
bosis leads  to  an  anemic  necrosis  (anemic  seques- 
trum) of  the  part  supplied  by  the  obstructed  vessel. 
In  the  case  of  end-arteries  having  very  slight  collateral 
anastomosis  the  dead  area  remains  anemic  (anemic 
or  white  infarct);  in  situations  where  the  end-arteries 
possess  sufficient  anastomosis  to  admit  of  the  flow  of 
blood  into  the  affected  area  from  the  neighboring 
terminals  the  dead  area  becomes  hemorrhagic  (hemor- 
rhagic or  red  infarct).  The  anemic  variety  is  found 
in  the  spleen,  kidneys,  heart,  brain,  retina,  and  rarely 
in  the  liver;  the  red  or  hemorrhagic  infarct  occurs 
chiefly  in  the  lungs  and  the  area  supplied  by  the 
superior  mesenteric  artery,  very  rarely  in  the  uterus, 


adrenals,  testes  and  kidneys.    Cnder  especial  condi- 
tions  of  intense    congestion     and    when    the  area  of 
anemic  necrosis  is  small,  red  or  hemorrhagic  in' 
may  occur  also  in  brain,  spleen,  retina,  and   kidni 
Many  of  such  red  infarcts  are  not  true  anemic  inl.i 
they  represent  local  hemorrhages  due  to  obstruction 
to  the  venous  outflow  (venous  thrombosis).     This  is 
particularly  true  of  the  so-called  hemorrhagic  infarct 

of  kidneys,  spleen,  adrenals,  and  testes.      Thrombo   i 
of  one  of   the    great   sinuses  or  of  a  jugular  vein,  or 

ligation  of  (lie  latter  produces  similar  pictures  in  tin- 
bra  in.    The  term  stasi  infarct  c  si  an  nmj.  -,-i nf urn  inn  "  > 

has  been  proposed  for  these  conditions. 

Infarcts  are  usually  found  at  the  periphery  of  organs 

where  they  form  cone-  or  wedge-shaped  areas,  the  base 

toward  the  surface  of  the  organ,  the  apex  pointing  in- 
ward. They  may  be  single  Or  multiple.  They  vary 
greatly  in  size,  from  pinhead  areas  up  to  that  of  the 
entire  organ  in  the  case  of  the  kidneys,  lung,  spleen, 
adrenal,  and  testes,  when  the  main  artery  is  closed. 
The  size  is  usually  somewhat  less  than  that  of  the 
area  supplied  by  the  obstructed  artery,  but  this  will 
vary  according  to  the  collateral  circulation.  As 
the  result  of  the  occlusion  of  a  number  of  neigh- 
boring arterioles  they  are  occasionally  very  irregular 
in  outline.  When  recent,  the  anemic  infarct  is 
opaque,  yellowish-white,  slightly  elevated,  and  some- 
what firmer  than  normal  tissue.  A  peripheral  red 
zone  is  almost  always  present.  Older  infarcts  are 
usually  depressed  and  softer;  in  the  case  of  those  of 
large  size  there  is  usually  a  central  softening.  If 
organization  of  the  dead  area  has  begun  1  he  consist- 
ence may  be  firm.  On  microscopical  examination 
the  cells  of  the  infarcted  area  show  a  simple  or  coagu- 
lation necrosis.  In  older  infarcts  liquefaction  necrosis 
may  be  present.  The  red  peripheral  zone  is  found  to 
be  due  to  a  narrow  line  of  hemorrhage  and  congestion 
surrounding  the  dead  area  and  may  be  explained  as 
being  of  the  nature  of  a  hemorrhagic  infarct  in 
the  zone  of  collateral  anastomosis  with  the  neigh- 
boring end-arteries.  In  later  stages  this  zone 
usually  becomes  the  seat  of  a  leucocyte  infiltration  and 
fibroblastic  proliferation.  The  leucocytes  of  the 
peripheral  zone  contain  numerous  fat  and  glycogen 
droplets.  Fat  is  also  found  in  large  amount  in  the 
cells  of  the  peripheral  zone,  the  result  either  of  re- 
sorption or  of  a  degenerative  fatty  infiltration.  Later 
numerous  pigmented  (hemosiderin)  phagocytes  are 
found  about  the  edge  of  the  infarct.  The  hemorrhagic 
infarcts  are  deep  red  to  black  in  color,  occasionally 
pale  in  very  anemic  individuals.  They  are  usually 
much  firmer  than  the  anemic  variety.  As  they  be- 
come older  they  grow  lighter  in  color,  and  softer  if 
liquefaction  necrosis  occurs.  If  organization  takes 
place  without  softening  the  infarcted  area  becomes 
lighter  and  firmer.  The  contraction  of  the  newly 
formed  connective  tissue  leads  to  depressions  on  the 
surface  of  organs  in  the  case  of  both  anemic  and 
hemorrhagic  infarcts.  On  microscopical  examination 
the  hemorrhagic  infarct  is  found  to  consist  of  an  area 
of  necrotic  tissue,  the  spaces  of  which  are  filled  with 
extravasated  blood.  It  is  in  fact  only  an  anemic 
infarct  which  has  become  hemorrhagic.  The  term 
hemorrhagic  infarction  is  applied  also  to  the  occur- 
rence of  simple  hemorrhage  in  tissues;  in  the  case  of 
the  kidney  to  the  hemorrhage  produced  by  obstruction 
of  the  renal  veins.  It  would  be  better  to  drop  entirely 
this  confusing  use  of  the  term  and  restrict  its  applica- 
tion to  the  true  anemic  and  hemorrhagic-anemic 
necroses  produced  by  arterial  obstruction. 

Various  theories  have  been  offered  in  explanation  of 
the  fact  that  infarcts  in  one  case  are  anemic  and  in  an- 
other hemorrhagic.  It  is  held  by  some  that  the  ane- 
mic infarct  is  but  a  later  stage  of  the  hemorrhagic,  pro- 
duced by  the  removal  of  the  blood  pigment  from  the 
latter.  Old  hemorrhagic  infarcts  are  not  infrequently 
lighter  in  color  for  this  reason,  but  the  fact  remains 
that   anemic   infarcts  are  non-hemorrhagic  from  the 
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beginning  excepl  for  the  small  peripheral  zone  of 
hemorrhagic  infarction  surrounding  them.  The  true 
explanation  is  probably  to  be  found  in  the  character 
of  the  collateral  anastomosis  of  the  affected  vessels, 
as  well  as  in  local  and  general  conditions  of  the  ciri  il- 
lation. Where  there  is  rich  anastomosis,  as  in  I  lie 
lung  and  mesentery,  the  obstruction  of  an  end-artery 
lea i Is  to  a  temporary  anemia  which  lowers  1  he  vitality 
of  the  tissue  supplied  by  the  obstructed  vessel;  later, 
an  inflow  from  (lie  collaterals  (chiefly  venous,  but 
also  to  some  extern  arterial]  takes  place,  but  the 
damaged  condition  of  the  vessel  walls  in  the  anemic 
area  leads  to  extravasation,  chiefly  by  diapedesis,  but 
also  by  rhexis.  The  increased  permeability  of  the 
vessel  wall  may  be  due  to  lessened  nutrition  as  the 
result  of  the  stasis,  or  to  infective  or  toxic  injury. 
The  infiltration  of  the  tissue  spaces  thus  produced 
leads  to  further  damage  of  the  part.  Very  rarely 
the  local  or  general  conditions  of  blood  pressure  may 
be  such  in  organs  in  which  hemorrhagic  infarcts  are 
usually  produced  that  but  little  blood  flows  into  the 
anemic  ana  and  the  resulting  infarct  is  pale  in  color. 
The  anemic  infarct  occurs  in  organs  whose  end- 
arteries  have  but  little  anastomosis,  so  that  no  inflow 
takes  place  into  the  anemic  area  except  just  at  the 
periphery,  where  a  narrow  zone  of  hemorrhagic  in- 
farct is  formed.  In  cases  of  extreme  local  or  general 
congestion  this  peripheral  zone  of  hemorrhage  may  be 
greatly  broadened,  or  in  the  case  of  small  infarcts  the 
entire  area  may  become  hemorrhagic.  The  inflow 
of  blood  is  usually  under  such  slight  pressure  that  the 
integrity  of  the  part  cannot  be  maintained. 

Under  ordinary  conditions  the  infarcts  of  the  brain 
are  always  of  the  anemic  variety,  with  more  or  less 
peripheral  hemorrhage.  Liquefaction  of  the  affected 
area  takes  place,  and  if  death  does  not  result  brain 
cysts  may  be  formed.  Occlusion  of  the  coronary 
arteries  by  thrombosis,  embolism,  or  sclerotic  changes 
in  the  vessel  walls  produces  anemic  infarction  of  the 
myocardium,  attended  by  more  or  less  hemorrhage. 
The  infarcts  of  the  kidney  and  spleen  are  almost  al- 
ways of  the  anemic  variety  with  a  narrow  zone  of 
hemorrhage.  True  anemic  infarcts  of  the  liver  are 
very  rare.  Embolism  of  the  hepatic  artery  is  said 
not  to  produce  anemic  infarction  of  the  liver,  but  the 
writer  has  seen  such  a  case.  Thrombosis  or  embolism 
of  small  branches  of  the  portal  that  do  not  anastomose 
with  branches  of  the  hepatic  artery  will  produce  small 
anemic  necroses.  Traumatic  interruption  of  the 
hepatic  circulation  is  said  to  produce  large  anemic 
infarcts.  Obstruction  of  large  branches  of  the  portal 
vein  may  produce  no  infarct,  or  if  one  is  produced  it 
is  red.  In  the  normal  lung  the  obstruction  of  a 
terminal  artery  will  not  produce  infarction  owing  to 
the  rich  anastomosis.  In  conditions  in  which  the 
pulmonary  circulation  is  already  embarrassed,  as  in 
the  passive  congestion  of  mitral  disease,  embolism  or 
thrombosis  of  the  pulmonary  arteries  is  quickly 
followed  by  infarction.  This  is  practically  always  of 
the  hemorrhagic  variety  except  in  very  rare  cases,  due 
to  extreme  weakness  of  the  circulation.  The  condi- 
tions in  the  superior  mesenteric  artery  are  similar 
to  those  in  the  lungs,  but  inasmuch  as  the  anastomosis 
is  not  sufficient  to  reestablish  the  circulation  after 
occlusion,  obstruction  of  the  terminals  of  this  artery 
leads  more  quickly  to  infarction  than  in  the  case  of 
the  pulmonary  arteries.  According  to  Chiari,  bilat- 
eral embolism  of  the  hypogastric  arteries  or  bilateral 
thrombosis  of  the  uterine  veins  is  followed  by  hemor- 
rhagic infarction  of  the  uterus. 

The  sequehe  of  infarction  are  absorption  of  the  ne- 
crotic tissues,  organization,  scar  formation,  calcifica- 
tion, cyst  formation,  encapsulation,  abscess,  or  gan- 
grene. In  cases  of  infective  embolism  suppuration  of 
the  infarcted  area  usually  occurs  (septic  infarct),  or 
the  infarct  may  be  secondarily  infected  by  pyogenetic 
organisms.  Infarction  of  the  lungs  is  frequently 
followed  by  moist  gangrene,   infarction  of  the  intes- 
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tine    almost     always.      Infarcts    of    the     heart     i 

fibroid  heart,  cardiac  aneui     m,  and  heart  rupture. 

ALDRED   Si  oil     \\    WITHIN. 


Infection. — When  microorganism-,  either  bacteria 
or  protozoa,  gain  entrance  to  the  tissues  of  the  living 
animal  body,  and  are  there  capable  of  maintaining 
themselves  and  multiplying,  we  speak  of  the  process 
as  "Infection." 

The  living  nature  of  infectious  agent.;  was  not 
clearly  established  until  the  similar  causation  of  fer- 
mentation and  putrefaction  had  bee,,  gradually 
elucidated  by  the  work  of  Cagniard-Latour,  Schwann, 
and  others — and  finally  by  that  of  Pasteur.  And  it 
seemed  entirely  reasonable  to  suppose,  when  the  etio- 
logical similarity  of  these  phenomena  had  been  de- 
fined, that  the  simple  introduction  of  bacteria 
into  the  animal  body,  should  furnish  all  the  necessary 
conditions  for  the  accomplishment  of  infection. 
It  was  soon  found,  however,  that  the  problem  is  one 
of  far  greater  complexity. 

In  the  case  of  the  cleavage  of  dead  organic  matter, 
indeed,  the  mere  lodgment  of  germs  capable  of  pro- 
ducing ferments  and  proteolytic  enzymes,  upon  a 
suitable  pabulum,  under  condition  of  temperature 
and  environment  which  favor  the  growth  of  the  in- 
vader, will  result  in  fermentation  and  putrefaction, 
as  the  case  may  be.  For  the  material  acted  upon  is 
passive  here,  is  dead.  In  infection  on  the  other  hand 
the  bringing  together  of  the  two  reagents,  invader  and 
invaded,  is  not  sufficient,  since  the  material  attacked 
by  the  germs,  in  this  case,  is  not  merely  a  passive 
medium,  but  is  a  living  active  animal  tissue  which 
can  mobilize  to  its  defense  a  powerful  mechanism 
which  opposes  the  biological  activities  of  the  infecting 
germ. 

There  is  throughout  nature  on  opposition  to  the 
colonization  of  one  living  being  on  or  within  the  tissue 
substance  of  another.  Bail  has  expressed  the  con- 
ditions most  clearly  and  refers  to  this  natural  law 
as  "das  Gesetz  der  Lebensundurchdringlichkeit." 
It  is  this  vital  resistance  which  accounts  for  the  fact 
that  within  a  few  hours  after  death  microorganisms 
from  the  intestine,  limited  to  this  locality  during  life, 
will  swarm  through  the  circulation  and  enter  the 
tissues.  It  is  the  same  principle  which  will  permit  a 
mass  of  living  frog's  eggs  to  remain  sterile  in  a  pond 
swarming  with  microorganisms  of  all  kinds,  while 
the  death  of  the  eggs  by  frost  or  some  other  fortuitous 
injury  will  soon  reduce  their  mass  to  a  teeming  culture 
of  bacterial  life. 

The  analysis  of  the  mechanism  of  this  vital  resist- 
ance to  infection  is  the  science  of  immunity.  The 
injury  resulting  to  the  animal  body  in  the  struggle 
between  the  invading  forces  and  the  defensive 
mechanism,  is  infectious  disease.  And  the  striking 
of  a  balance  between  invader  and  invaded,  each 
bringing  to  the  contest  a  number  of  offensive  and  de- 
fensive weapons  determines  the  extent  of  the  infection 
and  the  eventual  outcome  in  recovery  or  death. 

The  living  bodies  of  animals  and  man  are  in  con- 
stant contact  with  innumerable  microorganisms  which 
abound  in  the  air,  in  water,  in  foodstuffs  and  in  nature 
generally,  and  some  of  these  are  normal  and  constant 
inhabitants  of  the  body  surface  and  of  the  various 
body  cavities.  Most  of  the  organisms  so  found  have 
not  become  biologically  adapted  to  life  upon  the  sub- 
stance of  the  living  cell.  These  are  saprophytic  in 
that  they  can  develop  and  thrive  only  upon  dead  or- 
ganic matter,  and  their  biological  attributes  quite 
deprive  them  of  the  power  to  invade.  It  is  plain 
therefore  that  a  pure  saprophyte  cannot  cause  a  true 
infection  and  that  for  the  accomplishment  of  such  a 
process  it  is  necessary  that  the  microorganism  should 
be  of  a  species  which  has  developed  parasitic  character- 
istics, or  in  other  words  the  ability  to  thrive  upon  the 
living    tissues.     It    is    probable    that    originally    all 
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microorganisms  were  saprophytes,  and  that  parasitic 
attributes  were  gradually  developed  in  definite  species 

which  adapted  themselves  in  temperature,  in  cultural 
requirements,  and  in  special  defenses  and  offenses,  to 
the  conditions  found  within  the  living  animal.  On 
this  basis  Bail  lias  conveniently  classified  bacteria 
into : 

1.  Pure  saprophytes,  which  are  incapable,  under 
any  circumstances,  of  invading  living  tissues. 

2.  Half  parasites,  which  though  essentially  sapro- 
phytic in  nature  may  invade  the  living  body  it  con- 
ditions are  peculiarly  favorable,  and 

3.  Pure  parasites,  mircroorganisms  which  possess 
the  power  to  infect  when  introduced  in  small  numbers 
and  by  any  number  of  different  paths. 

Although,  therefore,  to  be  truly  invasive,  bacteria 
must  be  to  some  extent,  at  least,  parasitic,  it  must  not 
be  supposed  from  this  that  the  term  saprophyte  is 
absolutely  synonymous  with  the  term  non-pathogenic 
or  that  parasitic  necessarily  means  pathogenic.  For 
such  microorganisms  as  the  diphtheria  bacillus  may 
lodge  upon  the  mucous  membranes  of  the  upper  respira- 
tory tract,  without  at  any  time  possessing  the  power 
to  penetrate  the  tissues,  and  may  yet  produce  a  severe 
disease  by  elaborating  poisons  which  are  absorbed  to 
the  detriment  of  the  body.  Essentially  therefore 
these  bacteria  are  saprophytic  in  their  mode  of  growth, 
and  yet  they  are  powerfully  pathogenic.  The  same 
thing,  though  less  clearly,  is  true  of  tetanus,  in  which 
the  bacilli  do  not,  as  a  rule,  invade  beyond  the  original 
point  of  lodgment  and  are  merely  capable  of  holding 
their  own  at  this  point,  the  disease  resulting  not  from 
further  bacterial  invasion  but  from  the  absorption  of 
the  elaborated  poisons.  On  the  other  hand,  such 
organisms  as  the  trypanosomes  common  in  wild  rats 
or  some  of  the  gregarines  which  infest  the  sexual  or- 
gans of  earthworms  may  be  in  every  respect  true 
invaders  without  causing,  at  least  extensively,  any 
manifestations  of  injury  to  the  host.  The  conditions 
in  such  cases  are  probably  to  be  accounted  for  by  a 
mutual  adaptation  so  perfect  that  the  presence  of  the 
invader  no  longer  arouses  a  reaction  in  the  host,  a 
condition  analogous  to  that  which  biologists  designate 
as  symbiosis.  However,  in  the  large  majority  of 
cases  the  power  to  produce  disease  depends  primarily 
upon  the  ability  of  the  germs  to  enter  the  living  tissues 
and  thrive  there,  an  ability-  which  of  course  pre- 
supposes adaptation  to  a  parasitic  mode  of  existence. 
In  many  cases,  indeed,  we  must  imitate  such  conditions 
by  the  use  of  animal  protein  and  body  temperature 
in  order  to  succeed  in  the  cultivation  of  these  organ- 
isms in  artificial  laboratory  media. 

Since  the  conditions  prevailing  within  the  animal 
body  in  regard  to  the  nature  of  tissue  protein,  body- 
temperature,  and  other  respects  less  easily  definable, 
are  not  entirely  alike  in  any  two  species  of  animal  life, 
it  is  but  natural  that  many  bacteria  have  developed 
parasitic — and  consequently  infectious  characteristics 
for  definite  groups  of  animals  only.  Thus  it  is  almost 
a  rule  that  organisms  capable  of  invading  warm- 
blooded animals  rarely  have  infectiousness  for  the 
cold-blooded  species,  and  .vice  versa.  Tubercle  bacilli 
of  birds  will  rarely  invade  mammals  since  they  do  not 
thrive  at  the  lower  temperature  found  in  the  latter. 
And  among  the  mammals  themselves  many  infectious 
diseases  are  limited  to  an  individual  species.  Many 
diseases  of  man  are  never  spontaneously  developed 
in  animals.  In  cases  like  the  gonococcus  infections, 
our  inability  to  cultivate  these  germs  without  the 
addition  of  human  protein  to  the  media,  indicates  a 
nutritional  adaptation.  In  many  cases,  however,  the 
adaptation  is  not  so  easily  accounted  for  and  cannot 
be  defined  in  the  simple  terms  of  temperature  and 
cultural  conditions. 

A  further  important  factor  upon  which  the  ability 
to  invade  depends,  even  when  the  species  is  "patho- 
genic," is  the  path  by  which  the  microorganisms  gain 
entrance  into  the  animal  body.     There  are  bacteria 


like  the  anthrax  bacillus  which  car   ■  infection 

when  introduced  by  a  variety  of  diffi  n  nt  paths.  On 
the  other  hand  microorganisms  like  the  typhoid 
bacillus  and  the  cholera  spirillum  can  do  injury  only 
when  introduced  by  way  of  the  mouth,  whereas  lod 
upon  the  broken  skin  they  would  be  incapable  of 
producing    infection.     Converselj  cocci    and 

staphylococci  and  many   oilier  germs  taken  into  the 
mouth  and  ingested   would   ran  y   lead   to  infection 
unless    they    encountered    definite    breaks    in 
tinuity  of  t  he  mucosa,  but  these  n  and 

many   others,   rubbed    into   the  skin   would    rap 
penetrate  and  cause  disease.     Such  examples  might 
be  multiplied,   but  it  is  our  purpose  only  to  di 

■  al  principles  and  it  is  plain,  from  t  hi  mples 

given,  that  the  path  of  introduction  forms  an  impor- 
tant factor  in  determining  whether  oi  not  an  infection 
shall  take  place. 

When  the  bacteria  are  brought  into  contact  with 
the  body  by  the  path  most  suited  for  the  developmi  nt 
of  their  pathogenic  properties,  be  this  by  mouth  or  by 
external  contact,  it.  is  by  no  means  necessary  ii 
cases  that  they  meet,  with  an  anatomical  defect  in  the 
natural    defensive    coverings    of    skin    and    mucosa. 

Such  a  break    in    the  antibacterial  armor  of   the  b 

will,  of  course,  facilitate  the  penetration  ol  the  germs. 
I  '•  ■  1 1    it   seems  quite  certain  that   typhoid  bacilli  and 

cholera,  spirilla  may  penetrate  into  the  mucosa  and 
lymphatics  without,  previous  injury  of  the  intestinal 
lining,  and  recent  investigations  have  shown  that, 
tubercle  bacilli  may  penetrate  through  the  intestinal 
mucosa  without  visible  lesion.  Of  rabic  virus  it  has 
been  claimed  that  it  may  enter  through  the  unbroken 
conjunctiva  and  similar  claims  have  been  made  in  tin- 
case  of  glanders.  The  vigorous  rubbing  of  plague 
bacilli  into  the  shaven  skin  of  susceptible  animals 
regularly  results  in  infection — the  so-called  Kolle 
"vaccination  method"  of  inoculation.  In  all  such 
cases,  however,  it  would  appear  to  us  thai  while  no 
anatomical  break  in  skin  or  mucous  membranes  is 
present,  there  may  nevertheless  be  for  some  reason  a 
physiological  defect,  produced  by  slight  inflammation, 
pressure,  or  trauma  that  would  reduce  the  functional 
activity  of  the  cells  in  question,  and  facilitate  the 
penetration  of  the  germs. 

Even  when  a  species  is  "pathogenic"  and  the  path 
of  introduction  is  suitably  adapted  to  the  requirements 
of  the  invading  bacteria,  it  is  still  important  that  the 
bacteria  shall  be  introduced  in  sufficient  number  or 
/lose.  A  minute  amount  might  rapidly  succumb  to 
the  first  attack  of  active  serum  and  phagocytes,  and 
the  invaders  be  overcome  before  abnormal  conditions 
had  been  sufficiently  developed  to  be  clinically  ap- 
preciated as  infection.  It  is,  therefore,  necessary  that 
the  invading  bacteria  shall  be  in  sufficient  number  to 
withstand  the  rapidly  mobilized  defensive  mechanism 
and  gain  a  foothold  for  more  extensive  resistance. 

When  bacteria  are  capable  of  causing  infection  even 
though  introduced  in  minute  quantity,  we  speak  of 
them  as  being  highly  "virulent."  Virulence  and  dose 
are,  therefore,  in  inverse  proportion  and  we  measure 
the  virulence  of  a  microorganism  for  any  given  species 
of  animal  by  determining  the  minimal  dose  which  will 
produce  a  fatal  result,  in  an  animal  of  standard  weight. 
The  bacteria  are  measured  either  by  the  standard 
loopful,  in  definite  volumes  of  a  young  broth  culture, 
by  actual  moist  weight,  or,  most  accurate  of  all,  by 
Barber's  method  of  picking  up  single  threads  or  even 
individual  bacteria  in  especially  constructed  capillary 
pipettes.  Although  all  of  these  methods  except  the 
last,  are  subject  to  considerable  experimental  error,  yet 
they  are  sufficiently  accurate  to  show  us  that  there  is 
not  only  a  great  difference  between  various  bacteria 
in  their  infectiousness  for  a  given  host,  but  that  differ- 
ent strains  of  one  and  the  same  bacterial  species  may 
be  entirely  unlike  each  other  in  this  respect. 

If  we  should  isolate  a  number  of  strains  of  pneumo- 
cocci  from  different  sources  and  test  the  virulence  of 
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these  organisms  upon,  let  us  say,  white  mice,  we  would 
find  that  no  two  of  the  bacterial  cultures  would  have 
exactly  similar  degrees  of  invasive  power.  That  to  a 
certain  extent,  these  differences,  too,  depend  upon 
delicate  processes  of  adaptation,  similar  in  principle  to, 
but  vastly  more  rapid  in  development  than  the;  origi- 
nal adaptation  of  the  species  to  parasitic  modes  of 
life,  is  apparent  from  the  methods  by  which  fluctua- 
tions of  virulence  can  be  experimentally  produced. 
For  instance,  a  pneumococcus  grown  for  many  gen- 
erations upon  artificial  media  devoid  of  animal  pro- 
tein, will  gradually  lose  much  of  its  invasive  power 
and  larger  quantities  will  be  necessary  to  produce 
fatal  infection.  Also  exposure  to  more  than  the  opti- 
mum temperature,  as  in  Pasteur's  anthrax  vaccine, 
or  infrequent  transplantation,  or  the  addition  of 
chemicals  like  carbolic  acid  to  the  culture  medium 
will  reduce  the  invasive  power  of  the  strain.  There 
are  many  other  methods  long  in  use  in  bacteriological 
laboratories  for  accomplishing  the  same  purpose,  the 
enumeration  of  which,  however,  would  not  add  mate- 
rially to  an  exposition  of  the  underlying  principle. 
Conversely,  if  we  wish  to  increase  the  invasive  power 
of  a  microorganism  for  a  given  species  this  can  often 
be  accomplished  by  repeatedly  passing  the  bacteria 
through  the  animal  body,  reinoculating  each  subse- 
quent animal  directly  from  the  blood  or  exudate  of  the 
one  which  has  succumbed.  In  this  way,  gradually, 
the  dose  necessary  for  a  fatal  issue  can  be  reduced. 
It  is  reasonable  to  suppose  that  this  is  due  to  the  fact 
that  the  bacteria  in  such  cases,  by  adapting  them- 
selves to  the  conditions  to  which  they  are  subjected 
in  the  animal  body  are  increasing  their  specific  ability 
to  withstand  the  defensive  mechanism  brought  to 
bear  against  them  by  this  particular  kind  of  animal 
The  delicacy  of  such  adaptation  is  further  evident 
from  the  fact  that  this  process  while  increasing  the 
virulence  for  the  particular  variety  of  animal  through 
which  the  organism  is  being  passed,  may  at  the  same 
time  reduce  the  virulence  for  other  species.  Thus 
Pasteur  showed  that  the  passage  of  hy-drophobia  virus 
through  monkeys  reduced  its  virulence  for  rabbits, 
and  in  the  case  of  swine  plague  he  found  that  the  bacilli 
passed  through  rabbits  and  pigeons  gained  enormously 
in  virulence  for  these  animals  but  lost  in  invasive 
power  for  hogs.  To  a  certain  extent  the  same  prin- 
ciple can  be  illustrated  by  experiments  outside  the 
animal  body,  for  if  we  wish  to  preserve  the  virulence 
of  cultures  under  artificial  conditions  for  any  length 
of  time,  we  may  do  this  successfully  by  storing  the 
bacteria  in  animal  fluids  or  tissues.  A  simple  example 
of  this  is  the  method  devised  by  Neufeld  in  which  the 
preservation  of  pneumococci  within  the  spleen  of 
animals  dead  of  these  bacteria,  permits  prolonged 
storage  without  appreciable  loss  of  virulence. 

While  it  is  easy  to  describe  the  empirical  facts  re- 
garding fluctuations  of  virulence  it  is  not  a  simple 
matter  to  analyze  the  factors  to  which  such  gain  or 
loss  or  virulence  can  be  attributed.  We  may  say  in 
general  that  the  virulence  of  a  given  microorganism 
may  depend  upon  (1)  the  acquisition  of  higher  resist- 
ance to  destruction,  a  purely  passive  characteristic, 
and  (2)  the  development  of  active  aggressive  proper- 
ties on  the  part  of  the  microorganisms. 

The  former  property  may  be  looked  upon  as  a  sort 
of  immunization  of  the  bacteria  against  the  defensive 
powers  of  the  subject.  Experiments  like  those  of 
Walker  and  others  seem  to  indicate  that  bacteria 
habitually  grown  in  the  presence  of  immune  sera  lose 
much  of  their  susceptibility  to  the  action  of  the  serum. 
Working  with  typhoid  bacilli  Walker  found  that, 
cultivated  for  a  number  of  generations  on  typhoid 
immune  serum,  the  microorganisms  lost  much  of  their 
susceptibility  to  agglutination  by  this  serum  and  be- 
came at  the  same  time  considerably  more  virulent. 
A  simpler  example  of  such  development  of  resistance 
on  the  part  of  bacteria  is  found  in  the  experiments  of 
Danysz  who  observed  that  the  systematic  cultivation 
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i.t  anthrax  bacilli  on  media  containing  arsenic  gradu- 
ally induced  a  relative  arsenic  resistance,  it  is  plain, 
t  hen-fore,  that  even  as  the  animal  body  may  be  gradu- 
ally immunized  to  the  bacteria  so  the  bacteria  iimv 
be  gradually  immunized  to  (he  defenses  of  the  animal 
body,  a  principle  first  emphasized  by  Welch. 

The  change  in  the  resistance  of  the  bacteria  to  the 
animal  defenses  may  proceed  entirely  without  visible 
morphological  alteration.  On  the  other  hand,  there 
is  much  evidence  to  indicate  that,  the  higher  resistance 
of  the  microorganism  is  accompanied  by  definite 
structural  change.  In  the  experiments  of  Danysz, 
a  the  anthrax  bacilli  gained  in  resistance  to  arsenic 
they  at  the  same  time  acquired  a  structure  which  is 
spoken  of  as  the  "bacterial  capsule."  It  is  well- 
known  that  microorganisms  like  the  Friedlander 
bacillus,  which  are  habitually  and  heavily  capsulated, 
are  possessed  of  a  considerable  degree  of  invasive 
power.  Furthermore  anthrax  bacilli,  plague  bacilli, 
and  other  microorganisms  which  on  artificial  culture 
media  rarely  or  never  show  capsules,  may  by  suitable 
staining  be  shown  to  possess  these  envelopes  when 
directly  taken  from  the  organs  of  animals  dead  of  the 
infection.  Pneumococci  and  streptococci  which  in 
the  artificial  culture,  especially  in  media  not  contain- 
ing animal  protein,  do  not  possess  capsules  will  rapidly 
and  characteristically  develop  them  when  passed 
through  the  susceptible  animal  body,  and  will  often 
retain  them  on  artificial  culture  for  several  generations 
if  suitable  protein  is  added.  It  is  well-known  from 
the  experiments  of  Porges,  furthermore,  that  cap- 
sulated bacteria,  ordinarily  inagglutinable  in  serum 
may  become  amenable  to  this  serum  activity  if  the 
capsule  is  first  removed  by  heating  indeeinormal  acid. 
Gruber  and  Futaki,  also,  have  shown  that  capsulated 
bacteria  will  not  be  taken  up  by  leucocytes  even 
when,  in  the  same  preparation,  uncapsulated  organisms 
of  the  same  species  are  readily  ingested.  It  is,  of 
course,  well  known  that  the  phagocytosis  of  virulent 
pneumococci  and  streptococci  takes  place  much  less 
readily  than  does  the  similar  phagocytosis  of  a  viru- 
lent, uncapsulated  strains.  It  seems,  indeed,  as  though 
the  virulence  of  bacteria  can  be  enhanced  at  least  to 
a  certain  extent,  by  the  development  of  a  sort  of 
ectoplasmic  insulation  against  destructive  agencies 
of  the  animal  body,  a  conception  which  becomes  the 
more  comprehensible  if  one  considers  that  the  quasi- 
chemical  union  between  serum  constituents  and  bac- 
terial protein  seems  to  be  a  necessary  precursor  of 
bacterial  destruction  by  serum  or  phagocyte.  It  may 
be  objected  to  this  conception  that  many  highly 
virulent  microorganisms  do  not  under  any  circum- 
stances develop  demonstrable  capsules.  This  is  quite 
true,  yet  Bail  has  claimed  that  the  capsule  is  after  all 
only  a  definite  form  of  ectoplasmic  change,  which  in 
many  so-called  uncapsulated  bacteria  may  take 
another  morphological  form.  Typhoid  and  other 
bacilli  injected  in  large  doses  into  the  peritoneal 
cavities  of  susceptible  animals,  so  that  these  animals 
are  rapidly  killed,  will  often  appear  much  larger  than 
they  seem  to  be  in  preparations  from  the  culture  as 
originally  injected.  Bail  speaks  of  these  forms  as 
"tierische  Bazillen,"  claiming  that  the  enlargement 
signifies  ectoplasmic  swelling,  functionally  analogous 
to  capsule  formation. 

This,  however,  is  in  all  probability  one  phase  only 
in  the  development  of  increased  invasive  power.  It 
is  likely  that  in  addition  to  this  the  bacteria  have  at 
their  disposal  an  actively  offensive  mechanism  by 
which  they  can  hold  at  bay  the  destructive  forces  of 
the  host.  This  idea  was  probably  first  broached  by 
Salmon  and  Smith  who,  working  with  hog  cholera, 
suggested  that  these  microorganisms  gained  their 
initial  foothold  in  the  invaded  body  by  reason  of  a 
"poisonous  principle"  produced  during  multiplica- 
tion, which  to  some  extent  paralyzed  the  defenses. 
Similar  ideas  were  introduced  by  Bouchard  and  by 
Kruse.     The  earlier  work  of  Vaillard  seemed  to  show 
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that,  in  the  case  of  tetanus  at  least,  it  may  be  the 
formation  of  true  toxins  which  prevents  the  removal 
of  the  bacteria  by  phagocytosis.  The  injection  of 
tetanus  bacilli  or  spores  alone,  without  previous 
injury  of  the  animal  tissues,  often  failed  to  produce 
the  disease.  However,  the  addition  nf  small  amounts 
of  tetanus  toxin  to  such  injections  led  to  the  rapid 
development  of  typical  symptoms. 

In  the  case  of  organisms  by  which  no  true  toxins 
are  formed  other  explanations  must  be  sought.  Bail 
Has  assumed  that  virulent  bacteria  may  produce, 
within  the  animal  body,  substances  not  produced  in 
the  test-tube,  by  means  of  which  the  defenses  are 
paralyzed  and  the  bacteria  enabled  to  develop,  lie 
has  called  these  substances  "aggressins"  and  has 
based  his  assumption  on  the  following  experiments. 
He  has  injected  virulent  bacteria  intraperitoneally 
into  susceptible  animals  and,  immediately  after  death, 
removed  the  exudates  formed.  These  exudates  he 
found  to  possess  the  following  properties:  (1)  Sub- 
lethal doses  of  bacteria  were  rendered  fatal  by  the 
addition  of  small  quantities  of  these  exudates,  (2) 
lethal  quantities  were  induced  to  kill  more  rapidly, 
and  (3)  the  injection  of  the  exudates  alone  served  to 
produce  efficient  immunity  in  the  animals  so  treated. 

The  point  of  view  of  Bail  has  not  been  generally 
accepted.  Wassermann  and  Citron  have  attributed 
the  activities  of  Bail's  aggressins  to  bacterial  endo- 
toxins necessarily  found  in  these  fluids.  Our  own 
conception  based  upon  experimental  study,  is  that 
the  aggressive  properties  of  Bail's  exudates  depends 
upon  the  presence  of  poisonous  substances  analogous 
to  Friedberger's  anaphylatoxic  substances  to  which 
we  apply  the  name  "proteotoxin."  We  believe  that 
the  reaction  between  the  animal  serum  and  the  bac- 
terial protein  gives  rise  to  the  formation  of  these 
proteotoxins  and  that  the  addition  of  such  proteo- 
toxins to  sublethal  amounts  of  bacteria  will  have  the 
same  effect  as  that  ascribed  by  Bail  to  his  aggressive 
exudates. 

By  the  preliminary  skirmish  which  takes  place 
between  the  invading  bacteria  and  the  body  defenses, 
it  is  determined  whether  or  not  a  true  infection  can  be 
established.  The  subsequent  balance  struck  between 
these  forces  determines  the  severity  and  extent  of  the 
morbid  process.  The  defenses  may  be  so  overwhelm- 
ingly superior  to  the  bacterial  attack  that  cure  is 
accomplished  before  the  symptoms  of  infection  are 
clinically  recognizable.  On  the  other  hand,  the  oppos- 
ing forces  may  be  so  well  balanced,  that  the  struggle 
at  the  point  of  entrance  remains  long  undecided  and 
a  so-called  "localized  infection"  is  the  result.  In 
such  cases,  in  the  acute  infections,  as  in  other  forms 
of  acute  inflammation,  the  tissues  about  the  area  of 
bacterial  lodgment  undergo  certain  changes  which, 
in  the  main,  we  now  recognize  as  protective  in  purpose. 
The  blood  supply  in  this  area  is  increased  and  the 
capillary  vessels  are  distended;  there  is  congestion — 
that  is  slowing  of  the  blood  current,  and,  with  this, 
plasma  exudes  from  the  vessels.  In  consequence, 
there  is  swelling  with  redness  of  the  affected  part. 
Leucocytes  now  emigrate  through  the  capillary  walls 
into  the  tissue  spaces.  When  the  infection  is  very 
severe  there  may  be  diapedesis  of  the  red  blood  cells. 
There  is  formed,  then,  a  battle  ground  in  which  a 
complete  disarrangement  of  normal  conditions  has 
occurred.  Bacteria  grow  and  invade  the  cellular 
structures;  poisons  are  either  produced  by  actual 
secretion  or  are  liberated  in  the  course  of  bacterial 
disintegration;  tissues  are  destroyed  and  become 
necrotic;  microorganisms  are  killed  by  the  bactericidal 
properties  of  the  exuded  plasma,  and  phagocytes 
engulf  large  masses  of  the  invaders. 

If  the  tide  of  battle  turns  in  favor  of  the  infected 
host,  the  process  is  soon  circumscribed  and  limited, 
the  bacteria  are  all  destroyed,  and  gradual  repair 
of  the  injured  area  takes  place.  In  the  center  of 
the   lesion  where   dead   tissues    (partly   liquefied   by 
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leucocytic  enzymes)  and  dead  and  living  leucoc 
and   bacteria   form,    with    the    blood    plasma,    a    fluid 
mass,  or  pus,  the  lesion  eventually  breaks  down  and 
discharges. 

If,  on  the  other  hand,  the  balance  of  power  falls  to 
the  side  ul  the  bacteria,  one  of  two  things  may  occur. 
The  localized  process  just  described  may  extend,  and, 
together  with  this,  the  bacteria  enter  the  adjacent 
lymphatics  or  even  the  blood  stream;  or  again,  when 
the  virulence  of  the  bacteria  is  extremely  high,  such 
extension  may  take  plan-  without  even  a  temporary 
localization  of  the  invaders — a  generalized  infection 
taking  place  with  almost  negligible  symptoms  at  the 
point  of  entry.  Thus  a  relatively  mild  staphylococcus 
infection  of  the  skin  will  result  in  a  painful  and  formid- 
able localized  "  boil" — while  a  similar  infection  wit  h  a 
very  virulent  streptococcus  may  kill  with  generalized 
streptococcus  invasion,  nothing  more  than  a  little 
redness  and  edema  being  apparent  at  the  initial  lesion. 
Localization  of  an  infection,  therefore,  is  a  sign  of 
relatively  high  resistance. 

The  conditions  described  above,  are  characteristic, 
in  the  main,  of  the  acute  infections.  They  do  not 
hold  true,  however,  in  the  case  of  the  so-called  chronic 
infections  in  which  the  nature  of  the  microorganisms 
quite  alters  the  manner  in  which  the  tissues  react. 
As  examples  we  may  cite  tuberculosis,  leprosy,  and 
syphilis.  In  these  conditions  the  microorganisms 
may  enter  the  body,  maintaining  themselves  there, 
and  may  very  gradually  invade,  without  inducing 
severe  symptoms  until  a  very  firm  and  evidently 
generalized  foothold  has  been  gained.  In  the  case 
of  the  acid-fast  bacilli  mentioned  above  it  may  well 
be  that  this  is  due  to  the  great  insolubility  of  the  mi- 
croorganisms which  therefore  do  not  irritate  the 
tissues  into  a  reaction  until  they  have  accumulated  in 
considerable  numbers.  In  the  case  of  the  Spirochnln 
pallida  it  is  not  impossible,  as  Theobald  Smith  has 
pointed  out,  that  the  adaptation  between  invader  and 
invaded  is  biologically  so  perfect  that  the  body  is 
riddled  with  the  microorganisms  before  the  disease 
is  clinically  recognizable. 

When  an  infection  spreads  from  the  initial  point  of 
lodgment  it  may  do  so  by  a  number  of  ways.  It  is 
likely  that  bacteria  are  almost  immediately  trans- 
ported by  the  blood  and  lymph  channels  into  the  gen- 
eral circulation,  but  are  rapidly  destroyed  unless  the 
resistance  of  the  body  is  unusually  low.  Extension 
of  the  original  lesion  may  take  place  by  direct  con- 
tinuity, the  bacteria  invading  more  and"  more  of  the 
surrounding  tissues  as  resistance  is  locally  overcome. 
This  is  the  case  in  such  lesions  as  those  of  the  large 
furuncle,  carbuncle,  or  erysipelas.  Extension  may 
also  take  the  path  of  the  lymph  channels.  It  is,  of 
course,  a  well-known  occurrence  that  the  lymph  nodes 
draining  the  area  in  which  an  infection  is  taking  place 
will  become  swollen  and  tender  and  that  red  lines 
along  the  skin  indicate  a  change  in  the  lymph  vessels 
themselves.  Dr.  W.  C.  Clark  finds  that  a  ligature 
placed  tightly  about  the  limb  will  soon  cause  a  dis- 
appearance of  the  red  lines  above  the  point  of  ligature. 
It  is  likely,  therefore,  that  the  inflammatory  changes 
indicated  by  the  redness  along  the  course  of  the  vessels 
are  due  to  irritating  poisonous  substances,  and  not 
to  actual  bacterial  growth  along  the  channels;  on  the 
other  hand,  bacteria  may  on  occasion  find  lodgment 
in  the  channels,  and  secondary  suppurative  foci  then 
develop  along  their  courses.  In  the  lymph  nodes 
themselves  bacteria  may  be  caught  as  in  a  filter  and 
here  bacterial  destruction  very  probably  takes  place, 
preventing  the  further  passage  of  the  organisms  into 
the  general  circulation,  or  else  secondary  suppurative 
foci  may  be  formed  in  the  nodes  themselves. 

Again  the  bacteria   may   enter   the   blood   stream 
either  through  the  lymphatic,  system  or  directly,  and 
the  result  is  a  bacleriemia  or  s<  pticemia.     In  the 
majority  of  cases  in  which  blood  culture  reveals  the 
presence  of  microorganisms  in  the  circulation,   it    is 
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probable  that  these  are  merely  temporary  inhabitants 
continually  discharged  into  the  blood  from  the  focus 

of  infection,  and  destroyed  by  phagocytosis  almost,  as 
quickly  as  they  inter.  In  many  cases  of  so-called 
chronic  endocarditis  it,  is  a  simple  matter  to  show 
that  the  opsonic  properties  of  the  patient's  blood, 
when  measured  with  his  own  phagocytes,  is  at  least 
equal  to  and  often  higher  than  normal.  Also 
many  cases  of  septicemia  in  which  the  focus  of  infec- 
tion is  surgically  accessible,  such  as  the  septicemia 
ensuing  upon  mastoid  disease,  thrombosis  of  the 
jugular  vein,  or  suppurations  of  the  teeth,  will  often 
rapidly  subside  upon  surgical  treatment  of  the  initial 
lesion.  When  the  bacteria  gain  a  foothold  and  grow 
in  the  circulation,  an  evidence  that  the  resisting 
powers  of  the  individual  have  been  overcome,  a  fatal 
prognosis  is  reasonably  certain. 

Extension  may  also  take  place  metastatically  in 
that  the  bacteria,  carried  from  the  original  focus  by 
the  circulation,  find  lodgment  in  other  parts  of  the 
body  and  there  establish  secondary  foci  similar  to  the 
one  occurring  at  the  point  of  entrance.  This  con- 
dition is  spoken  of  as  a  pyemia. 

It  is  a  peculiar  fact  that  many  invading  organisms 
show  a  definite  predilection  for  certain  tissues.  Thus 
gonococci  originally  lodged  upon  the  mucous  mem- 
brane of  the  genitalia,  when  they  become  generalized 
usually  attack  the  joints,  the  bursa?,  orthe  heart  valves ; 
leprosy  bacilli  have  a  predilection  for  the  nerve 
sheaths;  the  cholera  spirilla  grow  by  choice  in  the 
deeper  layers  of  the  intestinal  mucous  membrane,  and 
the  virus  of  rabies  and  that  of  poliomyelitis  how  pref- 
erence for  the  nervous  system.  Such  predilection 
is  quite  distinct  from  the  similar  selective  action  on 
the  part  of  the  bacterial  poisons  and  is  inexplicable 
by  any  farts  at  present  at  our  disposal. 

That  the  localization  of  an  infection  may  often  be 
influenced  by  trauma  is  less  difficult  to  explain.  For 
it  is  self-evident  that  any  injury  to  tissues  must  to 
some  extent  interfere  with  the  exercise  of  those  func- 
tions which  make  for  defense,  and  dead  tissue  either 
in  the  form  of  necrotic  cells  or  hematomata  may 
furnish  an  ideal  pabulum  for  the  growth  of  the  germs. 
In  some  cases,  for  instance  tetanus,  it  is  often  neces- 
sary that  tissue  injury  take  place  before  the  bacteria 
can  gain  lodgment.  For  tetanus  bacilli  injected  into 
healthy  tissues,  with  a  careful  avoidance  of  trauma, 
will  rarely  cause  the  disease,  whereas  the  simultaneous 
injection  of  mechanically  injurious  substances.  like 
glass-dust  or  agar,  or  the  previous  crushing  of  the 
tissues,  will  establish  the  conditions  necessary  for 
the  initial  growth  of  the  bacteria. 

Between  the  time  of  inoculation  of  the  animal  body 
with  any  given  germ  and  the  first  appearance  of  symp- 
toms sufficiently  severe  to  be  clinically  recognizable 
there  is  always  a  definite  interval  which  is  spoken  of 
as  the  incubation  time.  In  the  case  of  many  of  the 
diseases  spontaneously  acquired  by  man  there  is 
much  regularity  in  the  duration  of  this  period  which, 
consequently,  possesses  some  diagnostic  importance. 
This  is  not  a  surprising  fact  since  it  is  more  likely  that 
the  dose  and  virulence  of  the  microorganisms  acci- 
dentally entering  the  body  are  more  or  less  similar 
in  different  cases,  and  since  the  resistance  of  normal 
individuals  to  any  given  infection  does  not,  as  a  rule, 
fluctuate  very  widely.  For  incubation  time  is  to  a 
large  extent,  dependent,  upon  the  quantity  of  bacteria 
which  gain  entrance,  their  virulence,  and  the  degree 
of  resistance,  offered  to  them  by  the  infected  body. 
The  higher  the  virulence,  the  larger  the  dose,  and  the 
t.wer  the  resistance,  theshorter  is  the  incubation  time, 
and  vice  versa.  The  greater  part  of  this  period  prob- 
ably represents  the  time  necessary  for  an  accumulation 
of  the  organisms  sufficient  to  interfere  with  the  normal 
functions  of  the  subject,  both  locally  and  systemically. 
Yet  this  is  not  the  whole  story.  A  part  of  the  incuba- 
tion time  is  apparently  determined  by  the  peculiar  fact 
that  bacterial  poisons,  even  though  rapidly  absorbed,  do 
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not  immediately  act  upon  Hie  susceptible  cells.  'I 
in  the  cases  of  bacteria  which  admittedly  injure  the 
body  by  the  elaboration  of  powerful  toxms,  a  definite 
and  necessary  period  must  always  elapse  between  the 
introduction  of  tin-  poisons  into  the  system  and  the 
appearance  of  signs  of  their  harmful  action  in  the 
form  of  symptoms.  Tetanus  poison  injected  into 
horses  may  not  cause  disease  for  a  number  of  days. 
If  we  increase  the  dose  of  the  poison  the  incubation 
time  may  be  considerably  shortened  but  it  can  ni  i  i 
be  entirely  eliminated.  De  Waele  in  experimenting 
upon  mice  has  shown  that  the  incubation  time  for 
tetanus  poison  may  be  shortened  from  thirty-six  to 
twelve  hours  by  the  injection  of  3,600  lethal  dosi 
But  whatever  the  dose,  this  period  could  never  be 
shortened  beyond  eight  hours.  There  is  at  present 
no  adequate  explanation  for  this.  It  is  clear,  however, 
that  the  incubation,  so-called,  is  made  up  of  these  two 
distinct  phases,  one  the  time  necessary  for  the  accumu- 
lation of  the  bacteria,  the  other  the  interval  required 
for  the  action  of  the  poisons. 

After  the  bacteria  have  gained  entrance  to  the  body 
and  the  infection  is  in  progress  the  symptoms  which 
ensue  in  the  subject  are  almost  invariably  both  local 
and  general.  It  is  only  in  the  very  mildest  infections 
that  systemic  symptoms  are  entirely  lacking.  Local 
symptoms  have  been  sufficiently  elucidated  in  our 
description  of  the  process  going  on  at  the  site  of  infec- 
tion. The  clinical  picture  of  redness,  heat,  pain,  and 
diminished  function  are  due  to  the  pathological 
changes,  the  increased  metabolism  in  the  area,  the 
stretching  of  the  tissues  by  exudate  and  finally  the 
destruction  and  death  of  tissue  cells.  Systemic  symp- 
toms, when  the  infection  is  localized,  are  due  entirely 
to  the  poisons  absorbed  from  the  lesion.  When  the 
infection  is  a  general  one,  there  may  be  added  to  this 
the  consequences  incident  upon  the  destruction  of 
parenchyma  cells  of  organs,  interference  with  the 
blood  flow  in  important  areas  by  septic  thrombosis 
or  embolism,  and  even  mechanical  capillary  destruc- 
tion by  masses  of  bacteria — such  for  instance  as  are 
found  in  fatal  anthrax  infections.  Poison-absorption, 
however,  is  admittedly  by  far  the  most  important 
factor  in  giving  rise  to  the  systemic  manifestations. 

These  poisons  may  be  in  the  nature  of  soluble  se- 
creted exotoxins,  or  they  may  be  derived  from  the 
body  cells  of  the  bacteria  themselves.  The  older 
view  of  Pfeiffer  held  that  the  cell  proteins  of  most 
bacteria  contained  within  themselves  a  preformed, 
specific  poisonous  substance,  an  endotoxin  which  was 
liberated  when  cell  death  occurred  and  the  bacteria 
disintegrated.  This  is  still  maintained  by  some  ob- 
servers. On  the  other  hand,  a  view  first  introduced 
by  Vaughan,  and  further  developed  by  Friedberger, 
suggests  that  there  are  no  specific,  preformed  endo- 
toxins but  that  the  reaction  between  any  bacterial 
protein  and  the  active  serum  constituents  of  the  host 
gives  rise  to  toxic  protein  split-products  which  are 
responsible  for  the  systemic  symptoms.  These 
poisons  which  we  prefer  to  call  "  proteotoxins "  are 
non-specific  and  are  similar  in  their  pharmacological 
products  irrespective  of  the  species  of  bacteria  par- 
ticipating in  their  production. 

In  a  number  of  cases  in  which  the  toxins  have  indi- 
vidual pharmacological  properties  the  systemic  symp- 
toms which  follow  upon  their  absorption  present 
specific  and  diagnostically  valuable  characteristics. 
This  is  true  chiefly  of  conditions  like  diphtheria, 
tetanus  and  botulismus,  diseases  caused  by  exotoxin- 
producing  microorganisms  which,  as  we  have  stated 
above,  are  not'  truly  invasive  or  infectious  in  their 
modes  of  attack,  in  other  diseases,  in  which  true 
invasion  occurs,  we  are  at  present  inclined  to  believe 
that  characteristic  difference  in  the  clinical  manifesta- 
tions of  the  various  infections  are  caused  not.  so  much 
by  specific  properties  of  the  poisons,  as  by  differences 
in  the  habitual  paths  of  entry,  modes  of  invasion, 
distribution,  and  degree  of  accumulation  of  the  bacteria 
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responsible  for  the  diseases.  The  purely  toxic  symp- 
toms in  these  maladies,  though  showing  minor  varia- 
tions, thus  present  certain  constant  features  which 
may  therefore,  be  taken  as  characteristic  of  infections 
generally. 

The  most  important  of  these  is  fever.  The  increase 
of  temperature  almost  always  accompanies  all  but 
the  mildest  infections,  and  is  present  even  in  the 
chronic  infections,  though  in  these  it  may  be  late  in 
appearance.  It  is  probable  that  fever  is  due  to  the 
action  of  the  bacterial  poisons  upon  the  thermal  cen- 
ters and  it  has  been  frequently  shown  that  the  injec- 
tion of  bacterial  products  apart  from  the  living  organ- 
isms can  cause  an  increase  in  body  temperature.  It 
is  interesting  to  note  also  that  Vaughan,  in  his  studj 
of  the  toxic  split  products  to  which  he  attributes  most. 
of  the  systemic  symptoms  of  bacterial  infection,  litis 
succeeded  in  producing  fever  curves,  characteristic  of 
many  infectious  diseases  by  the  spaced  injection  of 
these  substances.  It  is  also  true  that,  whereas  the 
injection  of  small  quantities  of  these  proteotoxins  will 
produce  a  rise  of  temperature,  very  large  amounts 
will  result  in  a  rapid  fall,  a  fact  which  is  especially 
interesting  in  view  of  the  drops  of  temperature  fre- 
quently observed  in  patients  of  low  resistance  or  in 
those  overwhelmed  by  the  severity  of  an  infection. 

Together  with  fever  there  is  usually  some  alteration 
on  the  part  of  the  leucocytes  per  cubic  millimeter  and 
in  the  relative  number  of  polymorphonuclear  leuco- 
cytes. It  is  a  curious  fact  that  in  the  case  of  most 
acute  pyogenic  infections  an  increase  in  the  total 
number  of  leucocytes  with  a  relative  increase  in  the 
polymorphonuclears  occurs.  In  some  infections  like 
typhoid,  influenza,  tuberculosis,  and  a  few  others 
the  leucocytes  may  be  temporarily  diminished,  and 
with  this  a  relative  lymphocytosis  may  occur. 

These  differences  showing,  as  it  were,  a  selective 
chemotactic  influence  are  hard  to  explain.  In  the 
case  of  the  leucopenia  of  typhoid  fever  and  some 
other  diseases,  we  are  inclined  to  believe  that  the  rapid 
production  of  proteotoxins  in  this  infection  is  partly 
responsible  for  the  diminution  in  leucocytes  since  it 
has  been  variously  shown  that  these  poisons,  experi- 
mentally administered,  may  produce  this  effect.  In 
tuberculosis  and  infections  by  the  acid-fast  bacteria 
generally,  it  seems  that  the  polymorphonuclear 
leucocytes  possess  no  ability  to  digest  these  micro- 
organisms and  this  may  account  in  a  purely  functional 
way  for  the  selective  accumulation  of  the  lymphocytic 
cells  about  the  tuberculous  foci. 

There  is  often,  if  the  infection  is  severe  enough,  an 
enlargement  of  the  spleen,  there  may  be  a  destruei  ion 
of  red  blood  cells  by  bacterial  hemotoxins,  eventually 
leading  to  anemia,  injury  to  white  blood  cells  by  bac- 
terial leucocidins  such  as  those  produced  by  the 
staphylococci,  and  eventually  the  bacterial  poisons 
may  even  produce  actual  degenerative  lesions  in  vari- 
ous organs  such  as  the  liver,  kidney,  and  heart  muscle. 

It  is  a  question  also  whether  fever  is  a  process  of 
conservation  or  must  be  looked  upon  simply  as  an 
evidence  of  injury.  The  experiments  of  some  in- 
vestigators seem  to  show  that  animals  kept  at  high 
temperatures  in  the  incubator,  after  experimental 
infection,  may  live  longer  than  controls.  The  chilling 
of  animals  also  has  been  shown  to  render  them  more 
highly  susceptible  to  infection.  However,  neither  of 
these  lines  of  research  can  be  regarded  as  conclusive 
and  we  are  considerably  in  the  dark  concerning  the 
true  significance  of  temperature  changes. 

In  infectious  disease,  then,  we  have  a  morbid  condi- 
tion which  is  directly  due  to  the  invasion  of  the  body- 
by  parasitic  microorganisms.  Certain  general  symp- 
toms are  caused  by  the  disturbances  of  function  com- 
mon to  all  cases  in  which  a  foreign  living  unit  attempts 
to  colonize  in  or  upon  the  cell  complexes  of  another. 
By  these  symptoms  we  may  recognize  when  an  "in- 
fection" has  taken  place.  The  path  of  entry,  mode  of 
invasion,  specific  accumulation  differ  somewhat  among 


invasive  bacteria  and  I  hesc  characteristics  (•■■ill  forth  re- 
actions in  the  infected  body, sufficiently  characteristic 
often  to  permit  u    to  dit  ine  the  nature  of  the  infection 

by  clinical  data  alone.     However,  in  main  ca   ei    when 

there  is  little  or  qo  difference  between  the  above- 
named  biological  properties,  the  diseases  produced 
by  bacteria  far  removed  from  each  other  in  botanical 
relationship  may  be  closely  similar.  Thus  the  pneu- 
monitis caused  li\  pneumococci  may  differ  from  those 
caused  by  Friedlander  bacilli  in  severity  only;  acute 
meningeal  infections  caused  by  staphylococci,  pneu- 
mococci, or  meningococci  may  be  closely  alike  in 
onset  and   early   course;  and    the  septicemias   caused 

by  a  number  of  different  microorganisms  may  be. 
entirely    indistinguishable.      In     till    such     cases    the 
nature   of  the   infection    can    be   recognized   only   by 
actual  isolation  of  the  responsible  germs. 

The  "specificity"  of  infectious  diseases,  thus,  is  not 
as  strict  as  formerly  assumed,  and  is  not  so  exclusively 
dependent  upon  differences  in  the  pharmacological 
action  of  the  endocellular  or  oilier  poisons  emanating 
from  the  bacterial  protoplasm.  As  far  as  it  exists  at 
all,  it  is  due  to  the  fact  thai  species  constancy  in 
choice  of  a  path  of  entrance,  in  mode  of  invasion  and 
distribution,  and  often  in  chemical  constitution  on 
the  part  of  the  invaders,  gives  rise  in  each  case  to 
characteristic  reactions  in  the  infected  animal  body. 
In  consequence  the  product  of  the  two  reagents  often 
presents  a  uniform  clinical  picture  which  we  recognize 
as  definitely  signifying  infection  with  a  special  micro- 
organism. Mans  Zinsser. 


Infiltrations. — The  collection  of  fluid  orcellsin 
the  tissue  spaces,  and  the  deposit  in  or  between  the 
cells  of  substances  abnormal  in  kind  or  quantity,  are 
included  .in  the  comprehensive  class  of  pathological 
infiltrations.  The  processes  involved  tire  of  widely 
differing  nature;  each  variety  of  infiltration  being 
usually  indicated  by  some  modifying  designation, 
hemorrhagic,  inflammatory,  tuberculous,  leuh  mic,  tissue 
infiltration,  etc.  Without  such  specific  designation 
infiltration  is  commonly  taken  to  refer  to  the  presence 
of  some  pathological  substance  in  or  about  the  cells, 
and  is  used  as  a  synonym  for  pathological  deposit. 
The  infiltrated  substance  itself  is  also  usually  spoken 
of  as  an  infiltration. 

Fluid  Infiltrations. — Edema,  non-inflammatory  in 
origin,  is  sometimes  spoken  of  as  an  hydropic  or  drop- 
sical infiltration.  As  a  result  of  injury  to  the  bladder 
or  urethra  extravasation  of  urine  into  the  surrounding 
tissues,  particularly  into  the  perineum,  may  occur 
(urinary  infiltration).  Extravasations  of  blood, 
lymph,  chyle,  milk,  fecal  material,  etc.,  are  also 
styled  infiltrations. 

Inflammatory  Infiltrations. — These  may  be  hemor- 
rhagic, serous,  fibrinous,  or  cellular  in  character.  The 
collection  of  serous  exudates  in  tissue  spaces  is  usually 
spoken  of  as  inflammatory  edema.  Fibrinous  infiltra- 
tions occur  in  diphtheritic  inflammations  and  other 
forms  of  coagulation  necrosis.  The  cellular  infiltra- 
tion of  inflammation  is  for  the  chief  part  composed  of 
leucocytes  that  have  migrated  from  the  blood-vessels. 
Wandering  cells  arising  from  proliferating  tissue  cells 
may  also  be  found  in  it.  Usually  the  leucocj  tes  are 
of  the  polynuclear  variety,  but  occasionally  the  infil- 
tration is  made  up  entirely  of  mononuclear  forms.  In 
some  cases  the  cells  of  the  infiltration  are  chiefly 
plasma  cells;  in  other  cases  eosinophile  or  mast  cells 
may  be  very  numerous.  The  significance  of  these 
phenomena  is  as  yet  unknown.  A  leucocyte  infiltra- 
tion of  moderate  degree  is  usually  spoken  of  as  a  small- 
celled  infiltration;  when  the  leucocytes  are  in  large 
numbers  as  a  purulent  infiltration.  (See  Inflam- 
mation and  Exudations.) 

Leukemic  Infiltration. — An  increase  in  the  number  of 
the  leucocytes  in  the  blood  is  attended  by  an  increase 
in  the  number  of  the  wandering  cells  in   the  tissue 
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spaces.  This  increase  is  greatest  in  such  organs  as  the 
liver  and  kidneys,  and  in  the  submucosa  and  mucosa 
of  the  gastrointestinal  tract.  In  leukemia  the 
accumulation  of  leucocytes  in  the  interstitial  tissue 
throughout  the  entire  body  may  reach  an  enormous 
degree.  They  are  more  common  in  chronic  lymphatic 
leukemia  and  in  chloroma.  The  liver  and  kidneys 
become  enlarged,  firmer,  and  lighter  in  color  as  the 
result  of  such  an  infiltration.  This  may  be  diffuse, 
or  circumscribed  grayish-yellow  areas  of  infiltration 
may  occur  throughout  the  organ  (leukemic  nodes, 
lymphoma).  The  mucosa  of  the  larynx  may  be  infil- 
trated to  such  an  extent  as  to  give  rise  to  symptoms  of 
edema  of  the  glottis.  In  the  intestine  the  swelling 
of  the  mucosa  may  be  followed  by  ulceration.  In 
chloroma  green  infiltrations  of  the  periosteum  and 
neighboring  tissues  form  one  of  the  most  striking 
features  of  the  disease.  Such  infiltrations  are  espe- 
cially marked  on  the  cranial  bones,  sternum,  and 
vertebra;.  The  variety  of  leucocyte  present  in  the 
infiltration  depends  upon  the  kind  of  leukemia, 
though  in  some  cases  of  mononuclear  leukemia  the 
proportion  of  polynuclear  forms  in  the  tissues  far 
exceeds  that  in  the  blood.  Proliferation  of  the  mi- 
grated cells  occurs,  as  shown  by  the  occurrence  of  cell- 
division  figures. 

Tumor  Infiltration. — The  malignant  neoplasms, 
carcinoma  and  sarcoma,  invade  adjacent  tissues  by 
extension  through  the  tissue  spaces  in  the  direction 
of  least  resistance,  usually  through  the  lymph  spaces. 
This  process-is  styled  growth  by  infiltration.  Exten- 
sion in  this  manner  is  always  more  marked  in  the  case 
of  carcinoma  than  in  that  of  sarcoma.  The  cells  of 
the  neoplasm  push  between  the  tissue  cells  and  by 
their  greater  vitality  cause  pressure  atrophy  or  ne- 
crosis of  the  latter.  The  neoplasm  may  grow  in  this 
way  so  gradually  and  uniformly  that  it  seems  to  be 
sharply  circumscribed  as  if  growing  by  expansion. 
Around  the  infiltrating  growth  there  is  almost  always 
present  a  zone  of  leucocyte  infiltration  as  evidence 
of  the  inflammatory  reaction  produced  by  the 
development  of  the  tumor.  In  many  cases  it  is  very 
difficult  or  impossible  to  distinguish  between  the 
leucocytes  and  the  young  tumor  cells. 

Tissue  Infiltrations. — The  term  infiltration  is  very 
frequently  used  as  a  synonym  for  both  pathological 
degenerations  and  deposits  (albuminoid,  hydropic, 
fatty,  glycogenic,  cholesterin,  mucous,  hyaline, 
amyloid,  calcareous,  uratic,  and  pigmentary  infiltra- 
tions). Inasmuch  as  in  the  majority  of  these  condi- 
tions the  process  is  of  the  nature  of  a  deposit  in  the 
affected  tissue,  the  designation  of  pathological  deposit 
seems  preferable  to  that  of  infiltration.  (See  Degen- 
eration and  Deposits.) 

Tuberculous  Infiltration. — The  confluence  of  small 
miliary  tubercles  may  give  rise  to  a  diffuse  tuberculous 
process,  or  the  epithelioid  tissue  of  tubercles  may  infil- 
trate into  the  neighboring  tissues  after  the  manner  of 
a  new  growth.  Both  of  these  conditions  are  included 
under  the  head  of  tuberculous  infiltration.  The  term 
gelatinous  infiltration  was  used  by  Laennec  to  desig- 
nate the  grayish-red  fibrinous  exudate  filling  up  the 
lung  alveoli  in  the  neighborhood  of  tubercles. 

Syphilitic  Infiltration. — Circumscribed  or  diffuse 
gummatous  processes  affecting  bone  were  formerly 
designated  as  gummatous  infiltrations. 

Granulomatous  Infiltrations. — The  other  specific 
infective  granulomas  (leprosy,  blastomycosis,  actin- 
omycosis, etc.)  likewise  cause  tissue-infiltrations. 

Parasitic  Infiltration. — The  presence  of  large  num- 
bers of  bacteria  in  the  tissue  spaces,  the  occurrence  of 
the  filaria  in  the  lymph  spaces  and  vessels,  the  invasion 
of  muscle  by  trichina,  etc.,  are  frequently  designated 
as  infiltrations.  Aldred  Scott  Warthin. 


Inflammation. — Definition. — Inflammation      has 
been  defined  as  the  response  which  the  tissues  make  to 


injury.  This  definition  has  been  modified  by  dif- 
ferent pathologists  so  as  to  include  or  exclude  some  or 
other  of  the  various  phenomena  which  accompany  in- 
flammation, but  in  this  simple  form  it  is  quite  satis- 
factory as  a  general  working  definition. 

Causes. — The  inciting  agents  in  inflammation  are 
either  living  or  non-living.  In  the  first  group,  are 
included  microorganisms  of  various  types,  such  as 
bacteria,  moulds,  protoza,  etc.,  and  the  more  highly 
organized  animal  parasites;  for  example,  the  Trichin- 
ella  spiralis,  Toenia  echinococcus,  and  other  of  the 
parasitic  worms.  The  non-living  agents  include  both 
physical  and  chemical  forces  and  comprise  pressure, 
friction,  extremes  of  heat  and  cold,  light,  especially 
ultra-violet  light,  electricity,  and  Rontgen  and  ra- 
dium rays.  In  this  group  are  also  solid  or  fluid  sub- 
stances, such  as  metals,  acids,  alkalis,  or  irritating 
liquids  of  an  organic  nature,  like  croton  oil;  organic 
particles  such  as  cotton,  linen,  silk  fibers,  fragments  of 
wood,  and  bone;  and,  finally,  dead  bacteria,  some 
varieties  of  which  may  through  their  toxins  set  up  an 
inflammatory  reaction. 

Clinical  Signs  op  Inflammation. — Inflammation 
in  the  clinical  sense  is  accompanied  by  a  number  of 
characteristic  signs;  heat,  redness,  swelling,  pain,  and 
impairment  of  function,  the  color,  rubor,  tumor,  dolor, 
and  funclio  loesa  of  classical  medicine.  Some  authori- 
ties, among  them  Ribbert,  would  include  also  fever, 
leucocytosis,  and  such  systemic  accompaniments  of 
inflammation,  while  others  prefer  to  exclude  these 
from  a  strict  consideration  of  inflammation  as  a  whole. 
The  five  phenomena  just  mentioned  are  the  evidences 
of  inflammation  generally  recognized,  even  by  the 
laity,  but  it  must  not  be  supposed  that  they  are  all 
necessarily  or  invariably  present.  It  is  self-evident 
that  the  existence  of  several  phases  such  as  heat  and 
redness  can  be  determined  only  in  superficial  inflam- 
mation; deep  lesions  may  show  only  pain,  swelling, 
or  impaired  function. 

Forms  of  Inflammation. — It  is  convenient  to  begin 
the  study  of  the  underlying  phenomena  of  inflamma- 
tion with  a  description  of  the  changes  found  in  the 
tissues  in  an  acute  inflammatory  superficial  lesion 
which  exhibits  all  the  cardinal  signs.  The  details  of 
the  special  forms  of  inflammation  will  be  considered 
under  separate  heads.  The  redness  and  swelling, 
which  are  most  evident  in  the  early  stages  of  acute 
inflammation,  are  due  to  vascular  disturbance,  and 
chiefly  to  a  local  increase  in  the  blood  and  exudation 
from  the  blood-vessels.  Increased  local  heat  accom- 
panies them,  also  due  to  the  augmented  flow  of  blood 
to  the  part  and  not  to  any  local  production  of  heat. 
Investigation  with  accurate  instruments  has  shown 
that  the  temperature  never  rises  above  that  of  the 
blood  itself,  though  it  may  be  as  much  as  three  or  four 
degrees  higher  than  that  of  the  surrounding  normal 
skin.  Microscopic  study  of  the  conditions  which 
occur  with  this  redness  and  swelling  demonstrate  that 
there  occurs  a  constriction  of  the  smaller  vessels  of 
the  part  which  is  rapidly  succeeded  by  local  dilatation, 
affecting  first  the  arteries  and  later  the  veins  and  cap- 
illaries. At  the  outset  the  blood  flow  in  the  dilated 
vessels  is  accelerated,  but  after  a  short  period,  usually 
not  more  than  one  or  two  hours,  it  is  retarded.  This 
slowing  of  the  current  results  in  the  widening  out  and 
ultimate  disappearance  of  what  is  known  as  the  axial 
stream,  a  current  occupying  the  center  of  the  vascular 
lumen  and  rendered  visible  under  the  microscope  by 
the  suspended  corpuscles.  (Fig.  3392.)  Coincident 
withthesevascularchangesthereisan  exudation  of  fluid 
from  the  blood-  and  lymph  vessels  into  the  surrounding 
tissue  spaces,  and  this  is  usually  accompanied  by  an 
emigration  of  leucocytes  from  the  capillaries  and  veins 
and  the  escape  of  red  corpuscles  from  the  capillaries. 
The  leucocytes  quickly  move  toward  the  site  of  irri- 
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tation.  If  the  irritation  is  sufficiently  intense,  the 
slowing  of  the  blood  stream  may  result  in  complete 
stasis  and  finally  thrombosis  in  the  affect rd  vessels. 
If  the  irritation  persists,  the  progress  of  events  above 
recorded  will  continue  and  involve  wider  and  wider- 
areas  around  the  central  site  of  injury.  On  the  other 
hand,  if  the  irritation  is  slight,  the  process  of  recovery 
or  restoration  sets  in  promptly,  commencing  from  tin- 
periphery  of  the  affected  portion  and  associated  with 
the  phenomena  spoken  of  as  repair.  The  pain  which 
accompanies  inflammation  is  chiefly  dependent  on  the 
exudation  and  vascular  engorgement  in  the  area  in 
volved  and  is  due  to  the  increased  pressure  which  is 
thus  exerted  on  the  nerve  endings  in  the  inflamed 
region.  Hence  it  is  usually  throbbing  in  character,  the 
exacerbations  being  synchronous  with  the  arterial 
pulsations,  and  is  temporarily  relieved  by  pressure 
over  the  afferent  blood-vessels  or  by  cold  or  hot  appli- 
cations to  the  inflamed  regions.  Pain  may  be  caused 
also  by  the  pressure  of  an  exudate  occurring  within 
the  sheath  of  a  nerve  trunk  itself  and  in  this  case  is  apt 
to  be  more  continuous.  With  the  onset  of  fluctuation 
or  the  formation  of  a  definite  abscess,  the  pain  is  apt 
to  diminish,  either  because  of  the  relief  of  tissue 
tension  or  the  actual  destruction  of  terminal  nerve 
filaments.  This  is  the  ordinary  course  of  inflammation 
in  vascular  tissues. 
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Fig.  3392. — Change  in  Blood  Stream  in  Inflammation.  A,  At 
the  beginning  of  the  experiment;  B,  after  half  an  hour,  showing 
the  axial  stream. 

In  non-vascular  areas  the  phenomena  are  somewhat 
different,  but  this  difference  is  largely  a  qualitative 
one,  owing  to  the  absence  of  vascularity  and  the  late- 
ness or  absence  of  corpuscular  invasion  of  the  tissues 
from  the  capillaries.  The  phenomena  are  best  studied 
in  the  cornea.  If  this  region  is  cauterized  with  a 
moderate  irritant,  or  if  a  small  amount  of  the  super- 
ficial epithelium  is  removed  by  a  sharp  scalpel,  the 
first  thing  to  be  noticed  is  that  the  exposed  corneal 
corpuscles  undergo  necrosis  and  are  absorbed.  About 
this  central  ulceration  is  a  zone  in  which  the  corneal 
cells  are  shrunken  and  become  granular.  Ultimately 
the  degenerated  epithelial  cells  break  up  and  are  dis- 
solved, the  products  of  their  disintegration  being 
carried  off  by  the  lymph  channels.  External  to  this 
area  is  found  a  region  in  which  the  corpuscles  are  swol- 
len; their  nuclei  are  more  distinct  and  deeply  staining 
than  usual,  and  within  a  period  of  forty-eight  hours 
may  be  seen  to  undergo  mitotic  division.  These 
cells  replace  by  their  multiplication  those  corneal  cor- 
puscles which  have  been  destroyed.  If  the  cauteriza- 
tion has  been  sufficiently  light,  no  change  whatever  is 
visible  in  the  blood-vessels  at  the  margin  of  the 
cornea  and  no  emigration  of  leucocytes  occurs  into  the 
affected  parts.  The  reaction  in  such  cases  concerns 
only  the  tissue  cells  of  the  part  affected.  If  the  sur- 
face epithelium  is  removed,  however,  there  is  noticed 
within  two  hours  of  the  injury  a  slight  opacity  in  the 


cornea]  tissue  just  beneath  the  denuded  area.  Micro- 
scopic sections  Show  that  this  opacity  is  due  to  the 
presence  of  leucocytes   which  have  wandered  into  the 

wound  and  filled  the  tissue   pace   in  the  neighborhood 
These  are  cells  derived  from  the  conjunct  ival  Quid,  bul 
no  visible  change  occurs  in  the  nean   I  blood  v* 
which  are  too  distant  to  have  supplied  leucocytes  for 
this  infiltrating  exudate.     Theseleucoc;  i  been 

influenced  by  a  force  known  as  chemotaxis  which,  in 

sonic,  way  not.  yet  understood,  induces  them  to  move 
toward  any  area  where  tissue  cells  have  been   injured 

and   are   undergoing  absorption.     If,   on    the   other 

hand,  t  he  cauterizat  ion  has  been  severe,  or  if  the  opera- 
tion has  been  done  at  a  point  near  the  margin  of  the 
cornea,  there  occurs,  in  addition  to  the  changes  pre- 
viously described,  a  gradual  invasion  of  the  injured 
area  by  leucocytes  emigrating  from  the  nearest  vascu- 
lar loop.  This  invasion  begins  in  about  twelve  hours 
and  proceeds  until  the  whole  area  is  crowded  with  emi- 
grated cells.  Some,  at  any  rate,  of  these  invading  cells 
are  not  absorbed  but  remain  for  a  long  time  in  the 
tissues,  others  are  included  and  absorbed  by  the  grow- 
ing corneal  corpuscles  in  the  proliferating  zone,  while 
the  great  majority  withdraw  and  within  forty-eight 
hours  have  entirely  escaped  from  the  region,  unless 
the  process  is  a  continuous  one  due  to  infection  from 
the  conjunctival  sac.  In  the  meantime,  t he  course  of 
regeneration  proceeds  as  alreadj  described,  the  lost 
corneal  corpuscles  being  replaced  by  the  mitotic  divi- 
sion of  cells  still  uninjured,  and  the  surface  epithelium 
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Fio.  3393. — Repair  in  Cornea.  A,  Twenty-four  hours  after 
aseptic  injury;  B,  48  hours  after  injury;  epithelium  has  grown  into 
the  cut  replacing  the  exudate;  C,  72  hours  after  the  injury:  the 
lesion  is  replaced  with  overproduction  of  epithelium;  D,  one  week 
after  injury;  complete  return  to  normal. 

by  a  similar  multiplication  of  the  corneal  epithelium. 
The  result  usually  exceeds  somewhat  the  normal  limits, 
so  that  a  small  mass  of  epithelial  cells  is  produced, 
which,  however,  ordinarily  disappears  in  the  course  of  a 
few  days.  (Fig.  3393.)  This  is  the  phenomenon  of 
overproduction,  upon  which  Weigert  has  laid  so  much 
stress,  and  which  has  furnished  Ehrlich  with  a  means 
of  explaining  the  production  of  antitoxin  by  the  con- 
tinuous overproduction  of  the  protective  substances 
which  are  used  to  combat  bacterial  or  other  poisons. 
The  fundamental  processes  which  we  observe  in 
inflammation,  therefore,  are  first,  destruction  of  cells 
by  the  irritant  or  poison,  and  invasion  of  the  tissues 
by  leucocytes  which  are  active  in  removing  the 
products  of  injury  to  the  cells.  The  next  stage  is  the 
regeneration  of  these  cells  and  the  repair  of  the  injury 
by  mitotic  division  of  the  neighboring  cells  of  both 
connective  and  epithelial  type;  but  it  is  evident  from 
the  processes  described  in  the  cornea  that  the  blood 
supply  is  only  a  secondary  matter,  and  that  perfect 
repair  can  be  accomplished  without  vascular  aid. 
The  usual  phenomena  of  inflammation,  however,  are 
accompanied  by  exudation  from  the  blood-vessels 
and  a  resorption  of  the  products  of  cell  death  through 
these  channels.  The  repair  may,  therefore,  be  more 
active  in  vascular  tissues,  but  blood-vessels  are  by  no 
means  essential  for  such  repair.  In  addition  to  those 
processes  which  are  purely  local,  inflammation  may  be 
accompanied  by  systemic  disturbances,  which  may  be 
very  slight  or  may  entirely  dominate  the  field;  for 
example,  in  the  first  stages  of  focal  infection  of  the 
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skin  the  reaction  may  be  purely  local;  but  in  a  very 
slicnt  time  before  any  of  the  microorganisms  can   be 

detected  in  the  bl I,  there  is  a  rise  in  temperature  and 

other  evidences  of  the  absorption  of  toxic  material 
from  the  local  lesions.  Later,  the  organisms  may  in- 
vade the  blood  current  and  incite  active  inflammation 
in  other  portions  of  the  body.  This  does  not,  however, 
alter  the  fact  that  the  inflammation,  strictly  speaking, 
is  at  first  localized  and  that  only  as  it  extends  does  it 
give  rise  to  general  symptoms.  Ribbert  and  others, 
as  stated  above,  hold,  however,  that  inflammation 
includes  both  the  local  and  general  processes.  He 
cites  the  fact  that  even  in  small  fairly  well-localized 
infections  there  is  a  general  leucocytosis  and  a  de- 
velopment of  bactericidal  and  antitoxic  substances  in 
regions  distant  from  the  area  of  primary  injury,  and 
also  points  out  that  there  may  be  morphological  evi- 
dences of  general  tissue  altera  I  ions,  such  degeneral  tve 
changes  as  cloudy  swelling  or  fatty  infiltration  due 
to  the  diffusion  of  poisonous  substances,  either  from 
the  original  inflamed  area  or  from  the  local  toxic  action 
of  organized  bodies  such  as  bacteria  which  have  es- 
caped  from  the  region  of  active  inflammation  and  have 
been  .deposited  in  distant  tissues  by  way  of  the  lym- 


Fig.  3394. — Exudative  Inflammation  in  Granulation  Tissue. 

phatics  or  the  blood  stream.  At  the  same  time 
Ribbert  admits  that  these  general  processes  can  be 
induced  experimentally  without  necessarily  giving  any 
local  disturbance.  It  is  generally  held,  however,  that 
inflammation  is  the  local  reaction  to  injury,  and  may  or 
may  not  be  accompanied  or  followed  by  systemic  reac- 
tion, but  that  this  systemic  reaction  must  be  excluded 
from  a  strict  discussion  of  inflammation,  as  a  patho- 
logical process.  However  willing  we  may  be  to  admit 
that  almost  all  the  general  processes  begin  as  minute 
local  infections,  often  giving  no  symptoms  for  a  con- 
siderable period  of  time,  still,  in  studying  inflammation 
as  a  process,  while  we  may  refer  to  the  systemic  re- 
action, it  is  another  thing  to  regard  this  reaction  as  an 
essential  portion  of  the  process. 

The  forms  of  inflammation  just  described  may  be 
produced  by  irritating  substances  without  the  con- 
currence even  of  bacteria.  If  the  organisms  which 
ordinarily  produce  suppuration  are  present,  the  process, 
though  it  follows  the  stages  described  in  the  section  on 
inflammation  in  vascular  tissues,  goes  on  to  a  further 
phase  in  which  abscesses  or  diffuse  purulent  infiltration 
of  the  tissues  occur.     If,  for  example,  small  quantities  of 


a  pure  culture  of  the StaphylocO(  cue  pyogi  net  aureui  are 
introduced  subcutaneously,  the  first  alteration  noticed 
is  a  proliferation  of  the  organisms  «  il  b.ou.1  marked  i  i 

changes.  This  may  last  for  only  a  few  hours,  then  the 
vessels  of  the  region  are  found  to  be  densely  filled  with 
polymorphonuclear  leucocytes  which  emigrate  rapidlj 
into  the  surrounding  tissues.  Within  twelve  Injurs 
the  connective-tissue  cells  begin  to  swell,  the  exuda- 
tion of  leucocytes  from  the  vessels  is  more  extensive, 
and  the  organisms  which  have  induced  the  infection 
may  be  found  lying  in  the  lymph  spaces,  in  part  free, 
in  part  contained  in  the  phagocytic  leucocytes.  The 
exudation  from  the  congested  vessels  leads  to  the  pro- 
duction of  edema,  t  he  plasma  coagulating  and  forming  a 
fibrinous  network  throughout  the  tissue  spaces.  Forty- 
eight  hours  are  usually  required  for  the  development  of 
a  well-defined  exudate.  This  exudate  consists  chiefly 
of  densely  packed  polymorphonuclear  leucoc 
mingled  with  masses  of  staphylococcus  organisms, 
tissue  debris  and  fibrin.  Some  of  the  leucocytes  are 
perfectly  normal,  others  show  fragmentation  and  de- 
generation of  the  nuclei.  In  the  abscess  area  the 
peripheral  capillaries  are  destroyed,  and  thrombi  may 
be  found  in  them.  After  a  variable  period,  granula- 
tion tissue  begins  to  be  formed  by  the  proliferation 
of  the  connective-tissue  cells  and  the  growth  of  fresh 
capillary  loops  into  the  abscess  cavity.  Gradually 
the  leucocytes  destroy  the  cocci,  or  at  least  remove 
them  from  the  field,  the  exudation  is  discharged 
through  the  lymph  channels  and  the  capillaries  of  the 
granulation  tissue;  and  ultimately  the  abscess  is 
healed  by  a  new  growth  of  fibrous  tissue  which  leaves 
a  small  subcutaneous  scar  or  cicatrix.  In  the  descrip- 
tion just  given,  it  is  assumed  that  the  abscess  under- 
goes spontaneous  absorption.  Of  course,  it  is  true 
that  in  many  cases  such  spontaneous  absorption  does 
not  occur,  and  healing  is  not  effected  until  the  abscess 
is  opened;  but  in  experimental  infections,  when  the 
dose  of  bacteria  injected  can  be  carefully  estimated 
or  when  turpentine  or  other  pyogenic  substances  are 
employed,  such  spontaneous  healing  is  easily  pro- 
duced. These  are  the  three  forms  of  inflammation  of 
the  simpler  type. 

Cells  of  the  Exudate. — A  knowledge  of  the  details 
of  the  inflammatory  process  implies  a  familiarity  with 
the  various  elements  taking  place  in  inflammation  and 
the  process  of  repair;  of  these  the  leucocytes  play  an 
important  if  temporary  part. 

The  Leucocytes. — Two  forms  of  leucocytes  appear 
constantly  in  inflammatory  lesions.  The  one  most 
frequently  found  in  acute  inflammation  is  the  poly- 
morphonuclear neutrophile  leucocyte;  that  which  is 
most  abundant  in  chronic  inflammation  is  the  lympho- 
cyte. In  addition  to  these  two  types,  which  in  adult 
life  are  produced  in  the  bone  marrow  and  the  lymph- 
oid tissue  of  the  body,  there  appear  many  small 
cells  which  are  probably  derived  from  the  tissues 
themselves,  and  are  not  directly  connected  with  the 
blood-forming  organs.  It  is  possible,  on  the  other 
hand,  that  some  of  the  elements  originally  derived 
from  the  blood  may  undergo  changes  in  the  tissues 
which  alter  their  morphology  so  as  to  make  their 
histogenetic  relationships  difficult  to  determine. 
Maximow,  for  example,  holds  that  the  polyblasts, 
under  which  name  he  includes  the  hematogenous 
lymphocytes  and  the  closely  related  adventitial  cells 
and  the  endothelial  leucocytes  of  Mallory,  form  mono- 
nuclear phagocytes,  epithelioid  cells,  clasmatocytes, 
plasma  cells,  and  even  giant  cells,  but  this  somewhat 
radical  view  is  not  generally  accepted. 

It  is  convenient  to  divide  the  wandering  cells  found 
in  inflammatory  tissues  into  liematogenous  or  those 
derived  from  the  blood  stream  itself,  though  pri- 
marily originating  in  the  marrow  or  lymphoid  tissues; 
this  class  includes  the  neutrophile,  eosinophile,  and 
basophile    leucocytes,    and    the    lymphocyte;    histo- 
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hematogenous  or  such  cells  as  are  apparently  derived 
from  the  lymphocytes  of  the  blood,  though  they  sub- 
sequently become  so  altered,  either  by  proliferation  in 
the  tissues  or  by  the  action  of  fluids  exuded  in  the 
course  of  the  inflammation,  that  their  morphology 
does  not  correspond  with  the  standard  lymphocytes 
of  the  blood;  and  plasma,  which  arc  generally  con- 
sidered to  originate  not  only  locally  as  the  result  of 
proliferation  under  the  stimulus  of  the  inflammatory 
agent,  but  also  from  altered  hematogenous  lympho- 
cytes. Schridde  calls  this  last  group  lymphoblastic 
plasma  cells. 

The  microscopic  details  of  the  hematogenous  leu- 
cocytes have  already  been  presented  in  the  article 
Blood,  and  need  no  detailed  description  here.  Smears 
from  the  pus  of  an  abscess  or  from  a  suppurative 
cellulitis  show  vast  numbers  of  polymorphonu- 
clear leucocytes,  some  of  them  with  exactly  the  same 
morphology  as  that  of  the  circulating  cells,  others 
showing  pyenotic  or  other  degenerative  processes  in 
the  nuclei,  or  a  necrosis  of  the  cell  body  with  a  dis- 


Fig.  3395 — Capillary  from  Tissue  undergoing  Repair,  showing 
emigration  of  leucocytes,  newly  formed  fibroblasts,  plasma  cells, 
and  lymphocytes. 

appearance  of  the  neutrophlie  granules,  while  still 
others  are  the  familiar  "basket-form''  or  degenerated 
cell  seen  occasionally  in  normal  blood.  In  bacterial 
infection,  the  leucocytes  are  the  chief  phagocytic 
agents  and  are  often  filled  with  large  numbers  of 
phagocyted  organisms.  These  are  most  frequently 
the  staphylococcus,  the  pneumococcus,  the  meningo- 
coccus, and  the  gonococcus.  The  tubercle  bacillus 
and  some  other  organisms  such  as  the  typhoid  bacil- 
lus are  less  frequently  phagocyted  under  ordinary 
circumstances. 

The  eosinophile  cells  appear  in  inflammatory  le- 
sions only  rarely  when  the  process  is  of  an  acute 
nature  and  due  to  pyogenetic  organisms.  They  are, 
however,  very  abundant  about  or  in  inflammatory 
areas  when  trichinae  or  intestinal  parasites  are  present . 
Blastomycotic  infections  also  induce  a  local  eosino- 
philia.  The  cells  are  found  as  well  about  certain 
types  of  gouty  lesions,  in  the  lymph  nodes,  in  Hodgkin's 
disease,  and  in  many  inflammatory  skin  lesions,  and 
not  infrequently  in  large  numbers  in  the  regions  of 
tumors,  especially  where  the  growth  has  ulcerated 
with  the  production  of  a  large  amount  of  granulation 
tissue. 

As  regards  the  basophile  leucocyte,  or  mast-cell,  it 
is  rather  improbable  that  any  large  proportion  of  the 
elements  found  in  inflammatory  exudates  are  the  same 
as  those  seen  in  the  circulating  blood.  It  is  much 
more  likely  that  most  of  these  cells  containing  irregu- 
lar basophilic  granules  are  tissue  cells  proper. 

The  remaining  important  type  of  cell  is  the  lympho- 
cyte. While  it  is  generally  assumed  that  this  arises 
from  bone  marrow  and  lymphoid  tissue,  and,  hence, 
is  hematogenous  in  origin,  there  are  many  who  con- 


sider that  it  i  ol  mi  obla  tic  origin  and  produced  in 
the  tissues,  thai  is,  by  alteration  of  pre-existing  con- 
nective tissue  cells.     Other  writers  hold  firmly  to  the 

view  that  a  double  oi  igirj  M,ii  i  iii   a    u I    and  1  hat 

the  lymphocytes  are  no1  onlj   hemat mous  but  al  o 

histogenous     in     origin.      The     po     ihility     cannot      be 

excluded,  finally,  that  though  they  are  primarily 
derived  by  emigration  from  the  capillaries,  they  may 
collect  in  the  tissues  and  undergo  mitotic  division, 
producing  areas  of  lymphoid  tissue  similar  to  thai  in 
which  tiic\  v  ere  originally  foi  med. 

\felhod  "i  Escape  of  Cells  from  H/mnl-vessels. — The 
method  by  which  hematogenous  cells  escape  from  tin- 
blood    current,    has    been    carefully    studied,    since    the 

earliest  days  of  experimental  pathology,  in  the  web 
of  the  frog's  fool  and  the  mesentery  of  the  same  ani- 
mal,    if  the  beginning  inflammatory  process  in  either 

of    these;    situations    is    carefully    watched    under 

microscope,  it  will  be  found  that  the  primary  dilata- 
tion of  the  capillaries  is  followed  iii  an  hour  or  two  by 
a  phase  in  which  the  current  is  slowed.  The  axial 
stream    of    blood    corpuscles,    originally    well    marked, 

becomes  less  evident,  and,  while  the  red  cells  pass 

along  the  center  of  the  capillary  lumen,  an  increasing 
number  of  leucocytes  adhere  closely  to  the  walls  of 
the  vessel.  As  the  current  becomes  slower,  any  dis- 
tinction between  the  axial  and  peripheral  streams  is 
lost  and  the  whole  lumen  of  the  vessel  is  filled  with 
closely  packed  blood  corpuscles.  Finally,  some  of 
the  leucocytes  adhering  to  the  walls  of  the  smaller 
capillaries  will  be  noticed  each  to  put  out  a  projection, 
which  passes  through  the  wall  (Fig.  3395).  Such 
leucocytes  will  be  found  gradually  to  follow  their 
prolongation  through  the  wall,  and' to  escape  into  the 
tissues,  and  within  five  or  six  hours  the  region  about 
the  smaller  capillaries  may  show  a  large  number  of 
emigrated  leucocytes  (Fig.  3394).  At  the  same  time 
a  small  number  "of  red  blood  corpuscles  make  their 
escape  through  the  walls  of  the  damaged  vessels, 
being  probably  extruded  between  the  endothelial 
cells  by  a  passive  process  known  as  diapedesis,  and 
not  through  any  activity  on  the  part  of  the  erythro- 
cytes themselves. 

The  leucocytes  do  not  remain  very  long  in  the  im- 
mediate neighborhood  of  the  vessels,  but  pass  onward 
by  active  ameboid  progression  toward  the  area  which 
has  been  injured.  The  process  by  which  the  eosino- 
phile cells  and  the  lymphocytes  leave  the  capillaries 
is  less  open  to  experimental  observation,  because  we 
cannot  produce  experimentally  an  inflammation  in 
which  these  cells  leave  the  circulation  in  large  num- 
bers. We  have  to  judge,  therefore,  by  analogy,  and 
by  the  results  of  fixed  and  sectioned  tissues,  which 
often  show  lymphocytes  in  the  process  of  passing 
through  the  wall.  An  exudation  of  eosinophile  cells 
may  be  assumed  because  of  the  richness  of  cells  of  this 
type  about  the  walls  of  the  smaller  capillaries  and  in 
the  region  of  certain  tissue  invaded  by  such  para- 
sites as  Trichinella  spiralis.  A  local  production  Ls  also 
probable. 

The  Histo-hcmatogenous  Group  of  Cells. — In  a  dis- 
cussion of  these  elements  we  enter  immediately  upon 
ground  which  is  disputed,  since  practically  no  two 
pathologists  agree  in  all  the  details  of  their  relation- 
ship. The  most  important  form  is  the  plasma  cell. 
This  is  a  mononuclear  cell  which  resembles  to  a  cer- 
tain extent  the  lymphocyte,  except  that  its  cell  body 
is  broader,  its  nucleus  is  apt  to  be  eccentric,  and  the 
nuclear  chromatin  shows  a  spoke-like  arrangement 
which  is  not  ordinarily  seen  in  the  hematogenous 
lymphocyte.  The  body  of  the  plasma  cell  is  dei 
tinged  by  basic  dyes  such  as  methylene  blue  except 
in  a  small  area  near  the  nucleus  (Fig.  3395).  hy 
many  they  are  assumed  to  arise  in  the  tissues  by  the 
proliferation  of  pre-existing  cells.  On  the  other  hand, 
perfectly  competent  observers  point  out  that  these 
cells  are  frequently  found  not  only  in  the  bone  marrow 
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but  in  the  spleen  and  lymph-nodes,  and  hence  prob- 
ably have  a  hematogenous  origin.  An  additional  fact 
pointing  in  this  direction  is  that  in  certain  leukemias 
and  in  connection  with  some  tumors  involving  the 
blood-forming  organs,  plasma  cells  may  appear  in  the 
circulating  blood.  This  group  of  pathologists  as- 
sumes that  the  lymphocytes  pass  through  the  capilla- 
ries and  after  reaching  the  tissues  undergo  certain 
changes  which  are  correlated  with  the  morphological 
structures  known  as  plasma  cells.  While  their  origin 
is  thus  uncertain,  their  occurrence  is  recognized  in  a 
great  many  forms  of  subacute  or  chronic  inflammation. 
They  are  regularly  present  in  all  sorts  of  granulation 
tissue,  in  chronic  syphilitic  inflammatory  lesions, 
especially  those  of  the  mucous  membranes,  and  in  the 
inflammatory  exudate  which  is  found  around  carcino- 
mata  or  wherever  epithelial  cells  are  undergoing 
absorption.  As  they  may  often  be  found  twenty-four 
hours  after  the  beginning  of  acute  inflammation,  the 
theory  that  they  are  derived  from  the  perivascular 
lymphoid  infiltration  normally  found  in  the  tissues 
seems  well  founded.  Councilman  has  pointed  out 
their  regular  occurrence  in  certain  types  of  acute 
interstitial  nephritis  in  man. 

Hislogenous  Cells. — Among  the  histogenous  cells, 
one  of  the  most  important  is  the  so-called  "macro- 
phage" which  was  first  noted  in  experimental  studies 
on  inflammation  of  the  endothelial  (mesothelial) 
cells  of  the  omentum.  These  cells,  which  are  flat 
when  seen  under  ordinary  conditions,  become  greatly 
swollen  in  a  few  hours  if  the  peritoneal  cavity  is  irri- 
tated either  by  chemical  agents  or  by  bacteria.     They 


Fig.  3396. — Giant  Cells  and  Macrophages  from  Granulation 
Tissue. 


are  actively  phagocytic  and  take  up  bacteria,  though 
they  are  not  so  active  in  this  respect  as  the  polymor- 
phonuclear leucocyte.  They  are  also  apt  to  phago- 
cyte other  cells  ( Fig.  3396),  such  as  partly  degenerated 
polymorphonuclears,  eosinophiles,  or  red  blood  cor- 
puscles. This  phenomenon  of  red  blood  corpuscle 
phagocytosis  occurs  when  foreign  corpuscles  are  in- 
jected into  the  peritoneal  cavity,  but  it  is  also  seen  in 
man  in  cases  of  hemorrhage  where  blood  has  been 
set  free  in  the  tissues  and  carried  by  the  lymph  chan- 
nels to  the  lymph-nodes.  In  the  sinuses  of  the  regional 
lymph-nodes  large  phagocytic  cells  may  often  be 
seen  stuffed  with  phagocyted  red  blood  corpuscles, 
and  similar  phagocytes  of  endothelial  origin  have  been 
described  by  Mallory,  who  showed  that  they  were 
frequently  demonstrable  in  infections  with  the  ty- 
phoid bacillus.  With  this  same  group  belong  the 
large  phagocytic  cells  lining  the  sinusoids  of  the  liver, 
the  so-called  Kupffer's  cells,  which  frequently  phago- 
cyte particles  of  coal  dust  or  malarial  parasites.  After 
transfusion,  phagocytosis  of  the  injected  red  cells 
has  been  seen  in  the  blond  stream,  the  active  elements 
being  apparently  large  bone-marrow  cells  with  neu- 
trophile  granules  or  endothelial  cells  (Hopkins). 

Similar  large  endothelial  cells  are  frequently  found 
acting  as  phagocytes  in  granulation  tissue,  here  they 
are  evidently  derived  from  the  endothelium  of  sprout- 
ing capillaries. 
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The  ultimate  fate  of  this  type  of  cell  is  not  known, 
1  hough  Metchnikoff  has  shown  that  when  loaded  with 
blood  corpuscles  of  a  species  which  is  easily  recognis- 
able, they  may  be  found  in  the  mesenteric  lymph- 
nodes  and  the  vessels  of  the  liver  and  the  spleen. 
Similar  elements,  which  are  probably  derived  from  the 
flattened  epithelium  lining  the  air  vesicles  of  the  lung, 
are  regularly  seen  in  pneumonia  and  in  chronic  hi 
disease,  acting  as  phagocytes  either  of  the  bacteria 
or  of  blood  pigment.  It  is  not  impossible,  however, 
thai  even  these  cells  are  derived  from  the  endothelium 
of  the  capillaries  of  the  lung.  The  large  mononuclear 
cells  of  the  blood  also  belong  to  this  group  of  phago- 
cytic cells. 

Another  form  quite  distinct  from  the  preceding  are 
the  clasmatocytes  of  Ranvier,  which  are  long,  branch- 
ing cells  with  large  oval  nuclei,  the  bodies  of  which 
contain  granules  taking  up  basic  dyes.  (Fig.  3397.) 
These  elements  are  found  scattered  throughout  the 
tissues  chiefly  in  low-grade  chronic  inflammation  and 
are  not  present,  as  a  rule,  in  acute  suppurative  pro- 
cesses. They  are  generally  considered  as  histogenetic 
in  origin. 

In  special  types  of  inflammation,  such  as  that  due 
to  the  tubercle  bacillus,  large  flattened  tissue  cells 
which  are  probably  endothelial  in  origin,  form  the  so- 
called  "endothelioid  cells  "of  the  tubercle.  When  they 
fuse  into  large  masses,  or  when  the  nuclei  divide  with- 
out corresponding  division  of  the  cell  body,  they  give 
rise  to  the  well-known  giant  cells  which  are  so  abun- 
dant in  tuberculous  and  syphilitic  inflammation,  and 
which  also  occur  about  foreign  bodies  of  all  types. 
This  fusion  may  even  be  observed  in  cultures  of  con- 
nect ive  tissue  in  vitro  (R.  A.  Lambert). 


Fig.  3397. — Group  of  Fibroblasts  in  New  Connective  Tissue 
from  Incised  Wound.  One  clasmatocyte  is  seen  to  the  right  of 
the  figure. 

Functional  Activities  of  the  Exudate  Cells. — The 
function  of  the  exudate  cells  varies  greatly.  The 
polymorphonuclear  leucocytes  seem  to  be  active  in  two 
ways;  one,  by  furnishing  digestive  or  protective  fer- 
ments to  the  tissues,  the  other,  by  active  ingestion  of 
the  infectious  agents  or  bacteria  which  may  be  present 
in  the  localities  inflamed.  The  digestive  power  is  best 
seen  in  the  destruction  of  tissue  which  occurs  during 
the  formation  of  an  abscess  resulting  from  the  pres- 
ence and  activity  of  an  organism  such  as  the  Staphy- 
lococcus aureus.  This  is  the  parasite  which  is  most 
frequently  found  in  the  infection  of  the  skin  and  sub- 
cutaneous tissue  known  as  f  urunculosis,  in  which  larger 
or  smaller  abscess  cavities  are  regularly  present.  If 
the  leucocytes  or  pus  from  such  an  abscess  are  removed 
and  placed  in  a  suitable  medium  containing  proteid, 
this  proteid  substance  will  be  digested,  and,  therefore, 
it  may  be  assumed  that  a  considerable  portion  of  the 
tissue  destruction  depends  upon  the  digestive  action 
of  the  proteolytic  ferments  extracted  from  the  leuco- 
cytes in  the  course  of  their  degeneration  in  the  tissues. 
In  animals,  whose  leucocytes  contain  little  or  no  pro- 
teolytic ferments  and  the  plasma  much  antienzyme, 
abscesses,  even  when  formed,  are  small  and  the  pus  is 
of  pasty  consistency,  in  contradistinction  to  the  exten- 
sive abscess  formation  in  man,  whose  neutrophile  cells 
contain  large  amounts  of  protease. 

The  active  immunizing  power  of  leucocytes  has  been 
well  demonstrated  by  Hiss  who  used  an  aqueous  ex- 
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tract  of  an  exudate  produced  by  the  injection  of  aleu- 
ronat  into  the  pleural  cavity  of  rabbits.  This  extract, 
produced  by  shaking  up  the  resulting  collection  of 
polymorphonuclear  leucocytes  in  distilled  water,  which 
dissolves  the  body  of  the  cell,  has  been  shown  to  pos- 
sess a  very  considerable  protective  capacity  when  ad- 
ministered therapeutically  especially  in  the  diffuse 
streptococcus  inflammation  of  the  skin  known  clinic- 
ally as  erysipelas,  and  in  some  cases  of  acute  pneumonia 
in  human  beings.  The  phagocytic  activity  of  the 
polymorphonuclear  leucocytes  is  also  important, 
though  whether  they  can  ingest  all  types  of  live  viru- 
lent bacteria  is  doubtful.  They  can  certainly  take 
up  dead  bacteria  with  ease,  and  the  possibility  that 
they  can  also  include  in  their  bodies  bacteria  which  are 
alive  and  virulent  has  been  proved  for  certain  organ- 
isms. It  is  important  to  note,  however,  that  the  more 
virulent  the  organism,  the  less  is  it  apt  to  be  engulfed, 
while  Wright  has  also  demonstrated  that  phagocy- 
tosis does  not  take  place  extensively  unless  there  is 
present  in  the  serum  a  considerable  quantity  of  an 
immune  body  which  he  terms  an  opsonin.  Another 
factor  also  plays  an  important  part  in  the  process  of 
phagocytosis,  for  the  organisms  cannot  be  ingested 
unless  the  leucocytes  are  attracted  to  the  place  where 
the  organisms  are  abundant.  This  property  of  attract- 
ing leucocytes,  which  is  apparently  due  to  the  toxic 
products  of  the  bacteria,  is  known  as  positive  chemo- 
taxis,  and  probably  accounts  in  large  part  for  the 
presence  of  the  enormous  number  of  leucocytes  which 
collect  in  and  about  an  area  invaded  by  bacterial 
organisms  of  particular  species.  Some  bacteria 
possess  the  power  of  interfering  with  the  approach  of 
the  leucocytes  to  the  inflamed  area  and  they  or  their 
products  are,  therefore,  considered  to  have  a  negative 
chemotaxic  power.  In  this  instance,  the  bacteria  are 
phagocyted  very  slightly  or  not  at  all  by  the  poly- 
morphonuclear leucocytes.  Among  these  organisms 
is  the  typhoid  bacillus,  and  here  another  factor  enters 
the  field,  for  such  bacteria  are  apparently  easily  taken 
up  by  other  cells,  the  macrophages  or  endothelial 
leucocytes  of  Mallory. 

The  functional  activities  of  the  eosinophile  and  the 
lymphocyte  leucocytes  are  less  well  known.  Those  of 
the  eosinophile  cells,  in  man  at  least,  have  not  been 
studied.  It  has  been  shown  that  the  lymphocytes 
contain  a  lipase  and  a  protease,  the  former  capable  of 
digesting  fats,  the  latter,  proteins  in  a  faintly  acid 
medium.  But  it  is  probable  that  they  do  not  contain 
as  active  a  ferment,  or  at  least  no  such  quantity  of 
ferment,  as  the  polymorphonuclear  cells,  and  as  the 
reaction  of  the  tissues  is  faintly  alkaline  their  ferments 
are  presumably  of  secondary  importance.  Bashford 
and  Da  Fano  have  shown  that  the  resistance  to  the 
transplantation  of  tumor  tissue  is  not  humoral  but  is 
apparently  a  factor  of  tissue  activity  and  correlated 
with  a  lymphocytic  and  plasma  cell  reaction  in  the 
neighborhood  of  the  cells  of  the  beginning  neoplasm. 
It  is  certain  that  in  the  chronic  inflammation  which 
occurs  in  the  neighborhood  of  tumor  cells  undergoing 
resorption,  these  elements  can  be  demonstrated  in 
large  numbers.  Murphy  has  found  that  damaging 
the  bone  marrow  and  thus  checking  the  production  of 
the  white  cells  by  means  of  Rontgen  rays  permits 
the  graft  of  a  sarcoma  of  the  mouse  to  grow  in  a  rat 
for  thirty-two  days,  thus  showing  that  the  lympho- 
cytes and  plasma  cells  do  in  some  way  carry  or  are 
concerned  with  tissue  immunity. 

The  Exudate. — In  addition  to  the  cells  which  appear 
in  the  tissues  in  inflammation  there  is  a  great  outpour- 
ing of  fluid.  The  chemical  studies  which  have  been 
made  on  this  fluid  show  that  it  resembles  the  blood 
serum  in  many  respects,  though  it  is  usually  a  little 
lower  in  its  protein  contents.  Analyses  have  been 
made  chiefly  on  the  fluids  from  non-infected  wounds  or 
on  the  exudates  collecting  in  the  thoracic  or  abdominal 


cavities  of  the  body  in  consequence  of  chronic  inflam- 
mation. The  fluid  portion  of  pus  has  also  been 
studied  after  the  removal  of  the  leucocytes  which  it 
contained.     The  composition  of  these  fluids  varies  a 

good.  deal.  The  amount  of  protein  which  comprises 
both  serum  globulin  and  serum  albumin  may  Ik:  as 
high  as  five  per  cent,  or  fall  as  low  as  one  per  cent. 
The  proportions  of  serum  globulin  and  serum  albumin 

vary  a  good  deal  in  different  exudates,  a  condition 
which  is  nut  yet  understood.  Nucleoproteids  are 
found,  derived  chiefly  from  the  leucocytes,  and  fibri- 
nogen is  present  excei >t  in  suppurative  lesions.  There 
is  more  or  less  non-protein  nitrogen,  which  is  probably 
due  to  proteoses  and  amino  acids  formed  by  autolytic 
processes  taking  place  in  suppuration  from  ferments 
derived  from  the  leucocytes,  fixed  tissue  cells,  and 
bacteria.  Glucose  is  present,  as  in  t  he  blood.  Purins, 
alantoin,  urea,  lecithin,  cholesterol,  and  fat  are  also 
regularly  found  in  small  quantities.  All  the  enzymes 
of  the  blood  plasma  may  appear  in  inflammatory  exu- 
dates hi'  individual  ones  may  be  absent.  Lipase  and 
oxidase  and  various  proteolytic  and  glycolytic  fer- 
ments have  been  found;  and  immune  bodies  such  as 
cytotoxins,  hemolysins,  bacteriolysins,  and  agglutinins 
are  present  in  exudates,  if  they  are  in  the  blood.  Puru- 
lent fluid  contains  but  little  opsonin,  w  hereas  in  serous 
exudates  the  opsonin  content  varies  directly  with 
the  amount  of  the  proteins  in  the  fluid. 

An  important  constituent  of  the  exudate  is  fibrin, 
of  which  the  amount  varies  greatly;  it  is  usually  in- 
versely proportionate  to  the  proteoses  present.  In 
simple  inflammatory  exudates  such  as  occur  in  the 
pleural  cavity  the  amount  of  fibrin  formed  may  be 
relatively  small.  In  certain  types  of  inflammation,  on 
the  other  hand,  notably  in  those  known  as  diphtheritic, 
though  they  are  not  necessarily  due  to  the  presence  of 
the  diphtheria  bacillus,  it  may  entirely  dominate  the 
picture.  The  fibrin  is  formed  by  the  action  of  the 
tissue  juices  upon  the  fibrinogen  of  the  exudate,  which 
is,  of  course,  derived  from  that  of  the  blood.  The 
fibrin  may  ultimately  be  dissolved  by  the  action 
of  the  bacterial  proteases  or  similar  ferments  set  free 
by  the  destruction  of  the  leucocytes  or  the  tissue  cells,  or 
it  may  form  a  framework  upon  which  new  tissue  growth 
occurs.  This  is  often  noticed  in  the  peritoneal  cavity 
where  fibrinous  adhesions  are  promptly  covered  by  the 
endothelium  lining  that  cavity.  Such  fibrin  is  soon 
penetrated  by  fibroblasts  and  is  ultimately  entirely 
replaced  by  these  cells.  A  similar  process  is  seen  in 
vascular  thromboses,  where  the  endothelium  of  the 
vessel  coats  the  mass  of  fibrin  present  and  fibroblasts 
afterward  grow  in  from  the  intimal  layers  and  organize 
the  thrombus.  The  functions  of  fibrin  are  the  forma- 
tion of  adhesions  for  the  prevention  of  leakage  about 
injuries  in  the  peritoneal  cavity,  and  the  stoppage 
of  blood-vessels  so  that  hemorrhage  is  not  too  lung 
continued  in  case  the  vessel  wall  is  eroded  by  the  di- 
gestive ferment  set  free  during  the  inflammatory 
process. 

Repair. — With  the  cessation  of  the  acute  stage  of  an 
inflammatory  process,  regenerative  activity  in  the 
tissue  cells  surrounding  the  affected  area  begins  to 
dominate  the  picture.  The  multiplication  of  these 
elements  is  presumably  due  to  some  stimulus  either 
from  the  bacterial  products  or  the  substances  pro- 
duced by  autolysis  of  the  tissue  cells,  and  also  to 
freedom  from  the  normal  tissue  restraint  which  con- 
trols the  morphology  and  growth  of  cells  of  the 
adult  body.  The  action  of  stimuli  on  cells  has  in 
recent  times  been  investigated  in  the  effect  of  certain 
physical  agents  such  as  x-rays,  radium,  and  ultra- 
violet light.  It  has  been  shown  that  moderate  ex- 
posure of  the  ova  of  various  lower  forms  of  life,  such 
as,  for  example,  those  of  the  frog  or  Ascaris  mcgalo- 
cephala,  induces  segmentation  and  continued  pro- 
liferation if  the  nutritional  conditions  are  satisfactory. 
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If  an  excess  of  any  one  of  thi  e  agents  acl  upon  the 
cells  it  causes  either  a  perverted  growth  or  a  complete 
inhibition  and  ultimate  death.  The  work  of  tin- 
experimental  biologists  has  also  shown  that  chemical 
substances  may  incite  rapid  cell  division,  even  though 
these  substances  do  uol  directly  ad  as  food,  IjuI  merely 
stimulate  the  metabolic  processes  of  the  cells  under 
experiment.  'The  f ling  of  thymus  tissue  to  tad- 
poles induces  an  increased  rale  of  growth   but  checks 

developmental  changes  while  the  opposite  is  true  ,,r 
thyroid  I  ( Sudernatsch) . 


Fig.  3398. — Exuberant  Granulation  Tissue  with  Large  Vessels 
and  Edematous  Stroma,  and  Layer  of  Fibrin,  Bacteria,  and  Debris 
on  the  Surface. 

The  t  issue  formed  in  regeneration  after  inflammation, 
generally  called  granulation  tissue  (Fig.  3398),  is  com- 
posed of  cells  of  various  types,  including  fibroblasts, 
endothelial  cells,  leucocytes,  and  a  number  of  forms  as 
yet  but  little  understood,  such  as  the  polyblasts  of 
Maximow,  plasma  cells,  and  clasmatocytes  (Fig.  3397.) 
The  ultimate  fate  of  the  leucocytes  and  plasma  cells  is 
to  disappear  as  the  tissue  becomes  more  mature;  the 
fibroblast,  on  the  contrary,  organizes  into  adult  con- 
nective tissue  and  ultimately  forms  a  firm  scar  per- 
meated by  blood-vessels.  These  gradually  diminish 
in  number;  hence  a  recent  scar  is  red,  while  one  of 
longer  duration  is  pale  in  color.  The  pigment  of  the 
extravasated    red    blood    cells,    which    are   gradually 


S 

Fig.  3399. — A,  Normal  Skin;  B,  skin  after  deep  ulceration, 
showing  thin  layer  of  epidermis  and  dense  fibrous  corium  with  few- 
vessels  and  no  glands. 

phagocyted,  often  remains  in  the  tissues  for  a  long 
time. 

The  process  of  repair,  however,  is  often  compli- 
cated, for  the  newly  formed  connective-tissue  cells 
frequently  undergo  various  types  of  degeneration, 
such  as  fatty,  mucoid,  or  hyaline,  being  then  replaced 
by  normal  fibroblasts,  which  ultimately  form  fibrillar 
connective  tissue,  showing  the  fibroglia  and  collagen 
fibers    characteristic    of    that    type    of    tissue.     The 
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hematogenous  leuco<  V  certainlj  are  nol  trans- 
formed into  fibroblasts,  nor  do  the  plasma  cells  un- 
dergo tin-  chai 

If  the  inflammation  lias  involved  epidermal  or 
entodermal  surfaces)  epithelium  from  the  neighbor- 
hood grows  over  the  granulating  area  and  ultimately 
forms  a  layer  of  covering  cells,  imitating  the  normal 
to  a  certain  extenl  except  thai  it  is  usually  thinner  and 
lacks  .some  of  the  topographic  characteristics  of  the 
adult  normal  tissues.  Elastic  tissue  is  also  formed  in 
a  scar  from  cells  which  cannot  be  distinguished  from 
those  producing  ordinary  fibrous  tissue,  but  such 
fibers  are  usually  less  abundant  than  in  the  corre- 
sponding normal  tissues  and  their  development  takes 
place  at  a  late  stage  of  the  process  of  repair. 

While  the  tissue  involved  has  so  far  usuall; 
assumed    to    be    subcutaneous    tissue,    a    somewhat 
similar  process  occurs  in  organs  and  more  complex 
tissues,   modified  only  by  the  special  circumstai 
under  which  the  inflammation  occurs. 

If  the  inflammation  is  caused  by  certain  organisms, 
it  assumes  a  special  type,  as  in  lesions  due  to  the 
tubercle  bacillus,  the  Spirochete  pallida,  the  actino- 
mycosis fungus,  the  blastomycetes,  and  certain  rare 
ycusis  and  moulds.  These  special  types  of  reaction 
are  described  under  the  headings  of  Tuberculosis, 
Syphilis^  Blastc  as  well  as  in  the  article  on 

Granuloma,  where  details  are  given  more  fully  than 
is  necessary  here.  Francis  Carter  Wood. 
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Influenza. — Influenza  is  an  acute,  self-limited,  in- 
fectious fever,  occurring  in  widely  distributed  epi- 
demics, and  characterized  by  catarrhal  inflammation 
of  the  respiratory  and   gastrointestinal    mucosa,    by 

profound  nervous  disturbances,  and  by  extreme  de- 
bility. 

Syony?ns:  Febris  catarrhalis;  Epidemic  catarrhal 
Fever;  La  Grippe;  Grip;  Tac;  Horion;  La  Dando; 
Ziep;  E /itilcrnisi-lii r  Hii.ilrti;  E /ihlcmischer  Schnupfen; 
Schafhusten;  Blitz-catarrh;  Modefieber;  Mai  'Russe; 
Snufsjuka  (Swedish);  Qual-Tmig  (Chinese).  Many 
other  synonyms,  grave  and  humorous,  might  be  listed 
which  have  been  suggested  by  the  peculiarities  of 
various  epidemics,  the  national  characteristics  of  the 
people  affected,  or  some  fancied  resemblance  of  the 
symptoms,  but  influenza,  la  grippe,  or  the  Anglicized 
grip,  have  practically  superseded  all  other  names,  in 
medical  as  well  as  lay  circles. 

Influenza  is  of  Italian  origin,  and  was  probably  first 
employed  by  the  Italian  savants  to  indicate  the  sup- 
posed occult  influence  of  the  stars  over  the  course  of 
the  disease.  Wolff  states  that  it  was  first  used  by  an 
Italian  author,  Gagliardi:  "  Parere  sopra  l'influenza 
catarrale,  che  presentamente  regna  in  Roma  e  Stato 
ecclesiastieo,  Roma,  1733."  Other  authorities,  how- 
ever, trace  its  origin  to  the  English  writers  Pringle  and 
Huxham,  the  latter  of  whom,  in  describing  the  epi- 
demic of  1742-43,  writes:  "Qua?  per  totam  Europam 
hoc  vere  sub  nomine  influenza  grassata  est." 

The  derivation  of  la  grippe  is  likewise  in  doubt. 
Most  authors  refer  its  origin,  and  probably  correctly, 
to  the  French,  agripper,  to  seize,  but  others  derive  if 
from  the  Polish,  chrypka,  or  grypka,  hoarse.  It  came 
into  general  use  in  France  during  the  epidemic  of  1732 
(Marigne). 

Historical  Sketch. — Since  the  appearance  of  the 
first  edition  of  this  Reference  Handbook,  containing 
the  brief  article  on  Influenza,  a  series  of  epidemics 
has  swept  over  the  world,  which,  for  rapidity  of 
movement,  extent  of  distribution,  and  numbers 
affected,  rivals  all  previous  visitations  of  the  disease. 
This  series,  which  began  in  the  fall  of  1889,  was  the 
first  general  epidemic  of  influenza  since  1847-48,  and 
really  introduced  the  present  generation  of  practition- 
ers to  a  disease  known  to  them  only  in  history,  anil 
thus  became  one  of  the  notable  medical  events  of  the 
latter  half  of  the  nineteenth  century. 

Recurring  at  a  time  when  the  study  of  the  infectious 
diseases  was  being  pushed  so  zealously  along  bacterio- 
logical lines,  and  engaging  in  its  study  the  ablest  clin- 
icians of  every  nation,  it  was  confidently  predicted 
that  the  mysterious  problem  of  its  nature  and  etiology 
would  be  speedily  solved.  This  prediction  has  been 
fulfilled  and  our  knowledge  of  epidemic  influenza  now 
rests  on  a  foundation  of  carefully  recorded  facts. 

In  this  necessarily  brief  historical  sketch  we  shall 
not  attempt  a  complete  chronological  account  of  the 
epidemics  of  all  ages,  but  shall  allude  only  to  those 
which,  from  special  incidents,  mark  an  era  in  the 
progress  of  our  knowledge,  and  endeavor  to  trace 
somewhat  in  detail  the  course  of  the  recent  epidemics 
of  1889-92.  Since  then  influenza  has  been  endemic 
in  most  countries  of  the  world.  The  presence  of 
bacillus-carriers  is  the  probable  explanation  of  this 
endemicity. 

Medical  historians  have  interpreted  the  vague  utter- 
ances of  Hippocrates  and  Livy,  referring  to  a  disease 
which  assumed  epidemic  proportions  in  412  B.C.,  as  the 
first  written  allusion  to  influenza. 

Mention  is  made  of  an  epidemic  which  prevailed  ex- 
tensively in  the  latter  part  of  the  sixth  century,  in 
which  the  prominent  symptoms  were  headache, 
debility,  cough,  and  an  irresistible  desire  to  yawn. 
Sneezing  was  usually  the  first  symptom  of  the  pre- 
vailing distemper,  and  the  custom  of  calling  down 
"God's  blessing"  upon  one  who  was  heard  to  sneeze 
is  said  to  have  originated  at  this  time. 


It  is  very  probable,  as  maintained  by  many  authors, 
thai  ii'  1 1  a  few  of  the  general  epidemics  described  in  the 
earlier     medical     chronicles    under    various     nat 
(catarrhal  fever,  Italian  fever,  etc)  were  epidemii 
true  influenza. 

Parkes  traces  the  disease  back  to  t he  ninth  cent urv. 
In  N'_'7  and  876 epidemics  in  which  cough  was  thi  n 
prominent    symptom,    and    which    also   extended    to 

'I istic  animals  and  birds,  originated  in   Italy  and 

spread  rapidly  over  .ill  Europe.  Tin-  epidemic  of 
876  is  said  tn  have  sadly  discomfited  tin-  victorious 
army  of  Charlemagne  on  its  return  march  from  Italy. 

But  one  epidemic,  and  that  limited  to  Germany  and 

France,  is  known  to  hav -lined  in  the  tenth  cen- 
tury, after  which  the  world  apparently  enjoyed 
immunity  fur  aboul   two  hundred  years. 

Whatever  may  have  been  the  nature  of  these  earl] 

epidemics,  our  posit  ive  knowledge  of  influenza,  accord- 
ing to  Wilson,  dales  from  the  greal  visitation  of  1510, 

which  covered  the  whole  of  Europe  and  the  British 
Islands,  and  was  so  general  that  "not  a  single  family 
and  scarce  a  person  escaped  it." 

The  epidemic  of  1557,  which  appeared  suddenly  in 
Eastern  Asia  and  spread  rapidly  to  the  West,  was  tin- 
first  influenza  epidemic  which  is  known  to  have  crossed 
the  Atlantic  to  America.  This  pandemic  was  very 
severe  in  certain  localities  and  was  attended  with  a 
high  mortality.  Five  thousand  are  said  to  have  died 
in  Delft  alone  within  a  short  period. 

During  the  past  four  hundred  years  t  here  have  been 
about  seventy  epidemics  of  grippe,  one-half  of  which, 
from  their  widespread  prevalence,  deserve  to  be  called 
pandemics. 

The  nineteenth  century  had  thirteen  visitations;  the 
last  important  one  previous  to  1889  was  that  of  1847, 
in  which  were  stricken  more  than  one-quarter  the 
population  of  London  and  Geneva,  and  fully  one-half 
that  of  Paris.  The  course  of  the  later  epidemics  has 
been  quite  uniformly  from  east  to  west.  It  is,  of 
course,  only  the  general  trend  of  the  epidemic  that 
can  be  followed,  since  every  locality  invaded  becomes 
at  once  a  new  center  from  which  arms  of  infect  inn 
reach  out  in  every  direction.  With  few  exceptions, 
the  later  pandemics  of  influenza  originated  in  Eastern 
Asia,  where  the  disease  may  be  said  to  be  endemic. 
From  this  nidus  they  travelled  westward  across  Russia 
thence  over  continental  Europe  and  the  British  Isles, 
over  the  ocean  to  America,  Australia,  East  Indies, 
until,  like  Puck's  girdle,  they  circled  the  globe. 

The  great  pandemic  of  1889-90  followed  closely  the 
beaten  path.  The  first  cases  of  which  we  have  knowl- 
edge occurred   in    Bokhara,    Central    Asia,    in    May, 

1889.  The  disease  became  prevalent  in  July,  and 
following  the  lines  of  the  new  railways  slowly  invaded 
other  portions  of  the  Russian  empire.  It  can  be 
easily  traced  through  Western  Siberia  and  the  post- 
towns  and  stations  in  Russia  in  its  march  toward  St. 
Petersburg,  which  was  reached  by  the  end  of  October, 
and  two  weeks  later  it  had  assumed  such  startling 
proportions  in  that  city  as  to  attract  the  attention  of 
the  civilized  world. 

From  St.  Petersburg  the  epidemic  spread  with  un- 
precedented rapidity,  and  the  cities  of  Western  Russia, 
Central  and  Northern  Germany.  Austria,  France,  and 
the  British  Islands,  became  in  turn,  the  scene  of  its 
ravages,  until  by  the  end  of  December  it  had  com- 
passed the  whole  of  Europe.  Scattering  cases  an- 
nounced the  appearance  of  the  disease  in  New  York 
about  the  middle  of  December,  and  a  week  later  it  had 
assumed  epidemic  proportions.  From  the  seaboard 
it  extended  in  every  direction,  and  during  January, 

1890,  was  generally  diffused  over  the  United  State-. 
British  North  America,  the  Sandwich  Islands,  and 
Central  America  (Guatemala). 

From  its  starting-point  in  Central  Asia  the  epidemic 
also  extended  in  a  southeasterly  direction.  Malta, 
Cyprus,  and  Egypt  were  successively  visited  in  Janu- 
ary and  February.     It  was  reported  from    India    in 
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February,  became  epidemic  in  March,  and  prevailed 
extensively  in  Upper  and  Lower  Burmah  during  April 
and  May.  It  reached  Arabia  in  April,  many  of  the 
pilgrims  arriving  from  India  and  the  Straits  having 
sickened  on  the  voyage. 

In  the  Southern  hemisphere  the  course  was  from  the 
south  northward.  Cape  Town  was  the  scat  of  its 
first  appearance  in  Africa,  it  having  been  carried 
thither  by  steamers;  thence  it  extended  northward, 
reaching  Mauritius  in  August,  the  Shire  Highlands  in 
September,  and  Abyssinia  in  November,  1890. 

South  America  was  reached  in  February.  Buenos 
Ayres  was  infected  presumably  by  steamer  from  Bor- 
deaux; thence  it  travelled  up  both  coasts  and  pre\  ailed 
in  Brazil,  Chile,  and  other  states  during  April  and  .May, 
and  was  notably  severe  in  the  province  of  Pernambuco. 
It  was  prevalent  in  Australia  and  New  Zealand  from 
March  to  July. 

In  Iceland  it  occurred  in  July,  and  in  some  remote 
places  of  China  and  Kashmere  during  September  and 
December. 

Dr.  Parsons,  in  his  exhaustive  report  to  the  Brit- 
ish Medical  Association,  July,  1891,  to  which  we  are 
largely  indebted  for  the  facts  above  related,  writes: 
"Thus  assuming  the  epidemic  to  have  started  from 
Russia  in  October,  it  took  about  six  weeks  or  two 
months  to  spread  over  Europe  and  reach  North  Amer- 
ica, rather  more  than  two  months  to  reach  the  Cape, 
three  months  to  reach  South  America,  four  months  to 
reach  India,  five  months  to  reach  New  Zealand  and 
Australia,  nine  months  to  reach  Iceland,  ten  months  to 
reach  Mauritius,  and  nearly  a  year  to  make  some  re- 
mote places  in  Africa  and  Asia." 

During  the  summer  and  fall  of  1890  influenza  was 
"smouldering  on,"  as  shown  by  the  numerous  local 
outbreaks,  usually  of  short  duration,  in  different  parts 
of  the  world. 

The  second  general  epidemic — 1891 — began  in 
January,  and  was  but  little  less  extensive  and  proba- 
bly more  fatal  than  the  one  just  sketched.  It,  too, 
was  pandemic,  but  in  the  journey  around  the  world 
the  course  of  its  predecessor  was  reversed,  and  the 
general  trend  was  from  west  to  east. 

The  origin  is  traced  to  New  Orleans,  where  influenza 
prevailed  extensively  and  fatally  in  January,  and 
from  which  it  radiated  in  every  direction.  During 
February,  March,  and  April  it  spread  over  the  North- 
ern States  and  was  notably  severe  in  Pittsburg  and 
Chicago  (March)  and  the  seaboard  (April).  It  was 
reported  from  England  in  April,  from  Germany  in 
August,  from  Scandinavia  and  Denmark  in  July,  from 
Russia  (St.  Petersburg)  in  September,  from  France  in 
October,  from  Italy  in  December,  and  thus  passed 
from  country  to  country  until  almost  the  whole 
civilized  world  had  been  revisited.  This  epidemic 
also  ran  its  course  in  about  one  year. 

Since  1889  each  winter  has  brought  a  recurrence  of 
epidemic  influenza,  varying  in  extent  and  severity,  to 
all  parts  of  the  world.  Few  American  cities  have 
escaped  an  annual  visitation. 

Nature  and  Etiology. — Influenza  was  formerly 
regarded  as  an  epidemic  catarrhal  fever,  but  the  be- 
lief now  prevails  that  it  is  really  an  infectious  nervous 
fever.  Many  of  the  symptoms  are  most  readily  ex- 
plicable upon  a  neural  basis,  while  its  bacterial  origin,  to- 
gether with  the  knowledge  of  the  toxemias  that  usually 
attend  upon  bacterial  infection,  gives  support  to  such 
an  explanation.  Much  testimony  has  accumulated 
during  the  recent  epidemics  to  show  that  the  nervous 
symptoms  are  primary  and  are  followed  by  secondary 
involvement  of  the  respiratory  and  digestive  organs. 
In  a  given  ease  the  pulmonary,  gastrointestinal,  or 
cerebrospinal  symptoms  predominate  as  the  nervous 
apparatus  of  one  or  the  other  system  bears  the  brunt 
of  the  disease. 

Nervous  symptoms  are  uniformly  present  and 
usually   pronounced,   even   in   the   mildest   forms   of 


grip,  while,  on  the  other  hand,  in  many  of  the  worst 
cases,  catarrh  of  the  mucous  membranes  and  inflam- 
mation of  the  respiratory  tract  are  notably  absent. 

Again,  when  catarrh  and  pneumonia  are  present, 
they  frequently  assume  "such  a  peculiar  character  as 

In  lead  to  the  suspicion  that  they  might  arise  from 
irritation  of,  or  loss  of  power  in,  the  various  nervous 
mechanisms  supplying  the  affected  parts,  and  would 
therefore  have  to  be  looked  upon  more  as  vasomotor 
and  trophic  neuroses  than  as  ordinary  catarrh  and 
inllainiiiat  inn.  " 

The  histories  of  the  various  epidemics  prove  clearly 
that  the  disease  is  not  dependent  upon  climate,  soil, 
season,  meteorological,  or  electrical  conditions.  It 
affects  all  classes  of  people,  irrespective  of  nationality, 
sex,  social  position,  or  environment,  although  infants 
and  young  children  seem  to  possess  partial  immunity. 
While  no  season  of  the  year  is  exempt,  late  autumn 
and  early  winter  are  the  periods  of  its  greatest  fre- 
quency. 

The  phenomena  of  influenza  are  comprehensible 
only  upon  the  theory  of  a  specific  infecting  virus  or 
germ  as  the  exciting  cause.  Its  epidemic  occurrence, 
transmission  along  lines  of  travel,  rapid  diffusion, 
sweeping  over  whole  continents  in  a  few  weeks,  and 
affecting  nearly  the  entire  population  in  a  certain 
district  in  a  few  hours  after  its  appearance,  indicate 
some  powerful  morbific  agent  in  the  atmosphere  which 
acts  specifically  upon  the  animal  economy. 

For  long  the  pathogenic  bacillus  eluded  the  vigilant 
search  of  bacteriologists. 

The  bacillus  isolated  by  R.  Pfeiffer  in  1892  from 
the  nasal  and  bronchial  secretions  is  now  conceded 
to  be  the  cause  of  the  disease.  Some  authors,  how- 
ever, teach  that  there  is  no  such  clear-cut,  definite 
importance  attached  to  its  presence  in  secretions  as  in 
the  case  of  the  gonococcus,  tubercle  and  tvphoid  bacillus 
(W.  H.  Smith). 

Pfeiffer's  bacillus  is  a  tiny  rodlet  0.8  to  1  m  long  and 
0.1  to  0.2  n  broad,  about  the  same  thickness  and  half 
the  length  of  the  bacillus  of  mouse  septicemia.  It  is 
the  smallest  bacillus  yet  isolated,  and  in  cultures  is 
recognizable  during  the  first  twenty-four  hours  only  by 
means  of  a  lens,  so  that  macroscopically  a  test-tube 
containing  them  can  scarcely  be  distinguished  from  a 
sterile  one.  They  are,  however,  readily  differentiated 
by  the  peculiarity  of  their  growth,  as  the  colonies 
always  remain  separate  and  do  not,  like  the  colonies 
of  other  bacteria,  join  together  and  form  continuous 
rows.  When  neighboring  colonies  come  together  the 
contours  of  the  several  colonies  remain  recognizable. 
Under  the  microscope  they  show  a  peculiar  glassy 
transparency  and  are  almost  structureless. 

The  influenza  bacilli  are  stained  with  difficulty. 
They  respond  either  to  a  dilute  Ziehl-Neelsen  solution 
of  carbol  fuchsin  or  to  a  hot  Loffler  methylene-blue 
solution,  and  more  deeply  at  the  ends  than  in  the 
middle  so  that  they  appear  not  a  little  like  diplococci. 
They  do  not  stain  by  Gram's  method. 

The  bacilli  have  been  found  in  large  numbers  in  spu- 
tum, bronchial,  pleural,  and  pneumonic  exudations, 
and  in  the  blood  (Canon).  Horder  (1905)  has  culti- 
vated them  from  cardiac  valvular  vegetations  following 
influenza.  They  are  present  in  such  enormous  num- 
bers in  the  sputum  of  influenza  patients  that  the 
bacteriological  diagnosis  is  ordinarily  a  simple  problem. 
They  persist  often  after  the  severe  symptoms  have 
subsided. 

Inoculation  experiments  have  been  negative  in  most 
species  of  laboratory  animals  but  Cantani  has  suc- 
ceeded in  producing  in  rabbits  a  fatal  form  of  influenza 
with  profound  nervous  systems,  by  the  intracerebral 
injection  of  living  bacteria.  And.  contrary  to  the 
usual  result  of  inoculations,  the  specific  bacteria  were 
found  increased  not  only  at  the  local  seat  of  infection 
but  also  in  the  circulating  blood  and  in  remote  organs. 
Guinea-pigs  are  susceptible  to  a  fatal  infection  but  the 
required  dose  varies  largely.     Pfeiffer  and  Beck  caused 
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the  disease  in  monkeys  by  rubbing  their  nasal  mucous 
membranes  with  pure  cultures. 

It  is  highly  probable  that  the  action  of  the  morbific 
principle  of  grip  is  not  limited  toman.  Epizootics, 
very  similar  in  many  respects  to  the  epidemics  in  the 
human  race,  have  often  prevailed  among  domesl  icated 
and  wild  animals,  especially  horses,  dogs,  and  cats. 

The  attention  of  the  profession  was  first  called  to 
this  fact  by  Huxham  in  connection  with  the  epidemics 
of  1732-33.  These  epizootics  occur  independently, 
but  more  often  happen  either  simultaneously  with  or 
immediately  precede  or  follow^  epidemics  of  influenza. 
Bartholow  favors  the  view  that  the  epidemic  disease  in 
animals  is  the  parent  of  that  in  man,  but  is  so  modified 
by  transition  that  each  succeeding  epidemic  is  milder 
and  less  aggressive.  Osier  denies  that  animals  are 
susceptible  of  infection  by  the  influenza   bacilli. 

On  the  other  hand,  Strumpell  concedes  that  horses 
are  attacked,  but  doubts  whether  all  of  the  diseases  in 
animals  attributed  to  influenza  are  identical  with  the 
human  disease. 

The  contagiousness  of  influenza  was  long  a  mooted 
question.  The  belief  that  contagion  is  the  most  im- 
portant if  not  the  only  method  of  propagation  has, 
however,  been  strengthened  by  numerous  observations 
made  during  the  recent  epidemics  and  is  now  accepted 
by  most  clinicians.  The  source  of  infection  lies 
chiefly  in  the  nasal  and  bronchial  secretions. 

The  frequency  with  which  epidemics,  both  in  their 
general  and  in  their  local  distributions,  follow  the 
regular  lines  of  travel,  the  immunity  of  isolated  house- 
holds and  communities,  and  the  frequency  with  which 
local  outbreaks  have  been  traced  to  their  sources  leave, 
indeed,  little  room  for  scepticism.  It  has  been  abund- 
antly proved  that  the  spread  of  influenza  is  not  mate- 
rially affected  by  the  direction  of  the  prevailing  winds; 
and,  in  fact,  some  recorded  observations  indicate  that 
it  may  even  travel  more  rapidly  against  than  with  the 
wind.  The  marvelous  rapidity  with  which  influenza 
sometimes  spreads  in  a  community  once  infected  is 
readily  accounted  for  by  its  remarkably  short  period 
of  incubation.  It  is  claimed  by  many  that  personal 
contact  with  infected  individuals  or  materials  is  the 
only  method  of  its  propagation.  The  supporters  of 
this  doctrine  contend  that  the  dissemination  of  disease 
germs  through  the  air  must  have  its  limitations.  That 
they  can  be  carried  thousands  of  miles  in  air  currents 
without  dispersion  or  destruction,  or  the  assumption, 
on  the  other  hand,  of  proliferation  in  the  air  itself, 
does  violence  to  our  knowledge  of  the  life  history  of 
disease  germs.  There  are,  however,  too  many  irregu- 
larities in  the  behavior  of  grip  epidemics,  not  neces- 
sary to  be  enumerated  here,  to  permit  us  to  accept  per- 
sonal contact  as  the  only  factor  in  its  propagation. 
Hirsch  has  pointed  out  that  notwithstanding  the 
modern  facilities  of  intercommunication  and  rapid 
transit,  epidemics  do  not  travel  more  rapidly  than 
modern  methods  of  conveyance. 

The  passengers  and  crews  of  ships  which  have  sailed 
from  non-infected  ports,  and  have  held  no  communica- 
tion with  other  ships,  have  been,  according  to  many 
authorities,  repeatedly  attacked  in  mid-ocean. 

The  following  striking  instance  is  related  by  Sir 
Thomas  Watson:  The  frigate  Stag  anchored  at  Berry 
Head,  on  the  Devonshire  coast,  all  on  board  well,  April 
3,  1833,  the  very  day  on  which  Watson  saw  his  first 
cases  of  influenza  in  London.  The  breeze  was  off  the 
land,  and  in  half  an  hour  after  dropping  anchor  forty 
men  were  down  with  influenza;  six  hours  later  the 
number  was  increased  to  sixty,  and  soon  reached  one 
hundred  and  sixty.  Smith  in  "Forchheimer's  Thera- 
peusis  of  Internal  Diseases"  quotes  Parsons  to  the 
effect  that  of  thousands  of  persons  "engaged  in  deep- 
sea  fishing  on  Dogger  Bank  or  Skilling  Bank,  North 
Sea,  not  one  is  known  to  have  contracted  influenza 
at  sea;  the  few  outbreaks  occurring  commenced  two 
or  three  days  after  leaving  port,  or,  in  one  case,  after 
communication  with  another  vessel." 


The  period  of  incubation  is  very  variable,  both  in 
individual  cases  and  in  different  epidemics.  It  may 
develop  al  must  immediately  after  exposure,  from  which 
it  has  received  one  of  its  popular  names,  Lightning 
Catarrh,  Blitz-Catarrh;  but  in  other  instances  there  is 
an  incubation  period  lasting  from  a  few  hours  to 
several  days. 

Dr.  (ioodhaH  has  recorded  some  startling  instances 
of  the  suddenness  with  which  strong  men  engaged  in 
their  ordinary  vocations  were  stricken  with  the 
disease. 

Influenza  is  no  respecter  of  sex  or  age,  1  hough  males 
between  the  ages  of  twenty  and  fifty  years  seem  most 
susceptible  to  the  infect  ion. 

One  attack  does  not  confer  immunity  from  subse- 
quent ones,  and  a  few  persons  even  experience  a  second 
seizure  during  the  same  epidemic.  An  epidemic,  as  a 
rule,  lasts  from  four  to  eighi  weeks  in  a  given  locality, 
although  many  run  a  shorter  course  and  often  end  as 
suddenly  as  they  began.  The  rate  of  progress  varies 
greatly,  not  only  in  different  epidemics  but  also  in  the 
same  epidemic  as  it  spreads  over  different  districts. 

There  is  no  causative  relation  between  influenza  and 
other  epidemic  or  infectious  diseases.  The  statement 
that  prevalent  infectious  diseases  abate  in  frequency 
and  intensity  upon  the  appearance  of  grip  is  not 
sustained  by  facts.  Neither  is  there  any  ground  for 
the  popular  belief  that  cholera  follows  in  its  wake. 
In  some  instances,  notably  in  1S31,  1847,  and  1856,  the 
two  diseases  have  been  closely  associated  in  point  of 
time,  but  the  official  report  of  the  French  commission 
fully  indorses  the  conclusion  of  Gluge  and  Smolensky 
that  the  association  was  purely  accidental. 

Morbid  Anatomy. — The  anatomical  lesions  found 
after  death  give  meager  information  as  to  the  pathology 
of  influenza.  A  fatal  termination  is  almost  invariably 
due  to  complications,  and  the  structural  changes  found 
post  mortem  are  characteristic  of  the  secondary  .dis- 
ease, and  not  of  influenza.  Death  rarely  occurs  in  un- 
complicated cases.  The  lesions  peculiar  to  influenza 
are  almost  exclusively  localized  upon  the  respiratory 
mucous  membrane.  The  mucous  lining  of  the  larynx, 
trachea,  and  bronchial  tubes  is  hyperemic,  swollen, 
and  covered  with  frothy  or  viscid  muco-pus.  The 
catarrh  may  extend  to  the  finer  bronchi,  but  is  ordi- 
narily limited  to  the  trachea  and  larger  tubes.  The 
bronchial  glands  are  sometimes  enlarged  and  softened. 
The  gastric  and  intestinal  mucous  membrane  is  more 
or  less  congested  in  a  considerable  portion  of  the  cases. 
The  solitary  and  agminate  glands  of  the  intestine  are 
not  usually  implicated.  Kernig,  of  St.  Petersburg, 
found  the  spleen  enlarged  in  all  cases  which  came 
under  his  care. 

Symptoms. — The  complexus  of  symptoms  of  influenza 
is  exceedingly  varied,  and  this  variability  extends  not 
only  to  different  epidemics,  but  also  to  individual  cases 
of  the  same  epidemic.  In  many  cases  the  attack 
closely  resembles  an  ordinary  catarrh,  with  little  fever 
and  slight  hyperemia  of  the  nasopharyngeal  mucosa; 
again,  it  assumes  the  form  of  an  intense  infectious 
fever,  with  profound  involvement  of  the  nervous 
centers,  while  between  these  extremes  are  found  cases 
of  almost  every  grade  of  severity,  and  almost  every 
combination  of  symptoms. 

Many  attempts  have  been  made  satisfactorily  to 
classify  the  protean  forms  of  the  disease.  The 
classification  most  generally  followed  by  recent  writers 
is  a  modification  of  that  long  ago  proposed  by  Hufe- 
land:  (1)  The  catarrhal  or  respiratory  type.  (2) 
The  nervous  type.     (3)  The  gastrointestinal  type. 

It  is  estimated  that  in  recent  epidemics  about  fifty- 
five  per  cent,  of  the  cases  belong  to  the  nervous,  thirty 
per  cent,  to  the  catarrhal,  and  fifteen  per  cent,  to  the 
gastrointestinal  form  of  the  disease.  These  estimates 
will  undoubtedly  have  to  be  changed  for  different 
localities.  According  to  the  observation  of  the  writer, 
nervous  symptoms  predominated  in  about  eighty-five 
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per  cent,  of  the  cases  in  the  epidemic  of  1889-90, 
while  in  thai  of  L891  the  catarrhal  and  gastric  forms 
were  more  common  and  severe,  but  still  constituted 
a  small  percentage  of  the  cases.  The  division  is, 
however,  purely  arbitrary,  and  finds  its  chief  value 
in  emphasizing  the  fad  thai  the  brunt  of  the  attack 
may  fall  upon  anj  one  of  the  three  great  systemi  . 

The  catarrhal  type  of  influenza  usually  begins 
abruptly,  but  is  occasionally  preceded  by  a  feeling  of 
indisposition  or  malaise  of  from  a  few  hours'  to  several 
days'  duration.  A  distinct  chill  or,  oftener,  a  mere 
chilliness  is  at  once  followed  by  a  rise  of  temperature 
and  the  symptoms  of  a  nasopharyngeal  catarrh,  with 
cough,  sore  throat,  frontal  headache,  pains  in  and 
general  soreness  of  the  limbs,  depression  of  spirits, 
and  sometimes  gastrointestinal   disturbances. 

The  fever  is  remittent  in  type,  variable  in  intensity, 
rarely  exceeds  104°  F.  in  uncomplicated  cases,  and  sub- 
sides by  lysis,  rather  than  by  crisis.  As  a  rule,  the 
temperature  reaches  its  maximum  at  the  beginning  or 
early  in  the  attack,  and  often  drops  below  normal 
during  convalescence. 

A  subnormal  temperature  has  been  noted  in  many 
epidemics,  accompanied  usually  byr  surface  coldness, 
feeble  circulation,  and  other  evidences  of  depression. 
The  later  epidemics  were  peculiar  in  the  large  number 
of  cases  in  which  the  fever  took  on  a  continuous  tj  pe, 
and  peristed  for  two  or  t  hree  weeks,  resembling  in  many 
of  its  features  a  mild  typhoid  fever. 

The  pulse  is  moderately  increased  in  frequency  and 
changeable  in  rhythm  and  quality.  The  tendency  to 
cardiac  asthenia,  so  pronounced  in  grave  cases,  often 
becomes  a  serious  menace  in  those  of  moderate  severity. 
An  extraordinary  slowing  of  the  pulse  is  sometimes 
observed.  The  pulse  may  register  only  in  the  forties 
or  fifties  and  naturally  excites  fears  of  some  cerebral 
complication.  This  abnormal  retardation  belongs  to 
the  natural  history  of  certain  rare  types  of  the  disease, 
although  it  is  often  erroneously'  attributed  to  remedies, 
especially  if  digitalis  or  other  cardiac  sedatives  have 
been  administered. 

Coincidently  with  the  fever,  and  sometimes  preced- 
ing it,  the  symptoms  of  an  acute  catarrh  of  the  upper 
air  passages  are  manifested. 

There  are  frequent  paroxysms  of  sneezing,  a  feeling 
of  stuffiness  in  the  head,  the  eyes  are  suffused  and 
watery,  and  coryza  with  an  abundant  secretion  of 
mucus  speedily  follows.  The  mucous  membrane  of 
the  nose,  mouth,  frontal  sinus,  pharynx,  and  larynx  is 
congested.  The  voice  becomes  hoarse  or  reduced  to 
a  whisper.  Cough  is  rarely  absent,  usually  severe,  and 
recurs  in  paroxysms  which  harass  the  patient  day  and 
night.  At  first  it  is  harsh  and  brassy  and  attended 
with  a  scanty  muco-serous  expectoration,  which,  as 
the  disease  progresses,  becomes  abundant,  muco- 
purulent, and  often  blood-streaked. 

Sharp  pains  in  the  sides  and  under  the  sternum, 
dyspnea,  and  suffocative  paroxysms  are  experienced, 
and,  as  was  long  ago  pointed  out  by  Graves,  of  Dublin, 
often  without  any  recognizable  intrathoracic  lesion. 
The  catarrhal  process  does  not,  as  a  rule,  extend  be- 
low the  larynx  or  trachea,  but  if  it  should  invade  the 
lower  air  passages,  the  deepening  of  the  symptoms 
at  once  announces  the  fact  and  the  illness  assumes  a 
more  serious  aspect. 

Nervous  Type. — Nervous  disturbances  are  uni- 
formly present  in  all  forms  of  influenza  but  vary 
greatly  in  intensity.  In  some  epidemics,  notably  in 
1889-90,  they  predominated  over  all  other  symptoms. 
Severe  headache,  usually'  frontal,  and  pain  in  the  eye- 
balls are  rarely  absent.  The  head  pain  conies  on  sud- 
denly, is  nearly  continuous,  dull,  and  throbbing,  with 
frequently  recurring  paroxysms  of  atrocious  severity. 
It  is  exaggerated  by  pressure  or  movement,  and  is 
often  associated  with  hyperesthesia  of  the  scalp  and 
neck. 

With  the  headache  there  is  stiffness  and  soreness 
over  the  entire  body,  as  if  it  had  been  beaten,  and  a 


backache  which  in  its  intensity  is  suggestive oi  di  ■• 
or  smallpox. 

The  patient  either  lies  perfectly  qui'  I  ,topn 
suffering  which  the  slightest  movement  causes,  or 
to  e  restl  Ij  aboul  in  t  he  fu1  Lie  efforl  to  find  a 
position  of  comfort.  Sharp  neuralgic  pains  dart  along 
the  principal  nerve  trunks,  but  show  a  decided  prefer- 
ence for  the  trigeminal,  interco  tal,  lumbo-abdominal, 
and  sciatic  nerves.  These  neuralgias  are  ol 
intermittent,  bul  do  not  exhibit  the  periodicity  of 
ordinary  malarial  neuralgias.  Neuritis  in  varied 
forms  is  not  uncommon. 

Persistent  insomnia  or  unrefreshing  snatches  of  sleep 
tilled  with  painful  dreams  add  to  the  patient's  distress. 
I  telii  mm  of  a  mild  type  is  usually  present ,  and  is  often 
marked  when  the  fever  is  slight.  In  exceptional  ca 
it  becomes  so  furious  as  to  overshadow  all  other 
symptoms.  Coming  on  late  in  the  disease  it  often 
announces  the  onset  of  some  complication. 

Vertigo,  especially  on  rising,  and  muscular  tremor 
are  not  uncommon.  Convulsions  and  coma  are  rare, 
bul  in  the  severer  forms  of  the  disease  may  develop 
with  the  initial  fever  or  at  any  subsequent  period. 
Cases  of  influenzal  cerebrospinal  meningitis  have  been 
recently  reported  by  Flexner,  Wollstein,  Dunn,  and 
others.  It  may  occur  with  or  without  the  usual 
infections  of  the  respiratory  tract.  It  affects  children 
more  often  than  adults  and  is  uniformly  fatal.  Flex- 
ner (1911)  reports  that  Wollstein  has  experimentally 
produced  in  monkeys  a  severe  cerebrospinal  meningil  is 
by  injecting  into  the  subdural  space  virulent  cultures 
of  Bacillus  influenzas.  The  disease  thus  caused  is  pre- 
cisely similar  in  its  clinical  and  pathological  sequence  to 
the  spontaneous  disease  occurring  in  human  subje. 

The  hopeful  note  is  found  in  the  statement  that  it 
has  been  possible  to  rescue  monkeys  regularly  from  the 
fatal  effects  of  an  artificially  produced  cerebrospinal 
meningitis  by  the  subdural  injection  of  an  immune 
serum  prepared  in  the  goat  by  the  continued  injection 
of  virulent   cultures  of  the  influenza  bacillus. 

The  extreme  muscular  weakness,  anounting  at  times 
to  a  serious  depression  of  the  vital  powders,  is  a  pecul- 
iar feature  of  influenza.  The  debility  is  wholly  dispro- 
portionate to  the  amount  of  fever  or  the  severity  of 
other  symptoms,  and  generally  reaches  far  into  conva- 
lescence. 

The  mental  condition  harmonizes  with  the  physical 
depression.  When  thoroughly  under  the  grippe  influ- 
ence, the  patient  shrinks  from  mental  as  he  does  from 
physical  exertion,  is  vacillating,  foreboding,  and  often 
becomes  a  veritable  "Jacques"  in  his  melancholy. 

While  restlessness  and  wakefulness  characterize 
most  epidemics,  others  are  equally  marked  by  somno- 
lence. Thus  the  remarkable  epidemic  of  1712  is  known 
as  the  sleeping  sickness,  from  the  almost  universal 
presence  of  this  symptom. 

Gastrointestinal  Form. — The  disturbances  of  the 
digestive  organs  are  generally  mild  and  consist  of 
anorexia,  coated  tongue,  epigastric  tenderness,  abdom- 
inal pains,  and  constipation.  The  tongue  is  heavily 
furred,  flabby,  deeply  indented  by  the  teeth,  and 
tremulous.  The  breath,  as  a  rule,  is  peculiarly 
offensive.  Nausea  and  vomiting  sometimes  usher  in 
the  attack  and  may  continue  throughout  its  course. 
At  times  the  force  of  the  disease  is  expended  in  the  in- 
testinal tract  and  causes  severe  colicky  pains,  tympan- 
ites, and  obstinate  diarrhea.  The  stools,  at  first 
bilious  and  fetid,  soon  take  on  a  dysenteric  character 
or  become  larger  and  watery,  like  the  discharges  of 
cholera  nostras,  and  are  accompanied  with  vomiting, 
leg  cramps,  and  rapid  prostration.  In  the  Paris 
epidemic  of  1S30  the  cramps  and  intestinal  troubles 
were  marked  and  closely  resembled  Asiatic  cholera 
(Dieulafoy).  The  digestion  remains  impaired  for 
some  time  after  the  subsidence  of  the  acute  symptoms, 
and  not  only  retards  convalescence,  but  favors  a 
return  of  the  gastrointestinal  derangements  upon  the 
slightest  indiscretion  of  diet. 
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The  urine  is  scanty,  high-colored,  and  contains 
abundant  urates.  Albumin  and  casts,  hyaline  and 
epithelial,  are  present  in  a  limited  a  number  of  ca  e 
not  necessarily  of  the  gravest  type.  The  integritj  ol 
the  kidneys  is  rarely  permanently  impaired.  Cystitis 
is  sometimes  met  with,  and  retention  of  urine  in  elderly 
persons  is  tolerably  common. 

The  presence  of  a  hemorrhagic  tendency  has  been 
remarked  by  many  observers.  Epistaxis  and  monor- 
rhagia are  the  most,  and  cerebral  hemorrhage  the 
least  common  of  the  accidents  dependent  upon  this 
tendency. 

Eruptions  are  occasionally  seen,  of  which  herpes, 
urticaria,  and  erythema  constitute  the  chief  examples. 

The  disease  attains  its  height  on  the  second  or  third 
day  and  then  rapidly  declines,  covering  a  period  of 
from  four  to  seven  days  in  its  full  evolutioi i ;  but  in  the 
graver  cases,  or  in  those  disturbed  by  complications, 
recovery  may  be  indefinitely  delayed. 

Convalescence  is  often  announced  by  the  appear- 
ance of  some  critical  discharge,  such  as  profuse  sweat- 
ing, a  copious  secretion  of  bronchial  mucus,  a  free  dis- 
charge of  sedimentary  urine,  or  a  profuse  diarrhea. 

After  complete  apyrexia  has  ensued,  there  is  not 
infrequently  a  temporary  return  of  the  fever  and  other 
symptoms  not  dependent  upon  the  presence  of  a 
complicating  disorder.  This  new  outbreak  is  usually 
of  brief  duration,  and  should  be  considered  an  exacer- 
bation rather  than  a  relapse.  It  is  apt  to  appear  on 
the  fifth  or  seventh  day  of  the  disease,  and  is  oftenest 
seen  in  those  who  have  committed  some  error  of  diet 
or  have  undergone  some  exposure.  True  relapses  are, 
however,  not  uncommon  or  free  from  danger. 

Complications  and  Sequel*. — While  there  has  been 
a  tendency  to  exaggerate  the  frequency  and  im- 
portance of  the  complications  and  sequela1  of  influenza, 
the  fact  remains  that  there  is  scarcely  another  disease 
so  liable  to  intercurrent  disorders  or  to  serious  after- 
effects. The  more  common  of  these  are  divisible  into 
two  groups:  First,  those  which  are  the  direct  out- 
growth of  the  lesions  in  the  mucous  membranes  and 
parenchymatous  tissues;  and,  second,  the  sensory- 
motor  derangements,  which  result  from  the  action 
of  the  grippe  toxin  upon  the  cerebrospinal  centers. 
Among  the  rarer  affections  belonging  to  the  first 
group  may  be  mentioned  circumscribed  ulceration  of 
the  vocal  cords,  abscess  of  the  larynx,  edema  of  the 
glottis,  and  paralysis  of  the  muscles  of  the  throat. 

Otitis  media  is  comparatively  common.  The  in- 
flammation does  not,  as  a  rule,  proceed  to  suppuration, 
but  is  rebellious  to  treatment  and  occasionally  ends  in 
mastoiditis.  In  fact,  more  cases  of  mastoid  disease 
requiring  operation  are  attributed  to  influenza  than 
to  any  other  constitutional  disease.  It  is  worthy  of 
remark  that  the  pain  in  the  mastoid  region  is  often 
comparatively  slight  even  when  the  local  disease  is 
extensive  and  severe. 

Bronchitis  and  pneumonitis  are  by  far  the  most  fre- 
quent and  fatal  complications  of  this  group.  Authors 
have  endeavored  to  show  that  these  affections,  when 
associated  with  influenza,  are  peculiar  in  nature  and 
symptomatology.  According  to  Elliot  "the  grip-lung 
has  a  long  and  varying  condition  of  passive  blood 
stasis  unaccompanied  by  rales.  If  resolution  occurs 
within  three  or  four  days,  it  is  accompanied  by  large 
mucous  rales,  and  no  time  is  given  for  the  slow  appear- 
ance of  bronchial  breathing  or  bronchophony;  but 
during  the  long  continuance  of  the  blood  stasis  an 
exudation  occurs,  increasing  slowly,  which  will  give 
in  time  some  bronchophony  and  bronchial  breathing, 
but  never  so  complete  as  in  pneumonia.  Resolution 
never  occurs  in  these  cases  with  the  suddenness  that 
characterizes  it  in  acute  pneumonia.  The  condition 
passes  off  as  gradually  as  it  is  formed.  The  sharp, 
clear-cut,  and  sudden  phases  of  the  pneumonia  attack 
separate  it  clearly  from  the  obscure,  irregular,  and 
slow  phases  of  the  grip-lung." 


Da  Costa,  in  a  clinical  lecture,  describes  tin-  charac- 
teristic influenza  lung  as  one  "in  which  intense  conges- 
tion occurs,  with  patches  of  collapse  and  with  spot 
localized  consolidation  here  and  there,  if  consolidal  ion 
happen  at  all.     Sfel  there  are  instances  in  which  real 
croupous  pneumonia  takes  place,  involving  consider- 
able portions  of   llie  lungs.      But  these;  are  compara 
lively    rare,    and    true    lobar   pneumonia    is   not  near] 
so   characteristic  of   the   influenza  lung  as  the  other 
form." 

Osier,  with  whom  the  writer  is  in  full  accord,  admits 
that    pneumonitis  complicating  influenza  sometimi 

runs  an  atypical  and  very  obscure  course;  but  thi  I 
cases  arc  exceptional,  and  all  the  anomalies  mentioned 
by  writers  as  peculiar  to  influenza  are  found  in  any 
large  series  of  cases  of  piieumiui ia . 

It  is  highly  important  to  bear  in  mind  what  has  been 
previously  stated,  thai  lung  complications  are  liable  to 

creep  on  insidiously,  and  that  in  the  presence  of  ano- 
malous symptoms,  whether  referred  to  the  respiratory 
tract  or  not,  the  chest,  as  a  matter  of  routine,  .should 
be  carefully  interrogated.     Pleurisy  and  empyema  are 

not  uncommon  complications.  As  a  matter  of  fact, 
when  pleurisy  occurs  it  is  apt  to  take  on  the  suppura- 
tive form.  Abscess  of  the  lung  has  been  noted 
That  influenza  bears  an  etiological  relation  to  phthisis 
pulmonalis,  especially  in  the  presence  of  the  disposi- 
tion, can  no  longer  be  doubted.  It  is  furthermore  8 
matter  of  common  observation  that  consumpt  ires  fare 
badly  during  the  pre\  a  lei  ice  of  the  epidemic  influeno 

Watson  and  Curtin  call  attention  to  the  fact  that 
in  certain  epidemics  many  chronic  catarrhal  cases  in 
which  the  lungs  were  involved  resembled  closely  and 
were  often  mistaken  for  phthisis.  There  were  present 
night  sweats,  cough,  diarrhea,  fever,  and  emaciation, 
while  the  physical  signs  also  agreed  with  those  of 
phthisis  in  all  but  dulness  on  percussion,  which  was  ab- 
sent. These  writers,  in  speaking  of  the  relationship 
between  phthisis  and  influenza,  make  the  following 
remarkable  statements:  "The  catarrhal  condition 
remains  and  causes  a  breaking  down  of  lung  tissue. 
These  cases,  while  presenting  the  physical  signs  of 
phthisis  and  terminating  finally  in  death,  showed  dur- 
ing life,  on  examination  of  sputum,  no  bacilli.  In  the 
fall  of  1S90,  in  the  Philadelphia  Hospital,  the  sputa  of 
fourteen  cases  of  phthisis  examined  (several  times  and 
by  different  methods)  for  bacilli  showed  them  abun- 
dant in  four,  few  in  six,  absent  in  four  cases.  In  the 
fall  of  1891,  after  most  of  the  old  cases  of  phthisis  had 
died,  twelve  out  of  twenty-eight  cases  were  found  free 
from  bacilli,  and  invariably  with  histories  dating  from 
an  influenzal  attack." 

Cardiac  disturbances  both  organic  and  functional 
are  noted.  Cases  of  endocarditis  have  been  reported 
in  which,  at  autopsy,  influenza  bacilli  have  been 
isolated.  Pericarditis  is  apt  to  be  latent.  Myo- 
carditis is  a  recognized  cause  of  death. 

Thrombosis,  both  arterial  and  venous,  is  not  rare 
either  as  a  sequel  or  as  a  complication.  Leyden  and 
Guttmann  collected  twenty-eight  cases  of  phlegmasia 
alba  dolens. 

The  nervous  disturbances  which  occur  during  and 
after  grip  are  equally  important. 

Althaus  reflects  the  opinion  of  neurologists  in  the 
statement:  "That  as  a  powerful  etiological  factor  of 
protean  forms  of  nerve  disease  influenza  stands  fa 
princeps  among  all  infectious  fevers." 

The  organic  nervous  diseases  most  frequently  ob- 
served may  lie  enumerated,  in  the  order  of  their  fre- 
quency, as  neuritis,  meningitis,  myelitis,  and  cere- 
britis. 

Multiple  neuritis  is  less  common  than  the  local 
forms,  of  which  latter  neuritis  of  the  supraorbital, 
intercostal,  and  sciatic  nerves  is  oftenest  met.  But 
"isolated  neuritis  of  almost  every  cranial  nerve  has 
been  recorded  with  such  resulting  conditions  as  optic 
atrophy,  loss  of  smell  and  taste,  ophthalmoplegias, 
both  internal  and  external,  oculomotor,  facial,  bulbar. 
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and  pseudobulbar  palsies  of  various  types,  including 
true  pneumogastric  paralysis"  (Mills). 

Leptomeningitis  (pia-arachnoid)  and  cerebrospinal 
meningitis  are  the  commonest  types  of  meningeal 
inflammations. 

Bristowe  has  reported  two  cases  of  cerebral  absci 
and  has  seen  others  in  which  the  symptoms  would 
justify  such  a  diagnosis. 

Convulsions  have  been  repeatedly  observed,  and  in 
a  few  instances  1  he  epileptic  habit  has  been  perma- 
nently established.     Mills  has  seen  two  cases. 

Poliomyelitis  anterior  is  the  form  of  spinal-cord  dis- 
ease most  frequently  associated  with  influenza.  Tem- 
porary paralysis  of  one  or  more  limbs,  evidently  of 
spinal  origin^  is  occasionally  seen.  Abolition  of  the 
patellar  reflex  has  been  noted. 

Neuralgic  attacks,  severe,  persistent,  and  involving 
any  of  the  nerve  trunks  are  perhaps  the  commonest  of 
the  postinfluenzal  neuroses.  The  rekindling  of  old 
and  fading  neuralgias  during  convalescence  is  another 
of  the  curious  features  of  the  disease. 

Neurasthenia,  both  cerebral  and  spinal,  hysteria  and 
hystero-epilepsy,  with  their  illimitable  repertory  of 
disease  mimicries,  are  frequent  sequels  in  certain 
epidemics. 

Insanity  is  not  rare.  It  usually  takes  the  form  of 
melancholia,  with  hypochondriacal  or  religious 
delusions  and  decided  suicidal  impulses.  Leledy, 
Ladame,  and  others  believe  that  influenza  may  act 
either  as  an  exciting  or  as  a  prediposing  cause,  but 
that  there  is  always  an  antecedent  acquired  or  in- 
herited predisposition.  The  onset  is  often  sudden 
and  bears  no  relation  to  the  severity  of  the  febrile 
attack.  The  insane  are  less  disposed  to  contract 
grip  than  the  sane,  and  its  occurrence  is  sometimes 
attended  by  a  remission  in  the  mental  symptoms. 
Althaus  also  recognizes  as  a  rare  postgrippal  neurosis 
a  peculiarly  rapid — galloping — form  of  general  paral- 
ysis of  the  insane,  of  which  he  has  seen  a  few  examples. 

Biermer,  Gottschalk,  and  others  remark  upon  the 
frequent  occurrence  of  severe  hemorrhagic  endometri- 
tis. In  these  cases  the  uterus  is  enlarged  and  sensi- 
tive, and  the  hemorrhage  profuse.  It  has  long  been 
known  that  women  sick  with  influenza  were  subject  to 
profuse  and  painful  menstruation.  Pregnant  women 
are  liable  to  abort  under  the  same  conditions. 

In  conclusion,  it  is  all  important  to  bear  in  mind  the 
tendency  of  influenza  to  develop  latent  into  active 
disease.  This  is  particularly  noted  in  lesions  of  the 
heart,  lungs,  and  kidneys. '  Under  the  baneful  in- 
fluence of  a  grip  infection  a  slight  albuminuria  may 
be  changed  into  a  rapidly  fatal  nephritis,  or  a  mild 
cardiac  affection  may  speedily  result  in  degeneration 
of  the  muscular  walls  of  the  heart  with  dilatation  of 
its  cavities,  or  a  slumbering  tuberculosis  may  be 
awakened  into  fatal  activity. 

Prognosis. — Uncomplicated  cases  of  influenza  end 
in  recovery.  The  prognosis  is  modified  somewhat 
by  the  character  of  the  prevailing  epidemic  and  the 
physical  condition  of  those  affected.  Persons  at  the 
extremes  of  life  and'  those  debilitated  by  disease  or 
vicious  habits  bear  influenza  badly.  Infants  are  for- 
tunately less  likely  than  adults  to  contract  the  disease. 
The  mortality  is  largely  due  to  complications  or  to  its 
development  in  those  suffering  from  advanced  pul- 
monary, cardiac,  or  renal  affections. 

Diagnosis. — Influenza  is  not  likely  to  be  mistaken 
in  its  epidemic  form.  The  numbers  affected,  the 
fever,  the  catarrhal  phenomena,  the  prominence  of 
the  nervous  symptoms,  and  the  rapid  course  will 
readilv  establish  the  diagnosis.  Influenza  bears  a 
striking  resemblance  to  non-specific  catarrh  caused 
by  atmospheric  changes,  but  it  is  only  in  those  isolated 
cases  which  herald  the  approach  of  an  epidemic  that 
this  similarity  could  mislead. 

The  only  difficulty  in  diagnosis  attaches  to  those 
cases  occurring  during  the  prevalence  of  an  epidemic 
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of  grip  in  which  eoryza  is  absent  and  the  symptoms 

are  those  of  a  general  fever.  Some  of  these  eases 
closely  resemble  typhoid  lever.  The  continued  fever, 
delirium,  epistaxis,  diarrhea,  and  prostration  are 
common  to  both,  but  the  temperature  charts  and  prog- 
ress ol  the  diseases  are  dissimilar. 

In  other  cases  the  suddenness  and  violence  of  the 
onset,  the  variety  and  intensity  of  the  nervous 
symptoms,  and  the  irregular  febrile  movement  are 
very  like  epidemic   cerebrospinal  fever. 

Dengue  and  the  nervous  type  of  influenza  have 
many  symptoms  in  common,  but  the  former  is  pre- 
eminently a  disease  of  tropical  climates.  In  our  own 
country  it  is  confined  to  the  Gulf  States  and  rarely 
extends  beyond  the  thirty-second  parallel.  Only 
once  (1780)  has  it  reached  as"far  north  as  Philadelphia. 
It  was  at  that  time  described  by  Dr.  Rush  under  the 
name  of  bilious  remitting  fever. 

Prevention. — Little  has  been  attempted  in  pro- 
phylaxis. It  would,  however,  seem  a  wise  precaution 
in  severe  epidemics  to  isolate,  whenever  practicable, 
those  suffering  from  the  disease,  and  to  discourage  the 
assembling  of  people  in  crowded  public  resorts. 

But  the  nature  of  the  pathogenic  material  and 
the  remarkable  rapidity  with  which  influenza  spreads 
— its  whole  career  from  inoculation  to  full  develop- 
ment being  only  a  matter  of  hours — will  doubtless 
render  abortive  all  attempts  at  quarantine. 

It  has  been  abundantly  proved  that  during  the 
prevalence  of  the  epidemic  influence  those  who  are 
overfatigued  or  much  exposed  in  the  open  air,  es- 
pecially at  night,  are  more  susceptible  to  the  disease. 
The  lesson  to  be  drawn  from  this  fact  is  obvious  and 
should  be  heeded  by  the  aged  and  debilitated. 

Considerable  testimony  has  been  collected  to  show- 
that  vaccination  with  animal  vaccine  lymph  furnishes 
immunity  against  influenza.  Dr.  Goldschmidt,  of  the 
Island  of  Madeira,  was  the  first  to  call  attention  to 
this  fact.  The  island  suffered  from  a  double  invasion 
of  smallpox  and  grip,  and  in  investigating  the  re- 
lationship between  the  two  diseases  he  ascertained  that 
out  of  112  persons  successfully  re  vaccinated  not  one 
contracted  influenza;  and  of  98  in  whom  revaccination 
was  attempted  but  failed,  only  15  showed  any  symp- 
toms of  the  disease.  In  an  isolated  villa  there  were 
27  inhabitants,  of  whom  12  had  been  recently  vacci- 
nated. These  all  escaped,  but  the  15  who  had  not 
been  vaccinated  were  affected.  Althaus,  who  strongly 
advocates  the  protective  power  of  vaccination,  refers 
to  illustrations  which  came  to  his  knowledge,  in  which 
small  clusters  of  recently  vaccinated  persons  remained 
untouched,  although  surrounded  by  and  freely  min- 
gling with  grip-stricken  people.  The  well-known 
immunity  of  children  is  attributed  partially  to  the  pro- 
tective influence  of  vaccination.  It  is  stated  that  in 
the  German  army,  where  revaccination  is  systematic- 
ally enforced,  influenza  was  less  prevalent  and  less 
fatal  than  in  civil  life.  While  influenza  affected 
forty-two  per  cent,  of  the  population  of  Berlin,  and 
about  sixty-four  per  cent,  of  that  of  Paris,  its 
prevalence  in  the  German  army  amounted  to  only  a 
little  more  than  eleven  per  cent.  A  number  of  garri- 
sons were  entirely  spared,  while' the  inhabitants  of  the 
adjacent  towns  "suffered  severely,  and  it  is  further 
stated  that  no  garrison  was  ever  affected  with  in- 
fluenza when  the  civil  population  escaped.  When 
an  outbreak  did  occur  in  a  military  post,  it  was  found 
that  those  affected  were  almost  exclusively  soldiers 
who  had  not  been  recently  revaccinated.  And,  finally, 
statistics  show  that  the  average  duration  of  the  disease 
is  shorter,  complications  are  less  frequent,  and  the 
death  rate  is  lower  in  military  than  in  civil  life. 

Treatment. — Influenza  is  a  self-limited  disease  of 
short  duration.  There  is  no  specific.  The  re- 
searches of  Cantani,  Latapie,  and  Flexner  afford 
ground  for  the  hope  that  a  curative  vaccine,  anti- 
toxin,   or  serum  may   yet    be  discovered.     A  serum 
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prepared  at  the  Rockefeller  Institute,  as  stated  else- 
where in  this  article,  seems  to  be  effective  in  the  treat- 
ment of  meningitis  experimentally  produced  in 
monkeys  by  the  injection  of  influenza  bacilli.  In 
view  of  the  many  severe  complications  ami  sequelae 
which  may  arise,  every  case  should  be  regarded  as 
serious  enough  to  necessitate  confinement,  at,  least, 
within  doors,  until  the  fever  has  disappeared.  Ex- 
perience has  demonstrated  that  those  who  remained 
in  bed  from  the  beginning  of  the  illness  not  only 
appreciably  shortened  the  attack  but  made  a  pleas- 
anter  convalescence. 

Rest  in  bed,  a  mild  calomel  purge  or  saline  draught, 
cooling  drinks,  an  occasional  Dover's  powder  to  quiet 
cough,  and  the  employment  of  such  general  hygienic 
and  dietetic  measures  as  are  indicated  in  acute  in- 
fectious diseases  will  meet  every  indication  in  simple 
uncomplicated  cases. 

In  the  futile  search  for  a  specific  all  of  the  lead- 
ing remedies,  new  and  old,  have  received  an 
extensive  trial.  The  coal-tar  derivatives — acetani- 
lide,  antipyrine,  and  phenacetin  have  been  exten- 
sively employed.  They  should  be  used  with  cau- 
tion as  profound  prostration  sometimes  occurs  after 
their  employment.  Phenacetin,  from  its  greater 
safety  and  the  absence  of  unpleasant,  after-effects, 
deservedly  has  the  greatest  popularity.  Given  early 
in  the  attack,  it  rarely  fails  to  relieve  the  headache, 
lower  the  temperature,  and  lessen  the  muscular  sore- 
ness and  tired  feeling.  The  writer  has  obtained  ex- 
cellent results  from  its  combination  with  quinine  or 
salol  and  caffeine.  Stengel  gives  the  following  com- 
bination, the  analgesic,  antifebrile,  and  antiseptic 
properties  of  which  commend  it  for  routine  use: 

Salolis, 

Acetphenetidini   aa  gr.  iii 

Pulveris  Doveri gr.   J 

Ft.  capsule  No.  1. 
Sig.  Repeat  in  two  or  three  hours. 

Salicin  is  an  eligible  remedy.  It  acts  as  a  mild  tonic, 
reduces  temperature,  excites  perspiration,  and  relieves 
the  gastrointestinal  irritation.  Its  taste  is  ob- 
jectionable. Quinine  in  medium-sized  doses  may  be 
advantageously  given  throughout  the  sickness,  but 
is  especially  indicated  in  the  later  stages  and  in  de- 
layed convalescence.  When  the  head  pain  and  mus- 
cular soreness  are  prominent  the  salicylate  of  cin- 
chonidine  is  preferable  to  quinine,  and  is  supposed  to 
possess  decided  prophylactic  powers.  Strontium 
salicylate  (gr.  v.  to  xx.)  is  a  remedy  of  great  value 
and  is  better  borne  than  the  sodium  salt.  The  in- 
somnia, as  a  rule,  readily  yields  to  the  bromides  or 
veronal.  The  singularly  depressing  effects  of  grip 
on  the  mental  and  physical  powers  strongly  con- 
traindicate  the  use  of  lowering  measures  and  remedies. 
Stimulants,  preferably  some  form  of  ammonia  or 
alcohol,  should  be  resorted  to  on  the  first  evidence 
of  failing  strength.  In  the  presence  of  great  thoracic 
distress  or  heart  failure  a  timely  use  of  the  heart, 
tonics,  of  which  digitalis  and  caffeine  are  the  best 
representatives,  may  avert  the  threatened  danger. 
Strychnine  alone,  or  in  combination  with  tonics,  is  the 
most  reliable  drug  with  which  to  tone  up  the  feeble 
heart  so  often  left  by  grip. 

Gastrointestinal  irritation  is  best  met  with  salicin, 
bismuth,  preferably  the  subgallate,  resorcin,  and  the 
salicylates. 

Local  applications  to  the  inflamed  respiratory 
mucosa  add  greatly  to  the  patient's  comfort  and  favor- 
ably influence  the  course  of  the  disease.  In  the 
writer's  experience  nothing  gives  such  grateful  relief 
as  the  occasional  spraying  of  the  throat  and  nose  with 
a  weak  solution  (one  to  two  per  cent.)  of  cocaine  and 
menthol  in  benzoinol  or  albolene.  A  gargle  of 
boracic  acid  in  glycerin  and  water  soothes  the  irrit  at  ion 
of  the  mouth  and  throat.  Dobell's  solution  in  the  form 
of  spray,  or  the  inhalation  of  steam,  pure  or  medicated 
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with  eucalyptus,  creosote,  or  terebene,  is  of  signal 

benefit  in  allaying  the  laryngeal  and  bronchial  irrita- 
tion. Troublesome  cough  is  readilj  controlled  by  the 
old-fashioned  Brown's  mixture,  or  by  small  doses  of 
heroine  or  codeine. 

In  the  graver  types  of  in  linen /.a,  or  when  the  course 
is  anomalous,  care  must  lie  taken  not  to  overlook 
complications,  which  often,  especially  those  of  in- 
trathoracic origin,  steal  on  insidiously.  These  must 
be  managed  according  to  the  principles  of  treatment 
laid  flown  elsewhere  in  this  Handbook. 

Delayed  convalesce  •nee,  n.o1  uncommon  after  even 
mild  infections,  will  call  for  a  prolonged  course  of 
tunics,  and,  in  many  eases,  for  an  outing  at  the  sea- 
shore or  in  the  mountains. 
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Infusa. — An  infusion  (infusum)  is  a  liquid  prepa- 
ration made  by  treating  vegetable  substances  with 
either  hot  or  cold  water.  The  drugs  are  not  to  be 
boiled,  although  boiling  water  is  often  employed. 
The  United  States  Pharmacopoeia  gives  the  follow- 
ing formula  for  the  preparation  of  any  infusion  the 
strength  of  which  is  not  specified  by  the  physician: 

Take  of 

The  substance,  coarsely  comminuted.  ...  50  gm. 

Boiling  water 1.000  c.e. 

Water  q.s.  ad 1.000  c.e. 

The  strength  of  infusions  of  energetic  or  powerful 
substances  should  be  specially  prescribed  by  the 
physician. 

The  United  States  Pharmacopoeia  contains  three 
infusions,  the  British  Pharmacopoeia  contains  twenty- 
two,  and  the  National  Formulary  four. 
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Composition. 

Dose. 

Infubum     Adran- 

B.P. 

Dried         Bitter-Or- 

i to  1    fluid- 

tii       (Infusion  of 

ange  Peel  50,  Boil- 

ounce. 

Orange  Peel). 

ing  water  to  1,000. 

Infusum    Ai.hav- 

B.-P. 

I  >rii  d         Birt.T-'  >r- 

1  to   1  fluid- 

Til       COMPHM  i  !    M 

ange  Pool  25,  Fresh 

ounce. 

(Compound       ln- 

Lemon    Peel    12.5, 

fusion   of  '  >range 

Cloves  6.25,   Boil- 

Peel) 

ing  water  to  1.000. 

Infubum        Bray- 

ERvE             (I) 

X.  F. 

Brayera  60.  Boiling 
water  to  1,000. 

of  Br:.  . 

Infusum       Buchu 

B    l' 

Buchu     leav        50, 

1  to  2  fluid- 

(Infusion   of    Bu- 

Boiling   water    to 

ounces. 

chu) 

1,000. 

Infusum     Calum- 

B.  P. 

Calumba    Root    50, 

J  to  1  fluid- 

BM     (Infusion    of 

Cold       water       to 

ounee. 

Calumba). 

1,000. 

Infusum      < 

B.  P. 

Cloves    25,   Boiling 

§  to  1  fluid- 

phylli          (Infu- 

water to  1,000. 

ounce. 

sion  of  Cloves). 

Infusum    ( 

B.  P. 

Cascarilla  50,  Boil- 

J to    1  fluid- 

ill."E        (Infusion 

ing  water  to  1,000. 

ounce. 

of  Cascarilla). 

Infusum  Chtrat.e 

B.  P. 

.  ia  .">(),  Boiling 

i   to  1  fluid- 

(Infusion  of  Chir- 

water  to  1,000. 

ounce. 

etta). 

Infusum            Cin- 

X.  F. 

Cinchona    00.     Aro- 

chon.e         (Infu- 

matic    sulphuric 

sion  of  Cinchona) 

acid    10,  Water   to 
1,000. 

Infusum           Cin- 

B.  P. 

Red  1   mchona  Bark 

J  to  1  fluid- 

CHON.E         ACIDUM 

50,    Aromatic    Sul- 

ounoe. 

(Acid  Infusion  of 

phuric    acid     1.25, 

Cinchona). 

Boiling     water     to 
1,000. 

Infusum      Cuspa- 

B.  P. 

Cusparia    Bark    50, 

1   to  2  fluid- 

ri.e     (Infusion  of 

Boiling     water     to 

ounces. 

Cusparia). 

1,000. 

Infusum          Digi-   I'.S.  ]', 

Digitalis    15,  Alco- 

8 c.C. 

talis       (Infusion 

hol  100,  Cinnamon 

2  fluidrams. 

of  Digitalis). 

water  150,  Boiling 
water     500,      Cold 
water  to  1,000. 

Infusum         Digi- 

B. P. 

Digitalis  leaves  6.S, 

2    to    4   flui- 

talis       (Infusion 

Boiling    water    to 

drams. 

of  Digitalis). 

1,000. 

Infusum    Ergots 

B.  P. 

Ergot     50,    Boiling 

1   to  2  fluid- 

(Infusion    of    Er- 

water to  1 ,000. 

ounces. 

got). 

Infusum      Genti- 

B. P. 

Gentian  Root  12.5, 

1   to  1  fluid- 

ans  Compositum 

Dried      Bitter-Or- 

ounce. 

(Compound       In- 

ange     Peel       12.5, 

fusion    of  Gen- 

Fresh Lemon  Peel 

tian.) 

25,    Boiling    water 
to  1,000. 

Infusum      Genti- 

N. F. 

Gentian    125,    Cori- 

4 c.c. 

ans  Compositum 

ander     32,     Bitter 

1  fluidram. 

Fortius   (Strong- 

orange   Peel     32, 

er  Compound  In- 

Alcohol to  1,000. 

fusion  of  Gent  ian 

Infusum       Kram- 

B.  P. 

Krameria   Root   50, 

1  to  1  fluid- 

ekj.e  (Infusion  of 

Boiling     water    to 

ounce. 

Krameria). 

1.000. 

Infusum      Lupuli 

B.  P. 

Hops     50,     Boiling 

1   to  2  fluid- 

(Infusion     of 

water  to  1,000. 

ounces. 

Hops). 

Infobum         Pruni 

U.  S.  P. 

Wild     Cherry      40, 

60  c.c. 

Virginianje     (In- 

Glycerin 50,  Water 

2  fluidounees. 

fusion     of      Wild 

to  make  1,000. 

Cherry;). 

Infusum    Quassi.e 

B.  P. 

Quassia    Wood    10, 

$    to   1   fluid- 

Infusion   of  Quas- 

Cold     water      to 

ounce. 

sia). 

1,000. 

Infusum           Rhei 

B.  P. 

Rhubarb    Root    50, 

J  to  1  fluid- 

(Infusion   of  Rhu- 

Boiling   water    to 

ounce. 

barb). 

1,000. 

Infusum          Ross 

B.  P. 

Red-Rose  Petals  25, 

§  to  1  fluid- 

Acidum           (Acid 

S  u  1  ph  u  r  i  c  aci<; 

ounce. 

Infusion  of  Roses). 

J  2.5,  Boiling  water 
to  1,000. 

Infusum          Ros.e 

N.  F. 

Red   Rose    13,   Sul- 

Compositum 

phuric      acid      9, 

(Compound        In- 

Sugar  40,    Boiling 

fusion    of     Rose). 

water  to  1,000. 

Composition. 

Dose. 

Infubum  Scopabii 

B.  P. 

Broom     Tops     100, 

1    to   2  fluid- 

(Infusion     of 

Boiling     water    to 

ouncet-. 

Broom). 

1,000, 

Infusum    Seneg.e 

B.P. 

Senega      Root     50, 

i   to  1  fluid- 

(Infusion     of 

Boiling     water     to 

ounce. 

Senega). 

1,000. 

i  u      Senns 

B.  P. 

Senna    l"".    Ginger 

4   to  1  fluid- 

(Infusion     of 

Uoiling  water 

ounce. 

Senna). 

to  1,000. 

I  '.  1  i   SUM        SENNS 

U.  S.  P. 

Senna    60,      Manna 

120     c.c.     (4 

Compositum. 

1 20,      Magnesium 

fluidounces. 

(Compound      In- 

Bulphate 120,  Fen- 

fusion  of  Senna). 

nel      20,      Boiling 
water     800,     Cold 
water  to  1,000. 

Infusum   Serfen- 

B.  P. 

1  ary       R  h  i  - 

\    to  1  fluid- 

tari-E.    (Infusion 

zomc    50,    Boiling 

ounce. 

of  Serpentary) 

water  to  1,000. 

Infusum    Uvs 

B.  P. 

Bearberry        leaves 

§   to  1   fluid- 

Ursi        (Infusion 

50,    Boiling    water 

ounce. 

of  Bearberry). 

to  1,000. 

R.  J.   E.   Scott. 

Infusoria. — Ciliata.  Ciliophora.  Protozoans 
bearing  cilia  and  possessing  two  nuclei,  macro-  and 
micro-nucleus,  lnfusorians  usually  live  in  water 
where  they  subsist  on  various  minute  organisms  and 
the  debris  from  decaying  organic  matter.  Some  of 
them  take  up  their  abode  in  the  alimentary  canal  of 
man  and  other  animals.  There  they  often  multiply 
to  such  an  extent  as  to  irritate  the  intestine.  See 
Protozoa.  A.  S.  P. 

Ingrassias,  Giovanni  Filippo. — Born  at  Rach- 
albuto,  near  Palermo,  in  the  Island  of  Sicily,  in  1510. 
He  received  the  degree  of  Doctor  of  Medicine  from 
the  University  of  Padua,  in  1537.  Having  shown 
himself  to  be  a  man  of  scientific  attainments  he  soon 
received  a  call  from  the  University  of  Naples  to  fill 
the  chairs  of  anatomy  and  of  the  theory  and  practice 
of  medicine.  His  instruction  proved  to  be  of  such 
high  order  that  pupils  flocked  to  him  in  great  numbers 
from  every  part  of  Europe.  They  erected  in  his 
honor  a  monument  on  which  was  inscribed  the  state- 
ment that  he  was  the  restorer  of  the  true  science  of 
medicine  and  anatomy.  In  1560,  'despite  the  fact 
that  it  was  at  Naples  "that  he  had  acquired  so  much 
glory,  he  was  impelled  by  the  love  which  he  cherished 
for  his  native  land,  to  leave  that  city  and  return  to 
Palermo.  In  1563,  Philip  II.,  King  of  Spain  and  of 
Sicily,  appointed  him  Chief  Phj'sician  of  Sicily  and  the 
adjacent  islands,  an  office  which  he  filled  with  such  con- 
spicuous ability  (especially  in  1575,  when  Palermo  was 
visited  by  an  epidemic  of  the  plague)  that  public 
opinion  conferred  upon  him  the  appellation  of  "Sicil- 
ian Hippocrates."  The  Senate  of  Palermo,  further- 
more, voted  to  bestow  upon  him,  in  requital  of  the 
valuable  services  which  he  had  rendered  to  the 
people,  a  liberal  pension  in  actual  money,  but  he 
refused  to  accept  more  than  a  small  portion  of  the 
sum  voted  to  him,  and  that  only  because  he  wished 
to  spend  it  on  the  embellishment  of  a  public  monu- 
ment in  Palermo.  He  is  said  to  have  been  the  first 
physician  to  recognize  and  describe  scarlet  fever.  His 
death  occurred  on  Nov.  6,  1580,  at  the  age  of  seventy 
years. 

The  writer  of  Ingrassias'  biography  in  the  "  Dic- 
tionnaire  Historique  de  la  Medecine"  says  that  he 
discovered  the  existence  of  the  stapes,  the  smallest 
of  the  three  ossicles  of  hearing,  and  that  he  occupies 
a  very  high  rank  among  anatomists  for  the  minutely 
exact  manner  in  which  he  describes  the  bones  of  the 
skeleton.  His  name  is  attached  to  the  lesser  wings  of 
the  sphenoid  bone  which  are  called  the  processes  of 
Ingrassias.  A.  H.   B. 
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Ingrown  Toenail 


Ingrown  Toenail.  —The  condition  of  the  toe  called 
ingrown  or  ingrowing  toenail  is  one  with  a  misleading 
name  which  suggests  that  the  innocent  toenail  is  ab- 
normal. From  careful  examination  if  has  been  es- 
tablished that  the  nail  is  a  passive  agent  while  the  of1 
flesh  on  the  side  of  the  nail  furrow  is  crowded  up 
against  the  the  harrier  nail  usually  by  a  tigbl  shoe 
which  squeezes  the  toes  together  until  the  flesh  is  nil 
into  by  the  nail.  It  occurs  almost  exclusively  on  the 
big  toe,  ami  much  less  frequently  on  its  free  side  than 
on  the  side  toward  the  other  digits  where  the  smaller 
toes  get  underneath  the  great  toe  and  push  its  soft 
flesh  up  against  the  edge  of  the  nail  as  it  curves 
downward. 

The  condition  starts  with  a  simple  cutting  of  the 
nail  fold  by  the  edge  of  the  nail,  but  t  lie  persistence  of 
the  pressure  keeps  the  primary  wound  open  and  deepens 
it  until  hypertrophic  granulation  tissue  grows  up  and 
deepens  the  wound  still  more.  Infect  ion,  a  I  least  in  a 
mild  degree,  is  almost  always  present  and  mas  lie 
active  enough  to  threaten  the  patient  with  loss  of  toe, 
limb,  or  life  just  like  any  other  infection.  The  lacera- 
tion gets  progressively  worse  as  long  as  the  causative 
factors  of  shoe  pressure  and  infection  are  present.  As 
a  rule  the  patient  on  his  own  initiative  relies  es  the  shoe 
pressure,  but  when  he  tries  to  cut  the  nail  he  un- 
fortunately usually  makes  the  condition  worse. 

On  examination  we  look  at  the  shoes  and  note  that 
they  pinch  the  toes  together  because  they  are  too 
narrow,  too  short,  or  with  such  high  heels  t  hat  the  toes 
are  crowded  by  the  weight  of  the  body  into  a  narrow 
zone  not  intended  for  their  support.  On  looking  at  the 
toenail  we  usually  find  that  it  has  been  pared  away 
at  the  corner  so  that  a  sharper  angle  is  left  a  little 
farther  back  to  cut  all  the  deeper  into  the  flesh  and 
worse  still,  so  that  when  the  nail  grows  out  again  it  has 
to  cut  its  way  through  the  flesh  that  has  grown  up  into 
the  nail  furrow.  Frequently  we  note  also  that  the 
nail  is  more  curved  or  angulated  than  normal,  this 
change  in  the  shape  of  the  nail  also  perhaps  being  due 
to  the  same  lateral  pressure  on  the  toes.  Digital 
pressure  on  the  nail  or  under  surface  of  the  distal 
phalanx  of  the  toe  naturally  greatly  increases  the  pain 
by  causing  the  nail  edge  to  cut  deeper.  The  hyper- 
trophic granulation  tissue  in  the  nail  furrow,  the  dried 
discharge  and  the  evidences  of  infection  in  the  toe  and 
limb  will  be  dependent  on  the  grade  of  infect  ion  and  the 
duration  of  the  process. 

The  preventive  treatment  of  ingrown  toenail  is  not 
only  the  simplest  and  most  satisfactory,  but  it  is  es- 
sential in  that  even  after  radical  treatment  the  con- 
dition is  apt  to  recur  or  to  appear  on  the  other  side  of 
the  same  toe  or  on  the  other  foot  unless  the  pre- 
ventive measures  are  used.  The  essentials  of  preven- 
tion are:  first,  avoiding  pressure  that  will  bear  on  the 
sides  of  the  toe  by  using  footwear  better  adapted  to  the 
shape  of  the  feet — longer,  wider  in  the  toes,  or  lower  in 
the  heel  ;and  second,  cutting  the  toe  nail  either  straight 
across  or  so  slightly  curved  that  the  nail,  especially  at 
its  edges,  extends  beyond  the  flesh.  If  we  notice  we 
will  see  that  the  greatest  width  of  the  nail  is  attained 
where  the  nail  becomes  free  from  its  matrix.  In 
cutting  the  nail  nof utile  attempt  should  be  made  to  cut 
the  free  edge  of  the  nail  narrower  than  this  greatest 
width  until  the  nail  is  free  beyond  the  skin. 

In  the  early  stages  of  the  ingrown  nail,  which  in- 
clude the  majority  of  the  cases  seen,  several  non-opera- 
tive lines  of  treatment  are  very  efficient  when  added 
to  the  proper  footwear  and  care  of  the  nail. 

The  application  of  the  solution  of  chloride  of  iron 
under  the  edge  of  the  toenail  once  a  day  cuts  down  the 
granulation  tissue  and  controls  the  infection  in  many 
cases.  If  this  is  done  on  a  little  toothpick  swab  with 
which  the  soft  tissues  can  be  pressed  away  from  the 
nail  the  condition  may  need  no  further  treatment. 
The  next  simplest  line  of  treatment  is  the  applica- 
tion of  a  few  drops  of  one  per  cent,  cocaineon  a  pledget 
of  cotton  to  the  tender  ulcer  and  then  the  insertion 


of  a  1 1  to  press 

away  the  flesh.     A  bil  of  thick  silver  foil  is  preferable 
to   i  lie   gauze   because   it    givi  iroti  ction 

to  the   flesh  and  at    thi  i    manently 

antiseptic.     The  hit  ol  foil  can  be  helped  by  a  strip 
of  adhe  i\  e  pis    i  I  he  fleshy  nail  fold 

where  the  trouble  lie    and  pa    ing  undi  i  thi   toe  ends 
on  the  aai]  t  hu    pulling  I  he  cul  flei  h  away  from 
nail.     The  silver  foil  lies  o\  er  the  adhesive  in  pari  and 

can  be  retained  in  po  ni  1  bit  ol    idhi 

o\  er  i  lie  foil. 

Webb  usi    a  twisted    il  ■  i    i tchi    long 

the  middle  of  which  he  placi     under  thi 


Fig.  3400-    Silver  Foil   undei   Edgi  I  trap 

almoat  encircling  toe,  pulling  nail  ties  apart. 

the  nail,  then  carries  one  end  around  either  nail  fold 
to  end  over  the  base  of  the  uai]  bed.  The  ends  rest 
on  a  square  bit  of  adhesive  plaster  which  previ 
their  sticking  into  the  skin  and  I  hey  are  held  dow  ii  by 
a  strip  of  adhesive  thai  nearly  surrounds  the  distal 
phalanx  just  back  of  the  nail. 

To  these  simple  measui 
efficiently  a  pad  of  cotton  or  wool,  one-half  inch  v 
placed  between  the  bases  of  the  toes  to  prevent  all 
pressure  of  the  second  toe  on  the  great  toenail. 

Of  the  operative  procedures  there  are  two  classes: 
those  directed  at  the  removal  of  the  soft  tissues  only, 
and  those  involving  the  nail  also.  All  of  them  can 
be  done,  as  a  rule,  under  local  anesthesia  with  a 
tourniquet  around  the  base  of  the  toe. 


I'i.     340!       Cotting  Operation.     Removal  of  slice  of  soft  tissue. 

The  operations  on  the  nail  fold  are  the  more 
rational;  that  of  Cotting  is  one  of  the  older  and 
classical.  He  merely  slices  off  the  diseased  fleshy 
parts  together  with  a  long  thick  slice  of  the  adjoining 
health}  tissue  a1  the  side  of  the  toe.  Theedgeofthe 
nail  is  exposed  but  not  cut  or  injured.  The  wound 
is  allowed  to  heal  by  granulation  so  thai  the  cicatrix 
in  the  healthy  tissue  will  keep  the  skin  away  from  the 
nail. 

Van  .Meter  has  devised  a  neater  surgical  procedure. 
He  excises  a  diamond-shaped  area  of  normal  tissues 
at  the  side  of  the  nail,  carrying  the  incision  down  to 
the  periosteum.     The  nail  is  not  cut.     The  excision 

wound  is  closed  by  a  linear  sear  pulling  most  at  the 
diameter  of  the  diamond  which  has  been  made 
opposite  i  of  injury.      At  times  in  order  to  get 

apposition  '•(  the  edges  of  the  wound  it  may  be  neces- 
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sary  to  nick  the  skin  in  the  nail  fold.  The  wound 
heals  by  primary  intention  and  there  is  no  mutilation. 
The  operations  directed  at  the  nail  may  be  needed 
in  some  instances,  but  as  the  nail  is  only  the  passive 
agent  in  the  condition  unless  combined  with  other 
measures  these  nail  re- 
movals are  also  apt  to  be 
followed  by  recurrence. 
The  simplest  nail  operation 
is  merely  evulsion  of  a  por- 
tion, perhaps  one-quarter  of 
the  width  of  the  nail.  One 
blade  of  a  sharp-pointed 
scissors  is  pushed  up  under 
the  nail  well  past  the  white 
lunule  and  through  the  ma- 
trix. Then  the  nail  is  cut 
through  its  full  length.  The 
nail  on  the  diseased  side  is 
caught  in  an  artery  clamp, 
lifted  away  from  the  nail 
fold,  and  pulled  out.  Care 
must  be  taken  that  every 
bit  of  that  segment  of  the 
nail  comes  away  or  the 
operation  is  worse  than  use- 
less. The  new  nail  may 
grow  in  the  same  place,  but  properpreventive  treatment 
avoids  the  recurrence  of  the  trouble.  At  the  first  dress- 
ing the  toe  is  strapped  with  adhesive  plaster  to  pull  the 
soft  tissue  of  the  troubled  nail  fold  away  from  the  nail. 
by  a  strap  running  from  the  nail  fold  under  the  toe  to 
end  on  the  nail. 

The  radical  operation  of  von  Bergmann  makes  a  V- 
excision  of  the  edge  of  the  nail  and  the  adjoining  tis- 
sue.    The  incision  is  not  carried  through  the  plantar 


Fio.  3402—  Van  Meter 
Operation.  Excision  of  dia- 
mond-shaped area  of  soft 
tissue  on  side  of  toe,  with 
suture  of  wound  so  as  to  re- 
tract the  nail  fold. 


Fig.  3403. — Von  Bergmann  Operation.     Excision  of  edge  of  nail 
and  of  nail  fold.     Suture  of  lateral  flap  at  level  of  nail  matrix. 

surface  of  the  toe  thus  avoiding  a  scar  that  has  to  be 
walked  on.  In  closing  the  wound  the  skin  flap  is 
left  just  long  enough  to  come  to  the  level  of  the  nail 
matrix  to  which  it  is  sutured  so  that  there  will  be  no 
prominence  of  the  skin  above  the  nail  and  therefore 
no  nail  fold  to  be  cut  into  as  well  as  no  curved  edge 
of  the  nail  to  do  the  cutting.  The  excision  must  ex- 
tend far  enough  back  to  remove  all  the  matrix  of 
that  section  of  the  nail  or  else  there  will  surely  be 
recurrence. 

In  the  conditions  complicated  by  extensive  infec- 
tion the  general  treatment  for  the  infection  has  to  be 
associated  with  that  of  the  local  trouble. 

Tkuman  Abbe. 


Inhalation  is  a  method  of  administration  of 
medicines  chiefly  employed  in  the  case  of  the  general 
anesthetics  chloroform,  ether,  and  nitrous  oxide;  but 
other  agents  are  also  used   in   this  manner,  notably 
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amyl  nitrite,  oxygen,  atmospheric  air  (modified  as  to 
conditions  of  temperature  and  pressure,  or  charged 
with  some  medicinal  substance),  steam,  ammonium 
chloride,  creosote,  menthol,  eucalyptus.  The  sub- 
stance to  be  inhaled  must  be  in  the  form  of  a  spray, 
vapor,  or  gas,  and  the  degree  of  penetration  into  the 
respiratory  tract  depends  largely  on  the  volatility  of 
the  substance.  This  method  of  medical  ion  is  often  of 
great  value  but,  excepting  in  the  case  of  a  few  drugs, 
it  has  fallen  into  disuse.  The  various  forms  of  nebu- 
lizers, atomizers,  vaporizers,  and  other  apparatus 
used  in  the  administration  of  inhalations  may  be 
found  in  special  treatises  on  therapeutics  and  in  the 
manufacturers'  catalogues.  Inhalations  are  used 
both  for  their  general  effect  on  the  system  (as  in  the 
case  of  the  anesthetics  and  amyl  nitrite)  and  also 
for  their  local  effect  on  the  upper  part  of  the  respiratory 
tract.  For  the  methods  and  effects  of  the  inhalation 
of  chloroform,  ether,  and  nitrous  oxide  the  reader  is 
referred  to  the  article  on  Anesthetics  in  this  Handbook. 
The  use  of  amyl  nitrite  is  one  of  the  best  instances  of 
the  value  of  this  method  of  medication;  the  ordinary 
procedure  being  for  the  patient  to  crush  in  his  hand- 
kerchief a  pearl  containing  three  or  five  minims  of 
the  drug  and  then  to  inhale  the  same.-  The  effect 
is  almost  instantaneous,  and  is  due  mainly  to  the  large 
absorptive  surface  of  the  lungs  and  the  very  thin  mem- 
brane which  separates  the  air  in  the  pulmonary 
vesicles  from  the  blood.  R.  J.  E.  Scott. 


Inhibition. — The  word  "inhibition"  is  derived 
from  the  Latin  inhibitio,  meaning  restraint.  The 
term  has  often  been  employed  loosely,  however, 
depression,  paralysis,  and  even  narcosis  having  been 
considered  as  synonymous  with  it.  Strictly  speaking, 
inhibition  in  a  physiological  sense  means  the  temporary 
retardation  or  cessation  of  a  vital  process  as  the 
result  of  the  action  of  some  agent,  called  a  stimulus. 
This  definition  introduces  us  at  once  to  the  great 
question  in  the  study  of  this  subject,  namely,  how  a 
stimulus,  regarded  as  an  exciting  agent,  can  retard 
or  suppress  a  vital  process.  It  will  be  shown  in  the 
following  review*  of  the  literature  of  physiology  that 
the  search  for  the  answer  to  this  question  has  been 
prosecuted  diligently,  and  with  some  success.  Never- 
theless, it  is  a  curious  fact  that  inhibition,  now  rec- 
ognized as  universal  among  living  things,  has  received 
much  less  study  than  excitation.  This  is  only  natural, 
perhaps,  for  the  latter  shows  itself  in  a  positive  way,  so 
to  speak,  whereas,  inhibition  reveals  itself  only  nega- 
tively, that  is,  as  an  absence  of  vital  activity. 

Historical. — It  is  difficult  to  ascertain  who  first 
conceived  the  idea  that  inhibition  is  an  essential 
process  in  vital  activity,  but  glimpses  of  this  truth  are 
revealed  as  early  as  1662.  R.  Descartes,28  in  his 
"  De  Homine,"  while  discussing  willed  movements  sug- 
gested that  lateral  movements  of  the  eyeball  were 
made  possible  by  vital  spirits  operating  to  cause  tension 
in  the  external  rectus  and  flaccidity  in  the  internal 
rectus  muscle.  Thus,  he  imagined  the  mechanism 
producing  relaxation  to  be  a  peripheral  one  (see  Fig. 
3404).  Charles  Bell,5  with  like  remarkable  prescience, 
pictured  a  peripheral  inhibition  in  discussing  the 
antagonistic  action  of  flexor  and  extensor  muscles. 
In  speaking  of  the  innervation  of  the  eye  muscles  he 
says:  "If  we  suppose  that  the  influence  of  the  fourth 
nerve  is,  on  certain  occasions,  to  cause  a  relaxation  of 
the  muscles  to  which  it  goes,  the  eyeball  must  then  be 
rolled  upward."  This  observation  he  made  in  1S23 
(Trans.  Roy.  Soc.  London).  In  1838,  A.  W.  Volk- 
mann,  a  famous  physiologist,  clearly  saw  cardiac  inhibi- 
tion while  looking  for  motor  and  sensory  fibers  in  the 
vagus  nerve.  On  stimulating  the  peripheral  end  of  this 
nerve  he  saw  the  heart  beat  cease  for  a  minute  and  a 

•  The  references  cited  will  be  sufficient  to  direct  the  reader  to  the 
extensive  literature  on  inhibition. 
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half.  He  considered  the  phenomenon  very  curious, 
but  four  years  later  stated  that  these  vagal  effects 
must  have  been  due  to  an  experimental  error,  and 
therefore  they  were  invalid. M0  In  1845or  184(1  Budge16 
also  saw  vagal  inhibition  .of  the  heart,  but  he  ex- 
plained the  result  as  due  to  fatigue  of  a  motor  nerve 
Then  again  in  1846,  Claude  Bernard  observed  by  aus- 
cultation that  the  heart  of  a  dog  ceased  beating  when 
he  stimulated  the  peripheral  vagus.  In  that  same  year 
the  credit  for  bringing  the  great  fact  of  inhibition  to 


Fia.  3404. — Illustrations  by  Descartes  (A,  in  1Gu2;  B,  in  1074) 
of  His  Conception  of  the  Innervation  of  the  External  Eye  Muscles. 
(Sherrington13*(b).     Courtesy  of  Yale  Press.) 

scientific  study  went  to  the  brothers  E.  H.  and  Ed. 
Weber,163(a)  who  published  their  observations  on  vagal 
inhibition  of  the  heart,  the  fact  having  been  previously 
announced  by  them  at  Naples  in  1845.  They163(6'> 
used  frogs,  stimulating  rapidly  by  electricity,  one  elec- 
trode being  placed  in  the  nostril  and  one  on  the  cut  sur- 
face of  the  spinal  cord  between  the  fourth  and  sixth  ver- 
tebrae. The  Webers  were  able  to  lessen  both  the  rate 
and  strength  of  the  heart  beat,  and  even  arrest  the  con- 
tractions entirely.  They  also  discovered  the  cardio-in- 
hibitory  center  in  the  frog,  locating  it  in  the  spinal  bulb 
between  the  optic  lobes  and  calamus  scriptorius.  By 
using  the  prick  of  a  needle  Eckhard33  localized  the 
center  in  the  frog  more  exactly  between  the  tip  of  the 
calamus  and  the  cerebellum.  By  the  same  method 
Laborde83  found  this  center  in  the  cat  at  a  point  in  the 
middle  of  the  bulb  in  the  lateral  part  of  the  floor  of 
the  fourth  ventricle,  a  point  which  is  approximately 
the  seat  of  the  center  in  all  mammals  so  far  investi- 
gated. It  was  known  before  the  work  of  the  Webers 
that  the  heart  was  also  supplied  by  fibers  from  the 
sympathetic  system.  E.  Weber  considered  that  these 
fibers  were  motor  fibers  for  the  heart,  but  he  was  not 
able  to  prove  this  assertion. 

The  discovery  of  cardiac  inhibition  gave  rise  to  a 
long  controversy  as  to  the  exact  nature  of  the  phe- 
nomenon, especially  when  Pfiiiger119  discovered  the  in- 
hibitory action  of  the  splanchnic  nerve  on  the  intes- 
tine, and  when  Rosenthal130  announced  the  inhibitory 
action  of  the  superior  laryngeal  nerve  on  respiration. 
There  were  those  who  contested  the  idea  of  inhibi- 
tion very  vigorously.  Thus  Schiff,137  Budge,  and  Mole- 
schott  contended  that  the  vagus  was  the  motor  nerve 
of  the  heart.  For  every  example  of  inhibition  an  ex- 
planation was  offered.  It  was  a  fatigue  effect,  an 
exhaustion  of  the  nerve  at  the  point  stimulated 
(Budge),  or  it  was  the  result  of  vasoconstriction, 
which  lowered  the  irritabiltiy  of  the  muscle  (Brown- 
.Sequard).  Budge's  theory  was  overthrown  by  the 
fact  that  a  very  weak  stimulus,  which  could  not 
fatigue  the  vagus,  would  stop  the  heart,  and  the  vaso- 
constrictor theory  was  disproved  by  the  failure  of 
ligation  of  the  coronary  arteries  to  stop   the   whole 


heart  quickly  and  completely.     The  difficulty  in  the 

case  of  the   vagUS  Was  largely  due  to  the  fact    that    in 

the  frog  it  contains  accelerator  fibers  in  a.  considerable 
part  of  its  length;  stimulation  of  this  mixed  nerve 
may  produce  inhibition  or  acceleration  of  the  heart, 
depending  upon  the  strength  of  the  stimulus,  the  dura- 
i  ion  of  its  applicat  ion,  and  t  he  predominence  of  motor 
or  inhibitory  liliers.  Bezold8  (1862  (30)  cleared  up  the 
difficulty  in  part  by  discovering  that,  in  mammals 
the  accelerator  fillers  leave  the  cord  at  about  the  level 
of  the  first  thoracic  vertebra;  the  brothers  ('von-7 
(1867)  demonstrated  that  these  libers  pass  to  the 
stellate  ganglion;  and  their  further  course  was  settled 
in  1S71  by  la  id  wig  and  Schmiedeberg138  who  traced  the 
fibers  out  in  the  dog.  Schmiedeberg1"  about  this  time 
also  contributed  important  facts  on  the  paralytic 
action  of  nicotine,  atropine,  and  curare  on  the  vagus 
fibers  in  the  heart.  In  the  frog  it  was  shown  by 
Heidenhain62  (18S2)  that  the  accelerator  fibers  come 
off  from  the  cord  below  the  vagus,  which  they  later 
join.  Bowditch"(o)  (1873),and  Baxt  (1875)  working  in 
Ludwig's  laboratory  found  that  when'the  inhibitory  and 
accelerator  fibers  are  stimulated  at  the  same  time  the 
inhibitory  effect  prevails.  Finally,  Gaskell66  (1880-87) 
in  investigating  various  forms — frog,  toad,  tortoise, 
and  crocodile,  showed  that  there  is  no  essential 
difference  in  the  innervation  of  the  heart  in  cold-  and 
warm-blooded  animals.* 

The  distribution  of  the  two  sets  of  fibers  within  the 
heart,  their  mode  of  termination,  and  the  nature  of  the 
intrinsic  ganglia  have  long  been  matters  of  profound 
interest,  but,  withal,  subjects  difficult  to  invest  i< 
Here  may  be  mentioned  an  important  contribution 
ofLangley85  and  his  associates  who  found  that  nicotine 
blocks  the  ganglionic  connections  between  an  efferent 
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Flo.  3405. — Stimulation  of  the  Ri'jht  Vagus  in  the  TerrapiD. 
(Chrysemys  elegans,  Wied.)  Whole  heart  inhibited.  Maximal 
ventricular  contractions  on  resumption  of  beats. 

nerve  from  the  central  nervous  system  and  the  suc- 
ceeding peripheral  neurone.  By  this  means  it  was 
possible  to  show  that  the  vagus  fibers  run  as  prc- 
ganglionic  fibers  to  the  heart;  there  they  come  into 
relation  with  the  intrinsic  nerve  cells  of  the  organ; 
these  cells  send  postganglionic  fibers  thence  to  the 
cardiac  muscle.  In  the  case  of  the  accelerators,  the 
postganglionic  fibers  take  origin  in  an  extrinsic  ganglion 
(last  cervical  or  first  thoracic,  or  both). 

The  controversy  alluded  to  above  diverted  atten- 
tion from  some  important  phases  of  vagus  action  as 

•For  further  historical  details  see  Meltzer:  "Inhibition."  X.  Y. 
Med.  Journ;  1899,  May  13  and  27;  Gaskel:  "The  Contraction 
of  Cardiac  Muscle,  "Schafer'a  Text-book  of  Physiology.  1900,  vol. 
xi..  169;  O.  Frank:  "Hemodynamik,"  Tigerstedt'3  Handbuch  der 
physiologischen  Methodik,  1913,  xi.,  353. 
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described  by  the  Webers.  Tiny  had  shown  thai  tin- 
heart  beats  are  weakened  as  well  as  slowed  in  the  frog 
(their  researches  were  extended  to  various  other 
animals  as  well).  It  was  not  until  1S()8  and  1869 
that  the  depressant  action  of  the  vagus  was  again 
brought  to  the  fore.  Donders30  in  1808  described  his 
study  of  the  latent  period  of  the  vagus,  producing  the 
first  careful  work  on  that  point.  Coats23  (1869)  inLud- 
wig's  laboratory  studied  vagal  depression  in  mammals, 
and  Nuel1'3  (187  I)  noted  that  the  contractions  of  the 
auricles  were  diminished  more  than  those  of  the 
ventricles.  Experiments  were  even  performed  upon 
man,  for  Thanhoff er1 "  gives  an  account  of  compressing 
the  vagus  in  the  neck,  with  resulting  stoppage  of  the 
heart  and  loss  of  consciousness.  Gaskell  and  Heiden- 
hain  confirmed  the  observations  of  Nuel   in  1881  and 


Flo.  3400. 


-Stimulation    of    the    Ltjt     Vagus.      Weak 
Same  specimen  as  in  Fig.  3405. 


stimulus. 


18S2.  Eckhard31  showed  that  the  excitability  of  the 
heart  is  decreased  during  vagal  inhibition  (Schiff  had 
pointed  this  out  in  1850).  Gaskell  and  Heidenhain 
brought  out  the  importance  of  separating  the  inhibi- 
tory and  accelerator  fibers  in  order  to  obtain  pure 
inhibition.  This  was  accomplished  in  the  frog  by  in- 
tracranial stimulation  (which  was  virtually  the  method 
used  by  the  Webers). 

After  Gaskell56  had  well  studied  the  frog  he  turned 
his  attention  to  the  land  tortoise  {Testudo  greca)  and 
several  types  of  reptiles.  He  reached  two  very  im- 
portant conclusions:  (1)  The  primary  action  of  the 
vagus  upon  the  heart  of  cold-blooded  animals  is  a 
direct  one  upon  the  muscle  fibers;  it  affects  all  of  their 
properties  in  the  same  way,  diminishing  rhythmicity, 
excitability,  conductivity,  contraction  force,  and  tonicity. 
(2)  The  cold-blooded  vertebrates  are  divisible  into 
two  sets,  those  of  the  amphibian  type,  in  which  the 
ventricle  is  affected  in  the  same  way  as  the  auricle, 
but  to  a  less  degree,  and  those  like  the  Teleostei, 
Chelonia,  and  Reptilia,  in  which  the  inhibition  seems 
confined  to  the  auricles.  In  this  connection  Gaskell 
brought  out  his  theory  that  the  vagus  is  the  anabolic 
nerve  of  the  heart.  The  theory  will  be  considered 
later,  as  will  be  also  the  question  of  the  direct  action 
of  the  vagus. 

These  early  conclusions  of  Gaskell  were  supported 
by  the  work  of  Wesley  Mills'11^)  on  the  heart  of  the 
terrapin,  toad  fish,  and  Menobranchus,  and  by  experi- 
ments of  Mac  William100  on  the  frog,  toad,  newt,  and 
several  mammals.  From  this  time  on  work  along 
comparative  lines  was  extended,  with  important  re- 
sults.    These  will  be  taken  up  in  the  next  section. 

After  1890  studies  on  cardiac  inhibition  were  multi- 
plied rapidly.  Bayliss  and  Starling1  worked  upon  the 
weakening  effect  of  the  vagus,  showing  that  it  is 
especially  prominent  in  the  auricles.  Johansson 
and  Tigerstedt144  emphasized  the  importance  of  the 
strength  of  the  stimulus  used.  Hough,7"  in  this  country, 
pointed  out  that  the  length  of  time  the  heart  could  be 
inhibited  varied  in  different  animals,  and  in  different 


individuals  of  the  same  peeii  .  He  described  ex- 
periments showing  (1)  that  vagus  escape  could  not 
be  due  to  fatigue  of  the  vagus  bu1  to  changes  in  the 
heart  muscle,  and  (2)  that  the  efficiency  of  vagus  in- 
hibition varied  inversely  as  the  vigor  of  the  heart. 
Knoll*0  found  that  the  vagus  effect  extended  to  the 
central  ends  of  the  large  veins  emptying  into  1  he  heart, 
and  that  sometimes  the  ventricles  beat  at  the  same 
rhythm  as  the  great  veins,  while  the  auricles  were 
quiescent.  Engelmann,41  impressed  with  the  con- 
flicting results  of  various  workers,  and  the  consequent 
complexity  of  the  subject,  made  in  1896  the  most 
complete  analysis  of  cardiac  regulation  up  to  that  time, 
and  his  results  are  in  good  agreement  with  those  of 
most  modern  methods.  He  conceived  that  each  nerve, 
vagus  and  accelerator,  could  affect  the  heart's  four 
properties — rhythmicity,  contractility,  irritability, 
and  conductivity.  An  influence  that  intensified  or 
increased  any  one  of  these  properties  he  called 
positive  and  any  influence  having  the  opposite  effect 
he  called  negative.  Thus  the  vagus  was  negatively 
clironotropic  (retarding),  negatively  inotropic  (weaken- 
ing), negatively  Imthmolropic  (lessening  irritability), 
and  negatively  dromotropic  (diminishing  conductivity). 
The  accelerator  had  an  opposite  action.  Engelmann 
believed  that  these  negative  effects  were  mediated  by 
different  fibers  of  the  vagus,  in  the  frog,  a  view  that 
was  opposed  by  others  but  which  has  received  support 
recently.  The  decision  of  the  question  was  made 
possible,  as  we  shall  see,  by  the  help  of  the  Einthoven 
galvanometer,  the  invention  of  which  marks  a  distinct 
epoch  in  the  physiological  and  clinical  study  of  the 
heart. 

The  historical  development  of  inhibition  has  not 
been  confined  to  the  heart,  however.  In  1841 
A .  W.  Volkmann149  saw  that  destruction  of  the  medulla, 


Fig.  3407. — Stimulation   of   the  Left   Vagus.     Stimulus   and 
specimen  same  as  in  Fig.  3405.     Auricles  only  inhibited. 

or  section  of  the  vagi,  caused  increased  peristaltic 
movement  of  the  stomach.*  As  already  mentioned, 
Pfluger  discovered  in  1855  that  stimulation  of  the 
splanchnic  nerve  caused  inhibition  of  intestinal 
peristalsis.  In  1858  came  Bernard's  discovery  of 
vasodilator  nerves  in  the  chorda  tympani.  Rosen- 
thal in  1862  pointed  out  that  the  superior  laryngeal 
nerve  when  stimulated  caused  inhibition  of  inspira- 
tion; thus  he  first  experimentally  demonstrated 
inhibition  of  striated  muscles,  the  seat  of  the  inhibition 
in  this  case  being  later  proved  to  be  in  the  central 
nervous  system.  In  1864  Goltz  showed  that  mechan- 
ical stimulation  of  the  abdominal  viscera  or  blood 
heart  caused  diastolic  standstill  of  the  four  lymph 
hearts  in  the  frog.  The  year  previous  he  published 
his  well-known  observation  on  the  reflex  inhibition 
of  the  blood  heart  in  the  frog  by  a  blow  upon  the  abdo- 
men— the  "klopfversuch."  He  proved  that  it  was 
reflex  inhibition  as  it  did  not  occur  if  the  vagi  were 
severed. 

*  For  specific    references    not  given    in  the  remainder    of    this 
section  see  Meltzer's  paper.107' Q) 
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In  1800  came  the  important  discovery  of  Ludwig 
and  Cyon94  of  the  depressor  nerve,  which,  it  is  now 
generally  believed,  produces  reflex  vasodilatation 
of  the  peripheral  splanchnic  vessels  by  lowering  the 
tonus  of  the  vasoconstrictor  center  in  the  medulla, 
In  1868  Hering  and  Breuer  published  their  equally 
important  discovery  of  the  regulating  action  of  the 
vagus  nerve  on  the  respiratory  center.  They  showed 
that  distention  of  the  lungs  inhibited  inspiration  and 
ex-cited  expiration.  Other  examples  of  reflex  inhibi- 
tion rapidly  accumulated  from  the  work  of  Goltz, 
Schlosser,  Lewisson,  Goltz  and  Freusberg,  and  others, 
frogs  being  the  animals  mainly  used. 

In  1878  Vulpian  claimed  that  there  were  inhibitory 
nerves  in  the  cervical  sympathetic  supply  to  the  sweat 
glands  of  the  horse.  Kronecker  and  Meltzer  es- 
tablished the  fact  in  1881  that  in  the  rabbit  each 
deglutition  inhibits  the  tonicity  of  the  cardiac  por- 
tion of  the  stomach,  and  in  1883  they  showed  that 
marked  inhibition  of  the  esophageal  peristalsis  follows 
each  deglutition.  At  this  time  Meltzer  added  the 
interesting  observation  that  the  inhibition  attending 
each  swallowing  act  extends  to  various  centers, 
diminishing  the  tonus  of  the  cardio-inhibitory,  vaso- 
motor, and  respiratory  centers,  and  even  spreads  to 
centers  in  the  lower  part  of  the  spinal  cord.  It 
could  also  inhibit  reflexes  started  by  peripheral 
stimuli.  These  observations  appear  to  be  the  first 
proof  that  inhibition  is  an  integral  constituent  of  a 
normal  function. 

Oser  in  1884  obtained  opening  of  the  contracted 
pylorus  by  stimulating  the  splanchnic.  He  also  re- 
ported that  this  stimulation  abolished  peristalsis  of 
the  stomach.  In  regard  to  the  intestine,  there  was  a 
growing  impression  that  the  vagus  contained  in- 
hibitory fibers  for  it  also.  The  circular  fibers  of  the 
vagina  and  uterus  were  found  by  Fellner,  in  1S87,  to 
have  inhibitory  nerves  which  reached  them  by  way  of 
the  nervi  erigentes.  The  year  1887  marks  another 
noteworthy  observation.  Biedermann9  found  that 
in  the  cray-fish  (Astacus)  stimulation  of  the  distal 
end  of  the  nerve  supplying  the  claw  muscles  produced 
relaxation  of  the  closing  muscles  and  at  the  same  time 
contraction  of  the  opening  muscle.  As  the  nerve 
fibers  go  directly  to  the  muscles,  it  was  an  instance  of 
peripheral  inhibition  of  striated  muscles;  and  at  the 
same  time  it  was  an  interesting  example  of  coordi- 
nated action  of  antagonistic  muscles.  It  should  be 
stated  that  Richet127  made  this  same  observation  in 
1882. 

The  discussions  about  the  vagus  during  all  these 
years  had  often  developed  into  long  controversies. 
One  of  these  was  in  regard  to  the  nature  of  the  effect 
on  respiration  produced  by  stimulation  of  ohe  central 
end  of  the  divided  vagus.  There  were  many  who  were 
not  convinced  that  the  stopping  of  respiration  caused 
by  such  an  experiment  was  really  true  inhibition.  In 
1892  Meltzer 107,ai  proved  that  it  was.  By  division  of 
the  spinal  cord,  thus  paralyzing  the  expiratory  muscles, 
he  showed  that  stimulation  of  the  central  end  of  the 
vagus  produced  real  inhibition  of  inspiration,  as  it 
caused  relaxation  of  the  inspiratory  muscles. 

Evidence  was  supplied  at  this  time  by  Contejean, 
Wertheimer,  Morat,  and  others  showing  that  the  vagus 
also  contained  inhibitory  fibers  for  the  stomach  and 
intestine.  In  1894  Camus  and  Gley  found  fibers  in 
the  splanchnic  which  inhibited  the  receptaculum 
chyli.  The  most  brilliant  work  was  being  done  by 
Sherrington133  who  brought  out  the  remarkable  fact 
that  the  cortical  area  for  inhibition  of  a  group  of 
muscles  coincides  with  the  area  for  the  contraction 
of  the  antagonists  of  that  group.  Thus,  to  quote 
him,  if  the  third  and  fourth  cranial  nerves  on  one  side, 
e.g.  the  left,  are  severed,  so  that  the  rectus  externus 
remains  the  only  unparalyzed  ocular  muscle,  appro- 
priate excitation  of  the  cortex  cerebri  produces  con- 
jugate movements  of  both  eyes  toward  the  opposite 
side,  i.e.  from  left  to  right.     The  movement  of   the   I 


lefl  eye  can  only  be  due  to  inhibited  tonus  of  it 

tern.-. I  red  us  by  the  cortical  excitation.  This  experi- 
ment was  confirmed  by  Topolanski  in  1898.  Another 
example  of  central  inhibit  ion  wae  furnished  by  Pal 
""  1898.  He  reported  that  simulation  of  the  spinal 
cord  below  the  centers  of  the  splanchnics  inhibited 
intestinal  peristalsis.  To  allude  again  to  the  vagus, 
Pawlow,l"in  1896-98,  discovered  that  this  nerve  con 
tained  inhibitory  as  well  as  secretory  libers  for  the 

pancreas.      Doyon    in     L897    found    vagus    inhibitory 
fibers  for  the  bronchial  muscles. 

The  next  r r i . > - 1  noteworthy  contributions  date  from 
the  opening  years  of  the  presenl  century.  They  have 
to  do  particularly  with  cardioinhibition  and  inhibi- 
tion in  the  central  nervous  system  owing  mainly  to 
the  improved  technique  of  Einthoven  and  Sherrington 
in  the  two  respective  fields.  It  will  be  convenient . 
therefore,  to  end  our  chronological  citations  at  this 
point. 


Fiq.  3408. — Action  of  Potassium   (Upper  Tracing)  and  Calcium 
(Lower  Tracing)  on  the  Perfused  Frog  Heart.      (Simpson.110) 

Comparative  Physiology. — Subchordales. — An  ac- 
count of  the  comparative  physiology  of  inhibition 
to  be  comprehensive  must  begin  with  the  lowest 
organisms,  for  there  can  be  no  doubt  that  phe- 
nomena analogous  to  the  familiar  inhibitor}-  processes 
in  the  highest  forms  can  be  observed  in  those  lowest 
in  the  scale,  or  at  least  in  the  protozoa.  If  we  con- 
ceive inhibition  to  be  a  temporary  retardation  of  life 
processes,  this  is  certainly  true.  Organisms  can  be 
easily  put  into  such  a  state  by  various  means.  In 
general,  the  different  stimuli  or  agents  that  excite 
organisms  will  also  inhibit  their  activities  under 
certain  conditions.*  Such  inhibition,  as  far  as  the 
external  manifestations  of  life  are  concerned,  can- 
not be  held  to  be  fundamentally  different  from  in- 
hibition as  we  ordinarily  conceive  it  in  higher  forms. 

A  few  examples  of  inhibition  in  invertebrates  may 
be  cited.  Putter126  has  shown  that  if  freely  swimming 
Paramecia  are  subjected  to  a  temperature  of  30°  C. 
they  move  about  rapidly  in  all  directions,  while  those 
in  contact  with  slime  particles  remain  attached. 
Only  when  the  temperature  is  raised  to  37°  do  the 
attached  specimens  release  their  contact  and  swim 
violently  through  the  water.  The  experiment  shows 
the  interference  between  a  thermal  and  contact 
stimulus.  Jennings75  has  also  studied  extensively 
interference  reactions  of  the  lower  organisms. 

One  may  also  recall  the  effect  of  the  constant  cur- 
rent upon  Anieba  proteus,  and  Paramecium  aurelia. 
In  the  former,  the  whole  animal  becomes  elongated 
and  at  the  cathode  there  is  developed  distinct  evidence 
of  depression,  while  at  the  anode  the  protoplasm 
shows  excitation.  In  Paramecium  aurelia,  the  cilia 
on  closing  the  circuit,  relax  at  the  cathode  and  at  the 

*  For  discussion  of  this  matter,  .gee  Verworn's  "Allgemeine 
Physiologie,"  1000,  or  Lee'a  translations  of  the  earlier  edition,  and 
"Irritability."  Verworn  (Silliman  Memorial  Lectures,  Yale  Univer- 
sity. 10131. 
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anode  fchey  go  into  a  contracted  condition.  It  is  well 
to  mention  id  this  point  that  Biedermann10  and  others 
showed  that  the  constant  eurrent  produces  a  polar 
effect  in  all  kinds  of  muscle,  namely,  a  relaxation  a1 
the  anode  and  contraction  at  the  cathode,  on  closing 
the  circuit.  Nerve,  as  is  well  known,  shows  in  a  beau- 
tiful way  this  condition  of  anelectrotonus  and  cate- 
Iectrotonus.  Whether  or  not  these  polar  effects  in  the 
unicellular  organisms  and  the  highly  specialized  tissue, 
as  muscle  and  nerve,  are  of  the  same  nature  cannot  be 
said,  but  in  all  likelihood  they  are.  Other  examples 
of  depression  might  be  given  for  the  protozoa,  but  these 
will  suffice.  Plants  show  evidence  of  excitation  and 
depression  just  as  certainly  as  animals  do,  but  we  have 
not  space  to  enter  into  that  subject  (see  Bose  13). 
In  what  follows  we  shall  deal  only  with  specific 
mechanisms  of  inhibition  as  found  in  the  vascular 
system  of  animals,  which  will  be  taken  up  in  the  linear 
order  of  Parker  and  Haswell. 

Inhibition  has  been  most  fruitfully  studied  in  the 
vascular  system  of  animals,  especially  in  connection 
with  the  heart.  Cardiac  inhibition  is  found  low  in  the 
animal  scale  and  has  been  pretty  well  studied,  though 
much  remains  to  be  done  by  newer  methods. 

The  writer  has  found  no  date  earlier  than  1867  re- 
cording definite  observations  of  inhibition  in  inverte- 
brates.* In  that  year  Paul  Bert7  found  that  stimula- 
tion of  the  visceral  nerves  in  the  cephalopod,  Sepia, 
caused  inhibition  of  the  systemic  heart.  Since  then 
it  has  been  shown  by  Carlson  that  cardio-inhibition 
probably  exists  below  the  molluscs.  In  echinoderms 
the  vascular  system  shows  evidence  of  rhythmic  ac- 
tivity of  its  muscular  fibers,  but  no  specific  regulatory 
nerves  are  known  to  exist.  In  the  worms  we  doubtless 
meet  with  such  fibers  first.  Carlson  reports  that  in 
Arenicola  stimulation  of  the  ventral  nerve  cord  with 
a  weak  interrupted  current  usually  inhibits  the 
esophageal  hearts  in'  diastole.  In  Neries  he  got 
evidence  of  inhibition  of  the  dorsal  vessel.  He  does 
not  consider  that  the  experiments  proved  the  presence 
of  inhibition,  as  there  was  no  way  of  knowing  how 
much  contraction  of  structures  adjacent  to  the  hearts 
influenced  their  rhythm.  Nevertheless,  he  writes:19 
"Here  (in  the  wonii  phylum)  at  the  very  threshold 
of  the  heart  rhythm,  speaking  phylogenetically,  we 
are  confronted  with  essentially  the  same  fundamental 
conditions  as  in  the  heart  of  the  highest  vertebrate. 
There  are  the  same  tissues,  viz.,  muscle,  ganglion 
cells,  and  nerve  plexus;  and  apparently  the  same  type 
of  regulatory  nerves:  motor  and  inhibitory."  Flirt  her 
experiments  are  necessary  to  settle  the  question  of 
inhibitory-  and  excitatory  nerves  in  the  worms,  as  the 
early  work  was  often  faulty.  However,  we  have  the 
experiments  of  Stubel141  wdio  obtained  diastolic  stand- 
still of  the  pulsating  part  (heart)  of  the  vascular 
system  of  the  earthworm  by  stimulating  with  strong 
currents  in  the  neighborhood  of  the  clitellum.  He 
found  nerve  tissue  in  the  animal,  and  his  results  in 
general  are  in  accord  with  those  of  Carlson  in  Arenicola 
and  Neries.  Stubel  inclines  to  the  view  that  in 
Lumbricus  there  is  reflex  control  of  the  peristaltic 
contractions  of  the  vessels. 

Arthropoda. — Cardioinhibitory  nerves  have  been 
demonstrated  in  the  highest  Crustacea,  as  in  the 
crayfish  (Palinurus,  Carlson),  in  the  crab  (Conant 
and  Clark),  and  in  the  lobster.  Carlson  is  quite 
confident  he  has  seen  them  in  the  insects,  e.g.  the 
polyphemus  moth,  grasshopper  (Diciyphorus  reticu- 
latus)  and  the  tarantula  (genus  and  species  unknown). 
In  Limulus,  an  arachnid  (commonly  called  the  horse- 
shoe crab),  there  can  be  no  doubt  about  cardiac  in- 
hibition. Limulus  deserves  particular  mention  because 
its  thorough  study  by  Carlson  lead  him  to  some  very 
important  conclusions  regarding  the  origin  of  the 
heart  beat  and  its  control.  In  this  animal  the  an- 
atomical arrangement '  of  the  heart's  nerve  supply, 
while  of  a  primitive  type,  is  such  that  the  augmentor 

•  See  Carlson20  for  literature  to  1909. 


and  inhibitory  libers  can  be  separated  with  certainty. 
The  nerves  run  superficially  the  entire  length  of  the 
elongated  heart  as  a  ganglionated  cord  in  the  dorse- 
median  line;  the  inhibitory  libers  arise  from  the  brain 
and  the  augmentor  ones  from  the  abdominal  chain  of 
ganglia.  Carlson  has  shown  that  this  nerve  cord  on 
the  heart  is  essential  for  the  automatic  contractions, 
since  on  removal  of  the  cord  the  beats  cease.  He 
further  showed  (a)  that  the  inhibitory  fibers  acted  upon 
this  cord  and  not  upon  the  heart  directly,  and  (6)  that 
the  inhibitory  effects  were  essentially  like  those  in  the 
vertebrate  heart.  Hoffmann69  has  confirmed  Carlson 
in  regard  to  the  action  of  the  inhibitory  nerves  upon 
the  ganglion  of  the  heart  and  not  upon  the  heart  di- 
rectly. From  these  facts  Carlson  argued  that  the 
burden  of  the  proof  in  the  dispute  over  the  nature  of 
cardiac  inhibition,  as  to  whether  it  is  direct  or  indi- 
rect, falls  upon  those  who,  like  Gaskell  and  others, 
hold  that  it  is  direct.  While  the  truth  of  Carlson's 
results  in  Limulus  cannot  be  questioned,  it  is  not  safe 
to  say  that  they  apply  in  their  entirety  to  the  mam- 
malian heart  as  well,  because  the  two  types  of  heart 
muscle  differ  in  fundamental  properties.  In  discuss- 
ing tins  group,  it  may  be  added  that  inhibition  of 
blood-vessels  in  arthropods  doubtless  exists,  but  has 
not  been  demonstrated. 

Tunicala. — There  seems  to  be  no  definite  evidence 
of  inhibitory  nerves  in  this  group.  Nerve  cells  and 
fibers  have  been  found  in  Molgula  manhattensis  by 
Hunter,  but  direct  proof  of  the  nature  of  their  action 
is  lacking. 

Mollusca. — Cardioinhibitory  fibers  make  their  first 
appearance  in  the  gastropods,  according  to  Carlson. 
He  was  able  to  obtain  both  inhibitory  and  augmentor 
effects,  and  to  record  them  graphically  by  stimulating 
the  visceral  nerve  in  Triopba,  a  representative  of  the 
suborder  of  nudibranchs.  In  the  lower  order  of 
prosobranchs,  of  the  gastropods,  and  in  the  giant 
Cryptochiton,  representing  the  amphineura,  he  ob- 
tained only  augmentor  effects  on  the  heart.  In  the 
land  snail,  Helix,  and  the  slug,  Ariolimax  and  Limax, 
all  from  the  pulmonates,  cardioinhibitory  fibers 
exist,  while  in  the  tectibranchs,  Aplysia  and  Bulla, 
and  in  the  pleurobranchs  they  have  not  been  found, 
probably  because  of  the  predominance  of  augmentor 
fibers.  In  the  lamellibranchs  and  cephalopods  Carl- 
son, Bert,  Ransom,  Botazzi,  and  others  have  shown 
cardioinhibitory  fibers.  Carlson  found  the  cephalo- 
pods have  only  inhibitory  nerves,  or  at  least  these 
greatly  predominate.  This  fact  of  the  presence  of 
augmentor  nerves  only  in  the  low-est  molluscs  and  of 
inhibitory  nerves  mainly  in  the  highest  suggests,  he 
thinks,  that  the  augmentors  antedate  the  inhibitory 
in  time  of  development.  An  important  general  con- 
clusion reached  by  him  was  that  in  the  molluscs  the 
inhibitory  effects  upon  the  heart  are  identical  with 
those  in  the  vertebrates,  namely,  partial  or  complete 
arrest  in  diastole,  diminished  amplitude  of  beat,  and 
usually  fall  in  tonus.  It  may  be  stated  also  that,  in 
cephalopods  at  least,  vasoinhibitory  effects  could  be 
shown. 

Chordates. — Inasmuch  as  inhibitory  nerves  have 
been  shown  to  appear  definitely  in  the  invertebrates, 
their  presence  in  the  lowest  chordates  was  to  be  ex- 
pected. It  must  be  admitted  that  there  are  some 
gaps  to  be  filled  in.  Thus,  in  Balanoglossus,  Ceph- 
alodiscus,  and  Rhabdopleura,  marine  forms  of  doubt- 
ful classification,  nothing  is  known  of  inhibitory 
nerves,  so  far  as  the  writer  is  aware,  and  in  the  more 
advanced  animal,  Amphioxus,  the  same  is  true. 

Vertebrates. — Among  the  cyclostomes  one  finds  two 
closely  related  animals  with  a  striking  difference  in 
heartphysiology.  Greene59  discovered  that  the  sys- 
temic heart  of  the  California  hagfish  (Bdellostoma 
dombeyi)  is  not  provided  with  cardioinhibitory  nerves, 
and  neither  is  the  portal  heart  of  the  animal.  The 
observation  was  confirmed  by  Carlson,11  who  found, 
on  the   other   hand,   that  the   fresh   water  lamprey 
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(Ichthymyzon)  possesses  both  augmentor  and  in- 
hibitory nerves  for  the  heart.  Whether  or  not  the 
marine  lampreys  have  sueh  nerves  is  an  interesting 
point  which  seems  not  to  have  been  determined.  In 
these  cyclostomes  no  observations  have  been  recorded 
on  vasomotor  or  dilator  nerves. 

Fishes. — The  Webers  long  ago  found  cardioin- 
hibitory  nerves  in  the  vagus  of  fishes,  as  others  since 
have  done.  Greene60  observed  vagal  inhibition  of  the 
heart  in  eleven  species  of  bony  fishes  and  one  shark. 
Kolff81  has  recently  made  an  extensive  study  of  the 
vagus  nerve  in  several  Teleosts — Teleates  mulicellus, 
Barbus  fluviatilis,  Anguilla  vulgaris.  In  several  in- 
stances he  got  vagal  inhibition  of  the  heart  (in 
Telestes).  He  found  vagus  tonus  by  dividing  the 
vagi.  He  also  observed  reflex  inhibition  of  the  heart 
and  coordination  of  the  heart  and  respiration.  He 
reviewed  the  literature,  especially  the  work  of  Bo- 
tazzi,  Bethe,  Schonlein,  Cadiat,  and  Thesen,  who  ob- 
tained cardiac  inhibition  in  Torpedo,  Scyllium,  Squala, 
and  various  other  bony  fishes.  The  work  of  Mac- 
William101'  102  on  eels  is  to  be  mentioned  also.  The 
Dipnoans  appear  not  to  have  been  studied  with  refer- 
ence to  inhibition. 

Amphibians. — These  have  been  extensively  studied. 
The  frog  has  served  in  many  experiments  which  have 
given  us  important  facts  about  the  regulation  of  the 
heart  beat  particularly.  The  Webers  used  it  in  their 
first  experiments  on  the  vagus.  The  amphibia  seem, 
without  exception,  to  have  cardioinhibitory  and 
augmentor  nerves,  and  vasomotor  nerves.  The  lymph 
hearts  are  also  provided  with  both  motor  and  inhibi- 
tory nerves  (Eekhard35).  In  the  frog  we  have  definite 
quantitative  and  qualitative  differences  between  the 
two  vagi  in  their  action  on  the  heart.  A  hint  of  this  pos- 
sibility was- earlier  found  by  Mac  William102  in  the  eel. 

Reptiles. — Of  the  different  members  of  this  numerous 
group  the  Chelonia  have  been  most  extensively 
studied.  The  early  work  of  Gaskell  on  the  tortoise 
has  been  referred  to,  and  it  is  not  necessary  to  go 
further  into  these  historical  details.  They  form  a 
most  important  factor  in  the  development  of  cardiac 
physiology  and  have  paved  the  way  for  more  exact 
knowledge  of  the  phenomena  of  inhibition  in  general. 

Birds. — Vagal  inhibition  of  the  heart  in  birds  was 
first  observed  by  R.  Wagner,151  in  1854.  Four  years 
later  Claude  Bernard  announced  that  he  never  was 
able  to  produce  complete  arrest  of  the  bird  heart  by 
stimulation  of  the  vagus,  and  various  other  ob- 
servers have  come  to  conflicting  conclusions  about 
the  subject.  In  1909  Jiirgens"  reviewed  the  literature 
on  vagal  control  of  the  avian  heart  and  described  ex- 
periments on  twenty-eight  pigeons.  He  recorded  the 
contractions  of  the  auricle  and  ventricle,  and  by  stimu- 
lating the  peripheral  end  of  the  vagus  obtained  in- 
hibition varying  from  slight  slowing  to  complete 
standstill  of  the  whole  heart  for  as  long  as  3.4  seconds. 
The  action  of  the  vagus  extended  to  the  ventricle 
in  some  instances,  so  he  states.  Contractility  was 
diminished;  seldom  was  it  increased.  Results  on  the 
conduction  and  irritability  of  the  heart  were  negative. 
Division  of  the  vagi  was  without  effect,  indicating 
no  tonus  of  the  inhibitory  center. 

In  1910  Stiibel142  made  more  extensive  studies  of  the 
circulation  in  birds.  He  worked  with  fourteen  dif- 
ferent kinds  and  was  led  to  conclude  that  the  effect 
of  the  vagus  on  the  heart  varies  in  different  birds. 
The  effect  on  the  rate  was  most  striking  in  the 
domestic  duck.  In  birds  of  prey  it  was  variable.  In 
the  domestic  hen  complete  arrest  of  the  heart  was 
possible.  He  also  brought  out  the  fact  that  in  several 
different  birds  the  right  vagus  was  more  active  than 
the  left;  and  he  found  further  that  stimulation  of  the 
central  end  of  the  vagus  caused  reflex  slowing  through 
the  other  vagus.  Double  vagotomy  in  a  few  cases 
(Milvus  milvus)  produced  increased  rate  of  beat  and 
rise  of  blood  pressure.  Paton116  has  recently  described 
some  observations  upon  the  duck's  heart.     He  con- 


firmed Ji'irgens' statement  that  the  vagus  center  is  not 
in  constant  action  in  the  duck.  In  some  of  his 
specimens  he  could  maintain  complete  arrest  of  the 
heart  for  several  moments,  and  he  found  that  not  on! , 
the  auricles  but  also  the  ventricles  were  influenced. 

One  other  example  of  inhibition  in  birds  may  be 
given.  Frddericq"  in  L893  called  attention  to  I  he  in- 
teresting fact  that  in  diving  birds  an  especially  long 

expiratory  pause  ma\  be  produced  by  allowing  a 
stream  of  water  to  How  over  the  beak.  Miss  F.  M. 
Huxley7 'has  lately  studied  this  reflex  apnea  in  the  duck 

With  interest  ing  results.  She  found  t  hat ;  submergl  nee 
of  the  entire  head  is  required.  It  causes  immediate 
cessation  of  respiration,  in  whatever  phase  it  may  be. 
Dorsiflexion  of  the  duck's  head  produces  reflex  in- 
hibition of  the  breathing,  even  oul   of  the  water,  if 

the  vertex  Of  the  head  faces  downward.  Dr.  Paton117 
has  extended  these;  experiments  on  the  duel;  and  has 
shown  that  several  articulations  take  part  in  this 
postural  inhibition.  They  are  the  occipitoatloid 
joint,  the  midcervical  joints,  and  the  cervicodorsal 
articulations.  He  studied  the  part  played  by  the 
labyrinths  also,  and  states  that  in  all  cases  the  laby- 
rinths dominate  and  control  the  cervical  mechanism. 
There  is  great  variation  in  the  extent  of  this  control, 
however.  An  interesting  fact  is  that  in  this  postural 
apnea  there  is  slowing  of  the  heart.  The  bird  is 
therefore  longer  able  to  resist  asphyxia,  because  the 
demand  for  oxygen  is  reduced  by  the  decreased 
metabolism  in  the  heart. 

Cardiac  Inhibition. — We  may  now  consider  the 
more  recent  contributions  to  inhibition  of  the  heart. 
It  has  been  shown  by  earlier  work  that  when  one 
vagus  nerve  is  cut  in  the  neck  of  an  animal  there  is 
an  increase  in  heart  rate,  and  when  both  vagi  are 
severed  the  increase  is  still  greater.  When  such  re- 
sults are  obtained  they  show  that  the  vagus  center 
possesses  marked  tonicity.  If  the  peripheral  end 
of  one  vagus  is  stimulated  the  heart  beat  is  slowed,  or 
stopped  altogether.  Quantitatively,  the  result  will 
depend  upon  the  strength  of  stimulus,  and,  in 
some  animals,  upon  which  vagus  is  stimulated.  If 
inhibition  is  complete  the  heart  stops  in  diastole, 
being  fully  dilated  and  distended  with  blood.  The 
whole  heart  is  in  a  state  of  complete  relaxation. 
Furthermore,  it  has  been  shown  by  a  number  of  ex- 


Fig.  3409. — Normal  and  Atypical  Electrocardiogram  from  a 
Human  Subject.  The  "F"  wave  results  from  the  auricular  beat; 
the  "RST"  group  from  the  ventricular  beat.  A  ventricular  extra- 
systole  occurs  between  normal  beats,  4  and  5.  1-  mm.  on  the 
abscissa?  =  0.04  second;  I  mm.  on  the  ordinates  =  0. 1  millivolt. 
(Dresbach  and  Munford  3:(°). 

perimenters  that  there  is  also  depression  of  con- 
ductivity and  doubtless  of  irritability.  During  ex- 
citation of  the  vagus  the  heart  may  begin  to  beat 
("vagus  escape")  and  may  regain  its  former  rhythm. 
The  escape  from  vagus  action  is  not  seen  equally  well 
in  all  animals,  however,  and,  indeed,  the  chrono- 
tropic effect  is  quite  variable  in  the  same  species. 
Harrington63  has  shown  that  it  is  quite  likely  dependent 
upon  the  nutritive  condition  of  the  animal,  and  recent 
experiments  have  brought  out  more  clearly  the  dif- 
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ference  in  act  inn  of  the  two  vagi.  It  was  early  noted 
that  excitation  of  the  right  vagus  often  had  a  more 
pronounced  negative  chronotropic  action  than  stimu- 
lation of  the  left  vagus.  This  was  frequently  observed 
in  the  turtle,  for  example.  In  mammals  the  chrono- 
tropic fibers  are  frequently  present  in  both  vagi. 

The  introduction  of  the  Einthoven  36  galvanometer 
has  made  possible  a  closer  analysis  of  the  vagus  and 
its  distribution  in  the  heart.  This  instrument,  the 
moving  system  of  which  consists  of  a  very  slender  con- 
ducting fiber  suspended  between  the  poles  of  a  power- 
ful electromagnet,  is  exceedingly  sensitive  and  rapid 
in  its  deflections.  It  gives  an  accurate  record  of  the 
action  currents  of  the  heart.  The  movements  of  tin- 
galvanometer  "string"  caused  by  these  action  currents 
can  be  photographed,  and  the  record,  known  as  the 
"electrocardiogram,"  can  be  studied  with  reference 
to  disturbances  of  heart  rate,  rhythm,  conduction, 
sequence  of  events  in  the  different  chambers,  and  force 
of  beat  to  some  extent.  Thanks  to  Prof.  Einthoven's 
epoch-making  a  Ivance  in  the  technique  of  cardiography, 
physiological  and  clinical  studies  of  the  heart  have  been 
greatly  enriched  (Fig.  3409). 

In  1906  Einthoven,37  in  his  paper,  "Le  Telecardio- 
gram,"  showed  that  vagus  stimulation  produced 
heart-block  as  well  as  the  ordinary  effects  upon  the 
number  of  beats.  In  190838  he  pointed  out  that  the 
loss  of  vagus  tonus  caused  by  severing  the  two  nerves 
affects  particularly  the  auricles  and  conduction  sys- 
tem. The  "P"  wave  (representing  auricular  con- 
traction) was  increased,  and  the  conduction  time 
shortened  slightly.  The  ventricular  systole  was  also 
slightly  shortened.  Stimulation  of  the  peripheral  end 
of  one  vagus  decreased  the  auricular  systole  and 
strong  stimuli  abolished  it.  The  conduction  time 
was  lengthened  and  the  ventricular  systole  slightly 
prolonged.  The  effect  on  the  ventricle  was  ascribed 
by  Einthoven  to  other  causes  than  vagus  inhibition. 
After  cessation  of  the  stimulus  the  auricular  beat 
gradually  increased  in  strength,  while  the  ventricular 
contraction  was  maximal  at  once.  There  was  tempo- 
rary complete  heart-block  during  recovery  from  the  va- 
gal effect.  From  these  experiments  he  concluded  that 
stimulation  of  the  vagus  produced  depression  of  the 
auricles  and  conduction  system,  as  well  as  decreased 
rate  of  impulse  formation. 


Fig.  3410. — Morphine  Heart-block.  Central  vagus  stimulation 
Two  "P"  waves  (auricular  beats),  not  followed  by  ventricular 
beats,  appear.  An  atypical  beat  of  the  ventricle  follows  the 
fourth  "p"  wave.     (Einthoven  and  Wieringa.39) 

Further  work  by  Einthoven  and  Wieringa  39in  1912 
substantiated  this  conclusion.  Morphine,  which 
stimulates  the  vagus  center,  was  used  on  dogs  under 
chloroform  anesthesia.  It  was  shown  that  central 
stimulation  of  the  vagus  by  morphine  may  produce 
the  same  result  as  stimulation  of  the  peripheral  vagus 
by  electricity.  By  varying  the  dose  of  morphine 
different  degrees  of  dissociation  between  auricles  and 
ventricles  could  be  produced,  and  it  was  shown  that 
the  depression  could  affect  either  the  right  or  the  left 
division  of  the  A-V  bundle.  Atypical  ventricular 
systoles  were  produced,  and  complete  heart-block 
could  be  obtained.  That  the  effect  was  entirely 
central  was  proved  by  paralyzing  the  vagus  center 
with  an  overdose  of  morphine,  by  cutting  the  vagi, 
and  by  paralyzing  their  terminations  with  atropine. 
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After  each  of  these  procedures  the  heart  beal  became 

normal,  except  in  rate,  which  was  increased  of  course. 
As  the  authors  state,  the  simplest  explanation  of  the 
results  is  that  the  vagus  contains  fibers  distributed  to 
various  parts  of  the  heart — one  set  to  the  auricles,  one 
to  the  A-V  node  (Tawara)  and  another  to  the  A-V 
bundle  and  its  two  branches.  These  different  fibers 
are  stimulated  unequally  by  small  doses  of  morphine, 
producing  the  effects  described,  which  are  in  agree- 
ment with  the  results  of  Kahn78  and  Somojloff1"  who, 
among  others,  have  studied  elect rocardiographically 
the  effects  of  vagus  stimulation. 

Almost  simultaneously  with  the  paper  by  Einthoven 
and  Wieringa  came  one  by  Eyster  and  Meek  and 
another  by  Cohn,  the  galvanometer  method  being 
employed.  Eyster  and  Meek46  studied  the  effects  of 
morphine  stimulation  of  the  vagus  in  dogs.  They  con- 
clude that  the  central  stimulation  by  morphine  depresses 
most  the  conduction  between  the  pace  maker  of  the 
heart  and  the  auricle  (sinoauricular  block)  and  to  a 
less  degree  the  conduction  from  auricle  to  ventricle; 
and  they  state  that  after  atropine  the  recovery  of  the 
conductivity  occurs  sooner  in  the  sinoauricular  system 
than  in  the  auriculoventricular,  as  a  rule,  and  that 
apparently  the  former  is  the  first  to  be  affected  by 
the  morphine.  During  recovery  from  the  morphine 
they  also  saw  various  degrees  of  sinoauricular  and 
auriculoventricular  block.  There  was  some  depres- 
sion of  contractility  of  the  auricles  and  slight  length- 
ening of  the  ventricular  systoles  during  the  vagus 
stimulation.  Their  curves  do  not  show  atypical  ven- 
tricular beats  and  they  do  not  mention  the  possibil- 
ity of  depression  of  the  right  or  left  branch  of  the  A-V 
bundle  or  its  main  stem  alone.  The  distribution  of 
the  vagus  in  the  heart  is  not  discussed.  In  a  recent 
paper46(W  these  authors  have  shown  that  stimulation 
of  the  vagus  may  cause  a  shifting  of  the  pacemaker 
of  the  heart. 

Cohn,24  who  comes  to  the  same  general  conclusions 
as  Einthoven,  paid  particular  attention  to  the  dif- 
ferences between  the  two  vagi.  He  used  dogs  and 
stimulated  the  nerves  by  the  faradic  current.  He 
went  further  in  his  conclusions  than  the  above  writers. 
He  was  able  to  show  that  in  the  dog  there  are  fun- 
damental differences  in  the  action  of  the  two  vagi  in 
eighty-eight  per  cent,  of  the  cases  (fifty-four  experi- 
ments were  made).  His  results  are  summarized  as 
follows : 

"1.  Stimulation  of  the  right  vagus  nerve  in  the  dog 
usually  causes  arrest  of  all  chambers  of  the  heart. 

2.  Stimulation  of  the  left  vagus  exerts  a  moderately 
negative  chronotropic  effect  on  the  auricles. 

3.  Stimulation  of  the  left  vagus  has  a  profound 
effect  on  the  conduction  of  impulses  over  the  auriculo- 
ventricular system.  The  degree  of  this  effect  varies, 
causing  delay  in  transmission,  incomplete,  and  in  some 
dogs,  complete  heart -block. 

4.  Stimulation  of  either  vagus  may  cause  ectopic 
ventricular  systoles. 

5.  Stimulation  of  the  left  vagus  may  rarely  cause 
sinoauricular  block ;  possibly  stimulation  of  the  right 
vagus  may  also  produce  this  effect." 

Stimulation  of  the  vagi  in  human  beings  has  been 
recently  repeated,  the  effects  on  the  heart  being  re- 
corded by  the  string  galvanometer.  Robinson  and 
Draper159  have  done  it  on  several  adults  and  four  chil- 
dren, the  individuals  having  hearts  usually  showing 
inflammatory  lesions  and  irregularity  of  rhythm.  In 
hearts  showing  auricular  fibrillation,  stimulation  of 
the  right  vagus  caused,  as  a  rule,  marked  slowing  of 
the  ventricular  rhythm  without  producing  any  ap- 
preciable effect  on  the  fibrillations  of  the  auricle. 
The  slowing  of  the  ventricles  was  apparently  due  to 
blocking  of  impulses  from  the  auricles.  In  some  cases 
a  definite  difference  was  demonstrated  between  the 
action  of  the  two  vagi.  The  control  of  the  rate  of 
beat  seemed  to  predominate  usually  in  the  right  vagus, 
while  the  control  of  stimulus  conduction  from  auricles 
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to  ventricles  predominated  usually  in  the  left  vagus. 
In  general,  the  results  of  vagus  stimulation  in  these 
cases  correspond  remarkably  with  those  in  the  dog. 
It  is  well  known  that  some  danger  attends  such  ex- 
periments, but  Robinson  and  Draper  si  ale  that  no 
fatal  results  have  been  reported.  They  saw  no  sign 
of  danger  in  their  own  cases.  The  human  heart  seems 
to  escape  readily  from  vagal  inhibit  ion.  Cohn"  slates 
that  vagus  pressure  should  be  tried  in  all  cases  of 
paroxysmal  tachycardia,  and  the  attempt  should  not 
be  confined  to  one  vagus  alone,  for  in  case  of  failure 
success  might  follow  compression  of  theopposite  vagus. 
The  dangerin  this  procedure  seems  to  be  very  slight. 
It  is  discussed  by  the  authors  cited  and  literature  on 
the  subject  is  given.     It  has  been  proved  by  Cohn, 


of  beat  alone  as  the  criterion  the  re  nil    of  Ibring 

and    liilil   are  convincing,    but     I  Hum    and    lb'    ch- 

felder  showed  in  I905tha1  the  probability  ofthevagufl 
inhibiting  the  ventricles  directly  is  slight.  Bow- 
ever,  Fr6dericq*  ha  demon  trated  upon  dogs  a  find- 
ing previously  reported  bj    Garrey   in  this  country, 

namely,  that    il    is  possible  to  clamp  the  muscle  tissue 

without    injuring    tin-    inhibitory    nerves.     By    this 

means  fri'dei  ici|  claims  to  have  shown  distinct  ef- 
fects of  the  vagus  upon  the  dog's  ventricle.  Bui  in  all 
such  experiments  in  which  artificial  physiological 
discontinuity  is  established  between  portions  of  the 
heart  I  here  is  risk  of  incept  ion  of  abnormal  conditions 
which  lead  to  doubiful  conclusions.  The  experiments 
of   Lewis87   offer   more   convincing  evidence  of  direct 
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Fig.  3411.— Stimulation  of  the  Human  Vagus  by  Compression  in  the  Neck.     Electrocardiogram  and  brachial  pulse.     Left  vagus 
(upper  tracing)  shows  no  effect.     Time  marked  in  J  second.     (Robinson  and  Draper.1™) 


Hoffmann,  Wenckebach,  Bensen,  and  others  that  in 
paroxysmal  tachycardia  vagus  compression  may  con- 
trol the  paroxysm  and  for  that  reason  its  employment 
seems  justified,  but  in  view  of  the  small  number  of  cases 
reported  this  treatment  should  be  used  with  caution. 
An  important  paper  by  Ritchie128?)  reviews  the  whole 
subject  of  the  stimulation  of  the  human  vagus. 

As  to  the  question  of  direct  action  of  the  vagus 
upon  the  ventricles  there  has  been  a  long  discussion. 
Gaskell  concluded  long  ago  that,  in  the  terrapin  at 
least,  the  vagus  affects  only  the  auricles.  Bayliss 
and  Starling1  stated,  on  insufficient  grounds,  that  the 
ventricles  in  mammals  are  directly  influenced  by  this 
nerve.  H.  E.  Hering,66  working  on  cats,  dogs,  rabbits 
and  apes,  also  believed  in  the  action  of  the  vagus  on 
the  ventricles,  but  the  basis  for  his  belief  has  since 
been  shown  to  have  been  inadequate  (Erlanger  and 
Hirschf elder").  Rihl,l!S  working  in  Bering's  labora- 
tory, supported  the  latter's  claim  as  to  the  ventricular 
effects  of  the  vagus.  In  the  experiments  of  Hering 
and  Rihl,  the  attempt  was  made  to  isolate,  in  various 
ways,  the  auricles  from  the  ventricles,  and  then  to 
observe  the  effect  of  vagus  stimulation.    Using  the 


action  of  the  vagus  upon  the  ventricles.  Lewis  pro- 
duced paroxysmal  tachycardia  in  dogs  by  ligating 
the  coronary  arteries.  There  resulted  a  heterogenetic 
rhythm  of  the  ventricles.  Vagus  stimulation  slowed 
these  paroxysmal  contractions,  arising  in  the  ventricle, 
in  thirty  per  cent,  of  the  dogs  used. 

Garrey54  has  attempted  to  analyze  the  conditions 
responsible  for  the  conflicting  views.  Using  the  turtle 
(Pseudemys),  he  found  that  in  functional  heart -block 
stimulation  of  the  vagus  may  produce  results  of 
exactly  opposite  character,  and  he  has  shown  that  the 
rate  of  beat  under  these  experimental  conditions  is  not 
a  safe  criterion  on  which  to  base  conclusions  as  to  the 
terminations  of  the  vagus  in  the  ventricles.  The 
actual  effect  of  vagus  stimulation  is  the  resultant  of 
several  factors,  such  as  position  of  the  clamp  causing 
the  block,  the  strength  of  stimulus  used,  the  involve- 
ment of  accelerator  fillers,  and  amount  of  chronotropic 
change. 

From  his  records  F.inthoven  sees  no  certain  evidence 
of  direct  action  of  the  vagus  upon  the  ventricles,  but 
Angyan,1  working  in  the  laboratory  of  Thos.  Lewis, 
has  added  striking  evidence  bearing  upon  this  point. 
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He  used  cats,  etherizing  them  and  then  producing 
dissociation  of  the  auricles  and  ventricles  by  partial 
asphyxia.  When  the  auricles  in  one  case  were  quite 
still  and  the  ventricles  were  beating,  stimulation  of 
the  right,  vagus  caused  complete  standstill  of  the 
independently  beating  ventricles.  The  experiment 
seems  to  be  crucial  as,  in  Fig.  3412,  the  abolition  of 
the  auricular  beat  lias  not  rendered  the  ventricular 
contraction  especially  abnormal.  The  point  of  action 
of  the  vagus  cannot  be  stated  definitely. 

It  is  evident  that,  as  far  as  existing  met  hods  can 
show,  the  action  of  cardiac  nerves  upon  the  ventricles 
is  not  yet  sufficiently  elucidated.  It  is  not  surprising 
that  the  cardiac  nerves  appear  to  have  but  little  direct 
effect  upon  this  part  of  the  heart,  as  nerve  tissue  in 
the  ventricles  is  difficult  to  demonstrate.     However, 


Fig.  3412. — Slowing  of  Independently  Beating  Ventricle  by  Right 
Vagus  Stimulation.      (Angyan.) 

Waledinsky162  has  succeeded  in  showing  pretty  clearly 
that  in  the  mammalian  ventricle  nerve  tissue  is 
present.  Whether  or  not  the  vagus  affects  the  in- 
trinsic ganglia  as  Carlson22  contends,  and  not  the  heart 
muscle  directly,  as  Gaskell,  Bayliss  and  Starling,  and 
others  have  maintained,  remains  to  be  settled.  In  any 
event  the  inhibition  depends  upon  specialized  termi- 
nations of  the  vagus,  for  Erlanger44  has  shown  that 
if  the  vagus  is  cut  and  to  its  peripheral  end  the  central 
end  of  an  ordinary  spinal  nerve  (as  the  fifth  cervical) 
is  sutured,  and  time  allowed  for  regeneration  to  take 
place,  stimulation  of  the  spinal  nerve  will  now  cause 
inhibition  of  the  heart.  Further  study  with  the 
Einthoven  galvanometer  upon  hearts  under  normal 
conditions  will  doubtless  be  of  great  value  in  this 
important  field.  Langley 's86  experiment  on  the  chorda 
tympani  and  cervical  sympathetic  are  also  pertinent. 
Additional  important  recent  contributions  on  cardiac 
vagal  influence  have  been  made  by  Cohn  and  Lewis 
(Journal  Exp.  Med.,  1913,  xviii.,  715,  739),  Lewis 
(Heart,  1914.  v.,  247),  and  Eyster  and  .Meek.46*1') 

Reflex  inhibition  of  the  heart  in  mammals  is  a  com- 
mon laboratory  and  clinical  phenomenon.  One  may 
often  obtain  it  by  stimulation  of  the  central  end  of 
one  vagus,  the  other  being  intact.  There  are  many 
other  nerves  which  can  be  caused  to  produce  reflex 
cardiac  inhibition  in  animals.  Such  experiments 
form  the  basis  for  the  belief  that  in  man  the  afferent 
fibers  in  the  vagus  conduct  the  impulses  which  produce 
reflex  slowing  of  the  heart  in  the  bradycardia  asso- 
ciated with  sudden  distention  of  the  stomach,  acute 
inflammatory  states  of  the  alimentary  tract,  peri- 
tonitis, etc.  In  addition,  the  inhibitory  center  can 
be  stimulated  by  impulses  from  the  higher  brain 
centers,  by  pressure  on  the  medulla,  and  by  changes 
in  the  composition  of  the  blood  such  as  in  asphyxia 
(Mathison  103),  it  is  believed.  It  is  to  be  remembered 
that  impulses  arriving  at  this  center  from  any  source 
may  not  necessarily  cause  inhibition  of  the  heart. 
Certain  stimuli  may  depress  the  inhibitory  center, 
and  thus  accelerate  the  heart  beat.  Furthermore, 
the  close  relation  of  the  cardio-inhibitory  to  other 
centers  in  the  medulla,  such  as  the  respiratory,  vaso- 
motor, and  the  cells  giving  rise  to  the  accelerator  fibers, 
makes  the  result  variable.  It  should  be  stated  that 
the  so-called  cardio-inhibitory  center  has  not  been  de- 
limited anatomically,  but,  it  is  believed  that  the  cells 
from  which  the  cardio-inhibitory  fibers  arise  are  in 
the  region  of  the  origin  of  the  vagus  nerve. 

The  tonicity  of  the  vagus  inhibitory  cells  is  main- 
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tained  largely  by  incoming  impulses,  especially  those 
arriving  by  way  of  afferent  fibers  in  the  vagus  trunk 
itself.  Of  these  fibers  those  that  constitute  the  de- 
pressor nerve  are  of  paramount  interest  because  of 
the  part  they  play  in  the  reflex  adjustments  of  the  heart 
beat  and  blood  pressure.  Marey  (1859)  is  credited 
with  being  the  first  to  observe  the  slowing  of  the 
heart  that  takes  place  when  there  is  rise  of  arterial 
pressure.  Since  Marey's  discovery  numerous  ob- 
servations along  this  line  have  been  made.  The 
literature  will  be  found  reviewed  by  Eyster  and 
Hooker4''  who  have  experimentally  shown  that  the 
slowing  of  the  heart  that  occurs  from  rise  of  blood 
pressure  is  due  to  two  factors — direct  effect  of  in- 
creased pressure  upon  the  cardioinhibitory  center, 
and  reflex  stimulation  of  the  center  by  afferent  nerves. 
The  afferent  path  has  its  origin,  at  least  to  a  great 
extent,  in  the  thoracic  aorta,  as  was  shown  by  Koster 
and  Tschermak  in  1902,  both  on  anatomical  and 
physiological  grounds.  They  found  that  distention 
of  the  aorta  produced  action  currents  in  the  depressor 
nerve,  and  they  suggested  that  normally  impulses 
reach  the  cardioinhibitory  center  by  this  route  as  a 
result  of  increased  pressure  in  the  aorta  acting  as  a 
stimulus  to  the  depressor  nerve  fibers.  Einthoven40 
has  recently  studied  the  action  currents  in  the  vagus, 
and  he  finds  that  they  are  initiated  by  the  inspiratory 
and  expiratory  movements  of  the  lungs  and  by  the 
heart  beats.  When  the  depressor  nerve  was  sepa- 
rated from  the  vagus  fibers  proper,  it  was  found  that 
the  action  currents  due  to  the  systoles  of  the  heart 
were  confined  to  the  depressor,  while  the  action  cur- 
rents due  to  lung  movements  were  absent  from  the 
depressor  nerve  fibers  but  present  in  the  main  trunk 
of  the  vagus.  Hence  it  appears  that  the  sudden 
increase  in  the  aortic  pressure  consequent  to  each 
heart  beat  acts  as  a  stimulus  to  the  depressor  nerve. 
Einthoven  therefore  holds  the  same  view  as  Koster 
and  Tschermak  that  these  stimuli  in  the  depressor 
help  to  maintain  the  vagus  tonus  and  he  further  sug- 
gests that  they  may  also  reach  the  respiratory  center 
and  contribute  to  the  automatic  adjustment  of  the 
rate  of  the  respiratory  movements  along  with  the 
pulse  frequency.  One  may  also  think  of  the  possibility 
of  the  afferent  impulses  ascending  the  vagus  fibers 
from  the  lungs  affecting  the  cardiac  centers  in  turn, 
and  thus  the  whole  question  of  the  coordination  of 
these  centers  takes  on  added  interest  in  the  light  of 
these  studies. 

Drugs  and  the  Cardioinhibitory  Mechanism.* — The 
action  of  various  drugs  upon  the  cardio-inhibitory 
apparatus  will  not  be  discussed  in  detail.  We  have 
a  number  of  drugs  which  are  important  in  this  con- 
nection. Some  of  them  act  centrally  upon  the  vagus, 
such  as  digitalis,  aconitine,  picrotoxin,  veratrine, 
cocaine,  caffeine,  morphine,  when  given  in  proper 
doses;  others,  like  muscarine  and  pilocarpine,  stimu- 
late the  peripheral  vagus  in  the  heart,  pilocarpine 
acting  upon  the  vagus  ganglion  connections  and 
muscarine  upon  the  end  organs;  nicotine  first  stimu- 
lates and  later  paralyzes  the  intrinsic  vagus  ganglia; 
atropine  is  valuable  because  it  paralyzes  the  vagus 
terminations  in  the  heart,  as  does  also  apocodeine. 
With  some  of  these  drugs,  the  slowing  of  the  pulse  rate 
is  due  in  part  to  the  rise  in  blood  pressure  produced 
by  the  stronger  heart  beat.  This  fact  suggests  that 
it  is  well  to  remember  the  direct  action  such  drugs 
have  upon  the  heart,  especially  the  digitalis  series, 
adrenalin,  aconitine,  and  spartein. 

Clinical  Aspects  of  Vagal  Inhibition  of  the  Heart. — 
There  are  several  conditions  in  which  vagal  influence 
on  the  heart  is  met  with  clinically.  In  connection 
with  heart-block,  certain  types  of  arrhythmia,  auricu- 
lar fibrillation,  and  the  action  of  the  digitalis  bodies, 

•  For  fuller  discussion  of  this  subject,  see:  Sollmann's  "Text-book 
of  Pharmacology,"  1906;  Cushny's  "Pharmacology  "and  Thera- 
peutics," Meyer  and  Gottlieb's  "Pharmacology"  (translated  by 
Halsey,  1913). 
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chloroform,  adrenalin,  and  a  number  of  other  drugs  we 
have  to  do  with  vagal  effects.* 

The  Vagus  and  Heart-block.— In  the  discussion  in  the 
preceding  section  it  has  been  shown  that  the  vagus 
can  depress  the  auriculoventricular  conduction  system, 
and  it  might  be  inferred  that  some  cases  of  auriculo 
ventricular  block  are  due  to  such  depression.  There 
is  no  good  evidence  that  defective  conduction  can 
result  in  this  way  to  the  extent  that  it  becomes  a 
real  disturbance.  It  is  known,  however,  thai  in- 
hibitory influences  may  increase  the  grade  of  a  pre- 
existing defect  in  the  conduction  system  (Lewis88  and 
Mackenzie98). 

Respiratory  Arrhythmias  of  the  Heart. — These  may 
be  physiological  or  pathological.  The  former  arc  seen 
in  youthful  subjects  and  are  due  to  variations  in  the 
tonicity  of  the  cardioinhibitory  center  during  respira- 
tion, probably  because  of  overflow  of  impulses  from  the 
respiratory  center.  During  convalescence  from  fevers 
and  some  other  conditions  these  fluctuations  in  pulse 
rate  accompanying  respiration  have  been  seen.  With 
digitalis,  fluctuations  in  the  heart  rate  have  been  not e< I. 
Very  slow  pulse  and  periodic  standstill  of  the  heart  of 
pathological  origin  have  been  recorded  by  Mackenzie. 
Laslett,  Wenckebach,  Edes,  and  others.98  Some  of  the 
causes  are  known  to  be  pressure  of  tumors  upon  the 
vagus,  fractures  of  the  cervical  vertebra',  and  c< in- 
fractions of  the  foramen  magnum.  While  vagal 
inhibition  is  known  to  produce  slowing  of  the  heart 
in  an  irregular  manner  in  clinical  cases,  it  is  a  great 
mistake  to  ascribe  irregularities  indiscriminately 
to  this  cause,  and  it  is  likewise  a  great  error  to  assume 
that  tachycardia  in  a  given  instance  is  due  to  loss  of 
vagus  tonus.  Galvanometric  records  of  various 
types  of  increased  heart  rate  have  shown  the  frequency 
of  much  graver  causes,  especially  auricular  fibrillation. 

The  Vagus,  Auricular  Fibrillation,  and  the  Action  of 
Digitalis. — It  has  been  established  that  the  vagus  in- 
hibits impulse  conduction  in  the  heart;  it  is  known  that 
auricular  fibrillation  is  the  condition  in  which  digitalis 
has  its  most  characteristic  effect  (Lewis88) ;  this  effect 
may  be  in  part  due  to  the  action  of  digitalis  upon 
the  conduction  system  by  vagus  stimulation.  These 
points  may  now  be  conveniently  discussed  together. 

The  present  status  of  the  question  as  to  how  digitalis 
retards  the  ventricles  when  the  auricles  are  fibrillating 
can  best  be  indicated  by  reporting  the  recent  views  of 
prominent  workers  studying  the  problem.  In  these 
cases  of  fibrillation  the  digitalis  bodies  slow  the  ven- 
tricles by  enhancing  a  previously  existing  auriculo- 
ventricular block.  The  electrocardiogram  demon- 
strates this,  but  one  cannot  be  so  certain  as  to  the 
exact  point  of  action  of  the  drug.  Mackenzie,"  in 
his  extensive  study  of  digitalis,  found  that  in  patients 
whose  pulse  rate  was  being  kept  reduced  by  this  drug 
atropine  would  immediately  cause  a  marked  rise  in  the 
pulse.  In  some  cases  it  was  nearly  doubled;  the 
inference  was  that  digitalis  had  been  maintaining  the 
slow  rate  by  stimulating  the  vagus.  This  view  is 
supported  by  the  fact  that  compression  of  the  vagus 
will  often  produce  the  same  result,  as  already  stated. 
On  the  other  hand,  Cushny,  Marris,  and  Silberberg'-6 
have  detailed  the  results  of  digitalis  action  in  two 
types  of  cases — nonfibrillating  and  fibrillating.  They 
state  that  in  the  former  class  the  members  of  the 
digitalis  group  slow  the  pulse  in  a  certain  number  of 
instances  in  which  the  rhythm  is  given  by  the  normal 
pacemaker,  and  as  a  general  rule  this  slowing  may  be 
removed  by  atropine  and  is  therefore  inhibitory.  In 
other  cases,  however,  the  sinus  slowing  and  block 
are  unchanged  by  atropine,  and  hence  the  action  of  the 
digitalis  is  direct  upon  the  conduction  fibers  from 
pacemaker  to  auricle  and  from  auricle  to  ventricle. 
Their  study  of  auricular  fibrillation  indicated  that 
the  percentage  increase  in  the  pulse  rate  caused  by 
atropine  after  treatment  -with  digitalis  was  less  than 

•See  Lewis,  "The  Mechanism  of  the  Heart  Beat,"  1911,  for  more 
extended  discussion  of  these  subjects. 


the     increase     following     atropine     without      digits 

They  were  therefon  lead  to  the  curious  result  that  the 

slow    pulse    pro, lure, I    by    digitalis    iii    their    CBSes    of 

auricular  fibrillation  was  not  only  not  due  to 
stimulation  but  thai  there  was  an  actual  decreaa    in 

the  inhibitory  influence  in  many  cases.      Thej    ' 
fore   concluded    thai     the    reduction    in    ventricular 
rate  was  due  to  a  direct  depression  of  the  condui 

fibers,  or  of  the  excitability  of  the  heart  muscle  by  the 
digitalis. 

We  cannot  go  into  a  discussion  of  the  probable  ex- 
planation of  the  e  di  cordant  results  obtained  by 
Mackenzie  and  I  lushny.  The  cases  were  of  the  same 
general  type  and  were  treated    in   tin- .■..■one  general 

way.      It  would  appear  t  hat   t  he  react  ion  to  digitalis  is 

a  matter  of  individual  differences  in  different  patient* 

There    is    need    of    more    extended    studies    by    means 

of  the  elect  rocardiogram,  using  more  accurate  doses  of 

digitalis  as  prescribed  by  Hatcher'1'  in  his  studies  of  the 
digitalis  scries.  The  writer,  in  some  observations  on 
fhe  action  of  ouabain  on  the  cat's  heart,  studied  by 
the  Einthoven  galvanometer,  has  been  impre  ed 
by  certain  peculiar  effects  of  flu-  ouabain  upon  the 
conduction  system  before  there  was  any  marked 
change  in  the  pulse  rate.  The  studies  are  not  com- 
pleted and  it   is  not  possible  yet   to  analyze  them,  t  ■  1 1 1 

it  was  evident  that  there  were  some  obscure  effects  of 
this  drug  worthy  of  extended  study. 

The  subject  of  fibrillation  of  the  cardiac  muscle  is 
also  in  need  of  further  investigation.  The  theory  as 
to  its  cause  which  has  gained  most  prominence  lately 
is  that  championed  by  Lewis  and  others  who  maintain 
that  the  fibrillation  is  due  lo  the  generation  of  impulses 
simultaneously  at  several  foci.  They  believe  that 
altered  irritability  is  the  prime  disturbing  factor, 
and  the  belief  is  well  supported  by  electrocardiographic 
studies  of  experimental  and  clinical  eases.  Carrey" 
supports  the  theory  of  "blocked  conduction  "  By  in- 
genious experiments  upon  the  turtle  and  mammalian 
heart  he  shows  that  the  mass  of  the  heart  muscle 
is  an  important  factor  in  fibrillation.  He  induced  this 
condition  in  various  parts  of  the  heart  and  then  iso- 
lated portions  of  different  sizes  by  clamping  or  ex- 
cision. Small  isolated  masses  ceased  fibrillating  while 
the  remaining  part  of  the  heart  (auricle  or  ventricle) 
kept  up  the  delirium.  Garrey  established  the  impor- 
tant fact  that  if  the  point  at  which  fibrillation  is. started 
is  excised  the  fibrillation  continued  in  the  remainder 
of  the  auricles  or  ventricles  excited  by  the  original 
stimulus.  This  speaks  against  the  theory  of  simul- 
taneously acting  foci  of  new  impulses.  Garrey  states 
that  the"  persistence  of  cardiac  fibrillation  is.  other 
conditions  being  equal,  directly  proportional  to  the 
size  of  the  tissue  mass  involved.  Long,  narrow,  thin 
pieces  recover  promptly,  and  narrow  strips  connected 
to  a  fibrillating  mass  do  not  fibrillatc.  even  when  they 
are  stimulated  by  the  faradic  current.  They  beat 
coordinately.  The  experiments  support  the  block 
hypothesis  originated  by  Porter184  in  1894.  He  held 
that  the  contraction  waves  were  prevented  from  run- 
ning their  course  by  depressed  conduct  ivity  in  various 
parts  of  the  heart  muscle.  As  Garrey  conceives  it, 
the  impulses  can  spread  in  any  and  all  directions  from 
the  initial  point  of  irritation,  their  progress  being 
limited  only  by  the  localized  areas  of  depressed  con- 
duction. These  areas  divert  the  impulses  into  more 
circuitous  paths  and  the  areas  so  blocked  off  can 
participate  in  contraction  only  where  stimulated  by 
an  impulse  from  another  direction.  These  areas  then 
become  the  centers  from  which  impulses  travel,  only 
to  meet  with  blocks  at  other  points. 

Lewis,  Erlanger,  Hirscljfelder,  and  others  have  also 
observed  the  blocking  of  impulses  in  fibrillating  heart 
muscle  by  narrow  or  thin  strips;  nevertheless,  we  have 
these  two  different  conceptions  as  to  the  nature  of  the 
fibrillation  process,  one  ascribing  it  to  the  develop- 
ment of  foci  initiating  new  impulses,  the  other  to 
localized   areas   of  blocked   conduction.     In   view  of 
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the  strong  evidence  thai  both  the  production  of  new 
foci  of  impulse  formation  and  the  presence  of  do- 
pressed  conduction  are  possible  causes  of  fibrillation, 

it  does  not  seem  wise  to  ai  cribe  the  condition  to  either 
factor  alone. 

Fibrillation,  Section  of  thi  I  agi,  Ike  Action  of  Chloro- 
form  and  Adrenalin.  —We  may  mention  finally  an 
important  experimental  observation  on  the  possible 
relation  fibrillation  has  to  chloroform  anesthesia  and 
adrenalin  action.  Levy,"  in  a  paper  on  the  exciting 
causes  of  vent ricular  tibrillat ion  in  animals,  has  show  n 
that  in  eats  under  chloroform  anesthesia  section  of 
both  vagi  will  very  frequently  set  the  ventricles  to 
fibrillating.  Section  of  the  vagi  has  no  clinical 
analogue,  but  it  is  quite  possible  that  the  vagal  tone 
can  be  depressed  and  in  such  a  condition  light  chloro- 
form anesthesia  might  predispose  the  ventricle  to 
fibrillation.  Levy  and  Lewis'1-  have  shown,  too,  that 
intravenous  injections  of  adrenalin  during  lighl 
chloroform  anesthesia  will  produce  ventricular  fibril- 
lation and  death.  The  fibrillation  is  ascribed  to  the 
stimulation  of  the  accelerator  mechanism  of  the  heart 
at  a  time  when  the  muscle  is  hyperexcitable  from  the 
chloroform.  These  results  indicate  that  great  pre- 
caution should  be  used  in  the  administration  of 
adrenalin  in  man  during  the  action  of  this  anesthetic. 
Several  fatalities  have  occurred  (Levy51). 

Vascdlab  Inhibition. — As  in  the  heart,  we  have  in 

the  blood-vessels  of  most  organs,  and  in  plain  muscle 
fibers  generally,  a  double  nerve  supply.  In  the  blood- 
vessels these  are  known  as  the  pressor  and  depressor 
nerves.  The  problems  of  inhibition  in  the  blood- 
vessels are  at  bottom,  the  same  as  in  vagal  control 
of  the  heart. 

The  vasodilator  nerves  are  widely  distributed  in 
the  body.  The  heart,  lungs,  and  brain  have  not  been 
proved,  beyond  question,  to  contain  either  constrictor 
or  dilator  fibers,  however  (Howell71).  Where  they  do 
exist,  vasodilator  nerves  when  stimulated  inhibit 
the  tone  of  the  circular  fibers.  Unlike  the  constrictor 
nerves,  they  are  not  in  constant  (tonic)  activity;  and 
they  do  not  arise  from  any  one  center  in  the  cord. 
Experimental  evidence  shows  that  there  are  several 
levels  in  the  cord  at  which  the  dilator  nerves  have 
origin. 

The  depressors  seem  to  be  excited  reflexly  (see  Fig. 
3414),  but  their  centers,  like  those  of  other  nerves, 
are  doubtless  influenced  by  changes  in  the  composi- 
tion of  the  blood.  In  order  that  they  may  act,  there 
must  be  a  certain  degree  of  vasoconstriction.  Ex- 
amples of  reflex  vasodilatation  are  the  erection  of  the 
penis,  congestion  of  the  salivary  glands,  and  perhaps 
the  dilatation  of  the  skeletal  muscle  vessels  during 
contraction.  The  dilator  fibers  doubtless  exert  a 
direct  influence  upon  the  blood-vessels,  but  reflex 
vasodilatation  may  also  be  brought  about  by  inhibi- 
tion of  the  tonus  of  the  vasoconstrictor  center  in  the 
medulla.  This  is,  in  fact,  what  happens  -when  the 
depressor  nerve  of  the  heart  is  stimulated.  This 
nerve  has  already  been  discussed  in  connection  with 
the  vagus  and  we  need  only  to  emphasize  again  the 
importance  of  this  reflex  mechanism  of  the  vascular 
system,  governing,  as  it  does,  the  splanchnic  vessels 
especially. 

_  Most  study  of  the  vasomotor  nerves  has  been 
directed  to  the  arteries,  but  it  is  known  that  the  veins 
have  a  nerve  supply.  Lymph  vessels  have  received 
less  attention  in  this  respect.  The  presence  of  dilator 
nerves  in  the  receptaculum  chyli  has  already  been 
mentioned  in  the  historical  outline. 

The  degree  of  contraction  of  the  blood-vessels  is  not 
controlled  alone  by  the  nerves.  The  products  of 
metabolism,  such  as  carbon  dioxide  and  lactic  acid. 
are  believed  to  cause  relaxation  to  some  extent. 
The  opposite  effects  are  produced  by  the  secretion  of 
the  adrenal   glands  and   infundibular  portion  of   the 
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pituitarj  gland.  It  is  known,  however,  thai  the 
adrenal  secretion  acts  upon  the  constrictor  nerve 
endings  in  the  blood-vessels.     The  di  ti  riding 

exerted    by    the    heart    and    propagated    therein. r 

anothei  factor  influencing  the  tonicitj  ol  the  blood- 
vessel wall. 

Inhibition  in  the  Alimentary  ("anal. — Inhibition 
in  the  digestive  tract  has  been  known  since  Pfliiger's 
discovery  in  1855  of  splanchnic  inhibition  of  the 
small  intestine.      Motor  fibers  lor  the  stomach  and  small 

intestine  predominate  in  the  vagus  supply;  inhibitory 
fibers  occur  mainly  in  the  splanchnic.  The  large  intestine 
is  supplied  by  the  sacral  and  lumbar  outflow  (Howell71). 
It  will  not  be  possible  to  review  all  of  the  extensive 
work  which  has  been  done  upon  inhibition  in  the 
alimentary  canal.  Numerous  researches  have  estab- 
lished the  fact  of  an  inhibitory  mechanism  for  all 
parts  of  the  tract.  The  subject  is  well  discussed  by 
Cannon18  in  his  book,  "The  Mechanical  Factors  of 
Digestion,"  1911.  The  valuable  2-ray  studies  by 
Cannon  have  shown  how  closely  the  different  parts 
of  the  digestive  canal  are  correlated  and  how  sus- 
ceptible they  are  to  influences  operating  through  the 
extrinsic  nerves.  The  acid  control  of  the  tonicity  of 
the  cardiac  and  pyloric  sphincters  is  one  of  the  most 
interesting  examples  of  adaptations  of  nervous 
mechanisms  that  we  have.  Peristalsis  is  also  doubt- 
less carried  out  by  a  local  reflex  arrangement  which 
produces  a  constriction  of  the  canal  preceded  by  an 
inhibition  of  the  circular  fibers  in  front  of  the  advanc- 
ing contents.  These  delicate  adjustments  of  con- 
strictor and  dilator  nerves  of  the  canal  are  easily 
disturbed  by  various  conditions,  such  as  emotional 
states,  pain,  exposure  of  the  viscera,  etc.  From  such 
studies  the  pathology,  as  well  as  the  physiology,  of  the 
digestive  system  now  stands  in  a  clearer  light.  In 
this  connection  should  be  mentioned  the  important 
studies  by  Carlson  and  his  associates  on  the  nervous 
control  of  hunger  contractions  (Am.  Jour.  Physiology, 
1914-1.",!. 

Inhibition  of  the  Respiratory  System. — The 
movements  of  respiration  may  be  inhibited  by  the 
stimulation  of  several  different  nerves.  It  is  known 
that  during  inspiration  certain  fibers  of  the  vagus  are 
stimulated  by  the  expansion  of  the  lungs  and  the  result 
is  that  inspiration  is  brought  to  a  close.  Deflation 
of  the  lungs,  under  experimental  conditions,  excites  a 
different  set  of  vagus  fibers.  These  facts  have  been 
demonstrated  most  clearly  by  Einthoven-10  wdio  showed 
that  both  inflation  and  deflation  of  the  lungs  give 
rise  to  action  currents  in  the  vagus.  The  presumption 
is  that  normally  one  set  of  vagus  fibers  is  excited  by 
the  expansion  of  the  lungs  with  the  result  that  in- 
spiration is  inhibited  at  a  certain  point,  while  diminu- 
tion in  volume  of  the  lungs  excites  another  set  of  fibers 
and  thus  brings  expiration  to  a  close.  It  is  quite 
generally  agreed  that  inspiration  is  inhibited  in  the 
manner  described,  but  it  is  not  yet  certain  that  in 
ordinary  quiet  respiration  the  expiratory  phase  is 
ended  by  nervous  activity.  The  importance  of  the 
vagus  control  is  shown  by  the  profound  effect  section 
of  the  two  vagi  has  upon  the  character  of  the  move- 
ments. Their  rate  is  much  decreased  and  the  depth 
increased,  because  of  the  loss  of  the  stimulus  which 
normally  stops  inspiration. 

The  inspiratory  part  of  the  respiratory  center  may 
be  inhibited  by  stimulating  the  superior  laryngeal 
nerve  and  in  some  animals  by  stimulation  of  the  nasal 
branches  of  the  trigeminus.  Inhibition  of  breathing 
by  stimulation  of  the  nose  in  diving  birds  has  already 
been  discussed,  and  likewise  the  interruption  of 
breathing  by  the  act  of  swallowing.  Many  cutaneous 
nerves  also  inhibit  respiratory  activity.  Volitional 
control  of  the  center  need  scarcely  be  mentioned. 

The  bronchial  muscles  have  long  been  a  subject  of 
investigation   as  to  their  function.     They  are   now 
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known  to  have  inhibitory  fibers  (Doyon31)  as  well  as 
constrictor  nerves.     (Dixon  and   Brodie28.) 

Inhibition  of  Striated  Muscle.  Alter  the  dis- 
covery of  inhibitory  nerves  for  cardiac  and  plain 
muscle  the  search  for  such  nerve  supply  to  striated 
muscle  went  on.  The  first  instance  was  published 
by  l'awlow1"  in  1885.  He  found  inhibitory  nerves 
running  to  the  adductor  muscles  of  the  bivalve 
mollusc — Anadon.  In  1887  Biedermann"  discovi  red 
inhibitory  nerves  for  the  claw  muscles  of  the  arthropod 
— Astacus.  Piotrowski121  in  1893  reinvestigated  the 
nerve  supply  to  the  muscles  in  the  crayfish  and  con- 
cluded that  the  inhibition  takes  place  in  the  muscle 
and  not  in  the  motor  nerve  endings. 

In  the  vertebrates  inhibition  of  the  skeletal  muscles 
takes  place  centrally,  i.e.  in  the  motor  nerve  cells,  by 
the  effects  of  afferent  nerves  acting  upon  these  cells. 
It  has  been  claimed  by  several,  nevertheless,  thai 
inhibitory  nerves  run  directly  to  the  striated  muscle  of 
vertebrates.  Wedensky154  made  this  claim  in  1885,  as 
did  also  Kaiser79  in  1892.  (The  Wedensky  phenomenon 
— the  apparent  inhibition  of  striated  muscle  by  the 
stimulation  of  its  motor  nerve — has  caused  much  dis- 
cussion among  physiologists.  For  a  recent  critical  study 
of  it  seethe  important  paper  by  Keith  Lucas,  Journ. 
of  Physiol.,  1911,  xliii.,  46.)  It  is  known  with  certainty 
that  inhibition  of  the  motor  nerve  cells  of  the  muscles 
does  occur.  As  Sherrington  says,  skeletal  muscle  has 
become  so  wholly  dependant  upon  the  central  nervous 
system  that  it  contracts  only  when  the  immediate  spinal 
or  cranial  centers  summon  it  to  do  so.  With  a  muscle 
so  stimulated  to  action  a  simple  plan  to  inhibit  the 
muscle  is  to  inhibit  its  motor  center.  It  is  not  sur- 
prising, then,  to  find  that  such  a  plan  is  carried  out  in 
the  vertebrate  body.  Sherrington134  takes  very  little 
stock  in  the  idea  that  inhibition  of  skeletal  muscle 
takes  place  any  other  way.  The  subject  of  reflex  inhi- 
bition and  inhibition  of  reflexes  as  developed  by  him 
and  others  will  be  outlined  in  a  subsequent  section. 

Inhibition  in  Nerve  Fiber. — Studies  of  inhibition 
in  nerve  fiber  have  been  greatly  overshadowed  by  the 
study  of  the  phenomenon  in  muscle  tissue.  Excepting 
the  numerous  investigations  of  the  phenomena  _  of 
electrotonus  in  nerve,  and  some  other  conditions  which 
increase  and  decrease  the  excitability  and  con- 
ductivity of  this  tissue,  very  little  has  been  done  on  the 
inhibitory  state  in  nerve  fiber  as  a  special  problem. 
It  is,  in  fact,  not  a  special  problem  here,  except  in  so 
far  as  conductivity  and  excitability,  rather  than 
contractility,  are  the  functions  inhibited. 

Under  the  influence  of  the  galvanic  current  the  well- 
known  changes  in  irritability  and  conductivity  in 
nerve  described  by  Pfluger120(a)  take  place.  When  a 
constant  current,  not  too  strong,  is  passed  through  a 
nerve,  there  is  increased  irritability  and  conductivity 
around  the  cathode  (catelectrotonus)  and  decreased 
irritability  and  conductivity  (anelectrotonus)  around 
the  anode.  On  breaking  the  circuit  the  conditions 
are  reversed  as  regards  the  two  poles,  the  anode  be- 
coming the  seat  of  rise  and  the  cathode  the  seat  of  fall 
in  excitability.  Few  experiments  in  physiology  have 
stood  the  test  of  time  so  well  as  these  of  Pfliiger,  and, 
though  his  conclusions  have  been  extended  the  original 
results  remain  practically  unaltered.  The  results  of 
numerous  researches  on  these  electrotonic  changes 
show  that  they  probably  occur  in  all  tissue  capable  of 
being  stimulated  by  "the  galvanic  current.  The 
depression  of  the  properties  of  nerve  fiber  around  the 
anode  under  the  action  of  the  galvanic  current  has 
not  received  a  completely  satisfactory  explanat  ion,  but 
for  the  present  purpose  we  may  speak  of  it  under  the 
general  subject  of  inhibition. 

Inhibition  and  Secretion. — Inhibitory  nerves  have 
been  alleged  for  several  different  glands  but  the  diffi- 
culty of  excluding  the  possible  action  of  vasomotor 
nerves,  which  would  alter  the  blood  supply  to  the 


gland  undi  n  ndered  doubtful  no 

of  the  conclusioi  l'awlow"  \  Popielski,  and  v. 

Anrep1  '■■  1 191  I   claimed  to  haA  e  found  inhibitoi     i 
in  the  vagus  supply  to  the  pancreas,  and  Moral  at  trib- 
uted  inhibitor}  planchnic  supply  to  the 

pancrea  .      Various  writers  have  mentioned  the  inhibi- 
tory fibers  of  the  ga  nd        Arloing2  seems  to 
leu  edemon  I  rated  suchitfibere  for  the  lacrj  mal  and 
glands    in    the    cow    and    donkey,     it    is  claimed  by 
1'awlou    (Howell71      thai    the    prolonged  secretion  of 
saliva  which  follows  section  of  the  chorda  tympani 
parab,  I  ic    ecrel  ion  I  is  due  to  I  he  loss  of  inhibitoi 
influences.     It  cannot    be    said,    ho    i    ei     thai    the 
various  glands  of  the  body  have  been  proved  to  h 
inhibitory  nerves  acting  eit  her  directly  upon  the  gland 
cells  or  indirectly   upon  ganglion  cells  which  might 
have  connection  with  them   as,  for  example,  in  the 
salivary    glands!      It    .appeal,    thai    the    lattei    are 
controlled    by  a  center    in    the   medulla      Millei 
This,  however,  may  be  nothing  else  than  the  nuclei 
of   origin   of  the  secretory    nerves   which    leave 
medulla  by  the  facial  and  glossopharyngeal   nerves. 
Inhibition  of  the  salivan   secretion   may  consist  of  an 
action  upon  this  center  and  thus  be  analogous  tothe 
inhibition  of  striated  muscle.      As  evidence  support- 
ing the  possibility  of  direct  inhibit  ion,  it  is  stated  that 
when  the   cervical   sympathetic   is   stimulated    there 
is  a  positive  electrical  variation  in  the  submaxillary 
gland.     This  is  taken  to  mean  depression  ol  the  cells,  as 
a  aegative  variat  ion  occurs  when  the  gland  secretes. 

In  connection  with  secretion  may  be  gh  en  t  he  con- 
trol of  the  gall-bladder.  According  to  Doyon,3-  the 
splanchnic  contains  fibers  which  inhibit  the  contrac- 
tion of  the  gall-bladder  and  bile  duct  and  at  the  same 
time  cause  contraction  of  f  he  sphincter  in  the  duodenal 
papilla.  The  vagus  causes  the  opposite  effects  upon 
these  structures/  If  this  mechanism  really  exists, 
and  there  is  little  reason  to  doubl  it,  it  is  a  beautiful 
example  of  antagonistic  muscular  ac 

Another  phase  of  the  subject  is  the  possible  action 
of  internal  secretions  as  inhibiting  agents.  The] 
some  evidence  along  this  line.  Schafer  and  Herring132 
found  that  extracts  of  the  posterior  lobe  of  the 
pituitary  gland  when  injected  into  the  circulation 
caused  a  dilatation  of  the  renal  blood-vessels  and 
secretion  of  urine.  The  extract  contained  a  depressor 
substance  acting  specifically  upon  the  renal  vessels. 
They  believed,  also,  that  the  hypophysis  contains 
a  second  substance  which  inhibits  the  renal  epithelium. 

According  to  Jordan  and  Eyster,"  extracts  of  the 
pineal  gland  contain  a  depressor  substance  which  pro- 
duces dilatation  of  intestinal  vessels  and  fall  in  bl 1 

pressure,  but  results  are  rather, uncertain  in  the  hands 
of  various  experimenters  with  extracts  of  this  gland. 
Diminished  activity  of  the  gland  in  children  appears 
to  accelerate  the  development,  of  the  generative  or- 
gans, inducing  precocity  and  increased  growth  of 
bones  (Pellizzilis). 

In  the  theories  of  sugar  metabolism  inhibition  takes 
some  part.  Thus.  Zuelzer156  believes  that  the  output 
of  sugar  from  the  liver  is  controlled  by  two  opposing 
hormones,  an  accelerating  one.  epinephrin,  from  the 
adrenal  glands,  and  an  inhibiting  one  from  the 
pancreas.  The  basis  of  his  belief  is  briefly  this: 
If  the  pancreas  is  completely  removed  from  an 
animal,  hyperglycemia  and  glycosuria  result.  Liga- 
tion of  the  adrenal  veins  prevents  these  results  of  de- 
pancreatization,  it  is  claimed  by  Zuelzer.  Then  there 
is  the  work  of  Eppinger,  Falta,  and  Rudinger42  which  is 
also  credited  with  supporting  the  idea  of  antagonism 
between  the  pancreas  and  the  chromaffin  system. 
It  must  be  said  that  experimental  evidence  is  not  yet 
satisfactory  on  this  point,  and  the  whole  sub 
of  sugar  metabolism  is  in  too  unsatisfactory  a  state 
to  warrant  further  discussion  of  possible  inhibitory 
phenomena  in  this  field. 

We  may  allude  finally  to  one  other  interesting  fact, 
namely,  the  increased  vagus  tonus  which  characterizes 
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the  complex  condition  known  as  "status  thymieus," 
or  "status  thymolymphaticus."  It  has  been  thought 
that  some  internal  secretion,  possibly  of  the  hyper- 
plastic thymus,  could  be  the  cause  of  the  high  vagus 
tonus  and  resulting  slow  heart  rate  in  these  cases. 
Biedl12  states,  however,  that  this  tonus  is  more  prob- 
ably due  to  diminished  activity  of  the  adrenals. 

Inhibition  in  the  Central  Nervous  System. — In  the 
historical  introduction  to  this  paper  it  was  pointed 
out  that  Charles  Bell  in  1823  first  spoke  definitely 
of  the  necessity  of  inhibitory  nerves  antagonizing 
the  excitatory  nerves.  In  spite  of  the  notable  dis- 
coveries of  reflex   inhibition   by  Ludwig  and   Cyon, 


Fio.  3413. — Schema  of  Reciprocal  Innervation.  E,  extensor, 
F,  flexor  muscles  of  knee;  a  and  a',  afferent  neurons.  The  +  and 
-  signs  indicate  points  of  excitation  and  inhibition,  respectively, 
of  the  central  motor  neurones.      (Sherrington. »«(*),  Yale  Press.) 

Hering  and  Breuer,  Goltz,  and  others  already  men- 
tioned, it  was  not  until  sixty  years  after  the  sugges- 
tion of  Bell  that  the  subject  of  central  nervous  system 
inhibitory  phenomena  began  to  receive  systematic 
study.  In  1881  Kronecker  and  Meltzer82  discovered 
that,  in  the  rabbit  at  least,  during  deglutition  there  is 
normally  an  inhibition  of  the  tonus  of  the  cardia,  the 
effect  being  mediated  by  the  vagus  fibers  supplving 
the  stomach,  for  the  inhibition  did  not  take  place  if 
the  vagi  were  cut.  In  18S3  Meltzer105  called  attention 
to  the  purposeful  arrangement  of  the  respiratory 
mechanism,  in  which  the  superior  laryngeal,  tri- 
geminus and  splanchnics  may  cause  inhibition  of 
inspiration.  Already  in  1883  Meltzer  advocated 
such  nervous  system  reactions  as  types  of  a  general 
principle  and  in  1903106  he  called  it  the  principle  of 
"contrary  innervation."  In  1906  Sherrington  brought 
out  his  book,  "The  Integrative  Action  of  the  Nervous 
System."  In  this  extensive  analysis  of  the  nervous 
system  functions  Sherrington  studied  the  reflex  arc 
as  the  unit  of  reaction.  Prior  to  his  work  the  physio- 
logical problems  of  the  nervous  system  had  been 
attacked  mainly  from  two  directions.  Under  the 
influence  of  the  doctrines  of  the  cell  theory  certain 
investigators  were  especially  interested  in  the  nerve 
cell  as  a  unit.  The  problems  of  the  nutrition  of 
neurones  and  their  relations  to  other  cells  received 
emphasis.  Verworn  and  his  co-workers  contributed 
valuable  studies  in  this  field.  Then,  the  special 
feature  of  nerve  tissue — its  power  to  conduct  impulses 
— was  also  being  intensely  studied  by  numerous 
investigators,  and  there  resulted  a  great  fund  of  in- 
formation about  the  specific  properties  of  nerve  and 
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its  reactions  to  stimuli.  In  this  field  we  have  Ilelm- 
holtz,  Pfluger,  Biedermann,  Uu  Bois  Reymond,  Bern- 
stein, and  a  host  of  others.  Sherrington  set  out  to 
investigate  more  especially  a  third  aspect  of  nervous 
reactions,  namely,  their  "integration,"  that  is,  "the 
welding  together  of  the  higher  reactions  which  con- 
stitute the  behavior  of  animals  as  units  in  the  natural 
economy."  This  coordination  of  animal  processes  is 
carried  on  in  three  ways.  First,  there  is  mechanical 
union  of  cells  into  a  single  mass  by  means  of  inter- 
cellular bridges,  connective-tissue  coverings  and  frame- 
works, as  in  glands,  muscles,  etc.;  secondly,  we  have 
chemical  coordination,  by  hormones  and  other  bodies, 
circulated  from  one  organ  to  another  by  the  blood 
and  lymph;  thirdly,  the  nervous  system,  as  a  very 
special  agent,  serves  to  bring  about  harmonious 
action  in  the  animal  organism.  The  third  method  of 
integration  is  phylogenetically  much  later  in  origin 
than  the  other  two.  It  is  characterized  by  quick- 
ness of  reaction,  which  is  accomplished  by  physico- 
chemical  disturbances  conducted  along  highly  special- 
ized lines  of  cells  (neurones)  by  which  distant  organs 
are  rapidly  brought  into  connection  with  each  other 
and  with  their  environment.  The  problem,  then,  was 
to  analyze  the  nervous  coordination,  and  the  motor 
reactions  were  studied  with  this  end  in  view.  The 
results  accomplished  by  Sherrington  and  many  others 
have  reached  a  vast  extent,  and  it  will  be  possible  to 
do  no  more  than  outline  them  with  special  reference 
to  the  inhibitory  phenomena.* 

It  is  necessary  to  state  here  some  fundamental 
conceptions  in  regard  to  reflexes.  Reflexes  are  the 
reactions  of  animals  (1)  to  external  agents,  or  stimuli; 
and  (2)  to  internal  stimuli.  In  those  forms  having 
a  nervous  system  there  are  special  tissues  which  carry 
out  the  reactions.  The  conception  of  a  reflex 
mechanism  is  that  it  embraces  at  least  three  separate 
structures:  (1)  an  initiating  organ,  or  receptor,  in 
which  the  reaction  starts,  (2)  a  conducting  nervous 
path,  (3)  the  effector  organ,  e.g.  a  muscle,  which  com- 
pletes or  carries  out  the  reaction.  We  have  to  deal, 
then,  with  three  processes,  initiation,  conduction,  and 
end  effect.  The  end  effect  may  be  a  contraction  of  any 
kind  of  muscle,  secretory  activity  of  a  gland,  or  a  state 
of  consciousness.  In  the  latter  instance  the  reaction 
is  not  called  a  reflex,  however;  it  nevertheless  consists 
of  initiation,  conduction,  and  end  effect. 

The  receptor  organs  which  are  acted  upon  by  the 
environment  make  up  the  exteroreceptor  field.  When 
receptors  are  so  situated  that  they  respond  to  changes 
arising  in  the  organism  (internal  stimuli),  as  in  muscle, 
tendon,  joints,  etc.,  they  are  called  proprioceptors. 
In  many  reflexes  both  classes  of  receptors  are  in  action. 
The  reflexes  are  for  the  most  part  very  complicated. 
A  motor  mechanism  moving  an  extremity  may  be 
started  to  action  by  a  number  of  stimuli  coming  from 
widely  separated  regions.  The  resulting  impulses 
must  converge  to  a  "final  common  path,"  to  use  Sher- 
rington's expression,  in  order  to  act  harmoniously. 
Reflex  arcs  thus  acting  are  called  "allied"  arcs.  These 
may  have  as  their  end  result  excitation  or  inhibition, 
and  in  order  that  movement  may  occur  there  must  be 
simultaneous  excitation  of  one  set  of  muscles  and 
inhibition  of  their  antagonists.  The  innervation  of 
antagonistic  muscles,  such  as  flexors  and  extensors, 
which  provides  for  their  harmonious  action  can  be 
understood  from  the  schema  (Fig.  3413).  The  mech- 
anism of  the  reciprocal  relation  thus  established  is 
in  principle  a  simple  one.  The  inhibition  of  skeletal 
muscle  is  always  reflex.  In  the  words  of  Sherring- 
ton,136 "the  motor  center  is  a  convergence  point  for 
various  reflex  influences  competing,  so  to  speak,  for 
dominance  over  the  muscle.  The  motor  center  lies 
as  an  instrument  passive  in  the   hands   of   opposing 

*  The  reader  is  referred  to  Sherrington's  book  and  to  his  recent 
excellent  summary116  of  the  work  on  reflex  inhibition  by  himself 
and  others.  (See  also  T.  Graham  Brown,  Quart.  Journ.  Exp. 
Physiol.,  ii.-vii.) 
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forces  of  excitation  and  inhibition,  exerted  by  nerve 
channels  which  infringe  upon  it.  Soinet  inies  the  one 
influence  and  sometimes  the  other  prevails.'' 

Reciprocal  innervation  operates  not  only  in  the 
skeletal  muscle  system.  The  same  principle  applies 
in  the  heart  and  blood-vessels  in  the  antagonistic 
action  of  the  two  sets  of  nerves  in  these  structures; 
it  is  to  be  found  in  the  alimentary  canal  ami  elsewhere 
in  the  production  of  the  peristaltic  movement,  which 
consists  of  a  wave  of  relaxation  going  in  advance 
of  a  wave  of  contraction;  the  coordinated  act  ion  of  t  he 
constrictor  and  dilator  fibers  of  the  iris  illustrates  it  ; 
in  short,  wherever  antagonistic  muscles  act  we  have 
provided  an  arrangement  for  producing  simultaneous 
excitation  and  inhibition.  Reciprocal  innervation 
does  not  always  mean  reflex  action  in  the  sense  of 
spinal  reflexes.  The  mechanism  may  be  a  local  one, 
as  in  the  Auerbach  plexus  of  the  intestine.  In  the 
case  of  the  arthropod  claw  muscles  it  is  again  peripheral 
and  simpler  still  apparently. 

To  return  to  the  muscles  of  the  higher  animals, 
it  has  been  shown  that  the  principle  enunciated 
holds  in  the  assumption  and  maintenance  of  posture 
just  as  well  as  in  the  production  of  movement.  The 
tonus  thus  maintained  in  skeletal  muscle  has  its 
analogue  in  the  tonus  of  the  artery  muscle  in  so  far 
as  the  latter  is  governed  reflexly.  Bayliss3  has  in- 
vestigated the  question  as  to  whether  an  impulse 
causing  a  reflex  fall  in  arterial  pressure  does  so  by 
inhibiting  the  tonus  of  the  vasoconstrictor  centers  or 
by  increasing  the  tonus  of  the  dilator  centers,  or  by 
a  combination  of  both  of  these.  He  shows  that  the 
last  possibility  is  what  actually  occurs.  In  the  general 
vasomotor  reflexes,  therefore,  the  centripetal  impulses 
act  reciprocally  on  the  nerve  centers  of  antagonistic 
influence.  When  arterial  pressure  is  raised  the  initi- 
ating impulse  excites  the  constrictor  center  and  in- 
hibits the  dilator;  when  the  reflex  produces  a  fall  in 
pressure  the  dilator  centers  are  excited  and  the  con- 
strictor inhibited.  It  is  also  stated  that  local  as 
well  as  general  vasomotor  adjustments  exhibit  re- 
ciprocal innervation. 


Fig.  3414. — Reflex  Fall  in  Blood  Pressure  by  Stimulation  of  the 
Depressor  Nerve,  in  the  Rabbit.  (Dawson,  in  Howell's  Test- 
book  of  Physiology,  1013,  W.  B.  Saunders  Co.) 

Sherrington  and  his  pupils  have  brought  out  many 
important  facts  concerning  the  phenomena  of  reflex 
inhibition.  Their  studies  reveal  that  not  only  does 
inhibition  serve  to  suppress  reflexes  but  it  also  acts 
as  a  delicate  adjuster  of  the  intensity  of  reflex  con- 
traction. This  it  does  by  grading  the  intensity  of  the 
nerve-center's  centrifugal  discharge.  This  provides 
for  the  nicest  adaptation  of  the  contraction  to  the 
needs  to  be  met.     And  the  same  is  true  in  the  grading 

Vol.  V— 37 


of  postural  tonus  and  in  rhythmic  reflexes,  Buch  as 

stepping.      Thus      nature      works     economically.      In 

connection  with  these  rhythmical  movements  Sherring- 
ton1" has  recently  shown  in  a  very  interest  ing  and  strik- 
ing wa\  thai  by  taking  an  afferent  nerve  thai  prod 
steady  reflex  excitation  of  a  muscle,  and  another  which 
produces  stead]  reflex  Inhibition  of  the  muscle,  it  is 
possible  by  stimulating  both  nerves  concurrently  to 
obtain  regular  rhythmic  contractions  and  relaxations 
of  each  member  of  a  pair  of  symmetrical  muscles,  the 
phases  being  reciprocal  in  the  two.     The  experiment 

shows    that    under    the    rivalry    of    two    opposed    and 

equipoised  continuous  stimulations  the  limbs  exhibit 

reflex  walking.  With  certain  other  paired  intensities 
of  stimulation  only  one  limb  will  step,  while  the 
other  will  be  kept  steadily  Hexed.  Here-  we  have  a 
beautiful  demonstration  of  the  result  of  opposing  in- 
fluences in  the  nervous  system  in  the  production  'if 
rhythmic  movements.  It  is  interesting  to  follow 
Sherrington  further  as  he  shows  that  nervous  inhibi- 
tion seems  in  many  ways  I  he  exact  opposite  and  count- 
erpart of  excitation.  He  points  out  that  nervous  ex- 
citation is  certainly  rhythmic,  Piper1"  having  shown 
that  its  natural  rhythm  in  mammalian  neurones  is 
about  fifty  impulses  per  second.  The  question  arises, 
then,  as  to  whether  or  not  inhibition  is  likewise 
rhythmic.  The  discharge  of  fifty  impulses  per  second 
from  nerve  centers  is  equivalent  to  continuous  stimula- 
tion in  comparison  to  the  slow  periods  of  such  muscular 
acts  as  breathing  and  stepping,  for  example.  The 
problem  is  to  find  out  how  these  rapid  nervous  dis- 
charges are  converted  into  the  much  slower  periodic 
motion  of  muscle.  Several  hypotheses  have  been 
advanced.  Thus,  Graham  Brown14W  suggests  tenta- 
tively that  the  rhythmic  phenomenon  is  a  matter  of 
balanced  activities  of  spinal  cord  centers  of  opposite 
character,  one  set  controlling  excitat  ion  and  the  other 
inhibition  of  muscles.  The  stimuli  from  the  muscles 
are  of  great  importance,  he  thinks,  and  fatigue  of  the 
centers  is  a  conditioning  factor  in  the  rhythm.  Doubt- 
less the  chemical  state  of  the  blood  is  also  to  be 
reckoned  with.     Forbes48  also  suggests  that  perhaps 


Fig.  3415. — Reciprocal  Reflex  of  Flexor  Muscle,  F,  and  Exten- 
sor, E,  of  the  Knee,  Excited  by  Stimulation  of  the  Afferent  End  of 
the  ipselateral  popliteal  nerve.  Three  strengths  of  stimulus  used. 
(Sherrington.135) 

all  of  these  oscillations  are  manifestations  of  a  general 
tendency  of  opposed  influences  in  reflex  centers,  al- 
though themselves  continuous,  to  produce  rhythmic 
activity.  He  thinks  that  the  rhythm  may  be  con- 
ditioned by  intensity  of  stimulation  or  by  time  rela- 
tions. Sherrington  is  apparently  not  ready  to  state 
his  views  as  to  the  exact  nature  of  these  opposed 
processes  in  the  nerve  centers,  though  he  has  worked 
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out  many  of  the  controlling  conditions.  He  considers 
various  explanations  and  suggests  a  possible  ana 
toraical  arrangement  which  may  lie  the  basis  for 
the  reciprocal  action  following  a  centripetal  in 
pulse.  Uexkiill  and  Groos14*  have  found  that,  the 
peripheral  nerve  path,  stimulation  of  which  causes 
contraction  of  the  adductor  and  relaxation  of  its  antag- 
onist in  the  arthropod  claw,  splits  near  its  distal  end 
into  an  excitatory  division  to  one  muscle  and  an  in- 
hibitory branch  to  the  other.  Sherrington  conceives 
that  this  same  arrangement  may  exist  in  the  cord  cen- 
ters, a  centripetal  fiber  splitting  into  two  terminals, 
one  excitatory  and  one  inhibitory.136  These  two 
branches,  it  is  believed,  infringe  on  one  and  the  sane- 
final  common  path  or  center,  the  result  being  rhythmic 
action,  as  experiments  show.  Verworn14^6)  presumes 
on  physiological  grounds  that  this  splitting  into  two  of 
such  fibers  takes  place  in  the  intermediary  neurone  of 
the  reflex  arc.  .Sherrington  favors  the  view  that  in 
rhythmic  movements  (reflex  stepping)  "two  reflex 
influences — one  excitatory  and  one  inhibitory — are 
concurrently  at  work  in  closely  balanced  intensity; 
that  in  the  presence  of  these  the  intrinsic  processes 
of  'fatigue'  and  'successive  induction'  (exalted 
activity  following  inhibitions)  occurring  in  the 
nerve  centers  produce  an  alternate   predominance  of 


momentum  of  the  reflex  inhibitory  mechanism  and  its 
process.  It  has  also  been  shown  thai  reflex  inhibition, 
like  excitation,  tends  to  persist  after  the  cessation  of 
the  stimulus,  from  which  fad  the  inference  is  drawn 
by  Sherrington  thai  the  poststimulatory  persis- 
tence of  a  reflex  action  is  due  not  only  to  mo 
mentum  in  the  motor  neurones  and  the  final 
common  paths  of  the  nerve  centers,  bul  also  to  a 
concomitant  persistence  of  the  inhibitory  influence. 

Further,  we  may  have  fatigue  of  reflex  inhibition  as 
well  as  of  reflex  excitation.  From  the  work  of  Forbes4' 
it  appears  that  this  fatigue  does  not  involve  the  reflex 
center  as  a  whole.  It  appears  to  be  limited  to  the 
particular  paths  of  approach  to  the  center.  Camis17 
has  shown  that  maximal  stimulation  of  one  afferent 
nerve  does  not  evoke  all  the  reflex  excitation  of  which 
the  center  is  possible,  and  it  would  seem  that  in  the 
case  of  inhibition  a  similar  statement  can  be  made. 

An  additional  fact  of  great  interest  and  significance 
is  that  certain  reflexes  can  be  reversed,  so  that  a  reflex 
ordinarily  resulting  in  excitation  becomes  inhibitory, 
and  vice  versa.  A  number  of  such  instances  have  been 
found  by  Magnus  and  Uexkiill,  Graham  Brown,  Bayliss, 
and  Sherrington.135  Bayliss  has  noted,  for  instance, 
that  at  a  certain  stage  of  chloroform  narcosis  an  ex- 
citatory  effect   in  the  vasomotor  system  is  changed 


Fie.   3416. —  Plethysmography    Record    of    Volume   Change  in  Forearm,  a  pressor  effect  in  the  vasoconstrictor  center  as  the  result  of 
doing  a  mental  problem  (78  X  96).     An  inhibition  of  dilator  centers  probably  occurs  at  the  same  time.     (Record  by  A.  E.  Livingston.) 


effect  of  the  one  and  then  of  the  other  of  the  two 
opposed  extrinsic  influences."  Verworn  has  endeavored 
to  simplify  the  whole  matter  of  the  interference  of 
stimuli.     His  theory  we  shall  consider  later. 

Mention  must  be  made  of  certain  other  character- 
istics of  the  inhibitory  processes  in  nerve  centers.  As 
studies  of  the  subject  have  proceeded,  the  closeness  of 
the  correlation  of  inhibition  with  excitation  has  be- 
come mere  and  more  apparent.  Thus,  in  the  transi- 
tion from  one  reflex  act  to  another,  reflex  inhibition 
corrects  the  inertia  of  the  excitatory  mechanism  and 
the  momentum  of  the  excitatory  process,  and  vice 
versa,    reflex  excitation   counteracts  the  inertia  and 


into  an  inhibitory  one,  and  Sherrington  has  observed 
that  strychnine  and  tetanus  toxin  may,  in  properly 
graded  doses,  change  an  inhibitory  effect  into  an  ex- 
citatory. A  state  can  be  reached  in  which  the  reflex 
relaxation  is  diminished  but  is  not  replaced  by  ex- 
citation. In  this  connection  Sherrington133  writes: 
"This  phenomenon  shows  well  how  little  competent 
is  the  view  of  lowered  spinal  resistance  really  to  ex- 
plain the  action  of  strychnine;  for  at  this  stage  the 
stimulated  arc  that  normally  acts  on  the  extensor 
muscle  by  inhibition  is  less  able  to  affect  it  than  before, 
so  that  on  the  spinal  resistance  view  the  resistance  at 
this  stage  is  actually  heightened"  (see  Pike120(b)). 


578 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


lnhlliltli.il 


Allusion  should  be  made  to  one  other  matter  before 
we  close  this  section,  namely,  to  the  subject  of  spinal 
shock.  It  has  Ions  been  known  that  injury  to  the 
cord,  e.g.  section  below  the  medulla,  is  followed  by  a 
period  of  depression  of  its  functions.  The  severity 
and  duration  of  the  depression  vary  in  different  animals 
Onthewhole,  the  monkey  exhibits  "spinal  shuck"  best 
among  laboratory  animals.  Various  explanations 
of  the  condition  have  been  offered.  Goltz  is  mainly 
responsible  for  the  idea  that  it  is  a  state  of  prolonged 
inhibition  in  the  cord.  Believers  in  the  presence  of 
automatic  centers  in  the  cord  have  taken  refuse  be- 
hind this  hypothesis.  Thus,  Brown-Sequnrd  held  that 
the  cause  of  the  cessation  of  respiration  when  the  cord 
is  severed  just  below  the  medulla  is  that  the  assumed 
spinal  respiratory  centers  are  thrown  into  a  state  of 
inhibition  by  the  section.  Porter126  has  conclusively 
disproved  this  explanation  of  the  cessation  of  respira- 
tion, and  has  shown  that  the  phrenic  motor  cells  are 
still  able  to  discharge  impulses,  though  not  rhyth- 
mically. The  theory  of  prolonged  inhibition  does  not 
hold  in  this  conspicuous  instance.  It  has  very  little 
to  support  it  and  very  few  physiologists  adhere  to  it. 

No  mention  has  been  made  thus  far  of  the  influence 
the  higher  centers  have  on  the  reactions  taking  place 
in  the  spinal  cord.  While  it  is  no  longer  supposed 
that  there  are  certain  centers  which  have  an  ex- 
clusive function  of  inhibition,  it  is  known  that  certain 
parts  of  the  brain  exercise  restraint  over  the  spinal 
centers.  After  removal  of  the  cerebrum  there  results 
marked  rigidity  of  muscles,  especially  of  the  head, 
neck,  and  fore  limbs.  The  condition  is  known  as 
"decerebrat e rigidity "  (see  Sherrington  for  description ) . 
The  decerebrate  animal  has  been  much  used  in  the 
study  of  inhibition,  partly  because  of  the  ease  with 
which  certain  spinal  reflexes  can  be  elicited  and  partly 
because  anesthesia  can  be  dispensed  with.  Further- 
more, artificial  respiration  is  not  necessary,  as  a  rule. 
The  decapitated  animal  is  also  much  employed. 

The  analysis  of  inhibition  in  the  complex  proc- 
esses of  the  cerebrum  has  not  proceeded  so  far  as 
in  the  case  of  the  spinal  functions,  but  much  has 
been  accomplished.  There  is  no  longer  any  doubt 
that  the  principle  of  reciprocal  innervation  obtains  in 
the  highly  organized  systems  of  neurones  which  form 
the  basis  of  mental  systems.  Here  we  enter  the  field 
of  sensation,  volition,  and  attention,  etc.  Much  work 
has  been  done  in  recent  years  on  the  role  inhibition 
plays  in  these  processes.  Reciprocal  innervation 
thus  becomes  of  great  significance  to  the  psycholo- 
gist and  psychotherapist.  ( For  literature  on  these  sub- 
jects see  the  papers  by  Heymanns,6'  MacDougal,97 
Breese,14(6>  and  Jacobson,74  and  text-books  on  psychol- 
ogy, such  as  those  by  Wundt,156  Ladd  and  Wood- 
worth,84  and  Miinsterberg.112) 

Theories  op  the  Nature  of  Inhibition. — As  a 
matter  of  historic  interest  it  may  be  noted  that 
Volkmann's150  "interference"  theory  is  about  the  earli- 
est attempt  to  explain  inhibition.  He  proposed  that 
in  the  nervous  system  there  could  be  an  interference 
of  waves  of  nervous  action,  somewhat  similar  to 
interference  of  waves  of  light  or  of  sound.  The 
suggestion,  occasionally  repeated,  has  no  experimental 
basis.  Wundt166  in  1880  asserted  that  inhibition  is 
caused  by  certain  stimuli  rendering  latent  the  energy 
set  free  by  destructive  changes.  This  theory  also  has 
no  support.  Years  before  this  (1858)  Schiff  had  main- 
tained that  inhibition  is  a  manifestation  of  fatigue. 
Twenty-five  years  later  he  abandoned  the  view. 

Inhibition  has  been  said  to  be  due  to  fatigue,  to 
resistance  to  nerve  impulses  (Mercier109),  to  inter- 
ference of  stimuli,  etc.,  but  the  theory  that  has  gained 
widest  favor  is  the  trophic  or  metabolic  theory  ad- 
vanced by  several  contemporary  physiologists,  Her- 
ing,65  Cask  ell,57  Verworn,146  Meltzer,  and  others. 
These  writers  emphasize  the  assimilative  phase  of 
metabolism.     They  hold  that  inhibition  is  essentially 


a  preponderance  of  the  anabolic  over  the  catabolic 
changes.     Hering'a    view   became   known    e  peciallj 
1 1 1  rough  his  theory  of  color  vision."    ( laskell'a  writ 
were  based  upon  his  studie   of  the  heart."     He  belies  ed 

that    the    vagus    inhibits    the    heart    by    checking 

catabolic  processes.     This  is  accomplished,  he  thought, 

by    increasing    the    anabolic-     processes."      His     belief 

rested  mainly  on  two  sorts  of  evidence,  first,  thai  th< 
hear!  after  a  period  of  vagal  inhibition  beal  mori 
vigorously  (showing  a  rebound  similar  to  that  of 
reflex  inhibition  in  the  nervous  system),  and  secondly 
that  during  vagal  inhibition  the  heart  shows  an 
electrical  variation  of  opposite  character  to  that  when 
it  contracts  (positive  instead  of  negative  variation). 
Now,  it  has  never  been  proved  that  these  results  are 
due  to  an  increase  in  the  assimilative  processes. 
Decreased  destructive  changes  might  just  as  well 
account  for  the  two  effects  above  noted.  Further- 
more, the  manner  in  which  stimulation  could  bring 
about  increased  assimilation  was  left  wholly  in  the 
dark.  Nevertheless,  the  theory  has  been  widely 
accepted.  It  has  recently  received  support  by  Meek 
and  Eyster104  who  claim  to  have  obtained  a  positive 
electrical  variation  in  the  turtle's  heart  when  the 
vagus  was  stimulated,  using  the  Einthoven  galvano- 
meter as  the  indicator  of  the  electrical  changes. 
Einthoven  himself  has  not  published  any  research  on 
this  point  especially. 

Verworn,146  in  his  "biogen  "  theory,  has  stated  more 
definitely  a  hypothesis.  From  chemical  and  biolog- 
ical studies  he  conceives  protoplasm  to  contain 
unstable  molecules,  or  biogens,  which  are  continually 
undergoing  assimilation  and  dissimilation.  The  doe- 
trine  asserts  that  under  certain  conditions  of  stimula- 
tion the  assimilative  processes  may  diminish  or 
prevent  dissimilation,  which  liberates  energy  in  the 
cell.  Whether  we  have  inhibition  or  excitation  de- 
pends, according  to  Verworn,  upon  the  preponderance 
of  one  or  the  other  side  of  metabolism.  There  are 
great  difficulties  in  the  working  out  of  this  theory  and 
we  shall  see  that  later  Verworn  in  his  revised  hypothe- 
sis simplified  matters  very  satisfactorily. 

Meltzer107  in  1S99  and  1902  reviewed  the  various 
instances  of  inhibition  in  the  animal  body,  calling 
attention  to  the  ubiquity  of  the  process.  He  aj 
in  the  main  with  those  who  favor  the  trophic  theory, 
but  he  does  not  go  so  far  as  to  say  that  inhibition  is 
directly  implicated  in  the  process  of  anabolism,  and 
still  less  that  inhibitory  nerves  control  this  entire 
process.  He  refrains  from  being  so  specific,  holding 
that  it  is  more  satisfactory  to  assume  that  the  "two 
components  of  irritability,  excitation  and  inhibition.'' 
are  concerned  only  wit  li  the  transformation  of  potential 
into  kinetic  energy,  not  with  the  creation  of  material 
nor  with  specific  forms  of  expenditure.  In  his  second 
paper  Meltzer  restates  his  belief  that  irritability  i- 
resultant  of  two  antagonistic  forces,  excitation  and 
inhibition.  Vital  processes  can  no  more  go  on  without 
the  one  than  the  other.  He  points  out  the  importance 
of  inhibition  in  the  field  of  pathology  as  well  as  in 
physiology.  The  emphasis  he  places  upon  the  lack  of 
attention  inhibition  has  received  by  pathologists  is 
well  merited.  The  defect  in  Meltzer's  theory  is  that 
it  throws  no  light  upon  the  way  in  which  inhibition 
offsets  or  checks  excitation. 

In  1903  McDougall97  brought  out  an  interference 
theory.  It  was  based  on  the  behavior  of  visual 
images  and  made  applicable  to  the  reactions  of 
antagonistic  muscles.  The  theory  attempted  to 
explain  inhibition  in  the  nervous  system  and  did  not 
deal  with  the  inherent  nature  of  the  process  except  in 
so  far  as  it  inculcated  fatigue  of  the  synapses.  Ac- 
cording to  his  scheme,  inhibition  is  the  result  of  com- 
petition between  the  inhibiting  and  the  inhibited 
tracts,  the  former  drawing  to  itself  part  of  the  energy 
liberated  by  the  latter.  The  theory  has  much  to 
commend  it.  For  the  details  reference  is  made  to  the 
original  article. 
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In  1905  MacDonald88  published  liis  theory  based  on 
studies  of  the  act  inn   of  salts   upon   nerve  function. 

The   theory   cai t    lie   stated    satisfactorily   in   few 

words,  but  essentially  it  is  that  the  processes  of  excita- 
tion and  inhibition  are  conditioned  by  the  changes  in 
concentration  of  salts  upon  the  surface  of  the  colloidal 
particles  in  nerve  tissue,  e.g.  the  axis  cylinder.  It  is 
suggested  that  inhibition  is  a  condition  in  which  the 
colloidal  particles  undergo  diminution  in  size  and  the 
salts  become  more  firmly  packed  upon  their  surfaces. 
Inhibition  is  the  slate  in  which  movement  of  salt 
molecules  is  at  a  minimum  and  in  excitation  the 
movement  is  at  a  maximum.  Macallum,95  by  re- 
fined microehemical  tests,  has  been  able  to  show  that 
quantitative  differences  in  the  potassium  salts  exist  at 
different  points  in  the  tissues.  His  findings  support 
MacDonald's  theory. 

The  well-known  depressant  action  of  potassium  has 
been  correlated  with  inhibition,  especially  of  the  heart 
(see  Fig.  3408)  and  thus  the  problem  has  been  pene- 
trated further.  Howell  and  Duke72  have  shown  that 
stimulation  of  the  vagus  in  the  dog  causes  a  liberation 
of  potassium  in  diffusible  form  in  the  auricles.  They 
propose  a  more  specific  theory  of  inhibition,  then,  as 
far  as  the  heart  is  concerned.  They  suggest  that 
stimulation  of  the  vagus  causes  a  cleavage  of  some  sort 
which  sets  free  potassium  in  soluble  form.  If  this 
occurs  in  the  region  of  the  pacemaker  of  the  heart 
we  have  a  simple  explanation,  as  far  as  it  goes,  of 
vagus  action  on  this  organ.  An  interesting  fact  in 
this  connection  is  that  calcium  salts  seem  to  be  neces- 
sary for  this  action  of  the  vagus.  Evidence  of  this 
function  of  calcium  has  been  obtained  by  several. 
Hagan  and  Ormond61  state  that  the  action  of  calcium 
lies  in  its  relation  to  the  production  and  conveyance 
of  the  vagus  impulse  to  the  heart  muscle  rather  than 
to  the  inhibitory  process  itself  which  occurs  within 
the  heart  muscle.  Hagan  and  Ormond  give  the 
literature. 

Other  ions  have  been  thought  to  take  part  in  the 
inhibitory  phenomena.  Meltzer  and  Auer  108  have  for 
several  years,  in  various  papers,  pointed  out  the  in- 
hibitory action  of  magnesium.  Their  systematic 
study  of  the  action  of  magnesium  salts  was  started 
with  the  feeling  that  the  magnesium  ion  had  an 
essential  part  in  inhibition.  Their  latest  experience 
with  magnesium  is  still  favorable  to  this  view.  This 
action  of  Mg  is  antagonized  by  Ca,  which  is  also 
antagonistic  to  Na.  NaCl  solutions  will  cause 
striated  muscle  to  undergo  rhythmic  twitching,  and 
Loeb93  has  shown  that  this  is  prevented  in  the  body 
by  the  presence  of  Ca,  or  Ca  and  K. 

The  most  recent  attempt  to  explain  inhibition  is 
that  of  Verworn,  who  now  sees  in  this  process  a  close 
relation  to  the  refractory  period  and  fatigue  of  muscle 
and  nerve.  It  is  an  interesting  fact  that  fatigue 
should  now  again  receive  so  much  consideration  more 
than  fifty  years  after  Schiff  suggested  that  inhibition 
and  fatigue  are  one  and  the  same  thing.  Verworn's 
conception  has  been  set  forth  in  several  papers,  and 
has  lately  been  put  into  English.1471"1  He  states  that 
years  of  search  have  disappointed  him  in  his  effort  to 
discover  any  evidence  that  stimulation  increases 
assimilative  processes,  except  the  stimulation  caused 
by  the  introduction  of  food  into  the  cell.  This 
obviously  cannot  be  the  stimulus  acting  in  cases  of 
inhibition  as  stimulation  by  food  is  never  momentary. 
From  his  own  observations  and  those  of  many  others, 
among  whom  may  be  mentioned  Frohlich,  Thorner, 
Gotch,  Keith  Lucas,  Lodholz,  Veszi,  Tiedemann, 
Winterstein,  Heaton,.  Bondy,  Putter,  Jennings, 
Sherrington,  Samojloff,  and  Boruttau,  he  is  led  to 
conclude  that  a  relative  lack  of  oxygen  is  the  primary 
cause  of  the  development  of  those  states  of  living 
matter  characterized  by  decreased  disintegrative 
changes.  Verworn,  unable  to  satisfy  himself  that 
stimulation  as  it  ordinarily  occurs  is  capable  of 
producing  increased  assimilative  change,  investigated 
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the  conditions  that  bring  about  decreased  dissimilation, 

as  it  is  evident  thai  tin  State  in  metabolism  D 
result  in  decreased  functional  activity.  He  became 
[need  that  diminution  of  oxygen  is  the  main 
factor  in  inducing  tin-  refractory  period  of  muscle  and 
nerve.  This  decrease  in  oxygen  is  only  relative,  that 
is,  in  the  disintegrative  changes  the  consumption  of 
oxygen  is  for  the  moment  greater  than  the  supply 
entering  the  acting  tissue.  The  intensity  of  the  oxy- 
dative  reaction  is  largely  conditioned  by  the  intensity 
of  the  exciting  stimulus  acting  upon  the  unstable 
bodies  of  protoplasm  ("biogens  )  and  by  the  rapidity 
of  repetition  of  the  stimulation.  As  waste  products 
accumulate  and  available  materials  are  used,  irrita- 
bility decreases.  This  is  the  refractory  period. 
Prolongation  of  this  refractory  state  is  fatigue. 
Inhibition  consists  in  a  reduction  of  irritability  below 
the  perceptible  threshhold  of  response  to  a  given 
stimulus.  It  depends  upon  a  continual  lessening  of 
the  decomposition  processes.  According  to  this, 
inhibition  is  a  relative  fatigue.  The  argument  is 
extended  to  explain  the  interference  of  stimuli,  the 
phenomena  of  depression  and  of  narcosis.  It  must 
be  said  that  the  whole  theory  as  presented  by  Verworn 
is  well  founded  upon  experimental  evidence.  Forbes,60 
in  1912,  has  also  independently  arrived  at  the  con- 
clusion that  inhibition  is  a  suppression  and  not  a 
stimulation.  He  sees  no  evidence  that  it  can  arise 
by  increased  assimilation. 

Appropos  of  this  theory  of  inhibition  as  set  forth  by 
Verworn,  mention  may  be  made  of  inhibition  as  an 
explanation  of  the  limitation  of  growth.  (See 
Loeb,93""  Lilly93'6'  and  MinotulP)  for  references  to  the 
literature.)  Loeb  and  others  have  shown  that  if  the 
fertilized  eggs  of  sea  urchins,  starfish,  annelids,  frogs, 
and  fishes  are  deprived  of  oxygen,  no  nuclear  division 
is  possible.  Loeb  thinks  that  this  effect  of  the  lack  of 
oxygen  is  probably  true  for  the  ova  of  all  animals. 
He  has  also  shown  that  if  eggs,  fertilized  or  unferti- 
lized, are  allowed  to  segment,  oxidation  is  increased 
many  fold.  In  the  maturation  of  the  ovum  oxygen  is 
likewise  necessary.  Several  biologists  (Loeb,  Lilly, 
F.  R.,  Boveri,  Batallion,  and  others)  have  assumed 
that  some  sort  of  inhibitory  substance,  or  mechanism, 
is  present  in  the  egg,  retarding  its  development,  and 
it  is  believed  by  some  that  the  process  of  division, 
after  fertilization  for  example,  is  initiated  by  the 
elimination  of  the  inhibiting  factor.  The  nature  of 
this  factor  is  problematical,  however.  The  same  idea 
has  been  expressed  in  the  literature  dealing  with  cell 
growth  in  general.  Thus,  Minot  alludes  to  the  possi- 
bility of  inhibiting  forces  limiting  the  growth  of  nor- 
mal tissue  cells,  and  it  has  been  suggested,  among 
other  theories,  that  in  malignant  growths  the  cells  con- 
stituting the  tumor  have  escaped  from  the  inhibitory 
control  (V.  Dungern  and  R.  Werner,  "Das  Wesen  der 
bosartigen  Geschwulste.  Eine  biologische  Studie," 
Leipzig,  1907,  p.  159). 

It  must  be  admitted  that  the  exact  nature  of  in- 
hibition is  yet  a  problem  far  from  solution,  but  perhaps 
not  any  farther  from  solution  than  the  exact  nature  of 
excitation.  The  two  processes  are  metabolic  and 
intimately  connected,  and  light  thrown  upon  the 
one  may  be  expected  to  illuminate  the  other. 

The  author  acknowledges,  with  thanks,  his  indebt- 
edness to  Drs.  Sherrington,  Simpson,  Einthoven  and 
Wieringa,  Robinson  and  Draper,  Angyan,  and  Howell 
for  figures  used  in  the  text.  M.  Dresbach. 
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Innervation  means  the  nerve  supply  and  nerve 
control  of  some  part  or  other  of  the  organism.  This 
definition  embraces  every  kind  of  nerve  influence  and 
includes  therefore  the  exciting  as  well  as  the  inhibitory 
action  on  the  part  concerned.  It  moreover  includes 
the  activity  of  all  those  sensory  (afferent)  nerve  or 
nerve  apparatuses  that  serve  to  transmit  sensory  im- 
pulses from  the  organ  concerned  to  nerve  centers  of 
both  the  peripheral  (sympathetic)  and  the  central 
nervous  systems.  If,  however,  any  nerve  or  nerve 
apparatus,  although  situated  in  the  immediate  vicinity 
of  a  given  organ  or  even  within  the  organ  itself,  has 
no  connection  with  the  elements  of  the  same,  and 
therefore  exerts  no  influence  whatever  on  its  function, 
such  nerve  or  nerve  apparatus  must  be  excluded  from 
the  "innervation"  of  this  organ.  Usually  when  we 
speak  of  the  innervation  of  an  organ  we  include  the 
nerve  control  of  all  its  tissues.  For  instance,  inner- 
vation of  the  small  intestine  means  the  nerve  control 
over  its  glands,  muscles,  blood-vessels,  and  connective 
tissue,  as  well  as  that  nerve  supply  which  conveys 
sensory  impressions  from  the  intestine  to  nerve  centers 
of  the  peripheral,  and  central  nervous  systems.  If 
we  speak  of  the  "innervation"  of  a  muscle  the  term 
should  include  the  nerve  control  over  its  blood-vessels 
and  its  sensory  supply,  although  often  the  motor 
action  on  the  muscle  fiber  alone  is  meant. 

Not  only  the  nerves  and  nerve  apparatus  directly 
connected  with  the  part  or  organ  concerned  should 
bo  included  in  the  definition  of  its  innervation,  but 


also  those  connected  with  it  more  remotely,  as  long 
as  they  have  any  control  over  it.  For  instance, 
the  arm  of  tin-  cerebral  cortex  belongs  within  the 
domain  of  the  innervation  of  the  arm,  although  when 
speaking  of  the  latter  we  more  frequently  have  in 
mind  the  peripheral  nerves  and  nerve  appari 
connected  with  it.  B.  Ontjf  (Onufrowicz). 


Inoscopy. — Jousset1  writing  in  1903,  described  a 
process  for  the  detection  of  tubercle  bacilli  in  serous 
and  cerebrospinal  fluids  which  is  termed  "inoscopy." 
The  process  is  essentially  of  a  digestive  nature.  The 
fluids  are  drawn  into  sterile  flasks  and  allowed  to 
coagulate;  this  entangles  the  bacilli  in  the  fibrin 
network  of  the  clot  and  extracts  them  from  the  fluid. 
The  clot  is  then  digested  according  to  the  technique 
given  and  the  sediment  is  stained  for  tubercle  bacilli 
in  the  customary  manner. 

Wood2  mentions  that  the  process  is  positive  in  more 
than  fifty  per  cent,  of  the  cases  of  tuberculous  men- 
ingitis. While  the  method  is  undoubtedly  applicable 
to  the  cerebrospinal  fluid  in  the  detection  of  tubercle 
bacilli,  yet  the  writer  has  never  found  it  necessary 
to  digest  the  clot  of  a  cerebrospinal  fluid.  The  clot 
that  forms  in  spinal  fluid  is  of  a  fine  veil-like  nature 
and  it  is  only  necessary  to  make  a  dry  preparation  of 
the  clot  and  stain.  The  results  have  been  shown  to 
run  higher  than  the  figures  given  by  Wood,  safely 
seventy  to  seventy-five  per  cent.  This  method  has 
also  been  used  for  the  detection  of  tubercle  bacilli 
in  the  blood,  but  when  one  considers  the  controversy 
that  exists  at  present  concerning  the  finding  of  acid- 
fast  bacilli  in  blood  and  distilled  water  it  has  a  tend- 
ency to  make  one  skeptical  of  the  blood  findings. 
There  was  a  good  deal  of  work  done  in  this  field,  i.e. 
searching  for  acid-fast  bacilli  in  the  blood,  prior  to 
1901.  Ewing  threw  considerable  doubt  on  the  work 
that  has  been  done  up  to  1901.  The  subject  was 
prominently  brought  forward  again  in  1908  and  will 
be  discussed  later  in  this  article. 

The  Technique  of  Inoscopy. — The  fluid  should  be 
aseptically  drawn  into  sterilized  Erlenmeyer  flasks. 
According  to  Musgrave  at  least  100  c.c.  should  be 
drawn,  other  authors  give  as  high  as  four  or  five  liters. 
It  is  allowed  to  clot,  the  fluid  being  gently  shaken  to 
facilitate  contraction  of  the  clot.  The  clot  is  then 
washed  on  a  piece  of  sterile  gauze  or  linen  over  a 
funnel  end  until  all  the  serum  is  cleaned  away; 
after  which  the  clots  are  placed  in  the  digesting  solu- 
tion. The  amount  of  fluid  will,  of  course,  vary  with 
the  individual  case,  the  size  and  number  of  clots 
determining  the  amount.  In  any  event  enough  fluid 
should  be  used  to  insure  digestion.  In  the  average 
case  this  will  be  about  30  to  40  c.c. 

The  clot  in  this  fluid  in  a  sterile  flask  is  then  placed 
in  an  incubator  at  37°  C.  until  digestion  is  complete, 
usually  about  two  to  four  hours.  After  it  is  thor- 
oughly digested  the  mixture  is  placed  in  sterile  .cen- 
trifuge tubes  and  centrifugalized  for  ten  or  fifteen 
minutes.  The  supernatant  fluid  is  poured  off  and  a 
loop-full  of  the  sediment  is  placed  upon  a  cover-glass 
and  stained  in  the  usual  manner  after  being  fixed  with 
gentle  heat.  Musgrave  calls  attention  to  the  fact 
that  the  preparation  must  not  be  subjected  to  undue 
decolorization:  he  suggests  one-half  to  three-fourths 
of  a  minute  with  Gabbett's  solution. 

The  formula  for  the  digesting  solution  is: 

Pepsin 2  gm. 

Pure  glycerin. 

Strong  HC1 aa         10  c.c. 

Sodium  fluoride 3  gm. 

Distilled  water 2,000  c.c. 

Shali  says  in  this  connection;  "a  freshly  prepared 
pepsin  (HC1  solution)  apparently  serves  as  well  as  the 
formula  given,  but  will  not  keep  so  well  on  standing. " 

It  is  a  point  mentioned  by  all  writers  upon  the  sub- 
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ject  that  the  tubercle  bacilli  will  lose  .some  (if  their 
characteristic  morphology  under  this  process  and  ap- 
pear shorter,  broader,  and  paler  red  than  the  tubercle 
bacilli  usually  seen  in  the  sputum. 

The  bacilli  not  only  occur  singly  but  are  frequently 
found  grouped.  There  arc  usually  seen  a  good  many 
undigested  nuclei  in  the  sediment,  [noscopy  may 
be  preferable  in  those  eases  where  a  very  rapid  diag 
nosis  is  desirable  or  necessary,  bul  under  all  ordinary 
circumstances  animal  inoculation  is  no1  only  much 
more  reliable  but  is  not  open  to  the  same  criticisms  or 
possibilities  of  error. 

Antiformin  Method. — There  are  t  wo  other  processes 
of  digestion  of  material  as  a  preliminary  to  the  detec 
tion  of  tubercle  bacilli  that  may  be  mentioned.  While 
they  were  not  originally  included  in  the  term,  nor  arc 
now  usually  referred  to  in  connection  with  inoscopy, 
they  are  nevertheless  rightly  classed  there.  Refer- 
ence is  made  to  the  antiformin  method  of  demon- 
strating tubercle  bacilli  in  the  sputum  and  blood. 

In  1908  Uhlenhuth  and  Xylander  discovered  thai 
antiformin  possessed  the  power  to  dissolve  all  bac- 
teria except  those  which  are  acid-fast,  to  which  class 
tubercle  bacilli  belong.  Applying  the  process  to  the 
sputum  they  found  that  in  addition  to  the  bacteria 
the  great  mass  of  sputum  was  dissolved.  This 
method  of  finding  the  tubercle  bacilli  in  the  sputum 
has  proven  a  very  valuable  aid,  it  being  possible  to 
demonstrate  by  this  method  the  bacilli  in  about  forty 
per  cent,  of  the  eases  where  they  are  so  scarce  as  not 
to  appear  in  an  ordinary  preparation. 

Antiformin  is  a  clear  liquid  compound  of  equal 
parts  of  fifteen  per  cent,  solution  of  sodium  hydrate 
and  liquor  soda?  chlorinate  (B.P.)  (Patterson3). 

The  liquor  sodse  chlorinatse  is  prepared  as  follows: 

Sodium  carbonate 600  gin. 

Chlorinated  lime 400  gm. 

Distilled  water 4,000  c.c. 

Dissolve  the  sodium  carbonate  in  1,000  c.c.  of  distilled  water. 
Triturate  thoroughly  the  chlorinated  lime  in  the  remainder  of  tin- 
water.     Filter.      Mix  the  two  solutions  and  61ter  again.     There  i 
obtained  an  alkaline,  almost  colorless  liquid  with  a  strong  chlorine 
odor. 

Williamson4  calls  attention  to  certain  precautions 
that  should  be  observed : 

1.  The  antiformin  must  be  fresh  and  active  and 
should  be  kept  in  well-stoppered  bottles  in  the  dark. 
Any  sample  which  does  not  readily,  in  the  proper 
concentration,  dissolve  the  sputum  when  brought 
to  the  boiling-point  is  worthless.  Extemporaneous 
solutions  are  often  inefficient.  It  is  better  to  procure 
the  antiformin  in  original  packages. 

2.  The  emulsification  must  be  thorough  and  com 
plete.     This   is    secured    by    vigorous    shaking   and 
usually  requires  about  two  minutes. 

3.  The  fixative  should  be  egg-white  to  which  0.5 
per  cent,  carbolic  acid  has  been  added  as  a  preserva- 
tive. Glycerin  fixatives  are  not  suitable.  Many 
workers,  however,  obtain  excellent  results  using  some 
of  the  original  sputum  as  a  fixative.  In  many  in- 
stances this  is  really  to  be  preferred,  in  that  it  gives 
one  an  opportunity  to  study  at  the  same  time  the 
composition  of  the  sputum  as  a  whole. 

It  is  to  be  borne  in  mind  that  antiformin  does  not 
kill  the  tubercle  bacilli  and  all  liquids  poured  from  the 
solutions  and  the  slides  after  studying  should  be 
disinfected  carefully. 

There  are  given  here  two  techniques  which  the 
writer  has  found  most  usefid. 

Loeffler's  method  (from  C.  S.  Williamson4). 

1.  To  a  given  amount  of  sputum  s  added  an  equal 
amount  of  fifty  per  cent,  antiformin  and  the  mixture 
placed  in  a  Jena  glass  flask  and  brought  to  a  boil. 

2.  To  each  10  c.c.  of  the  resulting  solution  is  added 
1.5  c.c.  of  a  mixture  of  one  part  chloroform  and  nine 
parts  alcohol.  This  is  violently  shaken  (best  in  a  _'."■ 
c.c.  glass-stoppered  measuring  cylinder)  for  about  two 


minutes,  or  until  complete  emulsification  h 
place.     'I  in    I.,    for  it     pui  po  e  I  he  in  pi 
the  lipoid  capsule  of  the  bacilli  with  the  chloroform, 
whereby   their  specific  gravity   is  greatly   incri 
The  alcohol  a  i  ists  in  t  he  emul  ificat  ion. 

3.  This  emulsion  is  now  placed  in  a  centrifuge  tube 
and  revolved  a1  as  high  a  rati  a  po  ibli  foi  about 
fifteen  minutes.  In  tin-  bottom  oi  the  tube  will  be 
found  :/  fi  drop  oi  clear  chloroform,  then  a  firm 
narrow  disc  of  sediment  which  is  sufficiently  tenet 
to  be  capable-  of  removal  <«  <<"/  e,  and  above  this  a 
fairly  thin  clear  -fluid.  This  small  disc,  containing  the 
undisi  oh  ed   matter  arid  the   I  ubercle   bacilli  il    ani 

are   present .    i     i- . -,|   ,„    /,,/,,,    and    placed  o 

slide,  the  excess  of  antiformin  being  removed  by  a  bit 
of  filter  paper.     A  small  drop  of  egg- white  is  added 

and  well  mixed  with  the  platinum  loop  arid  the  whole 

spread  between  two  slides.  These  are  fixed  in  the 
usual  manner  by  passing  through  the  flame  arid  are 

stained  as  may   be  desired.      I.nefller-  preferred  earbo- 

fuchsin,  decolorizing  with  a   three  per  cent,   hydro- 
chloric acid  alcohol  and  counterstaining  with  0.1  per 
cent,  aqueous  solution  of  malachite  green. 
Boardninn'  gives  the  following  technique: 

1.  Fifteen  or  twenty  cubic  centimeters  Of  the  spu- 
tum are  placed  in  a  conical  specimen  glass  and  anti- 
formin is  added  sufficient  to  make  a  twenty  percent. 
solution  of  the  antiformin. 

2.  Allow  this  to  become  homogeneous  and  of  a 
water}'  consistence  and  add  an  equal  volume 
ninety-five  per  cent,  alcohol.  The  addition  of  tin- 
alcohol  facilitates  sedimentation  since  it  lowers  the 
specific  gravity  of  the  mixture  to  less  than  1,000. 
This  is  stirred  thoroughly  and  allowed  to  stand  until 
sedimentation  is  complete 

3.  Pour  off  clear  supernatant  Quid  and  make  a  smear 
of  the  sediment,  using  some  of  the  original  sputum  as 
a  fixative. 

4.  Fix  and  stain  in  the  usual  manner. 
Patterson3  also  describes  a  technique  fortheuse  of 

antiformin.  It  requires  specially  treated  glass-ware 
and  several  washings  of  the  sediment  with  distilled 
water  and  salt  solution.  In  addition  to  this  being 
more  cumbersome  the  met  hod  brings  in  the  distilled 
water  acid-fast  bacilli  which  is  a  source  of  error,  unless 
one  examines  the  water  for  acid-fast  bacilli  before 
using. 

In  1900  Rosenberger  gave  his  technique  for  the  use 
of  antiformin  in  finding  tubercle  bacilli  in  the  blood  of 
persons  suffering  from  the  different  forms  of  tuber 
culosis.     This  technique  was  later  modified  by  Kur- 
ashigi  and  Schnitter  and  is  as  follows: 

Draw  1  c.c.  of  blood  from  one  of  the  arm  veins  u 
a  sterile  centrifuge  tube  containing  5  c.c.  of  three  per 
cent,  solution  of  acetic  acid.  Allow  this  to  stand  for 
thirty  minutes;  eentrifugalize  thirty  minutes;  decant 
the  supernatant  fluid  (into  a  disinfecting  solution 
and  dissolve  the  sediment  with  S  c.c.  of  concentrated 
antiformin;  when  dissolved  add  5  c.c.  of  absolute 
alcohol  and  centrifimalize  again  for  thirty  minutes; 
again  decant  and  wash  the  snow-white  sediment  with 
distilled  water;  eentrifugalize  again  for  thirty  min- 
utes, decant  the  supernatant  tluid  and  spread  the 
sediment  upon  a  clean  glass  slide,  fix  and  stain. 

The  bacilli  when  found  usually  occur  in  loose  clumps. 

This  work  of  Rosenberger  was,  as  mentioned  above, 
first  published  in  1909  and  in  it  he  claimed  to  I 
found  tubercle  bacilli  in  the  blood  stream  of  all 
people  suffering  from  tuberculosis;  in  his  series  were 
included  cases  of  pulmonary  and  bone  tubcrcul 
tuberculous  pharyngitis,  laryngitis,  and  lupus.  For- 
syth7 and  Petty  and  Mendenhall8  claimed  to 
have  confirmed  Hosenberger's  findings.  Brem*  later 
reported  the  finding  of  an  acid-fast  bacilli  in  all 
specimens  of  laboratory  water  examined  in  thegovern- 
ment  laboratories  in  Panama.  He  estimated  the 
number  of  acid-fast  bacilli  in  one  specimen  of  distilled 
water  at  30.000.     This  article  was  published  under  the 
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caption,  "Investigation  of  Blood  for  Tubercle  Bacilli; 
Contamination  of  Distilled  Water  with  Acid-fast 
Bacilli  a  Source  of  Error"  and  caused  a  great  deal  of 
scepticism  regarding  Kosenberger's  work.  However, 
in  1913  Roger  and  Murphy10  come  to  the  front  suit- 
porting  Rosenberger's  work  using  the  Kurashigi- 
Schnitter  technique.  They  report  the  finding  of  "an 
acid-fast  bacillus  in  all  cases  identical  morphologically 
with  the  tubercle  bacillus. "  They  do  not  state  whether 
this  bacillus  was  pathogenic  to  guinea-pigs;  a  point  in 
Brem's  work.  The  acid-fast  bacilli  he  found  in  dis- 
tilled water  were  not  pathogenic  to  guinea-pigs. 
Rogers  and  Murphy  state,  however,  that  they  ex- 
amined the  distilled  water  used  for  acid-fast  bacilli 
and  were  unable  to  demonstrate  any.  The  number 
of  cases  in  their  series  was  twenty-six,  all  of  the 
incipient  pulmonary  form. 

Care  has  been  taken  here  to  include  most  of  the 
recent  literature  on  the  subject,  that  those  interested 
might  look  the  matter  up  for  themselves  and  reach 
their  own  decisions.  One  more  reference  might  be 
added,  Brauer.11 

It  can  be  safely  said,  at  least,  the  finding  of  an  acid- 
fast  bacillus  in  the  blood  stream  when  the  technique 
uses  distilled  water  is,  after  Brem's  work,  to  be  ac- 
cepted with  some  mental  reservation  until  more  work 
is  done  upon  the  subject.  H.   B.   Hiatt. 
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Inosire,  C6Hi2  06,  is  a  hexahydroxy  benzene  and 
occurs  in  many  organs  and  tissues  of  the  body  as  well 
as  in  traces  in  normal  urine.  It  undergoes  lactic  acid 
fermentation.  It  occurs  in  many  cereals  in  combina- 
tion with  phosphoric  acid.  F.  P.  U. 

Insane,  General  Paralysis  of  the. — See  Paresis, 
General. 

Insanity. — See  Mental  Diseases. 

Insect  Carriers  of  Disease. — This  article  has 
been  given  a  title  in  popular  terms,  instead  of  in 
correct  technical  terms.  The  subject  here  discussed 
would  be  covered  by  the  title — Arthropoda  in  their 
Relation  to  the  Transmission  of  Parasitic  Diseases. 
The  greater  number  of  those  animals  of  the  phylum 
(sub-kingdom)  Arthropoda  which  are  at  present 
known  to  play  an  important,  in  some  cases  an  indis- 
pensable, role  in  the  conveyance  of  disease  are  of  the 
class  Hexapoda  (Insecta),  possessed  of  three  pairs 
of  legs  and  undergoing  in  their  life  cycle  a  character- 
istic metamorphosis  from  ovum  to  larva,  pupa,  and 
imago  or  adult.  But  other  arthropoda  than  those 
properly  called  insects,  namely,  some  of  the  class 
Arachnida,  which  have  four  pairs  of  legs  and  no 
metamorphosis,  in  which  class  are  included  all  the 
ticks,  and  even  some  of  the  class  Crustacea,  bear  a  part 
in  propagating  the  parasites  of  certain  diseases  similar 
to  that  borne  by  true  insects  in  propagating  others. 

The  word  carrier  as  applied  to  an  insect  in  connec- 
tion with  the  transmission  of  disease  has  a  special  and 
limited  meaning.     An  insect  or  other  arthropod  which 
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is  a  simple  carrier  of  infection  has  no  more  specific 
relation  to  the  spread  of  disease  than  the  word  carrier 
implies.  To  illustrate:  The  house  fly,  Musca  domes- 
inn,  is  a  carrier  of  Hncillu.    hi, rid  :i     preader, 

therefore,  of  typhoid  fever.  The  fly  bears  no  specific 
biological  relation  to  the  bacillus,  nor  to  the  infected 
patient,  nor  to  the  uninfected  person  to  whom  the 
disease  is  indirectly  conveyed  by  the  fly's  agency. 
The  fly  rests  its  feet  upon  typhoid  feces  in  an  un- 
screened privy  or  elsewhere,  typhoid  bacilli  cling  to 
them  and  are  subsequently  wiped  off  on  the  surface 
of  solid  foods  or  washed  off  in  milk  which  is  to  be 
consumed  by  man.  The  role  of  the  fly  in  the  spread 
of  typhoid  fever  is  an  indirect  or  accidental  one.  Its 
feet  and  other  parts  of  its  body  serve  just  as  a  cotton 
swab  serves  to  transfer  bacteria  from  a  throat  to  a 
culture  tube.  The  fly  acts,  then,  as  an  indirect  carrier 
of  typhoid  fever,  having  no  more  a  specific  biological 
relation  to  B.  typhosus  than  a  cotton  throat  swab  has 
to  B.  diphtherial.  Musca  domestica  cannot  bite;  it 
has  no  biting  mouth-parts,  its  proboscis  is  soft  and 
sponge-like,  and  biting  is  for  it  a  mechanical  impossi- 
bility. As  distinguished  from  the  biting  and  blood- 
sucking flies,  it  is  numbered  among  those  called  the 
merely  noxious  Muscidse,  which  live  in  association 
with  man  and  which  alight  and  feed  alternately 
upon  infected  material  and  upon  the  food  of  man. 
All  these  flies,  as  well  as  cockroaches  and  some  other 
insects,  spread  bacterial  infections  as  indirect  carriers 
not  merely  with  their  feet  but  in  the  spreading  about  of 
their  infected  excrement. 

When  we  come  to  consider  the  role  played  by  biting 
and  blood-sucking  arthropods  in  the  spread  of  bac- 
terial infections  we  find  them  acting  as  direct  carriers. 
The  most  impressive  example  of  an  insect  serving  as 
direct  carrier  of  a  bacterial  infection  is  found  in  the 
transmission  of  bubonic  plague  from  rat  to  rat  and 
from  rat  to  man  by  the  rat  flea  Loemopsylla  cheopis. 
This  blood-sucking  insect  takes  into  its  stomach  some 
plague  bacilli  along  with  the  blood  it  sucks,  and  while 
in  its  body  the  bacilli  are  protected  from  the  desiccat- 
ing effects  of  air  and  sunlight,  kept  by  the  flea's  con- 
tact with  the  body  of  a  warm-blooded  animal  in  a 
temperature  favorable  to  incubation,  and  supplied 
with  animal  blood  as  a  nutrient  medium.  In  these 
conditions  the  plague  bacilli  maintain  their  virulence 
for  a  considerable  time  in  the  flea's  body  and  probably 
multiply  there.  They  are  therefore  constantly  dis- 
charged with  the  flea's  feces  upon  the  skin  of  the 
next  host  and  rubbed  or  scratched  into  the  flea  bites  on 
that  host  by  the  flea  or  by  the  host  himself.  The  rat 
flea,  in  its  migratory  parasitism,  is  thus  the  usual 
direct  carrier  of  plague  from  rat  to  man. 

From  man  to  man,  other  biting  and  blood-sucking 
insects  of  the  orders  Diptera  (flies  and  gnats),  Siphon- 
aptera  (fleas),  Hemiptera  (bugs)  especially  the  family 
Cimicida?  or  bedbugs,  and  Siphunculata  (lice)  are 
qualified  to  serve  as  direct  carriers  of  plague  or  of 
many  other  bacterial  infections  from  man  to  man. 
And  beside  these  members  of  the  class  Insecta  some 
biting  and  blood-sucking  arthropods  of  the  class  Arach- 
nida, especially  the  order  A  carina  (mites  and  ticks) 
must  be  regarded  as  possible  direct  carriers  of  bac- 
terial infections  to  man  and  to  lower  animals. 

The  function  performed  by  the  non-biting  indirect 
carriers  is  accidental  in  its  nature.  They  do  not  in 
any  special  way  conserve  and  protect  the  infectious 
bacteria  which  they  earn',  nor  are  their  habits  such  as 
to  insure  that  these  bacteria  shall  arrive  at  the  goal  of 
infecting  man  or  another  animal.  According  to 
present  views,  the  most  important  indirect  carriers 
are  the  merely  noxious  Muscida^  more  or  less  closely 
associated  with  man  in  his  habitations,  belonging 
to  the  genera  Musca  (house  flies),  Calliphora  (blue 
bottles),  Lucilia  (green  bottles),  Pyenosoma,  etc.  To 
these  may  be  added  those  Muscicte  which  bite  but 
do  not  suck  blood,  the  genera  Auchmeromyia  and 
Cordylobia,  and  a  few  flies  of  other  families  as  the 
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Sarcophagidae  (meat  flies)  and  the  Scatophagidffl 
(dung  flies). 

Under  the  head  of  direct  carriers  come  .ill  I  he  biting 
and  blood-sucking  Muscidse.  Of  these  the  mosl  im- 
portant are  the  stable-fly  of  world-wide  distribution, 
Stomoxys  calcitrans,  and  the  many  species  of  ( lie  genus 
Qlossina  in  Africa.  Other  genera  of  Museidae  which 
both  bite  and  suck  blood  are  Haematobia,  Lypi 
Stygcromyia,  Hcemalobosca,  Bdellolarynx,  and  PhilcB- 
matomyia.     Of  the  pupipara   or  tick  flies,  tin-  Hippo- 

boscidac  and  the  Nycteribidse  are  biters  and  bl I 

suckers.  In  the  list  of  probable  direct  carriers  of 
bacterial  infections  we  must  include  the  Tabanidee 
(gad-tlies),  the  Chironomida?  (midges).  Cecidomyidse 
(gall-midges),  Blepharoceridce  (net  winged  midges) 
Psychodidce  (owl  midges)  and  the  Culicidse  (mosqui- 
toes) except  those  that  do  not  bite.  Leaving  the 
Dipteraand  turning  toother  orders  of  biting  a  nd  blood- 
sucking insects,  we  have  the  Siphonaptera  (fleas),  the 
llemiptera  (bugs),  and  the  Siphunculata  (lice).  The 
bites  of  all  these  latter,  beside  being  irritating,  are 
likely  to  become  infected  with  cocci  and  produce 
impetigo.  So  much  for  the  Insecta.  Turning  to  the 
class  Arachnida,  order  Acarina,  we  find  the  families 
Ixodicke  (hard  ticks),  Argasidse  (soft  ticks*,  and  the 
Dermanyssida?,  Trombididse,  and  Sarcoptidse,  the 
last  three  burrowing  in  the  skin  instead  of  sucking 
blood,  but  opening  thereby  a  way  for  bacterial  in- 
fection {e.g.  Sarcoptes  scabiei). 

When  we  consider  the  equipment  of  the  biting  and 
blood-sucking  insects  and  acarines,  each  of  them  may 
be  likened  to  an  animated  aspirator  with  trocar  and 
cannula, on  asmallscale.  Itseemsreasonableto think 
that  many  of  them  may  presently  be  convicted  of 
playing  important  parts  in  the  transfer  of  bacterial 
infections,  as  the  rat  flea  has  already  been  convicted 
of  doing.  It  may  be  safely  assumed,  however,  with 
regard  to  the  relation  of  a  blood-sucking  arthropod  to 
the  infecting  bacterium  carried  by  it,  that  such  rela- 
tion will  in  no  case  be  found  to  be  an  indispensable 
one.  The  simple  life  cycle  of  a  bacterium,  multiplying 
by  division  anywhere  that  it  finds  necessary  nutriment 
and  favorable  temperature,  or  retaining  its  life  and 
virulence  under  unfavorable  conditions  without  mul- 
tiplying, precludes  the  idea  that  any  insect  could  be 
an  indispensable  host  for  its  propagation.  To  accept 
this  is  to  understand  the  sense  in  which  the  won  I 
carrier  is  used  when  we  say  that  any  insect  serves  as  a 
carrier,  and  only  as  a  carrier,  of  a  certain  disease. 

We  now  turn  to  the  more  interesting  and  more 
complicated  relations  of  various  arthropoda  to  the 
propagation  of  diseases  caused  by  animal  parasites. 
In  approaching  this  subject  it  will  be  well  to  refer 
briefly  to  some  of  the  terms  employed.  Parasites 
are  temporary  or  stationary,  periodical  or  permanent. 
They  are  ectoparasites  or  epizoa,  or  they  are  endo- 
parasites  or  entozoa.  These  terms  are  self-explanatory 
and  it  is  assumed  that  they  are  familiar.  An  animal 
normally  of  a  free-living  kind  may  be  introduced  into 
the  body  of  another  animal  and,  finding  there  an 
environment  in  which  it  can  survive  for  some  time, 
become  for  the  time  being  aparasite.  In  these  circum- 
stances the  parasitic  animal  is  said  to  be  an  occasional 
or  accidental  parasite.  It  sometimes  happens  that 
an  animal  parasite  invades  the  body  of  some  animal 
other  than  its  usual  or  normal  host.  The  animal  so 
invaded  is  then  called  an  unusual  host  and  the  para- 
site is  called  for  that  host  a  chance  parasite.  In  the 
cases  of  many  of  the  parasitic  protozoa  a  parasite 
must  pass  through  two  different  stages  of  its  life  cycle 
in  two  different  animals.  The  animal  in  which  com- 
plete development  of  the  sexual  stage  of  the  protozoan 
parasite  takes  place,  with  reproduction  bj  sporogonj 
is  called  the  determinate  host  (definitive  or  primary 
host);  the  animal  in  which  an  incomplete,  immature, 
asexual  stage  in  the  development  of  the  parasite 
takes  place,  with  or  without  schizogony,  is  called  the 
intermediate  host   (intermediary  or  secondary  host). 


The   para  it  ic   protozoani    ■•■  (rich   product    di  tea  e  in 

"••'I'm  hi led  animals  are  nol   accidental    para  ites. 

Thej  have  no  free-living  existence,  their  p  i 
is  obligatory;  deprived  of  their  intermediate  or 
determinate  hosts  they  must  perish.  Generally 
speaking  the  normal  ho  I  is  obligatory  for  the  ] 
and  it  i.-.  not  found  in  1 1  r  1 1 1  ii.i]  hots  as  a  chance  para- 
site. Hut  in  the  cases  of  some  of  the  protozoan  para- 
sites, any  one  of  several  specie  ,  sometimes  belonging 
to  different  genera,  can  serve  as  normal  hosts  for  the 
same  parasite.  This  is  true  as  regards  both  inter- 
mediate and  determinate  hosts.  Arthropods  serve  as 
hosts  and  al  o  as  carriers  not  onlj  for  protozoan  para- 
sites but  also  for  a  considerable  number  of  the  para- 
sitic mi  i  i.oi,  particularly  for  parasitic  helminthes. 
Thus  Culex  fatigans  serves  as  intermediate  host  for 
Filar  in  bancrofti.  In  connect  ion  with  animal  para- 
sites and  arthropod  hosts,  it  is  to  I,.-  noted  that  the 
parasite  may  become  hereditary  in  the  host  and  be 
further  transmitted  only  l>\   a   second  generation  of 

that    host.      This    is    the    ease    with     Huh,    m     1,'iarmina 

of  Texas  cattle  fever  in    Margaropus   annulatus  'he 

tick  which  transmits  it  from  on  to  ox. 

Another  variation  in  the  life  of  parasites  in  arthro- 
pod hosts  is  illustrated  in  Parachordodt  /■■!•■ 
one  of  the  so-called  "horse-rhair  worms"  found  in  the 
water  of  swamps  and  stagnant  ditches.  Four  1 
have  been  reported  in  which  this  worm  was  an 
accidental  parasite  of  man.  The  first  larva  of  this 
worm  enters  the  larva  of  the  alder-fly,  Siali.  hitaria, 
in  which  it  lives  during  the  first  winter  and  passes  over 
to  the  imago  of  the  same  insect  which  is  eaten  by  the 
beetle Pterostichus  niger,  in  which  the  larva  undergoes 
a  change,  becoming  a  second  larva,  which  lives  in  the 
beetle  during  the  second  winter  and  finally  escapes 
into  the  water,  about  1  went  j  months  after  hatching,  and 
soon  becomes  an  adult.  This  Parachordodes  is  not 
itself  of  any  pathogenic  importance  as  regards  man, 
but  it  is  of  interest  as  an  illustration  of  a  metazoan 
parasite  requiring  two  arthropods  of  different  orders 
as  intermediate  hosts,  and  spending  nearly  a  year  in 
each  to  complete  the  larval  stage  in  the  life  of  one 
individual  parasite.  This  suggests  that  some  of  the 
known  parasites  of  man  and  domestic  animals  whose 
life  cycles  have  not  been  completely  traced  out  may 
require  more  than  one  intermediate  host. 

When  a  certain  animal  parasite  is  constantly  to  be 
found  in  some  species  of  host,  whether  pathogenic  or 
innocuous  in  that  host,  and  when  it  is  constantly 
taken  from  that  host  by  some  blood-sucking  insect 
which  transmits  it  to  another  species  of  animal,  the 
first  animal  host,  which  thus  affords  a  constant  source 
from  which  the  insect  carrier  or  host  can  draw  a 
supply  of  the  parasite  is  called  a  reserve  or  reservoir 
of  the  parasite.  The  parasite  is  sometimes  innocuous 
in  the  reservoir  animal  (as  Trypanosoma  brucei  in 
various  members  of  the  antelope  tribe  in  Africa), 
and  sometimes  pathogenic  (as  Trypanosoma  equinum 
in  the  South  American  water  rat,  Hydrocha 
capybara).  The  discovery  of  the  reservoir  for 
Trypanosoma  gambiense  would  probably  afford  a 
solution  for  the  problem  of  eradicating  the  fatal 
sleeping  sickness  of  man  in  Africa. 

It  is  not  within  the  scope  of  this  article  to  consider 
those  arthropods  which  cause  symptoms  by  reason  of 
a  venom  secreted  by  the  arthropod  itself  and  intro- 
duced by  its  bite  or  sting,  nor  those  such  as  Chry- 
,1  mart  liana  it  he  screw  worm  fly)  the  various 
(Estrida?  (bot-flies),  etc..  whose  eggs  implanted  in  the 
skin  or  the  intestines  of  man  or  other  animals  cause 
these  latter  to  serve  as  hosts  for  their  larvae  with   or 

without  the  production  of  inconvenient  symptoms. 
nor    those    Sarcopsyllidse    (jig  ad    Sareoptida' 

(mites*  whose  adults  embed  themselves  in  the  skin. 
We  confine  our  attention  to  those  arthropods  which 
serve  as  hosts  or  carriers  of  animal  parasites  which 
they  transmit  to  man  or  to  other  warm-blooded  ani- 
mals living  in  association  with  man.     In  enumerating 
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such  arthropods,  to  avoid  unnecessary  elaboration  and 

multiplication  of  zoological  terms  all  classifications 
and  divisions  such  as  subclasses,  suborders,  sections, 
superfamilies,  groups,  etc,  will  be  omitted.  All  such 
terms  are  elasl  Lc  and  \  ariable  and  at  no  time  is  there  a 
universal  agreement  in  their  use  among  zoologists. 
The  international  rules  for  nomenclature  do  govern, 
however,  in  the  determination  of  phylum,  class,  order, 
family,  genus,  and  species  and  these  terms  only  will 
be  used  for  the  identification  of  each  arthropod  men- 
tioned. For  the  sake  of  brevity  the  names  of  dis- 
coverers or  classifiers,  with  dates,  after  the  names  of 
genera  and  species,  will  be  omitted. 

For  complete  biological  details  of  the  life  cycles 
of  the  parasites  mentioned  the  reader  is  referred  to 
appropriate  titles  elsewhere  in  this  Handbook,  to 
recent  works  dealing  with  tropical  medicine  and 
parasitology,  and  to  the  current  literature  on  these 
subjects.  No  further  description  of  the  development 
of  a  parasite  in  an  insect  transmitter  will  be  given 
here,  as  a  rule,  than  to  state  whether  the  insect  is  a 
determinate  host,  an  intermediate  host,  or  a  simple 
carrier,  with  a  brief  reference  in  some  cases  to  the 
modus  operandi  of  transmission.  When  it  is  not 
possible  to  say  whether  the  arthropod  in  question  has 
the  biological  relation  of  a. host  to  the  parasite  or  acts 
as  a  simple  carrier,  it  will  be  stated  simply  that  the 
arthropod  transmits  the  parasite  in  question. 

The  important  arthropods  known  to  be  transmitters 
of  animal  parasites  to  man  and  to  other  warm-blooded 
animals  living  in  association  with  man,  are  as  follows: 

Class  Crustacea  (aquatic  arthropoda),  Order 
Copepoda,  Family  CyclopidaB. — Cyclops  quadricornis 
and  probably  other  species  of  Cyclops  serve  as  inter- 
mediate hosts  for  Filaria  medinensis  (Guinea  worm). 
Man  swallows  the  infected  Cyclops  with  his  drinking 
water.  In  the  hydrochloric  acid  of  the  stomach  the 
Cyclops  is  promptly  killed  and  the  filarial  larva, 
stimulated  by  the  acid,  pierces  the  chitinous  cuticle  of 
the  Cyclops  and  the  stomach  wall  of  the  determinate 
host,  man,  and  develops  to  mature  male  and  female 
forms  in  his  tissues. 

Class  Arachnida,  Order  Acarina  (mites  and  ticks). 
Family  Argasidae  (soft  ticks). — Argas  persicus  trans- 
mits Spirochirta  marchouxi  to  fowls  in  Egypt,  Brazil, 
and  elsewhere,  and  Sp.  neveuxii  to  fowls  in  Senegal. 
It  also  transmits  to  man,  in  Persia,  a  disease  the 
parasite  of  which  has  not  been  identified. 

Ornithodorus  moubata  transmits  Spirochala  duttoni 
to  man,  causing  the  African  tick  fever,  and  Sp.  rossii 
causing  a  similar  disease  of  man  in  East  Africa.  This 
tick  is  suspected  of  transmitting  Filaria  perstans  to 
man. 

Family  Ixodida?  (hard  ticks). — Eurhipicephalus  ap- 
pendiculatus,  the  brown  tick  of  South  Africa,  trans- 
mits Babesia  bigemina  (Piroplasma  bigeminum)  to 
cattle,  causing  the  so-called  Texas  cattle  fever,  or  tick 
fever  of  cattle.  This  tick  also  transmits  Babesia 
parva  to  cattle,  causing  the  East  Coast  fever  of  cattle 
in  Rhodesia.  The  larva  transfers  the  infection  to  the 
nymph  and  the  bite  of  the  infected  nymph  infects 
other  cattle. 

E.  simus  also  transmits  B.  bigemina,  as  above. 

E.  evertsi,  the  red-legged  tick  of  horses  in  Europe. 
Asia,  Africa,  and  South  America  transmits  Babesiaequi 
to  horses,  donkeys,  and  zebras. 

E.  sanguineus,  the  common  dog  tick,  widely  dis- 
tributed, transmits  Babesia  canis  to  dogs.  It  also 
transmits  Hcemogregarina  amis  to  dogs.  The 
nymph,  in  which  the  infection  is  hereditary,  and  the 
bite  of  which  transmits  the  infection  to  another 
animal,  is  sometimes  called  Phailixodes  rufus. 

E.  bursa,  in  southern  Europe,  Africa,  and  the  West 
Indies  transmits  Babesia  ovis  to  sheep,  causing  the 
rlisease  known  as  "heart  water,"  the  parasite  being 
carried  from  the  adult  female  through  her  eggs  to  the 
adult  tick  of  the  next  generation  which  alone  trans- 
mits the  infection  to  other  sheep. 
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Margaropus  annulatus  (Bnuplnlu.  I'm 1  ;.  eat  lie  tick 
widely  distributed  throughout  the  world,  transmits 
Babesia  bigemina  to  cattle,  causing  the  babesiasis 
known  as  Texas  cattle  fever.  The  blood-sucking 
female  infects  her  own  egg  and  the  blood-sucking 
larva  hatched  from  this  transmits  the  Babesia  in 
bit  inn  other  cattle. 

M.  decolor atus,  the  blue  tick  of  South  Africa 
transmits    both    Babesia     bigemina     and    Spirochoeta 

ll, i  ill  i  i    to  cattle. 

Dirinnii  nine  r<  liiulnl  us  in  Russia  transmits  a  Babe- 
sia to  horses,  a  parasite  not  yet  fully  identified 
for  which  the  name  B.  ninense  has  been  proposed. 

D.  occidentalis  and  I),  venustus  in  the  northwestern 
United  States  transmit  the  infection  of  Rocky  Moun- 
tain spotted  fever  to  man.  The  parasite  is  probably 
some  species  of  Babesia. 

Hcemophysalis  leachi,  the  South  African  dog  tick, 
transmits  Babesia  canis  to  dogs,  the  parasites  entering 
the  ova  of  the  infected  ticks,  from  which  develop 
nymphs  which  are  infected.  These  infected  nymph 
forms  bite  the  dog  without  infecting  it,  but  on  devel- 
oping into  mature  ticks  their  bites  infect  the  dog. 
The  ticks  of  the  second  generation  have  thus  acquired 
the  infection  in  a  truly  hereditary  manner.  It  is 
evident  too  that  the  tick  is  a  host  and  not  a  mere 
carrier. 

Ixodes  ricinus,  the  so-called  castor-oil  tick,  because 
of  the  resemblance  of  the  pregnant  and  replete  female 
to  a  castor-oil  bean,  a  tick  widely  distributed  in  Europe 
and  North  America,  is  another  transmitter  of  Babesia 
bigemina  to  cattle  in  America  and  of  B.  bonis  to  cattle 
in  Europe. 

Amblyomma  hebroeum,  the  variegated  tick  of  Cape 
Colony,  transmits  Babesia  ovis  to  sheep,  causing 
"heart  water. " 

Class  Hexapoda  or  Insecta,  Order  Lepidoptera 
(moths),  Family  Pyralidee. — Asopia  farinalis  (Pyralis 
farinalis)  the  meal  moth  is  the  intermediate  host  for 
the  cysticercus  stage  of  Hymenolepis  diminula,  the 
tape-worm  of  rats  and  mice,  the  adult  of  which  some- 
times infests  man  as  determinate  host  (a  chance 
parasite). 

Order  Euplexoptera  (earwigs),  Family  Forficu- 
lidse. — Anisolabis  annulipes  also  serves  as  intermediate 
host  for  H .  diminula. 

Order  Coleoptera  (beetles).  Family  Scaraba?idae. — 
Some  species  of  the  genera  Melolonlha  and  Cetonia 
are  intermediate  hosts  for  Gigantorhyncus  gigas,  a 
nematode  parasite  of  pigs. 

Order  Orthoptera,  Family  Blattidce  (cockroaches). 
— Periplaneta  orientalis,  the  oriental  cockroach, 
serves  as  intermediate  host  for  Spiroptera  sanguino- 
lenta,  a  nematode  parasite  of  dogs. 

Order  Siphunculata  (lice),  Family  Pediculidse. — 
Hcnnatopinus  spinulosus,  the  rat  louse,  is  the  trans- 
mitter of  Trypanoso?7ia  levrisi  from  rat  to  rat. 

Family  Ricinidse. — Trichodecles  canis,  the  dog  louse, 
and  T.  subrostratus,  the  cat  louse,  are  the  intermediate 
hosts  for  Dipylidium  caninum.  The  lice  swallow  the 
oncospheres  lying  in  the  fur  and  on  the  skin  about 
the  anus  of  the  animal,  and  develop  the  scolex  in  their 
bodies.  The  dogs  and  cats  reinfect  themselves  by 
biting  and  eating  the  lice. 

Order  Hemiptera  (bugs),  Family  Cimicidre. — 
Cimex  lectularius,  the  common  bed  bug  of  the  temperate 
zone.  It  is  probable,  but  not  proved,  that  this  bug 
transmits  Spirochoeta  recurrenlis  {obermeyeri)  to  man, 
causing  relapsing  fever. 

Cimex  rotundalus,  the  common  bed  bug  of  the 
tropics.  This  bug  is  believed  to  transmit  Leishmania 
donovani  to  man,  causing  kala-azar,  the  dum-dum 
fever  of  India. 

Family  Reduviidse. — Conorhinus  sanguisuga  of 
Brazil  transmits  Trypanosoma  cruzi  to  man,  causing 
a  disease  characterized  by  fever,  adenopathy,  and 
anemia. 

Order    Siphonaptera    (fleas),    Family    Pulicida. — 
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Ctenocephalus  canis,  the  dog  flea,  and  Ct.  felis,  the 
cat  flea,  serve  as  intermediate  hosts  of  Dipylwium 
caninum,  eating  the  onchospheres,  developing  the  sco- 
lex,  and  being  eaten  in  turn  by  the  clou  or  cat  which 
thus  reinfects  itself.  These  fleas  sometimes  jump 
from  a  dog  or  cat  into  a  vessel  of  milk  which  is  drunk 
by  a  child  who  thus  becomes  infected  with  Dipylidium. 
The  common  human  flea,  Pulex  irritans,  may  .serve 
similarly  as  intermediate  host. 

Order  Dipteka  (flies,  gnats,  etc.),  Family  Psv- 
chodidse  (owl  midges). — Phlebotomus  papatasii, 
around  the  shores  of  the  Adriatic,  transmits  to  man 
the  endemic  fever  known  as  "three-day  fever"  or 
"papataci  fever,"  the  parasite  of  which  is  not  known. 
A  similar  fever  is  spread  by  P.  major  in  Malta,  and  by 
P.  minulus  and  other  species  in  Africa  and  India. 

Family  Simulidae  (sand  flies). — Simulium.  About 
seventy  species  of  this  genus  are  known.  The 
females  bite  and  suck  blood  of  both  man  and  animals. 
They  are  suspected  of  being  concerned  in  transmitting 
microparasitic  disease  to  man. 

Family  Culicida;  (mosquito). — Culex  fatigans,  the 
common  brown  house  mosquito  of  the  tropics,  is  the 
usual  intermediate  host  for  Filaria  bancrofti,  which  it 
receives  in  its  larval  state  in  the  blood  sucked  from 
man  and  after  a  period  of  larval  development  in  the 
thoracic  muscles  of  the  mosquito,  transmits  it  again 
to  man,  the  determinate  host.  C.  fatigans  also  serves 
as  intermediate  host  for  Filaria  philippinensis  which 
it  receives  from  and  transmits  to  man.  This  mos- 
quito also  transmits  from  man  to  man  the  infection 
of  dengue  (break-bone  fever),  the  parasite  of  which 
is  not  known. 

Slegomyia  calopus,  a  brilliantly  marked  black  and 
white  mosquito  of  the  tropics  and  subtropics,  found 
as  far  north  as  Boston  on  the  Atlantic  coast  of  the 
United  States  transmits  from  man  to  man  the  infec- 
tion of  yellow  fever,  the  parasite  of  which  is  as  yet  un- 
known but  is  believed  to  be  an  ultramicroscopic 
protozoan.  The  mosquito  becomes  infected  by  biting 
the  patient  only  within  the  first  three  days  of  the 
fever.  Twelve  days  more  must  elapse  before  the 
mosquito  can  transmit  the  infection  in  biting  another 
man.  Eggs  laid  by  the  mosquito  after  the  lapse  of 
the  twelve  days  carry  the  infection  into  the  second 
generation  of  the  adult  mosquito.  The  life  of  a  genera- 
tion of  S.  calopus  is  about  thirty  days  during  which 
period  the  female  lays  seven  batches  of  eggs.  S. 
calopus  is  domestic  in  its  habits,  being  bred  chiefly  in 
cisterns,  empty  bottles,  etc.,  and  being  active  in 
flight  and  biting  only  from  about  3  P.  M.  to  the  follow- 
ing morning. 

S.  pseudosculellaris  is  the  usual  intermediary  host 
for  Filaria  bancrofti  in  Fiji. 

Mansonia  uniformis  and  M.  pseudotitillans  also 
serve  as  intermediary  hosts  for  F.   bancrofli. 

The  mosquitoes  already  mentioned  are  all  of  the 
culicine,  as  distinguished  from  the  anopheline 
type. 

Anopheles  maculipennis  is  a  determinate  host  for 
Plasmodium  vivax,  Plasmodium  malaria,  and  Laver- 
ania  malaria',  each  of  which  it  receives  from  and 
transmits  to  man,  the  intermediate  host;  P.  vivax 
causing  tertian  fever,  P.  malarias  causing  quartan 
fever,  L.  malaria'  causing  subtertian,  estivoautumnal, 
or  pernicious  fever. 

The  following  anopheline  genera  and  species  serve 
similarly  as  determinate  hosts  and  transmitters  of 
the  malarial  parasites:  Anopheles  bifurcatus,  .1. 
martini,  A.  pursali,  A.  vincenti,  CeUia  albimanus, 
('.  argyrotarsus,  Myzomyia  culifacies,  M.  funesta, 
M.  listoni,  M.  ludlowi,  M.  superpicta,  M.  turkhudi, 
Myzorhyncus  barbirostris,  M.  constani,  M.  paludis, 
M.  pseudopictus,  M.  sinensis,  Nyssorhyncus  lutzi, 
N.  stcphensi,  N.  theobaldi,  Pyretophorus  ardensis, 
P.  costalis,  P.  pitchfordi. 

The  following  anopheline  genera  and  species  are 
intermediate     hosts     and     transmitters     of     Filaria 


bancrofti:   C cilia    alb)  My  omyia  to    it,    Vyzo- 

rh  /'  ■  Pyrt  lophoi  •>    i  o  talis. 

I  amity     Tabanidce    (gad  Bii 
in   India,   Mauritius,  the  Philippines,  etc., 
Trypano  oma    evansi   to  i  T. 

striatu,  and  probablj 

as  transmitters  of   the   - ; 1 1 1 1 •  T    nemorali 

and  '/'.  nigrilin  in  Ugeria  transmit  a  disease  to  drome- 
daries, the  parasite  being  unknown.  Thi  I  ibanidjB 
are  suspected  also  ol  nai  ting  Filaria  loo.  to  man. 

Hoemalopota   pluviah    in  Europe  and   othei 
elsewhere   are    suspected    of    being    transmitters    of 
disease  like  the  closely  allied  genu    Tabanus. 

Chrysops   dimidiata    and   C.   silacea    in    Africa   are 
intermediate  hosts  of  Filaria  loo  which  thej  transmit 

to  man. 

The  other  genera  of  this  family,  namely,  Cadicera 

in  South  Africa,  and  Pangonia  widely  distributed 
over    the     world,     are    similarly     BUSpected     of     being 

transmitters  especially  of  tryp  and  of  filaria. 

Some  of  the  miinj  uenera  and  species  of  Tabanida; 
transmit  Trypanosoma  nanum  to  cattle  along  the 
White  Nile  and  Tryp.  rims  to  cattle,  sheep,  and  goats 
in  the  Cameroons. 

Family  Muscidse  (flies). — Stomoxys  calcitrans,  the 
common  stable  fly  all  over  the  world,  is  the  type  spei 
of  the  genus.  This  and  other  species,  among  which 
S.  nigra  in  Mauritius  may  be  mentioned,  transmit 
Trypanosoma  evansi  to  horses  and  other  animals  in 
the  East,  causing  surra.  In  South  America,  Try- 
panosoma equinum  is  transmitted  by  Stomoxys 
to  horses,  causing  mnl  de  caderas.  The  reservoir 
for  this  parasite,  '/'.  equinum,  is  a  water  rat,  Hydro- 
chasrus  capybara  in  which  it  causes  a  disease  endemic 
in  that  animal.  Stomoxys  is  also  a  transmitter  of 
Trypanosoma  nanum  to  cattle  in  the  Sudan,  producing 
in  them  a  disease  similar  to  nagana  but  less  dangerous; 
it  also  transmits  Trypanosoma  dimorphon  in  the  Gam- 
bia, causing  a  disease  of  cattle. 

Glossina  palpalis  and  other  species  of  the  genus 
Glossina  (tsetse  flies)  are  formidable  biters  and  blood- 
suckers whose  distribution  is  limited  to  tropical 
Africa  and  Arabia.  The  many  species  of  this  genus 
are  the  principal  transmitters  of  the  trypanosomes 
which  cause  diseases  of  man  and  of  valuable  done 
animals  in  those  parts  of  the  world.  G.  palpalis 
transmits  Trypanosoma  gambit  nsi  to  man,  causing  that 
human  trypanosomiasis  which  in  its  hopeless  final 
stage  is  known  as  African  "sleeping  sickness."  The 
reservoir  is  undiscovered. 

Glossina  morsitans  certainly,  and  G.  pallipides  and 
G.  fusca  probably,  transmit  Trypanosoma  brucei  to 
cattle  in  Africa, Causing  in  them  the  rapidly  fatal 
disease  known  as  nagana.  Various  members  of  the 
antelope  tribe  are  the  natural  hosts  and  reservoirs 
for  this  trypanosome  which  appears  to  he  innocuous 
in  them.  For  three  days  after  sucking  blood  infected 
with  7'.  brucei,G.  morsitans  can  transmit  the  infection 
to  a  fresh  animal  in  biting  it.  the  fly  acting  in  this 
:,  :  as  a  direel  carrier  and  the  I  r\  panosonie  being 
transmitted  unchanged.  From  the  fourth  to  the 
tenth  day  the  fly's  bite  is  not  infectious  for  a  fresh 
animal.  From  the  eleventh  day  onward  (to  the  foi 
fourth)  its  bite  is  again  infectious,  the  trypanosome 
having  undergone  a  development  stage  in  the  fly 
which  in  this  case  has  served  as  a  true  host  in  the 
transmission  of  the  trypanosome. 

Family  Bippoboscidse  tick  flics). — These  are  de- 
generate flies  parasitic  011  mammals  and  on  certain 
birds.  Hippobosca  rufipes,  parasitic  on  cattle,  in  the 
Transvaal,  East  Africa,  and  India,  is  the  transmitter 
of  Trypanosoma  which  causes  the  "gall  sick- 

ness" of  cattle  in  those  regions.  Lynchia  mourn,  para- 
sitic on  the  pigeon  Columba  livia,  transmits  the 
hemosporidian  parasite  Hamoproteus  columbw  from 
infected  to  healthy  pigeons. 

If  is  believed  that  all  the  arthropods  now  known  to 
be  the  usual   hosts  or  carriers  of  parasites   causing 
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disease  in  man,  or  in  animals  of  domestic  or  economic 
importance  to  man,  have  been  mentioned.  The  list 
will  almost  certainlj  be  extended  by  further  investiga- 
tions. In  the  ease  of  each  disease  that  is  spread  by 
arthropods,  the  discovery  of  the  transmitter  has  had 
results  of  vast  practical  value  in  connection  with 
personal  and  public  prophylaxis.  In  the  clinical 
handling  of  the  individual  case,  the  importance  of 
preventing  the  appropriate  insect  carrier  from  coming 
into  contact  with  the  infected  individual  must  be 
realized.  Hut  it  is  in  connection  with  public  sanita- 
tion that  a  knowledge  of  the  bionomics  of  parasites 
and  their  arthropod  transmitters  is  of  chief  importance. 
The  necessary  detailed  instructions  for  a  campaign. 
for  the  destruction  of  insects  and  other  pests  cannot 
be  given  within  the  limits  of  this  article.  The  public 
sanitarian  charged  with  the  duty  of  making  such  a 
campaign  should  first  make  a  biological  survey  of  the 
situation  with  which  he  is  called  upon  to  deal,  and 
should  base  his  requisition  for  necessary  funds,  his 
organization  of  personnel,  his  formulation  of  orders 
and  his  plans  for  carrying  them  out,  upon  a  well- 
digested  estimate  of  the  situation  to  be  handled. 

J.   F.  Leys. 


Insect  Powder. — Pyrethri  Flores. — The  half-ex- 
panded flower  heads  of  Pyrethrum  cineraricefolium 
(Trev.)  Bocc.  (White  or  Dalmatian  Insect  Powder)  and 
of  Chrysanthemum  roseum  Weber  and  Mohr  and  C. 
Marschallii  Aschers,  both  called  C.  coccineum  Willd. 
in  the  Index  Keirensis  (Blue,  Caucasian  or  Persian 
Insect  Powder),  all  of  the  family  Composita-.  The 
Dalmatian  species  is  greatly  superior.  All  are  native 
and  very  extensively  cultivated  perennial  herbs  of 
western  Asia.  The  heads  bear  a  close  resemblance  to 
those  of  the  common  daisy,  the  rays  being  white  in  the 
Dalmatian,  blue  in  the  Persian.  Insect  flowers  reach 
the  hands  of  the  consumers  entirely  in  the  form  of  the 
yellowish  or  gray  powders,  and  it  is  then  extremely 
difficult  to  determine  their  purity  or  quality,  which 
varies  most  widely.  The  quality  is  claimed  to  be 
best  when  the  heads  are  just  beginning  to  expand,  but 
their  collection  at  this  time  is  not  economical.  It  de- 
creases progressively  with  their  maturity,  but  the  use  of 
the  mature  or  old  flowers,  being  extremely  difficult  of 
detection,  is  obviously  profitable,  and  constitutes  the 
chief  form  of  sophistication.  Enormous  quantities  of 
the  stems,  which  possess  a  very  slight  activity,  are  also 
ground  with  the  flowers.  Their  presence  is  readily 
detected  in  the  powder  by  the  appearance  of  large 
whitish,  glistening  particles,  chiefty  of  the  fibers,  and 
less  readily  by  the  greener  color  which  they  impart. 
The  powder  should  have  a  clear  greenish-yellow,  but 
not  a  bright  yellow  color,  the  latter  indicating  curcuma , 
fustic,  chrome  yellow,  or  other  coloring  addition.  It 
has  a  tea-like  odor  and  an  aromatic  and  bitterish  taste. 
Its  ethereal  liquid  extract,  in  the  proportion  of  five 
parts  of  the  filtered  liquid  to  one  of  the  powder  used, 
should  be  of  a  handsome  yellow,  and  on  evaporation 
should  yield  a  soft  extract  equalling  3.75  to  5.5  per 
cent,  of  the  weight  of  the  powder.  Upon  incineration, 
the  powder  should  yield  not  more  than  6.5  per  cent, 
of  ash,  nearly  all  soluble  in  hydrochloric  acid.  These 
tests  will  determine  the  presence  of  nearly  all  of  the 
very  numerous  adulterants  which  have  been  employed. 
Others  are  detected  by  the  use  of  the  microscope,  but 
this  requires  considerable  experience.  A  powder  from 
flowers  which  have  become  too  old  exhibits  character- 
istic seed  tissues  and  yields  considerable  fat,  of  which 
there  is  but  a  trace  in  the  young  flowers.  The 
powder  is  more  active  in  proportion  to  its  fineness. 

No  analysis  of  the  constituents  of  insect  powder  yet 
made  is  conclusive  as  to  the  identity  of  the  toxic 
agent.  There  are  (1)  volatile  oil  ranging  up  to  0.5  per 
cent,  most  abundant  in  the  youngest  flowers;  (2) 
four  to  seven  per  cent,  of  resin,  about  two-thirds  of  it 
alcohol-soluble,  the  rest  ether-soluble;  (3)  fat,  from  a 


trace  in  the  youngest  flowers  to  a  considerabl 
alter  I  he  seed  has  formed.  With  these  are  ordinary 
plant  principles.  An  alkaloid,  a  glucoside,  and  a 
volatile  acid  have  been  indefinitely  reported.  It 
curious  fact  that  the  toxic  properties  are  imparted 
alike  to  alcohol  or  hot  or  cold  water,  "i  t<>  the  at- 
mosphere by  burning.  Thedeat  lioi  insects  by  contact 
with  the  fine  powder  is  only  partly  mechanical,  for 
Jelliffe  has  shown  that  while  the  stem  powder  i-  thus 
fatal  1  r >  some,  it  does  not  affect  others,  which,  however, 
are  promptly  killed  by  contact  with  the  powder  of  the 
flowers.      Insect  powder  docs   not    affect   the   insect's 

eggs. 

Although  this  substance  is  somewhat  irritating,  its 
tincture  sometimes  even  causing  vesication  of  the  skin, 
yet  its  medicinal  action  is  of  no  importance,  and  its 
one  use  is  for  the  destruction  of  insect  vermin.  Here 
it  has  the  great  advantage  over  nearly  all  similar 
agents  of  being  non-poisonous.  It  not  only  destroys 
such  domestic  pests  as  roaches,  flies,  bedbugs,  and 
fleas,  but  is  very  useful  as  applied  to  insect-infected 
plants,  either  in  the  house  or  in  the  field.  For  the 
latter  purposes  it  is  best  sprayed  in  the  form  of  a  de- 
coction. Mosquitos  may  be  destroyed  in  a  closed  room 
by  slowly  burning  a  half-ounce  or  an  ounce  of  the 
powder.  Henry  H.  RrsBY. 


Insects,  Parasitic. — The  group  of  insects  as 
formerly  understood  included  four  subclasses:  the 
Malacopoda,  or Onychophora  consisting  of  a  few  worm- 
like  forms  (Peripatus);  the  Myriopoda,  centipedes  and 
millipedes;  the  Arachnida,  spiders,  mites,  and  ticks; 
and  the  Hexapoda,  or  six-footed  winged  division. 
While  these  groups  all  agree  in  having  jointed  bodies 
with  jointed  appendages  and  breathing  by  means  of 
tracheae,  there  is  so  much  divergence  in  other  respects 
that  they  are  now  separated  into  distinct  classes  and 
the  Arachnida  especially  considered  as  widely  different. 

The  Ixsecta  proper,  or  Hexapoda,  are  bilaterally 
symmetrical  animals  having  jointed  bodies  with 
jointed  appendages,  the  body  consisting  of  three 
distinct  regions,  the  head,  thorax,  and  abdomen,  the 
former  of  which  bears  jointed  antennae  and  variously 
modified  mouth  parts;  the  thorax  (consisting  of  three 
segments,  pro-,  meso-,  and  meta-)  bears  on  each 
segment  a  pair  of  legs  and  on  the  meso-  and  meta- 
thorax  each  a  pair  of  wings.  Respiration  is  provided 
for  by  means  of  tracheal  tubes  which  ramify  through- 
out the  tissues,  earning  air  to  all  parts  of  the  body. 
Exceptional  forms,  especially  among  the  parasitic 
species,  occur  in  which  the  wings  may  be  aborted  or 
entirely  wanting  or  in  which  different  organs  may  be 
more  or  less  aborted.  It  rarely  happens,  however,  that 
these  reductions  go  so  far  but  that  the  insect  structure 
may  be  recognized  at  least  during  some  brief  period  in 
the  life  history  of  the  species. 

Of  the  sixteen  to  nineteen  orders  which  are  recog- 
nized by  different  authors,  but  four  include  groups 
which  are  parasitic  on  man  or  the  domestic  animals 
with  which  he  is  most  closely  associated.  These 
orders  are  the  Diptera  or  two-winged  flies,  mos- 
quitos, etc.;  the  Siphonaptera  or  fleas;  the  Hemiptera 
or  bugs,  lice,  etc.,  and  the  Mallophaga  or  bird-lice. 

Of  the  other  orders  there  are  quite  a  number  that 
may  have  an  incidental  importance,  as  the  stinging 
Hymenoplera  to  be  mentioned  under  Insects,  Poisonous; 
the  beetles,  Coleoptera,  some  of  which  produce  vesicat- 
ing properties  and  others  which  at  times  cause  trouble 
by  getting  into  eyes  or  ears,  and  the  Lepidoplera,  many 
of  which  have  larvae  that  have  nettling  properties. 
To  give  mere  mention  to  all  of  these  phases  would  out- 
run the  limits  of  this  article,  and  our  further  attention 
therefore  will  be  directed  to  such  orders  as  include 
parasitic,  or  at  least,  semi-parasitic,  habits  and  affect 
the  human  species. 

Diptera. — Two-winged  insects,  flies,  mosquitos. 
gnats,  etc.      Mouth  parts  fitted  for  piercing  or  sucking; 
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a  pair  of  mesothoracic  wings  and  a  pair  of  modified 
structures,  halteres,  or  balancers,  occupying  the  posi- 
tion of  the  metathoracic  wings.  Many  of  l  lie  members 
of  this  order  affect  man,  but  in  such  manner  that  if  is 
often  difficult  to  decide  just  where  they  should  be 
placed.  The  mosquito,  for  instance,  sucks  the  blood 
of  man  and  might  1)0  counted  semi-parasitic,  but  its 
bite  is  poisonous  and  so  it  may  properly  be  included 
under  the  section  of  poisonous  insects,  where  discussion 
of  its  habits  in  this  connection  is  given.  It  has  further 
a  most  important  relation  as  the  medium  for  trans- 
mission of  certain  diseases.  The  gadflies  or  horse- 
flies seem  on  the  whole  to  be  better  treated  in  con- 
nection with  the  poisonous  insects  and  are  so 
placed.  Some  other  forms  cause  extreme  annoyance 
by  getting  into  the  eyes,  nostrils,  and  ears,  causing 
intense  irritation  and  sometimes  requiring  medical 
attention.  The  Hippelates  flies,  described  by  Dr. 
Schwarz  from  occurrences  in  Florida,  are  among  the 
worst  of  these,  and  aside  from  the  great  annoyance 
and  suffering  may  induce  severe  inflammation,  and 
moreover  are  a  menace  as  possible  carriers  of  diseases 
of  the  eye  or  disorders  of  the  skin. 

(Estridae  or  bot-flies  comprise  a  well-marked  family 
distinguished  by  heavy  body,  generally  hairy,  and 
with  small  eyes  at  the  sides  of  the  head.  The  antennas 
are  sunken  into  deep  pits  on  the  front;  the  mouth  parts 
are  rudimentary,  and  no  food  is  taken  in  the  adult 
stage. 

The  larvoe,  which  are  the  parasitic  stage,  are  fleshy 
grubs  and  occur  in  different  regions  of  the  body  of  the 
host,  such  as  the  alimentary  canal  (horse  bot),  the 
nasal  passages  (sheep  bot),  the  subcutaneous  tissue 
(Hypoderma  of  cattle  and,  accidentally,  in  man,  and 
the  Dermatobia  in  man).  Eggs  are  deposited  on  the 
body  or  attached  to  the  hairs  of  the  host  to  be,  and 
newly  hatched  young  reach  the  cavities  they  infest  by 
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Fio,  3417. — Dermatobia  noxialis.  Larva,  a.  Ventral  aspect  and 
appearance  of  cephalic  and  caudal  extremities,  also  the  three  rows 
of  spines,  single  below  and  the  point  where  the  double  rows  end; 
b,  dorsal  view  shows  that  the  three  rows  of  spines,  single  below,  are 
double  above.     Greatly  enlarged.     (From  Insect  Life.) 

various  routes  for  the  different  species.  While  no 
species  is  to  be  regarded  as  strictly  a  human  parasite, 
the  occurrence  of  bots  in  man  is  of  sufficient  frequency 
to  require  mention  here  and  consideration  of  the  condi- 
tions under  which  they  may  infest  the  human  species 
or  become  subjects  for  the  practitioner. 

Instances  of  the  occurrence  of  the  ox  warble,  Hypo- 
derma  bovis,  and  H.  lineata  in  man  have  been  recorded 
in  both  Europe  and  America.  The  former  is  the  com- 
mon species  in  Europe  and  its  occurrence  in  man  is 
noted  as  fairly  common  in  Norway.  The  latter,  which 
is  the  species  occurring  most  commonly  in  America, 
has  but  few  recorded  instances,  one  of  the  best  authen- 


i  ii  .iii id  being  thai  mentioned  by  Dr.  .John  Hamilton 
iEnl.    News,    iv..    p.    219).     Their   presence    will    be 
recognized  from  the  swollen  ulcers  at  differenl  point 
under  the  skin,  and  there  is  a  strong  tendency  for  t  hem 
to  migrate  from  place  to  place,  though  in  the  ca  i   n 
ported  by  Dr.   Hamilton,  which  ended   fatally,   the 

location  was  in  an  ulcer  at   the  loot   of  the  tongue. 
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Fig.  3418. — Dermatobia.  a,  Brauer'a  figure  of  a  larva,  and'/, 
Coquerel's  figure  of  one  probably  identical  with  noxialis,  differences 
due  to  maturity  or  to  amount  of  contraction  at  time  of  preserva- 
tion; b,  cephalic  extremity;  c.  caudal  extremity  of  a,  enlarged; 
lines  show  actual  length.     (From  Insect  Life.) 

CEstrus  hominis  L.  =  Dermatobia  noxialis  Goudot. 
This,  the  species  which  has  been  termed  the  bot-fly 
of  man,  is  of  frequent  occurrence  in  tropical  America 
where  it  is  a  pest  to  cattle,  as  well  as  to  dogs,  monkeys, 
and  other  mammals;  its  occurrence  on  man  being 
occasional,  perhaps  accidental,  as  a  result  of  deposi- 
tion of  eggs  on  the  bodies  of  persons  exposed,  as  w  ben 
bathing,  or  the  exposed  parts  of  the  bodies  of  natives. 

The  insect  has  a  variety  of  names  in  different 
countries:  Yer  macaque  in  Cayenne  and  Mexico,  Ura 
in  Brazil  (Para),  Turret  in  Costa  Rica,  and  Gusano 
peludo  or  Muche  in  Columbia. 


Fia.  3419. — Compsomnia     macellaria.     Adult;     wings     expanded. 
Enlarged.     (After  Francis.) 

The  larva;  are  very  characteristic  in  shape  as  shown 
in  the  figure,  the  head  end  being  broad  and  the 
terminal  segments  much  attenuated. 

If  undisturbed  they  complete  their  growth  in  the 
subcutaneous  tissue,  and  then  come  out  to  enter  the 
ground  and  pass  the  remaining  stages  of  development, 
issuing  later  as  adult  flies.  In  man  they  are  prob- 
ably as  a  rule  extracted  before  they  acquire  maturity, 
since  they  could  scarcely  escape  notice,  and  even 
crude  surgery  is  sufficient  for  their  extraction. 

The  larva1  are  to  be  separated  from  the  related 
cyaniventris  by  the  minute  spines  on  segments  two 
and  three,  and  the  absence  of  hooks  on  the  posterior 
borders  of  segments  four  to  seven. 
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Dermatobia  cyanivenlris  with  similar  habits  has 
been  separated  from  noxialis  by  Blanchard,  the  larva 
being  .said  to  have  do  line  spines  on  segments  two  and 
three,  and  a  row  of  strong  hooks  projecting  from  the 
hind  border  of  segments  four  to  seven  and  sometimes 
eight. 

MuscidoB.  Thick-bodied  hairy  flies,  with  well-de- 
veloped mouth  parts,  either  fitted  for  piercing  or,  as 
in    the    house-fly    with    soft    membranous    proboscis, 

adapted  to  liquid  l I.     Larvae,  fleshy  footless  grubs 

or  maggots,  living  in  decaying  matter,  ordure,  etc. 
The  group  is  a  large  one,  many  of  which,  though  D.o1 
strictly    parasitic,    may    seriously    affect    man.     The 


Fig.  3420. — Compsomyia      macellaria.     Adult;      wings     at     rest. 
Enlarged.      (After  Francis.) 

common  house-fly,  for  example,  aside  from  being 
a  great  annoyance,  is  undoubted^  a  menace  to 
health,  since  it  may  readily  visit  first  the  feces  of  a 
typhoid  patient  and  then  the  food  of  table  or  camp. 
Much  of  the  typhoid  occurring  in  the  camps  during 
the  .Spanish-American  war  was  att  ributed  to  this  means 
of  transmissal,  and  this  with  dysentery,  tuberculosis, 
and  a  number  of  other  serious  diseases  are  now  recog- 
nized as  transmissible  by  this  fly.  Patients  in 
hospitals  may  serve  as  centers  of  infection  for  ophthal- 
mia and  other  diseases  in  adjacent  dwellings,  unless 
care  is  taken  rigidly  to  exclude  flies  by  means  of 
close-fitting  screens.  "  It  is  also  asserted  that  they  may 
transmit  the  eggs  of  nematode  and  cestode  worms. 
A  number   of   the   species  which   ordinarily   deposit 


Fig.  3421. — Compsomyia  macellaria.     Egg  and  egg  mass  greatly 
enlarged.      (After  Francis.) 

their  eggs  in  decaying  organic  matter  may  on  occasion 
deposit  them  in  wounds  and  cause  very  serious  re- 
sults. The  flesh-fly  (Sarcophaga  carnaria),  meat- 
fly (Calliphora  vomiloria),  blue-bottle  fly  {Lucilia 
casar),  and  others,  are  injurious  in  this  way. 

Compsomyia  macellaria,  the  Lucilia  hominivorus 
of  early  writers,  the  much-dreaded  "screw  worm" 
of  the  warmer  portions  of  America,  is  undoubtedly 
one  of  the  most  important  species  that  directly  affect 
the  human  species  and  has  received  considerable 
notice  in  medical  journals.  The  head  is  red-brown; 
the  thorax  and  abdomen  are  bluish-green  with  metallic 
reflections,  and  there  are  three 'longitudinal  black 
stripes  on  the  thorax.  It  is  known  all  the  way  from 
Canada  to  Patagonia  and  has  received  a  great  number 
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of    technical     names.      The    eggB    are    deposited     on 
various    <l imposing    substances,    DUl     not     rarely    in 

t  he  nnst  rils  of  individuals  when  Bleeping,  or  e\  en 
awake,  if  expo  ed,  but   probably  attracted  as  a  rule 
by    a    catarrhal    condition    of   the    person.      i 
small,  cylindrical,  white,  with  a  ridge  along  one  side. 
They  hatch  very  soon  after  deposition  so  that  the 
opportunity  for  removing  them  is  very  short.     The 
larva'  on  hatching  work  into  the  surrounding  tissue, 
and   the   result   of   their   burrowing   is  to  destroy  all 
the  tissues  of  the  soft  palate,  and  cases  are  on  rei 
in  which  the  vertebra  and  os  hyoides  and  other  bones 
have  been  completely  laid  bare,  such  cases  usually 
terminating  fatally. 


Flo.  3422. — Compsumyta 


macellaria. 
Francis.) 


Larva     enlarged.     (After 


As  many  as  300  maggots  have  been  dislodged 
from  the  mouth  and  nose  of  an  affected  individual, 
and  considering  the  rapid  growth  of  such  larvae,  it 
is  not  to  be  wondered  at  that  the  tissues  are  de- 
stroyed with  great  rapidity.  Prompt  attention  is 
therefore  the  most  essential  element  in  treatment,  and 
irrigation  with  dilute  solutions  of  phenol,  of  clove  oil, 
with  warm  water,  or  with  chloral,  carefully  used,  are 
recommended.  Pyrethrum  is  stated  to  be  a  certain 
remedy  in  all  cases  in  which  the  maggots  can  be  reached 
with  it. 

Order  Sipboxaptera — wings  absent;  sides  with 
horny  plates;  body  much  compressed;  the  legs  long 
and  stout,  the  coxa?  being  remarkably  developed; 
thoracic  segments  distinct;  mouth  parts  fitted  for 
suction,  all  the  species  in  the  adult  stage  feeding  upon 
the  food  of  mammals  or  birds.  Antennae  small, 
sunken  in  bits  or  grooves  in  the  side  of  the  head,  of 
modified  shapes,  sometimes  annulated  and  in  other 
cases  divided  into  leaf-like  plates.  Eyes  simple  or 
often  reduced  to  mere  rudiments  or  apparently 
wanting.     Tarsi  five-jointed. 


Fig.  3423. — Compsomyia  macellaria.  Puparia,  entire  at  left 
and  broken  at  right  showing  where  fly  has  escaped.  Enlarged. 
(After  Francis.) 

They  undergo  complete  metamorphosis,  the  larvae 
being  slender,  worm-like,  active  creatures,  feeding 
in  the  litter  of  dog  kennels  or  other  waste  material 
where  they  may  get  access  to  dried  blood  or  animal 
matter;  the  pupae  are  quiescent,  and  the  adults  seek 
and  live  more  or  less  constantly  on  the  bodies  of  the 
host  animal.  Development  proceeds  rapidly  in 
warm  weather,  the  egg  stage  lasting  about  six  "days, 
the  larval  period  a  few  days,  and  the  pupa  stage  a 
week  or  more.  Observations  on  some  of  the  species 
shows  that  the  entire  life  cycle  from  egg  to  adult  may 
be  passed  in  a  fortnight. 

Three  families  are  now  recognized,  the  Sarcopsyl- 
lidrn,  Vermipsyllidce,  and  Pulicidce,  the  first  and  last 
including  species  affecting  man. 

Sarcopsyllidce.  Small  forms  with  large  heads,  the 
gravid  females  confined  to  the  host  animal  usually 
becoming  embedded  in  the  tissues. 

Sarcopsylla  penetrans  Linn.,  the  "jigger,"  "jigger 
flea,"  "chigoe,"  and'  "chique."  Head  angular; 
hind  angles  of  the  metathoracic  scales  rounded ;  eyes 
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animals  also.     H  appears  to  have  been  a 
rial  ive  of  ti opica I    vmerica,  but  hat  been 
cai  i  ied  to  ol  nei  count  i  u  -  and  i    pi  ciall 
in    Africa   ia   said   to   have  spread   with 
astonishing  rapidity, 

'I  he  adults  a1  I  ack    animals  as   in   othl  i 

species,  bul   the  females  after  being  im 
pregnated  burrow  into  the  skin,  especially 
beneath  the  toenails  in  man,  and   there 
produce   a    swelling  and  later  a  distinct 

ulcer,  which  in  somi    case  -   re   nils   fatally. 

I  he  development  of  the  eggs  greatly  dis- 
tends the  bodj  "f  the  insect  so  as  mark- 
edly to  Change  its  form,  the  head  and 
legs  appearing  as  little  appendages  on  a 
large  round  body  as  big  as  a  pea.  Each 
female  is  said  to  produce  about  sixty  cm;*, 
which  are  deposited  in  a  sort  of  sac,  and 
the  young  hatch  and  feed  upon  the  .swollen 
body  of  their  mother  until  they  are  full 
grown,  when  they  escape  to  the  ground. 
Removal  of  the  parasite  is  accomplished 
by  the  introduction  of  a  sharp  knife  point , 
the  object  being  to  extract  the  insect  en- 
tire as  the  bursting  of  its  skin  and  dis- 
charge of  its  contents  in  the  tissues  are 
likely  to  produce  distressing  sores. 


Fig.  3420. — Ptdex  irritant.     Head  and  pronotum, 

showing   form    and   absence   of  combs.     (Author's 
illustration,  Bull.     United  States  Dept.  Ag.) 


Fig.  3424. — Sarcopsylla  penetrans.  1,  Egg;  2,  embryo;  3,  larva;  4,  cocoon;  5, 
pupa;  6,  fecundated  female;  7,  the  same  on  the  third  day  from  its  entrance  under 
the  skin  of  its  human  host;  8,  the  same  after  several  days'  residence  in  the  skin 
of  its  host;  9,  anterior  view  of  fully  grown  female,  X  4;  10,  head  of  same  still 
more  enlarged;  11,  female  before  entering  the  skin;  12,  mouth  parts  much  enlarged; 
tn,  mandibles;  d,  maxillary  palpi;  u,  labium.      (After  Karsten  and  Guyon.) 


and  antenna?  in  anterior  part  of  head.  The  males 
and  females  are  similar  and  flea-like,  but  when  gorged 
with  eggs  the  females  lose  all  semblance  to  their 
original  form. 

The  species  has  been  noted  particularly  as  a  pest  of 
man,  but  it  is  a  very  serious  parasite  of  many  other 


Fig.  3425. — Sarcopsylla  gallinacea.  Male.  Enlarged,  ant,  an- 
tennae; m,  palpi,  more  enlarged.  (From  Insect  Life,  drawn  by 
Packard.) 


Sarcopsylla  gallinacea  Westw.,  hen  flea. 
Head  obtusely  pointed  in  front;  the  an- 
tenna and  eyes  are  in  the  posterior  half 
of  the  head;  the  metathoracic  scales 
angled  behind,  1  to  1.5  mm.  long.  This 
species  appears  to  have  been  introduced 
into  the  Southern  States  probably  from  the  Old 
World,  and  it  has  been  observed  in  Florida.  Missis- 
sippi, Texas,  and  Oklahoma,  and  is  likely  to  spread 
over  the  warmer  part  of  the  country  at  least.  Its 
main  attack  is  upon  domestic  fowls,  but  it  is  stated  to 
attack  man,  especially  children.  The  females  bury 
themselves  in  the  skin,  as  those  of  the  preceding 
species,  and  the  sores  produced  are  of  a  similar  char- 
acter. The  effects  upon  the  young  chickens  and  pup- 
pies are  said  to  be  very  serious  and  the  results  often 
fatal.  But  little  has  been  ascertained  regarding  the 
affects  on  the  human  species. 

Pulicidce. — Labial  palpi  three-  to  five-jointed.  The 
abdomen  of  the  female  does  not  become  especially 
swollen  with  the  development  of  the  eggs. 

Pulex  irritans  L.,  the  house  flea,  is  recognized  by 
the  absence  of  combs  of  spines  on  the  border  of  the 
head  and  pronotum,  and  the  length  of  the  hypo- 
pharynx  and  mandibles  which  reach  more  than  half- 
way on  the  fore  coxa?,  the  single  row  of  bristles  on  the 
abdominal  segments,  the  large  male  claspers,  and  the 
dark  reddish  or  piceous  color.  It  has  a  very  wide 
distribution  over  the  world,  and  has  been  a  familiar 
if  not  welcome  guest  in  dwellings  from  remote  antiqu  tty 
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The  attacks  for  blood  sucking  are  made  more 
particularly  a1  night,  bul  fleas  have  none  of  the  se- 
cretive habil  of  thc>  bedbug,  depending  on  their 
agility  and  enormous  leaps  to  escape  from  capture. 
Eggs  are  deposited  in  out-of-the-way  places,  in  cracks 
and  under  carpels  where  the  young  may  secure  a 
supply  of  organic  matter  of  various  sorts  to  serve  them 
as  a  food  supply.  Each  female  is  supposed  to  de- 
posit from  eight  to  twelve  eggs,  which  are  whitish 
ovoid,  less  than  a  millimeter  in  length,  which 
hatch  in  the  (nurse  of  from  four  to  six  days  in  sum- 
mer, and  reach  the  pupa  stage  in  about  eleven 
days,  from  which  they  issue  as  adults  about  twelve 
days  later.  The  full  life  cycle  may  therefore  be  com- 
pleted in  the  course  of  a  month  in  summer  and  six 
weeks  in  winter.  Preventive  measures  must  be 
directed  against  the  harbors  for  the  development  of 
the  young,  cleanliness  in  regard  to  the  places  where 
the  eggs  might  hatch  and  the  young  develop  being 
more  effective  than  attention  to  other  points,  though 
the  use  of  pyrclhrum  may  be  resorted  to  to  destroy 
the  adults. 

Pulex  serratic.eps  Gerv.,  the  dog  flea,  recognized  by 
the  distinct  comb  of  spines  on  the  lower  border  of  the 
head  and  on  the  hind  border  of  the  pronotum  as  show  n 
in  the  figure,  is  in  this  country  a  more  frequent  pest 


Fia.  3427. — Pulex  serraliceps.  Front  part  of  body  showing 
combs  on  head  and  pronotum,  enlarged.  (Author's  illustration. 
Bull.  United  States  Dep.  Ag.) 

in  houses  than  the  irritans.  Its  normal  hosts  are  the 
dog  and  cat,  but  it  seems  thoroughly  at  home  on  the 
human  species  and  is  an  extremely  annoying  pest. 
Eggs  are  attached  to  the  hairs  of  the  dog  or  cat,  but  so 
loosely  that  they  drop  off  easily  and  are  scattered 
wherever  these  animals  may  chance  to  rest.  Both 
of  these  species  are  more  annoying  than  dangerous, 
their  bites  seldom  causing  more  than  temporary 
inconvenience;  but  it  is  easily  conceivable  that  they 
might  become  the  carriers  of  the  germs  of  infectious 
disease  or  of  septic  matter,  and  thereby  assume  a  very 
different  role. 

Pulex  cheopus,  a  common  old  world  species  and 
primarily  a  parasite  of  the  rat  or  other  rodents,  is 
found  to  be  a  carrier  of  bubonic  plague,  and  the  pres- 
ent mode  of  control  for  this  disease  rests  largely  upon 
the  extermination  of  rats  or  other  small  rodents  which 
may  serve  to  harbor  the  transmitting  species.  Other 
species  of  fleas  may  be  concerned  in  this  transmission, 
but  this  one  is  the  most  positively  and  generally 
associated  with  the  disease. 

Fleas  have  also  been  suspected  of  being  the  carriers 
of  leprosy  and  possibly  of  other  infectious  diseases 
and  even  though  this  association  has  not  been  positively 
established  there  is  sufficient  possibility  to  warrant 
efforts  of  extermination  for  all  species  that  affect  man 
or  animals  that  are  commonly  associated  with  him. 

Order  Hemiptera — insects  with  suctorial  mouth 
parts;  four  wings,  unless  aborted  or  rudimentary,  the 
upperorfront  pair  being  thickened  at  theirbases.  The 
young  hatch  in  the  form  of  the  adults. 


Cimiridir,  wings  aborted  or  if  present  with  simple 
membrane;  the  parasitic  or  semiparasitic  bedbug  hav- 
ing mere  rudiments  of  wings. 

Cimex  leclularius,  bedbug.  Known  in  different 
localities,  as  chinches,  chintzes,  redcoats,  mahogany 
Hals,  etc.  It  has  infested  human  habitations  since 
i  he  daw  n  of  history  and  is  distributed  over  practically 
the  wlmle  world  even  into  northern  regions.  The 
body  is  very  thin  and  flat,  oval  in  outline,  the  head 
.sunken  in  t  he  prothorax,  the  margins  of  which  are  finely 
ciliate.  The  antenna1  are  slender,  the  three  distal 
joints  about  equal  in  length  and   covered   with  fine 


Fig.  3428. — Cimex   lectularius.     Head   and    prothorax    much   en- 
larged.    (Author's  illustration,  Bull.  United  States  Dep.  Ag.) 

hairs.  The  wing  pads  are  very  small  and  never  known 
to  become  fully  developed.  The  color  is  light  yellow- 
ish to  dark  reddish-brown,  depending  on  age  and  the 
contents  of  the  body.  It  has  a  very  characteristic 
odor  similar  to  that  of  the  chinch  bug  and  man y  of  t  lie 
other  species  of  this  order.  The  odor  would  seem  to 
be  of  no  advantage  to  the  bug  under  present  conditions 
and  may  be  looked  upon  as  a  survival.  The  habits  are 
nocturnal,  the  insect  sucking  the  blood  of  man  at  night, 
and  secreting  itself  during  the  day-time  in  cracks  of 
furniture  or  walls.  Its  bite  is  in  some  degree  poison- 
ous, affecting  some  persons  much  more  seriously  than 
others,  but  is  apparently  due  to  irritation  of  puncture 
or  simply  the  juices  of  the  mouth,  as  no  poison  glands 
have    been    detected.     The    relation    of  bedbugs  to 


Fig.  3429. — Cimex    lectularius.     a.    Young.     Both    enlarged. 
(From  Riley,  United  States  Dep.  Ag.) 

diseases  while  not  fully  demonstrated  for  any  particular 
diseases  is  indicated  in  a  number  of  places  and  they 
may  be  looked  upon  with  distinct  suspicion  in  this 
connection.  Individuals  hibernate  or,  where  warm 
enough  and  conditions  favor,  reproduction  may 
proceed  throughout  most  of  the  year,  but  is  most 
rapid  in  warm  weather.  A  period  of  seven  to  ten 
weeks  or  more  is  occupied  from  egg  to  adult,  but  varies 
greatly  depending  on  temperature  and  food.  They 
may  survive  long  periods  without  food,  but  develop- 
ment is  retarded.  Irritation  of  the  bites  may  in  ex- 
treme cases  require  the  attention  of  the  physician,  but 
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ordinarily  effort  should  be  directed  toward  prevention. 
In  well-kept  homes  the  extermination  is  a  matter  of 
persistent  use  of  well-known  household  measures,  but 
in  hospitals,  asylums,  prisons,  and  other  institutions 
where  large  numbers  of  people  of  varied  habits  and  his- 
tory are  brought  together  the  problem  may  become 
more  serious.  In  extreme  eases  fumigation  of  rooms 
or  of  whole  buildings  may  be  the  quickest  way  to 
secure  relief.  An  effective  plan  is  to  clear  the  room 
or  rooms  of  all  objects  that  would  be  tarnished  or 
bleached  by  the  process  and  then  burn  brimstone  in  a 
small  dish  set  within  a  larger  one  so  as  to  avoid 
possible  fire  from  overflow  of  the  burning  material. 
Close  all  openings  even  down  to  the  keyhole  and  leave 
the  room  for  several  hours  after  which  it  may  be 
opened  and  thoroughly  aired.  Hydrocyanic  acid  gas 
can  be  used  with  best  of  results  for  these  and  other 
"vermin"  in  prisons  and  other  buildings  and  in  rail- 
way coaches  or  sleeping  cars,  where  it  is  possible  to 
vacate  the  structure  and  close  it  tight  enough  to  con- 
fine the  fumes. 

-AcarU/ii'auJodora  Duges/'Coruco"  or  Mexican  chicken 
bug.  This  species  has  been  described  as  infesting 
poultry  in  Mexico  and  New  Mexico  and  is  also  stated 
to  be  a  very  serious  pest  in  houses.  According  to 
information  recorded  bv  Townsend  it  used  '  'to  swarm 


Fig.  3430. — Acanthia   inodora.     Female,     o,    Outline   of   egg   en- 
larged.     (Author's  illustration,  Bull.  United  States  Dep.  Ag.) 

in' military  posts  to  such  an  extent  that  the  soldiers 
were  ordered  out  and  formed  in  two  lines,  one  with 
brooms  to  sweep  the  corucos  en  masse  up  against  an 
adobe  wall  where  the  other  line  stood  ready  with 
trowels  and  mud  and  plastered  them  into  the  wall 
alive." 

There  are  other  species  of  this  genus  which  some- 
times cause  alarm  by  their  abundance  where  swallows 
or  bats  congregate  from  the  supposition  that  they  are 
in  this  manner  introduced  into  houses. 

A.  hirundinis  Jenyns  swarms  in  enormous  numbers 
in  the  nests  of  the  barn  swallow,  and  may  scatter  over 
the  building,  but  so  far  as  known  never  enters  houses 
or  attacks  other  hosts  than  the  swallows. 

A.  pipistrelli  Jenyns  preys  upon  the  bat  and  swarms 
in  places  where  these  animals  secrete  themselves  dur- 
ing the  day. 

A.  columbarius  Jenyns  is  recorded  as  infesting  dove- 
cotes in  Europe,  but  has  not  been  recorded  so  far  as  I 
know  in  America. 

Suborder  Parasita. — These  are  strictly  parasitic 
insects,  being  confined  to  their  hosts  constantly  and 


deriving  all  their  nourishment  from  them.  They  are 
wingless,  and  the  mouth  parts  consist  of  a  tubular 
•suctorial    organ.       There    are    two 

divisions  of  the  group,  the  one  in- 
cluding   Hie    forms    which   have  a 

three-jointed   beak   and   which   are 

parasitic  exclusively   on    bals,  and 

which  may  be  disregarded  here,  tin- 
other  including  our  common  lice, 

mention  of  which  follows. 

P edi culi due . — Rostrum    very 

short,  un jointed  but  surmounted 

by  a  circle  of  hooks;  eyes  re- 
duced; antenna-  three-  t •  >  live- 
jointed;  thorax  with  segments  not 

sharply  separated;  legs  thick;  tarsi 

with  a  single  strong  claw  usually 

fitting  against  a  spur  of  the  tibia; 

abdomen     usually      nine-jointed. 

The  egg  "nits"  are  attached    to 

the  hair  of  the  host,  and  the  young 

have  the  same  form  as  the  adults 

and     like    them    cling    closely   to 

the  host  animal.     The  species  are, 

so  far  as  known,  very  closely  re- 
stricted to  one  species  of  animal  or 

at   most  to  a  few  closely   related 

species  in  the  same  genus,  a  fact 

which    indicates    a    very    perfect 

adaptation  to  a  particular  host  and 

which  may  mean  some  particular 

adaptation  of  the  mouth  parts  of 

each  to  the  thickness  or  texture  of 

the  skin  of  its  special  host.     The 

mouth  parts  in  all  cases  must  be 

capable  of  considerable  extension, 

and    the    mechanism    for  probing 

into  the  skin  so  that  the  capillaries 

may  be  reached  is  quite  complex. 

The  fleshy  rostrum  is  surmounted 

by  a  circlet  of  hooks  which  as  the 

organ  is  extruded  embed  them- 
selves in  the  skin  and  thus  furnish 

a  firm  grasp  whereby  the  tubular 

suctorial  organ  consisting  of  four 

delicate  bristles  may  be  gradually 

forced  through  the  outer  skin  and 

down  to  the  capillaries.    This  tube 

terminates,  in  P.  vestimenli  at  least, 

in  a  delicate  set  of  lobes  which  are 

supposed  to  act  as  tactile  organs  in  feeling  the  way 

through  the  dermal  cells.      When  the  blood-vessels 

are  reached  a  current  is 
maintained  by  the  pulsa- 
tions of  the  pumping 
stomach.  The  injury 
which  results  from  these 
infestations  is  the  annoy- 
ance and  irritation  of  their 
presence,  and  phthiriasis 
as  a  specific  disease,  mean- 
ing anything  more  than 
infestation  or  "lousiness," 
has  been  shown  to  be  a 
misnomer.  The  ancient 
accounts  of  frightful  and 
fatal  consequences  due  to 
the  presence  of  these  para- 
sites must  be  exaggera- 
tions or  the  lice  have  been 
charged  with  being  the 
cause  of  diseases  due  to 
some  other  agent.  Since 
none  of  the  species  affect- 
ing lower  animals  is  known 
to  be  transmissible  to  man 

we  may  omit  them  from  the  discussion  of  particular 

species. 


Fio.  3131.— Mouth 
parts  of  Louse  (Pedic- 
ulusveslimenti'i.  a,  a. 
The  summit  of  the 
head  with  four  bristles 
on  each  side:  6,  b.  the 
chitinous  band;  c,  the 
hind  part  of  the  lower 
lip;  d,  d,  the  foremost 
protruding  part  of  the 
lower  lip  (the  haustel- 
lum);  e,  e,  the  hooks 
turned  outward;  /,  the 
inner  tube  of  suction 
slightly  bent  and 
twisted;  the  two  pairs 
of  jaws  are  perceived 
on  the  outside  as  thin 
lines.  (After  Pack- 
ard.) 


Fig.  3432. 


-Pedicuhis  capitis. 
(Original.) 


Vol.  V.— 38 
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Pediculus  nijiitia  Degeer,  head  louse.  Whitish  with 
faint  markings  on  the  dorsum  of  thorax  and  abdomen 
and  usually,  in  adults,  distinct  dark  markings  on  the 
margins  of  the  abdominal  segments.  The  last  seg- 
ment of  the  abdomen  is  bilobed.  This  species  has 
been  recognized  under  one  name  or  another  during  all 
historic  time  and  its  ancestry  doubtless  runs  back  to 
primitive  man.  While  most  commonly  found  on 
children  it  may  multiply  in  unkempt  hair  of  adults  as 
well,  but  it  seldom  occurs  elsewhere  on  the  body  than 
among  the  fine  hair  of  the  head.  The  eggs  or  "nits" 
are  white  and  glued  to  the  hair  at  some  distance  from 
the  roots  and  are  in  most  cases  placed  more  abundantly 
behind  the  ears.  When  numerous  they  form  quite 
conspicuous  objects  and  serve  as  a  good  diagnostic 
feature.  The  newly  hatched  lice  resemble  the  adults 
except  in  size,  and  in  being  less  distinctly  marked,  and 
the  proportions  of  the  body  vary  slightly,  the  abdomen 
being  smaller  in  proportion  to  the  head  and  thorax. 

Murray  has  shown  that  the  different  races  of  man 
harbor  different  varieties  of  this  species  of  louse,  the 
difference  in  the  varieties  being  particularly  in  color  and 
in  the  form  of  the  claws.  In  color  they  differ  from  the 
nearly  white  infesting  the  Caucasian  to  the  black  in- 
festing the  African.  The  claws  differ  somewhat  in 
proportions,  and  Murray  thinks  these  differences 
constant. 

Most  cases  will  respond  promptly  to  cleanly  habits, 
but  aggravated  cases  in  asylums  or  poor-houses  may 
require  more  heroic  methods  and  the  mercurial  prepara- 
tions are  probably  as  effective  as  any. 

Pediculus  vestimenli  Leach,  the  body  louse.  Like 
the  preceding  species  this  insect  is  whitish,  but  it  has 
in  maturity  more  definite  markings  which  give  it  a 
grayish-white  appearance  and  gained  for  it  the  name 
"gray-back."  It  is  slightly  larger,  the  head  scarcely 
as  protruding  in  front;  the  end  of  the  abdomen  not  so 

markedly  lobed  or  al- 
most entire.  Like  the 
preceding  species  it 
has  been  a  familiar 
object  though  not 
always  recognized  as 
a  separate  species.  It 
is  more  common  where 
opportunities  for  good 
sanitation  are  want- 
ing, as  in  armies, 
prisons,  or  other 
places  where  many 
people  are  brought 
together  under  condi- 
tions that*  prevent  due 
regard  to  cleanliness. 
It  is  said  to  occur  on 
the  body,  most  fre- 
quently on  the  nape 
of  the  neck,  but  se- 
cretes itself  in  the 
clothing  when  not  ac- 
tually engaged  in 
sucking  blood.  The 
long  slender  sucking 
tube,  by  means  of 
which  it  reaches  the  blood,  is  shown  fully  extended  in 
Fig.  3431.  The  eggs  are  deposited  in  the  folds  of 
the  clothing,  and,  according  to  the  estimates  of 
Leeuwenhoek,  an  adult  female  may  have  a  progeny 
of  five  thousand  in  eight  weeks,  an  estimate  which 
lie  believed  might  be  increased  in  the  heat  of  sum- 
mer. There  is  abundant  basis  in  this  estimate  for 
all  the  rational  accounts  of  excessive  numbers  of  this 
parasite  in  certain  cases.  A  ready  means  of  destroy- 
ing the  pest  is  thoroughly  to  heat  the  infested  clothing 
by  boiling  or  by  heating  in  an  oven  up  to  the  point 
where  both  eggs  and  lice  will  be  destroyed,  which  is 
considerably  less  than  what  would  scorch  the  clothing. 
Fumigation  may  also  be  used. 
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Flu.  3433. — Pediculus  vestimenti. 

(Original.) 


Under  the  name  Pediculus  tabescentium  Alt  described 
the  form  which  he  considered  as  the  cause  of  phlhiru 
but  later  writers  have  referred  his  observation  and  de- 
scription to  aggravated  cases  of  P.  vestimenli. 

Phihirius  inguinalis  Leach.  This  species  is  very  dis- 
tinct from  the  other  species  occurring  on  man,  the 
body  being  nearly  as  wide  as  long,  and  the  spreading 
legs,  which  extend  laterally  far  beyond  the  borders  of 
the  body,  give  it  a  decidedly  crab-like  appearance. 
This  has  given  it  the  name  of  "crab-louse."  It 
confines  itself  particularly  to  the  coarse  hair  of  thi 
body,  especially  the  pubic  region,  but  may  occur  al-<j 


Fig.  3434. — Phthiriue  inguinalis.     Female;  dorsal  view. 
tip  of  abdomen,  male  and  female.      (Original.) 


a  and  b, 


on  the  coarse  hairs  of  the  arm  pits,  in  the  beard,  and  is 
said  also  to  cling  to  the  eyebrows.  It  is  of  a  whitish 
color,  with  dusky  patches  on  the  thorax,  the  legs 
slightly  tinged  with  reddish  and  the  claw  having  this 
color  more  pronounced.  On  the  borders  of  the  abdo- 
men there  are  a  number  of  prominent  lobes,  and  the 
spiracles  are  so  arranged  that  three  lie  transversely 
each  side  at  the  base  of  the  abdomen.  In  the  female 
there  are  prominent  lobes  with  stiff  bristles  meeting 
on  the  ventral  side  near  the  tip.  It  is  nearly  one- 
tenth  of  an  inch  (2.5  mm.)  in  length. 

Its  attacks  are  said  to  be  more  severe  than  those  of 
the  other  species,  and  the  young,  by  burrowing  under 
the  epidermis  cause  an  intolerable  itching.  The 
eggs,  as  with  other  species  of  lice,  are  attached  to  the 
hairs. 

Infestation  may  come  from  occupying  quarters  pre- 
viously used  by  an  infested  person,  but  no  person  of 
cleanly  habits  is  likely  to  be  long  troubled  with  them. 
For  severe  cases  mercurial  applications  or  stavesacre 
may  be  recommended. 

The  role  that  may  be  played  by  these  parasites  in 
transmitting  human  diseases  gives  them  a  more 
important  place  and  will  no  doubt  increase  the  efforts 
toward  their  extermination.  While  they  do  not  mi- 
grate rapidly  enough  to  serve  as  wide  disseminators 
of  specific  diseases  the  fact  that  they  may  readily  pass 
from  one  person  to  another  and  in  this  way  introduce 
the  germs  of  diseases  is  sufficient  to  emphasize  their 
importance.  Herbert  Osborx. 


Insects,  Poisonous. — As  generally  classified,  a 
poisonous  insect  may  be  almost  any  of  the  Arthropo'la 
that  have  the  property  of  producing  poisonous  effects 
in  man  or  in  the  higher  animals;  and  it  seems  neces- 
sary, therefore,  in  this  article,  to  refer  to  some  forms 
that  are  not  in  the  strict  zoological  sense  insects  or 
members  of  the  group  Hexapoda. 

We  may  preface  a  discussion  of  the  particular  forms 
of  poisonous  insects  by  a  few  comparative  statements 
regarding  the  organs  concerned  in  the  production  of 
venomous  material,  the  nature  of  the  poison,  and  the 
means  by  which  it  is  injected  into  the  system  of  the 
victim.  In  all  cases  in  which  there  is  a  true  injection 
of  venom  or  poisonous  principle  there  is  a  develop- 
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ment  of  glands  concerned  in  the  secretion,  and  these 
glands  may  be  variously  located,  depending  on 
whether  the  wound  is  caused  by  the  mouth  parts  or 
by  a  sting.     The  mandibles  of  the  spider  and  the 


Fig.  3435. — Bird     Spider     {Mygale    hentzii).      (From      American 
Entomologist.) 

solpugid,  and  of  certain  varieties  of  ants,  as  also  the 
piercing  mouth  parts  of  the  bug  and  mosquito 
(modified  mandibles),  are  the  organs  of  injection; 
and,  as  might  be  supposed,  the  glands  connected  with 
these  organs  are  specialized  salivary  glands  which 
have  taken  on  the  function  of  secreting  a  venomous 
fluid.  The  sting  of  the  bee  or  wasp  is  a  modified 
ovipositor,  while  the  sting  of  the  scorpion  appears  to 
be  an  independent  structure  possessing  a  venomous 
function  only.  In  both  these  cases  the  glands  are 
probably  specialized  dermal  glands  which,  traced 
back,  may  be  found  homologous  with  the  coxal  glands 
of   general    distribution    in    more    primitive    groups. 


Fig.  3-436. — A,  Mouth  Parts  of  Genuine  Tarantula  {Tarantula 
fasciventris);  a,  palpi;  b,  mandibles;  c,  fang.  B,  Fang  and  poison- 
gland;  a,  twisted  poison  gland;  6,  mandibles;  c,  fang  with  outlet 
for  poison.     (From  the  Gartenlaube.) 

The  venomous  secretion,  in  most  cases  in  which  it  has 
been  investigated,  is  of  a  formic  acid,  or  similar  nature. 
Its  effect  is  corrosive,  and  the  symptoms  usually 
rioted   are   rapid   swelling   and   inflammation;    often 


numbness  or  partial  paralysis  occurs;  while  in  more 
extreme  cases  a  general  effect  nn  l  lie  nervous  system 
extending  to  the  nerve  centers  is  produced.  The 
distinctly  paralyzing  effect  on  the  nerve  centers  is 
especially  the  work  of  certain  wasps  which  sting  their 
prey  in  order  to  render 
it  helpless  :iik1  inactive, 
while  its  life  is  spared 
that  the  body  may  serve 
as  a  lasting  food  supply 
for  the  young  hatched 
from  eggs  deposited  at 
the  time  these  hapless 
victims  are  captured  and 
put  in  "cold  storage." 
In  the  scorpion  the 
venom  affects  the  blood 
corpuscles.  The  effects 
of  insect  bites  or  stings 
vary  greatly  with  the 
susceptibility  of  the  vic- 
tim and  with  the  condi- 
tion of  the  poisonous 
insect  at  the  time  the 
poison  is  injected.  Evi- 
dently the  secretion  of 
the  gland  may  be  ex- 
hausted by  prolonged 
activity,  so  that  after  a 
succession    of    bites    or 

stings  the  effect  may  be  slight;  while  the  virulence 
is  doubtless  influenced  also  by  the  state  of  irritability 
or  activity  of  the  insect.  Since  the  poison  is  almost 
invariably  an  acid,  the  general  antidote  is  some  form 
of  alkaline  base,  as  magnesia  or  lime  and  their  car- 
bonates, ammonia,  etc.;  particular  antidotes  are 
recommended  further  on,  however,  in  a  number  of 
special  cases. 

Arachnida. — Among  the  group  of  spiders,  scorpions, 
etc.,  known  as  Arachnida — distinguished  by  the  pres- 
ence of  two  body  regions,  four  pairs  of  legs,  a  num- 
ber of  simple  eyes,  but  no  compound  eyes  or  antennse 
— there  are  certain  poisonous  species  that  shall  first 
receive  attention. 

Aratieida',  Spiders. — Body  of  two  regions,  the  ab- 
domen connected  by  a  slender  pedicel;  mandibles 
two-jointed,  the  outer  forming  a  claw  or  fang  folding 
against  the  inner.  A  poison  gland  located  in  the 
basal  joint  opens  through  a  duct  at  or  near  the  tip 
of  the  fang.     Of  this  variety,   the  bird  spiders,   or 


Fig.  3437.— Wolf  Spider  (JPhydip- 
pus  tripunctatus).     (After  Riley.) 


Fig.  3438. — Phrynus  lunatus.     (After  Brockhaus.) 

American  ''tarantulas"  are  the  most  formidable  in 
appearance,  some  of  them  reaching  a  great  size, 
being  strong  enough  to  capture  small  birds.  Some 
of  the  tropical  species  occasionally  reach  Northern 
cities  by  being  transported  in  banana  bunches,  and 
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they  cause  considerable  interest,  if  not  some  terror, 
when  brought  to  light.  Their  bite  is  quite  painful, 
though  not  necessarily  dangerous,  being  often  of  such 
a  nature  as  I"  need  attention.  Of  native  species  we 
have  two:  one  the  Mygali  hentzii,  illustrated  in  the 
figure,  which  occurs  throughout  the  Southern  and 
Eastern  part  of  the  country;  the  other  the  Mygale 
rileyi  Marx,  which  occurs  on  the  Pacific  coast.  The 
bite  of  these  two  species  is  not  very  serious,  though 
in  the  case  of  children  or  susccpt  ible  adults  t  he  effects 
may  be  rather  alarming.  The  true  tarantula  be- 
longs to  a  family  called  tin-  wolf  spiders,  Lycosidcs,  the 
European  Tarantula  faseivenlris  being  the  species 
popularly  credited  with  causing  all  sorts  of  afflictions, 
and  especially  the  affliction  known  as  tarantismus  or 
tarantula  dance. 

Of  the  same  family  is  the  "malmignatte"  Lnlni- 
dectus  malmignalus,  inhabiting  Italy,  Corsica,  and 
the  Antilles.  It  is  recorded  t<»  liavi  appeared  in  great 
numbers  in  Spain  on  different  occasions,  causing  much 
terror  on  account  of  its  poisonous  bite.  The  Latro- 
declus  macians  is  charged  with  numerous  serious  bites 
in  this  country,  some  with  a  fatal  termination.  The 
records  are  for  the  most  part  wanting  in  specific  de- 
tails, and  Dr.  Howard  has  shown  that  a  large  part 
of  such  records  may  be  due  to  other  causes,  and 
especially  to  the  bites  of  Piratine  bugs  to  be  men- 
tioned late.  Still  another  wolf  spider,  the  Phydippus 
Iripunctatus  L.,  has  been  stated  by  Riley  to  produce 
a  serious  bite,  and  he  records  in  the  first  edition  of 
this  Handbook  an  instance  observed  by  Dr.  Otto 
Lugger  which  would  seem  sufficiently  exact  in  details 
to  require  credence. 

Pedipalpi. — The  scorpion  spiders  combine  the 
characteristics  of  the  spider  and  of  the  true  scorpion; 
they  differ  from  the  latter  particularly  in  the  absence 

of  an  elongated  abdo- 
men, with  or  without  a 
tail  but  without  a  sting, 
the  poisonous  secretion, 
when  present,  being  dis- 
charged through  a  fang 
like  that  of  the  spider. 
The  bite  of  some  of  the 
species  is  serious,  but  is 
usually  exaggerated  in 
importance.  In  the 
genus  Phrynus  there  are 
a  number  of  species 
occurring  in  the  south- 
western part  of  the 
United  States,  the  group 
being  confined  to  the 
warmer  parts  of  the 
globe.  In  Thelyphonus, 
which  has  an  elongated 
whip-like  appendage  to 
the  more  elongate  ab- 
domen, are  the  whip 
scorpions,  which,  though 
very  formidable  in  ap- 
pearance, have,  it  is 
claimed,  no  serious  power 
of  biting  or  poisonous 
effect  on  human  beings. 
ScoTpionid(E. — The  scorpions  are  a  very  well- 
marked  group  of  animals,  being  recognized  at  once 
by  the  large  chelate  palpi  and  the  slender-jointed 
post  abdomen  with  its  prominent  up-turned  sting  at 
the  tip.  Two  large  ocelli  are  placed  near  together 
in  the  middle  of  the  cephalothorax,  and  smaller  lateral 
ocelli  are  arranged  along  the  anterior  margin.  They 
are  familiar  objects  in  all  tropical  countries,  and  have 
always  had  a  reputation  for  being  dangerously 
poisonous,  but  in  many  cases  their  venomous  nature 
has  been  greatly  exaggerated.  None  of  the  species 
produces  fatal  or  even  very  serious  results,  except  it 
be    upon    very    susceptible    individuals.     The    sting 
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Flo.  3439. — Scorpion  (Buthua 
carolinus.)  (From  American  En- 
tomologist.) 


is  perforated  at  the  tip,  and  the  milky  poisonous 
secretion  is  forced  from  the  gland  contained  in  the 
large  bulbous  telson  or  terminal  segment  of  the 
abdomen.  If  is  stated  that  the  poison  of  the  scorpion 
acts  upon  the  red  blood  corpuscles,  paralyzing  them 
and  causing  them  to  become  agglutinated,  and  thus 
to  clog  the  capillaries  and  smaller  blood-vessels.  The 
symptoms  are  faintness,  numbness,  fever,  tumors  on 
the  tongue,  and  dimness  of  vision.  Ammonia 
alleviates  the  pain  quickly,  and  ipecacuanha  may  be 


Flo.  3440.  —  Datames      iriutus    Putn.     B,    Side    view    of    head    of 
female.      (After  Putnam.) 

administered  to  overcome  the  faintness.  The  com- 
mon species  in  the  Southern  States  is  Buthus  caro- 
linus, but  a  number  of  species  occur  further  to  the 
southwest  and  become  more  numerous  in  Mexico 
and  Central  America.  Old-World  species  are  also 
numerous. 

Solifugce  (Galeodida;). — Bodies  elongate  and 
thorax  separated;  the  abdomen  distinctly  segmented. 
The  mandibles  are  large  and  scissor-like,  and  the 
maxillary  palpi  leg-like.  Respiration  by  trachese, 
and  not  by  pulmonary  sacs.  These  are  very  peculiar 
animals,  with  quite  marked  differences  from  any  of 
the  other  groups  of  Arachnida.  While  they  have 
been  popularly  credited  with  extreme  poisonous 
properties,  it  is  not  known  that  they  have  really  any 
serious  effect  on  the  larger  animals  that  they  may 
happen  to  bite.  The  mandibles  are  very  large  and 
strong,  and  they  can  certainly  inflict  a  severe  bite 
upon  any  of  the  smaller  animals  with  which  they  may 
have  to  contend.  They  are  found  especially  in  dry- 
regions,  and  in  America  occur  in  the  plateau  region 
from  Colorado  down  to  Central  America,  while  dif- 
ferent species  are  to  be  found  all  along  the  higher  and 
drier  portions  of  the  American  continent.  In  the 
Old  World  the  desert  or  plain  regions  of  Southern 
Asia  and  Russia  are  their  haunts. 

Myriapoda,  Centipedes  and  Millipedes. — Bodies 
long,  with  segments  of  nearly  uniform  size  and  no 
differentiation  of  thorax  and  abdomen.  One  pair 
of  antenna?,  three  pairs  of  palpi,  no  compound  eyes 
but  a  cluster  of  simple  eyes.  The  Diplopoda  or 
millipedes  have  cylindrical  bodies  and  very  numerous 
legs.     The  species  is  not  poisonous. 

Chilopoda. — Body  flattened,  one  pair  of  legs  to 
each  segment;  antenna^  long  and  many-jointed;  mouth 
organs  strong;  poison  glands  opening  in  second  post- 
cephalic  pair  of  appendages,  which  are  strong  and 
resemble  mandibles.  The  centipedes,  Scolopendra, 
are  the  most  familiar  species  in  this  group,  and  have 
received  much  notice  on  account  of  their  venomous 
bite,  which,  however,  is  seldom  of  a  very  serious 
character.  Some  of  the  species  reach  nearly  a  foot 
in  length,  but  the  majority  of  them  range  from  four 
to  six  inches.  Scolopendra  casta?iiceps  is  the  common 
centipede  of  the  Southern  States.  It  reaches  a  length 
of  about  six  inches,  and  is  of  a  yellowish-brown 
color  with  green  borders  to  the  segments. 
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Hexapoda. — Insects  proper.  Arthropods  with 
three  pairs  of  legs,  usually  two  pairs  of  wings;  the 
body  regions  well  marked  into 
head,  thorax,  and  abdomen. 
Compound  and  simple  eyes, 
one  pair  of  antenna'.  This 
group  includes  an  immense 
number  of  forms,  and  authors 
recognize  from  sixteen  to 
nineteen  orders.  But  few  of  these  in- 
clude poisonous  forms,  though  they  may 
have  important  relation  to  man  in  one 
way  or  another.  In  the  suborder 
Homoptera  of  the  Hemiptera,  there  are 
no  strictly  poisonous  forms,  but  the 
Cicada,  or  seventeen-year  locust,  has 
been  credited  with  a  poisonous  bite  or 
sting,  and  this  belief  seems  to  persist 
among  a  considerable  class  of  people. 

Heteroptera.  This  suborder  of  Hemip- 
tera includes  the  bugs  with  wings  thick 
ened  at  the  base,  the  apical  portion 
remaining  membranous,  the  mouth 
parts  appearing  to  rise  from  the  anterior 
part  of  the  head,  which  lies  in  a  hori- 
zontal position  as  regards  the  axis  of  the 
body.  Many  species  in  this  group  have 
the  ability  to  inflict  a  severe  wound,  and 
in  some  cases  this  is  accompanied  with 
an  injection  of  saliva  or  some  of  the 
fluids  of  the  mouth  which  produce  a 
more  or  less  inflamed  condition,  and  in 
some  instances  a  serious  condition  of 
the  patient.  The  mouth  parts  or  beak 
consist  of  a  well-developed  sheath 
formed  from  the  specialized  labium, 
while  the  mandibles  and  maxillae  are 
represented  by  slender  seta?,  the  parts- 
which  are  thrust  into  the  flesh.  The 
labium  is  small  and  scarcely  noticeable. 
With  the  plunging  of  the  slender  setae 
into  the  wound  there  is  a  discharge  of 
fluid  from  salivary  glands  of  an  acid 
nature  which  acts  as  a  poison,  produc- 
ing inflammation  and  an  accelerated 
flow  of  blood.  This  ability  is  shared  by 
a  large  number  of  the  species,  even  many 
of  the  species  that  feed  normally  on 
plants  being  able  to  puncture  the  skin 
and  cause  a  temporary  inconvenience  if 
handled  carelessly.  We  can  refer  only 
to  the  more  troublesome  forms,  and 
most  of  these  are  carnivorous,  their 
natural  habit  being  to  prey  upon  insects. 
Notoneclidce,  water  boatmen.  Aqua- 
tic, swimming  with  back  downward, 
body  deep,  the  back  boat-shaped.  The 
rostrum  is  four-jointed,  strong,  and 
acute.  Species  of  our  common  genus 
Notonecta  give  a  very  sharp, 
painful  bite  if  handled  so 
that  they  can  reach  the 
skin,  and  the  bite  is  suffi- 
ciently poisonous  to  leave 
an  effect  for  several  days. 
They  do  not  voluntarily 
attack  man,  so  that  injuries 
come  from  handling  them. 

Nepidce,  water  scorpions. 
Flat,  elliptical,  or  elongate 
aquatic  insects  with  a  long 
respiratory  tube  extending 
beyond  the  end  of  the  ab- 
domen. These  probably 
never  attack  man  without  provocation,  but  they  can 
give  a  severe  puncture  with  results  similar  to  those 
of  the  preceding  species. 


Fig.  3441 — Seofopendra   castanieeps.     a.     Under    side   of    head 
showing  fangs;  b,  under  side  of  last  segment.    (After  Wood.) 


Belostomatidce,    giant    water    bugs.     Large,    flat- 
bodied  brown  or  gray  insects  with  hind  legs  fringed 
with    hairs    for  .swimming  and 
the  fore  legs  fitted  for  grasping 
insects  or  Small  fish  upon  u  hich 
they      prey.       We     have     two 
very    common  species,   Belos- 
hin, . i  nun  iirnim    Leidy,   which 
has    a    groove    on     the    fore 
femora    into    which    the    tibiae    fit,    and 
the    11' uncus    griseus   Say.   of  equal  or 
larger  size  and  scarcely  distinguishable 
from  the  first  except  for  the  lack  of  tin- 
groove   of  the  fore  femora.       Both  are 
destructive  to  small  fishes,  and  do  not 
bite   man   except    as   they   may   be   pro- 
voked by  handling;  and  then  their  bite, 
though  severe,    is  not  dangerous  unless 
extraneous  matter  has  been  introduced. 
These    insects    often     appear    in    great, 
numbers   at   electric    lights  during  the 
summer  time,  and  so  are  likely   to  at- 
tract attention  and  may   be  carelessly 
handled     by     people     unaware    of   their 
painful  bite. 

Reduviidee,  pirate  bugs.  Heads  prom- 
inent, projecting;  antennae  tapering  to 
tip;  rostrum  curved;  wings  usually  with 
distinct  cells.  These  are  typically  pre- 
daceous  bugs,  and  nearlv'  all  have  a 
poisonous  bite.  But  few"  of  them  at- 
tack man  except  when  handled  or  in- 
terfered with,  but  some  seem  to  have 
acquired  a  decided  taste  for  human 
blood.  Howard  attributes  to  members 
of  thus  family  many  of  the  supposed 
spider  bites,  and  the  term  "kissing 
bug,"  was  based  on  the  bites  of  certain 
of  these  bugs. 

Reduvius    (Opsicoetus)    personatus    L., 
cannibal     bug;    "kissing    bug."      This 
species  is  about  three-fourths  of  an  inch 
long,    of    a    dark    brown   nearlv    black 
color,   the   head    rather   small  and  the 
body    rather    trim.        It    is   practicallv 
cosmopolitan,  doubtless  having  been  in- 
troduced into  this  country  from  Europe. 
Its  bite  is  very  painful,  said  to  be  worse 
than  a  bee  sting,  and  the  effect  may  be 
noticed  for  several    days.      The    very 
serious  results  which  have  been  reported 
in  a  few  instances  must,  however,  have 
been  due  to  the  introduction  of  septic 
matter  carried  on  the  beak,  as  the  secre- 
tion of  poison  cannot  be  credited  with 
such  extreme  effects.     The  name  "kiss- 
ng  bug"  was  probably  first  applied  to 
this  form,  and  it  may  most  properlv  be 
credited  with  the  name  as  it  is  the  most 
frequent  in  houses  and  the 
only  species  common  in  the 
northern  part  of  the  eountrv 
where  some  of  the  first  cases 
were    reported    under    this 
popular  name.     The  species 
is    credited     with    preying 
upon  the  bedbug,   and   its 
attacks  on  man  may  be  in- 
terpreted, if  one  so  chooses, 
as  an  indication  of  a  lack  of 
its  normal  food. 

Melanolestes  picipes,  H. 
S.,  pirate  bug.  Black 
throughout,  about  15  mm. 
long,  closely  resembles  the  following  except  in  having 
the  uniform  black  color.  About  equallv  common 
throughout  the  Northern  United  States,  and  extend- 
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Fin.     3412— Point    c.f 
Beak  of  a  Hemipteron. 


ing  south  and  west ,  occurring  also  in  Mexico.  It  does 
not  ordinarily  occur  in  houses,  but  under  logs  and 
stones,  where  it  preys  upon  various  kinds  of  insects. 
It  bites  severely,  but  only  when 
handled,  probably  never  making 
an  unprovoked  attack  on  man. 

Melanolestes  abdominalis  H. 
Schf.,  pirate  bug.  Distinguished 
from  the  preceding  by  having  the 
abdomen,  at  least  along  the  bor- 
der, of  a  bright  red  color.  It  has 
a1  times  been  considered  as  a 
variety,  but  no  very  satisfactory 
proof  is  available.  There  is  very 
frequently  a  variation  in  the  wing 
length  or  the  occurrence  of  apter- 
ous individuals,  especially  among 
the  females,  as  shown  in  the  figure.  The  beak  is  pow- 
erful, and  the  bite,  like  that  of  the  preceding  species, 
very  painful.  The  habits  are  similar,  and  they  will 
be  found  in  like  situations;  when  caught  they  should 
be  handled  in  such  manner  that  they  cannot  thrust 
t  lie  beak  into  the  flesh. 

Rasahus  bigultalus 
Say.,  "two-spotted  Cor- 
sair." A  large,  strong 
species  about  three- 
fourths  of  an  inch  (16 
mm.)  long,  black  with 
red  dish -brown  pro- 
thorax,  and  a  large 
orange-yellow  round 
spot  on  the  membrane 
of  elytra.  Distributed 
over  the  Southeastern 
United  States,  where  it 
is  a  rather  common 
species.  Its  bite  is  very 
severe,  and  results  in 
severe  cellulitis,  the  ef- 
fects of  which  may  con- 
tinue for  several  days. 
No  particular  fear  of 
serious  effects  need  be 
entertained  unless  symp- 
toms of  septic  poisoning  appear. 

Rasahus  tkoracicus  Stal.  is  a  very  similar  species, 
occurring  southwestward  and  in  Mexico. 

Conorhinus  sanguisugus  Le  C,  blood-sucking  cone 
nose.  Considerably  flattened,  the  head  more  pro- 
duced and  the  beak 
more  slender  than  in  the 
preceding  group.  The 
color  is  mainly  a  dark 
gray  to  blackish,  with 
rather  prominent  bands 
on  the  side  of  the  abdo- 
men ;  the  length  is  full 
three-fourths  of  an  inch 
(16  to  17  mm.).  The 
abdomen  is  broader  than 
the  thorax,  and  the  ante- 
rior legs  are  not  so  much 
thickened  as  in  the  pre- 
ceding forms.  This  spe- 
cies is  distributed  over  a 
large  range  of  the  coun- 
try from  the  Ohio  River 
southward.  It  is  called 
the  big  bedbug  in  some 
localities  on  account  of 
its  habit  of  secreting  it- 
self in  beds  and  attack- 
ing people  who  may  oc- 
cupy them.  Its  bite  is 
very  severe,  the  beak 
Fig.  3444  .— Belostoma  americana.  being  so  strong  that  it 
(After  Riley.)  may   be   thrust  through 


Fig.  3443. — Rostrum  of  Nolo- 
necta.  ft,  Side  view  of  rostrum: 
d,  rostrum  from  above:  e,  one  of 
the  mandibles  entire  and  the  base 
of  the  other  and  of  the  two  max- 
illse :  /,  extremity  of  mandible 
more  strongly  magnified,  with 
recurved  teeth:  r,  labrum;  g, 
antenna.     (After  Westwood.) 


ordinary  clothing,  and  its  length  sufficient  (5  mm.) 
to  reach  well  into  the  skin.  Its  puncture  produces 
violent  inflammation  and  swelling,  and  is  likely  to 
fester  and  discharge  pus  for  several  days. 


Fig.  3445.  Fig.  3440. 

Fig.  3445. — Reduvius  personatits.  (After  Howard.  Bull.  United 
States  Dept.  Ag.) 

Flo.  3446. — Melanolestes  abdominalis.  Male  at  left,  female  at 
right:  apterous  form.  Beak  at  left  of  male.  (After  Howard, 
United  States  Bull.  Div.  Ent.  Dep.  Ag.) 


Fig.  3447. 


Fig.  3448. 


Fig.  3447. — Rasahus  biguttatus.  (After  Howard,  Bull.  United 
States   Dep.   Ag.    Div.   Ent.) 

Fig.  3448. — Conorhinus  sanguisugus.  a.  Showing  beak;  ft, 
from  side  with  setffi  withdrawn  and  tip  enlarged:  c,  head  from 
below.  All  enlarged.  (After  Howard,  United  States  Bull.  Dep. 
Ag.) 


Fig.  3449. — Conorhinus  sanguisugus.  a.  First  pupal  stage;  b, 
second  pupal  stage;  c,  adult;  d,  adult  lateral  view.  (After  Marlatt, 
Bull.  United  States  Dep.  Ag.) 

Closely  related  species  with  similar  habits  occur  to 
the  southwestward  to  the  Pacific  coast:  C.  variegalus 
Drury   in   the   South;  C.  gerslccckeri  Stal.  Texas  and 


r.'.I.S 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


Insects.  Poisonous 


Western  States;  and  C.  prolraclus  Uhl.  in  Utah  and 
California. 

Prionidus  cristatushiim.,  "wheel  bug."  A  common 
species  southward,  recognized  by  the  elevated  toothed 
crest  on  the  prothorax.  While  it  does  not  enter  houses, 
it  inflicts  a  very  painful  bite,  which  causes  inflamma- 
tion and  may  render  the  hand  and  arm  useless  for  a 
number  of  days. 

Many  species  in  this  family  occur  in  tropical 
America  and  frequently  prove  troublesome,  among 
them  a  species  related  to  the  "wheel-bug,"  which  occurs 
in  Chile  and  is  called  the  "winhuka"  or  "rhinhuka." 
It  is  said  to  be  greatly  feared,  and,  if  numerous,  to 
drive  people  for  a  time  from  their  dwellings. 


Fig.  3450. — ConoThinus  sanguisugus.  a.  Larva  second  stage; 
b,  newly  hatched  larva;  c,  egg  with  sculpturing  at  side.  All 
enlarged.     (After  Marlatt,  United  States,  Dep.  Ag.  Bull.) 

Nabidoe. — These  are  small  insects  with  considerable 
affinity  to  the  preceding  family,  but  slender  and  gener- 
ally of  dull  gray  or  brownish  color.  The  beak  is  long, 
rather  slender,  and  strongly  curved. 

Coriscus  subcoleoptratus  Kby.  Black  or  dark  brown 
with  pale  legs,  the  body  tapering  anteriorly.  This  spe- 
cies is  capable  of  inflicting  a  quite  severe  bite,  and  as 
the  species  is  given  to  hiding  around  outhouses  in  wait 
for  insect  prey,  and  has  been  recorded  as  biting  persons 
in  privies,  where  there  would  be  a  rather  favorable 
opportunity  for  it  to  introduce  septic  matter,  its 
presence  should  be  counted  objectionable. 

Diptera. — Insects  with  two  wings,  suctorial  mouth 
parts,  and  complete  transformations. 


Fig.  3451. — Coriscus  subcoieoptratus.  a.  Short-winged  female; 
6,  long-winged  female;  c,  rostrum  or  beak.  (After  Howard,  Bull. 
United  States  Dep.  Ag.) 

Culicidce,  Mosquitos. — Mouth  parts  produced  into 
slender  rostrum  about  half  as  long  as  entire  insect, 
slightly  thickened  at  tip.  Antennae  slender,  simple  in 
female,  plumose  in  the  male;  the  veins  of  the  wings 
with  fine  scales.  The  larva?  are  aquatic,  feeding  on 
organic  matter  in  the  water,  and  rising  to  the  surface 
with  a  jerky  motion  in  order  to  secure  fresh  supplies 
of  air.     The  pupae  are  also  aquatic,  but  with  respira- 


tory tubes  opening  anteriorly  instead  of  at  end  of  body. 
The  metamorphosis  is  complete,  the  pupa  case  split- 
ting along  the  back  and  the  insect  emerging  above 
water  resting  its  feet  on  the  surface;  the  wings  expand 
rapidly,  so  that  the  insect  takes  flight  very  quickly 
after  the  bursting  of  the   pupa  case. 

The  males  ami  females  differ  strikingly  not  only  in 
the  structure  of  the  antenna1  and  moiit  h  parts,  but  also 
in  habits;  the  latter  being  the  ones  to  suck  the  blood  of 
warm-blooded  animals,  while  the  former  are  restricted 
to  fluids  more  easily  accessible,  and  may  very  likely  not 


Fig.  3452. — Culex  pipiens.  a,  .Male;  b,  head  of  female;  c, 
joints  of  male  antennse;  /,  larva:  g,  pupa.  All  enlarged.  (After 
Westwood.) 

feed  at  all  in  the  adult  stage.  It  is  recorded  that  they 
sip  sweets  of  flowers,  and  even  such  beverages  as  beer 
and  wine.  It  is  not  thought  essential  that  the  fe- 
males should  secure  blood  in  order  to  develop  the  eggs, 
but  from  their  great  efforts  to  secure  one  or  more 
feasts  of  blood  it  would  seem  to  be  quite  an  advantage 
to  them. 

The  secretion  of  a  poison  which  is  injected  into  the 
wound  has  been  definitely  proven.  The  poison  gland 
is  part  of  the  salivary  gland,  the  salivary  gland  of  each 
side  being  divided  into  three  lobes,  the  center  one  of 
which  is  different  from  the  others,  being  evenly  granu- 
lated and  staining  differently;   and   in  this  one  the 


«L 
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Fig.  3453. — Mouth  Parts  of  Female  Mosquito;  Front  and  Side 
View,  o,  antennae;  mx,  maxillae;  mp,  maxillary  palpi;  m,  man- 
dible; I,  labrum;  e,  eyes.      (After  Packard.) 

poison  is  elaborated.  The  secretion  is  carried  forward, 
and  as  it  passes  along  the  duct  is  diluted  by  the  secre- 
tion of  the  salivary  lobes,  and  the  stream  then  passes 
to  the  reservoir  at  the  base  of  the  hypopharynx.  The 
poison  is  injected  during  the  process  of  blood-sucking, 
and  its  purpose  has  been  thought  to  be  for  the  accelera- 
tion of  the  blood  flow  or  the  prevention  of  coagulation. 
One  suggestion  is  that  the  mosquito  is  primarily  a 
plant  feeder,  and  that  the  injection  of  this  fluid  serves 
to  prevent  coagulation  of  all  proteins,  and  so  promote 
suction. 
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Flo.  34o4. — Culex    pungens.      Female    above,    male    below, 
larged.     (After  Howard,  Bull.  United  States  Dep.  Ag.) 


The  irritation  varies  greatly 
viduals,  and  some  appear  to 
acquire  an  immunity  from  the 
bites.  Glycerin  is  recom- 
mended as  giving  speedy  re- 
lief, and  household  ammonia 
applied  as  soon  as  possible 
after  the  bite  is  of  service. 

Culex  pipiens  is  one  of  our 
most  common  species,  and  may 
be  found  in  autumn  and  winter 
in  hibernation  in  cellars  and 
basements.  Its  rate  of  multi- 
plication is  extremely  rapid 
during  the  summer  months, 
the  full  life  cycle  being  com- 
pleted in  the  space  of  two 
weeks,  so  that  numerous  broods 
occur  during  a  season.  The 
eggs  are  placed  in  large,  boat- 
shaped  masses  and  the  larvae 
develop  rapidly.  Their  char- 
acteristic position  in  getting 
air  at  the  surface  is  shown, 
and  may  be  contrasted  with 
that  of  the  larva  of  Anopheles. 

Other  species  of  Culex  which 
are  common  in  the  United 
States  are  tceniatus,  tceniorhyn- 
chus,  consobrinus,  stimulans4 
excitans,   impiger,   etc. 

Anopheles  maculipennis 
Meig.  This  species  has  more 
slender  body  and  longer  legs 
than  Culex  pipieus:  the  wings 
are  marked  with  dusky 
patches;  the  scales  of  the  last 
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with   different   indi- 


vein  are  black  and  the  palpi  entirely  black.  The  eggs 
in  this  form,  instead  of  being  deposited  in  boat-shaped 
masses,  arc  laid  singly  and  float  on  the  surface  of 
water  till  hatched.  The  lar\  :i  hav<  a  much  shorter 
respiratory  tube,  and  when  taking  air  rest  with  the 
head  held  close  to  the  surface  as  shown  in  the  figure. 
The  adult  mosquitos  of  Anopheles  assume,  when 
resting  on  wall  or  ceiling,  positions  different  from  those 


Fig.  31 55  —  Culex  pungens.     Larva  in  breathing  position  at  surface 
of   water.      (After   Howard,    Bull.    United    States   Dep.    Ag.) 

assumed  by  Culex,  a  point  which  may  be  used  in 
separating  the  members  of  the  two  genera;  the  body 
is  held  with  the  proboscis,  thorax,  and  abdomen  all  in 
one  line,  while  in  Culex  there  is  a  distinct  bend  or 
humpbacked  appearance.  Generally  only  four  legs 
are  used  in  holding  to  the  surface,  the  hind  pair  being 
raised  in  the  air;  or,  if  the  mosquito  is  hanging  to  a 
ceiling,   they  swing  loose  below. 

Structurally  Anopheles  may  be  separated  from  Cull  x 


Fig.  3456. — Anopheles  maculipennis  Meig.     Male  at  left,  female  at  right.      (After  Howard. 
Bull.  United  States  Dep.  Ag.) 
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by  the  length  of  the  palpi,  which  in  both  sexes  are  at 
least  almost  as  long  as  the  proboscis,  while  in  Culex 
the  palpi  are  in  the  female  less  than  half  as  long  as  the 
proboscis,  in  the  male  nearly  as  long. 

The  species  of  this  genus  have  a  special  interest  as 
carriers  of  the  malarial  Plasmodium. 

Stegomyia  fasciata,  the  yellow  fever  mosquito,  has 
been  proven  to  be  the  essential  carrier  for  yellow  fever 


Fig.  3457. — Anopheles  maculipennis  Meig.  Larva  showing 
breathing  position  at  surface  of  water.  (After  Howard.  Bull. 
United  States  Dep.  Ag.) 

and  the  well-known  results  of  preventing  yellow  fever 
upon  this  basis  in  Havana,  Panama,  and  other  tropical 
regions  need  not  be  repeated.  This  species  is  essenti- 
ally an  indoor  species  and  it  is  safe  to  say,  is  found 
almost  exclusively  within  human  habitations  and 
breeds  especially  in  receptacles  for  water  within  or 
adjacent  to  dwellings. 

Simulidce. — Black-flies,  buffalo  gnats.  Antennae 
eleven-jointed;  mouth  parts  fully  developed,  fitted  for 
piercing;  no  ocelli;  larva:  and  pupa:  aquatic;  meta- 
morphosis complete.  These  insects  are  terrible 
torments  in  different  parts  of  the 
world,  the  most  famous  being  the 
Columbacz  midge  of  the  Danube 
valley,  the  black  fly  of  the  North 
eastern  United  States  and 
Canada,  and  the  Southern 
buffalo  gnat  of  the  Missis- 
sippi valley.  Not  only  is 
their  bite  most  painful,  but 
a  poison  is  injected  which 
causes  a  severe  swelling  and 
produces,  when 
many  bites  are 
aggregated,  an 
effect  of  blood 
poisoning  which 
is  fatal  to  many 
animals;  and 
numerous  in- 
stances are  re- 
corded of  serious 
effects  on  man, 
or  even  of  fatali- 
ties, though 
these  are  less 
numerous  doubt- 
less because  of 
the  better  pro- 
tection which 
can  be  given  to 
sensitive  parts.  The  buffalo  gnat,  which  has  been 
studied  very  exhaustively  by  the  United  States  Divi- 
sion of  Entomology,  illustrates  very  well  the  habits 
of  the  different  species.  The  transmission  of  pellagra 
by  these  insects  is  still  an  open  question. 

Simulium  invenustum  Walk.  =  pecuarum  Riley. 
Perhaps  the  best  known  of  the  species  and  called  buf- 
falo gnat  or  Southern  buffalo  gnat.  It  is  one  of  the 
largest  species,  two  to  four  millimeters  long,  thorax 


Dep.  Ag.) 


Simulium  invenustum.    Adult 
(After  Riley,  Kept.  United  States 


'-     « 


Fig.  3459.— 
Simulium  invi  r<- 
uelum.  Larva 
(After  Riley.) 


largely  blackish,  abdomen  of  female  grayish-brown  or 

black,  I  he  sides  marked  with  a  row  of  velvet  black  spots. 
These  gnats  occur  in  vast  swarms  which  in  the  lower 
Mississippi     valley     appear     in     early 

spring  and  range  over  a  wide  stretch  of 
territory,  being  driven  by  the  wind  so 
that  they  may  cause  serious  injury  at 
long  distances  from  their  breeding 
grounds.      Only  the  fema  lex  have    the 

mouth  parts  developed  for  biting,  and 

if  is  said  that  many  SO  gorge  them- 
selves with  blood  as  to  render  them- 
selves helpless  so  that  they  do  not  suc- 
ceed in  depositing  eggs.  The  shade  of 
buildings  seems  to  be  the  only  effect  ive 
safeguard,  but  smudges  and  the  appli- 
cation of  fish  oil  or  other  repellent,  sub- 
stances is  of  some  advantage.  Tin- 
life  history  is  quite  peculiar,  the  larvae 
being  elongate,  legless  creatures  with 
peculiar  fan-like  processes  on  the  head 
end  which  keep  up  a  constant  motion, 
thus  creating  currents  of  water  and 
bringing  food  materials  within  reach, 
as  well  as  providing  for  the  respiration. 
They  are  anchored  by  a  silken  thread 
and  attach  themselves  where  they  get 
the  swiftest  currents  in  the  creeks  or 
bayous  of  the  region  where  they  breed.  The  pupa- 
are  formed  within  a  silken  cradle-like  cocoon,  open  at 
one  end,  from  which  the  head  portion  of  the  pupa 
projects.  From  the  anterior  por- 
tion of  the  body  projects  a  cluster 
of  hair-like  respiratory  filaments, 
forty-eight  combining  into  a 
trunk-like  portion  at  the  base 
which  communicates  with,  the 
tracheal  system  within  the  body. 
The  eggs  are  laid  close  to  the 
edge  of  the  water  on  convenient 
objects,  often  where  the  water 
dashes  over  them  so  that  the 
larvae  on  hatching  are  carried  at 
once  into  the  water. 

Tiibiutidce. — Gad-flies,  breeze- 
flies,  or  horse-flies.  Mouth  parts 
well  developed,  fitted  for  pierc- 
ing; those  of  the  females  more 
powerful  than  those  of  the  males, 
which  latter  do  not  attack  ani- 
mals. In  the  female  there  are  six 
exserted  lancet-like  parts,  in  the 
male  but  four.  Proboscis  ends  in  two  fleshy  lip-like 
lobes  and  is  covered  on  the  sides  by  the  large  two- 
jointed  maxillary  palpi.  The  eyes  are  very  large, 
especially  in  the  males, 
often  beautifully 
colored  and  iridescent. 
There  are  an  enor- 
mous number  of  species 
in  this  family  dis- 
tributed over  the  globe, 
and  a  large  number 
occur  in  the  United 
States,  where  they  are 
a  great  torment  to  dif- 
ferent animals  and 
often  to  man  by  their 
severe  bites.  The 
larva?,  so  far  as  known, 
are  aquatic  or  suba- 
quatic  and  carnivorous 
so  that  they  are  to  be 
considered  rather  in- 
noxious or  even  bene- 
ficial as  related  to  man.  The  bites,  though  not 
strictly  poisonous,  are  extremely  annoying,  and  may 
cause  such  irritation  as  to  be  of  importance.     They  are 
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Fig.  34G0. — Simu- 
lium vn  v  e  nu  stum 
Pupa.     (After  Riley.) 


Fig.  3461.— Mouth  Parts  of 
Tabanus.  lb.  labrum;  m,  mandibles; 
mx,  maxilla?;  mp,  maxillary  palpi; 
a,  basal  joint  of  antennae;  I,  tongue. 
(From  American  Naturalist.) 
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apt  to  be  most  troublesome  in  the  vicinity  of  water, 
and  may  almost  prohibit  boating  or  bathing  in  certain 
localities.  It  is  often  stated  that  horses  and  cattle 
are  killed  by  their  persistent  attacks,  but  such  cases 
must  be  rather  rare. 

Tabanus  atratus,  black  breeze-fly.  This  is  one  of 
our  largest  species  and  a  very  troublesome  one  to 
cattle,  but  it  seldom  attacks  man  or  horses.  It  is 
black  with  a  bluish-white  bloom  on  the  surface  of  the 


Fir..  3462. —  Tabanus    atratus.     n,    Larva;     b,    pupa;     c,    imago. 
(After  Riley.) 

abdomen  and  the  wings  are  a  smoky  brown.  The 
larva  is  a  large  twelve-jointed,  cylindrical  worm, 
tapering  at  each  end,  of  a  transparent,  polished,  glassy, 
yellowish  or  greenish  appearance,  with  large  roundish, 
retractile  tubercles.  It  is  found  in  water  or  sometimes 
in  rotten  wood  or  among  floating  debris  where  it 
appears  to  get  its  food.  Among  other  things  it 
appears  to  feed  commonly  on  mollusks. 

As  the  horse-flies  frequent  pools  and  doubtless 
resort  to  them  to  drink  as  well  as  when  depositing 
eggs  it  has  been  found  that  placing  a  little  kerosene 
on  the  water  serves  to  destroy  large  numbers  of  them 
and  thus  not  only  cut  short  their  career  but  reduce 
the  numbers  for  later  generations. 

Tsetse  Flies  (Glossina)  which  are  blood-sucking 
African  species  are  well  known  for  their  relation 
to  certain  diseases. 

Glossina  palpalis  is  the  carrier  for  sleeping  sickness 
which  is  due  to  the  Trypanosoma  gambiense. 

Coleoptera. — Beetles.  Insects  in  which  the  fore 
wings  are  hard,  horny,  or  leathery  and  serving  as 
protecting  covers  for  the  hind 
wings  which  are  membranous 
and  the  organs  of  flight.  The 
larva?  are  various,  some  with 
well-developed  legs,  others 
footless  grubs.  Transforma- 
tions complete. 

The  ground  beetles  (Cara- 
bida<)  have  in  some  species  the 
power  of  secreting  a  poisonous 
or  acrid  fluid  effective  against 
small  animals,  but  no  more 
than  repugnant  to  man.  The 
Bombardier  beetles  discharge 
their  secretion  with  a  sharp 
report,  and  the  cloud  of  vapor 
(which  reaches  some  inches) 
has  a  strong  pungent  odor  and  when  condensed  be- 
comes a  yellowish  fluid  with  a  strong  acid  reaction. 

The  distinctly  poisonous  forms  are  included  in  the 
family  Mclniihv,  which  includes  our  blister  beetles. 
There  are  several  native  species  which  possess  the 
vesicating  property,  among  them  the  Macrobasis 
unicolor,  Epicauta  vittata,  Epicauta  cinerea,  and 
Epicauta    pennsylvanica.     The    blisters    which    they 


Fig.  3463. — Macrobasis 
unicolor.  Line,  natural  size; 
6,  beetle;  c,  enlarged  male 
antenna.      (After  Riley.) 


cause,  if  their  vesicating  fluid  is  inadvertently  rubbed 
on  the  face  or  hands,  may  prove  quite  distressing, 
though  the  effed  depends  somewhat  on  the  condition 
of  the  skin,  being  much  worse  if  the  pores  are  open 


Fig.  3464. — a,  Egg  pod  of  Melanoplus  differentialis,  with  the 
mouth  torn  open,  exposing  the  newly  hatched  larva  of  Epicauta 
vittata  eating  into  an  egg.  Natural  size,  b,  Eggs  of  E.  villain 
the  natural  size  indicated  at  side;  c,  dorsal  view  of  first  larva  or 
triungulin  of  E.  vittata;  d,  dorsal  view  of  second  larva  of  E.  vittata'. 
c,  side  view  of  the  second  larva,  showing  its  natural  position  within 
the  locust-egg  mass.     (After  Riley.) 

and  perspiration  is  free.  The  early  stage  of  these  in- 
sects is  very  interesting  and  shows  very  strikingly 
that  an  insect  that  is  troublesome  or  destructive  in 
one  stage  may  be  very  serviceable  in  another.     Riley 


Fig.  3465. — a,  Lateral  view  of  the  ultimate  or  full-grown  stage 
of  the  second  larva  of  E.  vittata;  b,  portion  of  the  dorsal  skin  show- 
ing short  setaceous  hairs:  c,  lateral  view  of  the  pseudo-pupa  or 
coarctate  larva  of  E.  vittata,  with  the  partially  shed  skin  adhering 
behind;  d,  dorsal  view  of  the  same.     (After  Riley.) 

has  shown  that  the  larvse  feed  upon  the  egg  masses 
of  grass-hoppers  in  the  ground,  where  the  eggs  are 
laid  by  the  adult  beetles;  furthermore,  that  there  is 
a  distinct  hypermetamorphosis.  The  egg  hatches 
into  a  carabid-like  larva  with  legs  and  active  habit, 
and  this  form  proceeds  to  search 
out  the  locust  eggs  and  feed  upon 
them  and  at  its  first  moult  changes 
its  form  to  become  much  thicker; 
and  after  another  period  of  feeding 
it  moults  again,  changing  this  time 
to  a  still  thicker  form,  the  mouth 
parts  and  legs  becoming  atrophied. 
After  still  another  period  it  moults 
again  with  little  change  except  in 
size,  and  finally  after  another 
period  it  forsakes  the  egg  mass 
and  burrows  into  the  soil  to  as- 
sume the  pupa  stage.  The  changes 
here  sketched  most  briefly  are 
shown  very  fully  in  the  accom- 
panying figures. 

Cantharis  vesicatoria  L.,  Spanish  fly.  This  is  the 
best  known  species  from  the  medical  standpoint. 
The  insect  occurs  everywhere  in  the  temperate  regions 


Fig.  3466. — a,  Lat- 
eral view  of  true  pupa 
of  Epicauta  cinerea; 
b,  ventral  view  of 
same.     (After  Riley.) 
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of  Europe.  The  vesicant  property  is  due  to  a  peculiar 
volatile,  crystalline  chemical  principle,  cantharidin, 
which  is  very  soluble  in  alcohol,  ether,  or  essential 
oils.  Externally  it  produces  blisters  and  internally 
it  is  a  violent  irritant  poison.  It  is  said  that  gr.  ,!,„ 
on  the  lip  will  rapidly  cause  a  blister.  Its  use  is 
mainly  as  a  topical  application  in  cases  of  indolenl 
ulcers  or  as  an  excitant. 

Mylabris  cichorii,  the  "Telini  fly"  of  India,  pos- 
sesses also  very  strong  vesicating  properties  equal  to 
or  greater  than  those  of  the  preceding  species. 


Fig.  3467. — AiUomeria 


Male    moth.     Natural    size.      (After 
Riley.) 


Lepjdoptera. — Moths  and  butterflies.  Wings  four  in 
number  and  covered  with  minute  imbricated  scales, 
appearing  as  fine  dust;  mouth  parts  developed  into 
long  suctorial  tube  for  feeding  upon  the  nectar  of 
flowers,  though  in  some  cases  rudimentary,  and  the 
adults  not  feeding.  A  complete  and  striking  meta- 
morphosis, the  early  stages  being  called  caterpillar 
and  chrysalis  for  larva  and  pupa.  None  of  these 
insects  is  poisonous  in  the  adult  stage,  but  a  few  have 
larva;  that  possess  urticating  properties,  or  that  poison 
or  irritate  the  skin  either  from  the  presence  of  a 
poisonous  fluid  or  the  breaking  off  of  minute  spines. 
Some  which  are  popularly  supposed  to  be  poisonous 
are  perfectly  harmless,  as  is  the  case  with  the  large 
tomato  worm  Phlegethontius  celeus. 


Flo.  3468. — Automeris  io.     Larva.      Natural  size.      (After  Riley.) 

The  species  which  possess  injurious  properties  be- 
long mainly  to  a  few  families  of  the  night-flying 
Lepidoptera,  and  include  some  of  our  very  common 
species. 

A  utomeris  io,  Io  moth.  A  very  handsome  moth,  the 
male  considerably  smaller  than  the  female,  brighter 
colored,  deep  yellow  marked  with  purple  brown,  the 


Fia.  3469. — Automeris 
io.  Poisonous  spines.  En- 
larged.     (After  Riley.) 


body  anil  the  hind  wings  being  of  a  deep  ochre  color; 
t  In-  antennae  arc  large,  plumose.  The  female  is  darker 
with  predominance  of  purple,  the  markings  on  the 
front      wings     somewhat     differently     arranged.      The 

cream  while  eggs  have  a  small  black  spot  on  the  apical 

end.  They  are  laid  on  leaves  of  various  plants,  the 
insect  having  a  wide  range  of  food  plants,  such  as 
willow,  corn,  cotton,  hops,  clover,  elm,  cherry,  etc. 
The  larva;  are  of  a  green  color,  and  when  full  grown 
have  longitudinal  stripes  on  the  sides  of  white  and  lilac 
red.  The  spines  arise  in  clusters  from  papillae  and 
have  various  shapes,  some  with 
few  and  others  with  many  tips. 
The  spines  are  evidently  con- 
nected with  glands  which  secrete 
the  urticating  fluid,  and  when 
broken  off  in  the  skin  produce 
an  intense  nettling  sensation. 
Aside  from  the  spines  the  io 
caterpillar  possesses  eversible 
organs  on  the  fourth  and  tenth 
segments  which  probably  serve 
to  drive  off  some  of  their  ene- 
mies, but  they  do  not  appear  to  have  anything  to  do 
with  the  urticating  property. 

Hemileuca  main  Drury,  buck  moth.  Another  hand- 
some moth  the  larva  of  which  possesses  urticating 
spines,  but  less  severe  in  their  action  than  those  of  the 
io.  The  larvce  are  brownish  black,  covered  with  more 
or  less  conspicuous  small,  oval,  yellow  protuberances, 
with  a  lateral  yellow  stripe  made  up  of  papillae  and 
broken, "irregular  yellow  marks. 

Etnpretia stimulea  CI.,  "saddleback."  A  brown  cat- 
erpillar with  a  very  distinctive  saddle-shaped  green 
spot  on  the  back.  The  poisonous  spines  are  set  on 
large  processes  at  the  anterior  and  posterior  ends  and 
along  the  sides.  Here  probably  the  poison  is  secreted 
in  the  larger  processes  and  fills  the  small  spines  so  that 
when  they  are  broken  off  in  the  skin  they  cause  the 
smarting  sensation.  The  moth  is  of  a  rich  brown 
color  but  not  so  striking  in  appearance  as  the  larva.  The 
larva  occurs  on  a  variety  of  plants,  such  as  corn,  cotton, 
and  various  trees  and  shrubs,  but  fortunately  is  not  a 
very  abundant  species.  It  is  also  conspicuous  enough 
to  attract  attention  and  hence  less  likely  to  be  brought 
in  contact  with  the  hand. 

Lagoa  crispata  opere.ularis  Harr.  is  another  urticat- 
ing species,  the  poisonous  spines  being  hidden  beneath 


Fig.  3470. — EmprHia     stimulea.     Natural     size.      (After     Riley.) 

a  clothing  of  long  hairs.  In  the  tropics  are  a  number 
of  related  species  which  are  much  feared  by  the  natives. 
In  Europe  the  processionary  caterpillars,  Cne- 
thnrampa  processioned,  are  counted  objectionable  on 
account  of  the  urticating  properties  of  a  farinaceous 
substance  derived  from  drying  of  an  acrid  secretion 
from  the  entire  surface  of  the  body.  It  is  particularly 
irritating  on  contact  and  especially  on  delicate 
mucous  surfaces  as  in  the  air  passages.  Workmen  in 
forests  where  the  caterpillars  are  plentiful  are  re- 
ported to  sicken  rapidly  from  this  cause.  "The  long 
hairs  under  the  microscope  are  seen  to  be  branched, 
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and  are  said  to  be  filled  with  formic  acid.  When 
broken  off  in  I  he  human  skin,  they  produce  a  terrible 
itching  and  burning  sensation.  There  are  many  cases 
on  record  in   which   such   hairs  have  loiind  their  way 

by  some  means  to  the  interior  organs  of  people  and 
animals,  prodm  ;erous  inflammation,  resulting 

even  in  death."  Certain  Brazilian  species  are  re- 
ported to  be  even  more  distressing  in  the  effects  pro- 
duced ..n  the  human  skin.  Ammonia  may  be  use. I  to 
relieve  the  irritation. 

The  brown-tail  moth,  Euproctis  chrysorrhcea  intro- 
duced int..  \mei  i.a  from  Europe  in  the  late  nineties  lias 
become  will  established  and  distributed  over  a  con- 


Fig.    3471. — Sphecius    ipedosu. 


Giant    digger.    (After    Riley.) 


siderable  extent  of  the  New  England  States.  The 
spines  of  the  larva'  are  extremely  poisonous  and  irritat- 
ing to  the  skin  and  especially  detrimental  if  inhaled 
into  the  air  passages  or  lungs.  They  seem  more 
troublesome  to  certain  susceptible  individuals  and  in 
general  should  be  avoided  as  the  results  may  be  not 
only  extremely  irritating  but  quite  dangerous. 

Hymenoptera. —  Bees,  wasps,  ants.  Four  mem- 
branous wings,  the  hinder  ones  the  smaller;  mouth 
parts  adapted  for  either  biting  or  sucking;  the  body 
regions  sharply  marked;  the  abdomen  connected  to  the 
thorax,  in  most  forms,  by  a  slender  pedicel.  This 
group  includes  very  poisonous  and  aggressive  species 
provided  with  a  sharp  sting,  in  a  large  portion  of  the 
group,  from  which  a  distinct   poison  is  discharged. 

Even  in  the  Terebran- 
tia,  in  which  the  sting 
is  not  so  specially  de- 
veloped, there  are 
some  spec  ies,  as 
Ophion  and  other  ich- 
neumonids,  which 
may  pierce  the  skin 
with  the  ovipositor, 
giving  a  quick,  sharp 
sting  that  is  momen- 
tarily very  painful  but 
seldom  of  any  lasting 
effect.  In  the  Acule- 
ata,  or  true  stinging 
forms,  there  is  an  elab- 
orate sting  modified 
from  the  ovipositor, 
and  hence  present  only  in  the  females,  through  which 
the  secretion  of  large  poison  glands  is  discharged. 
Carlet  found  the  poison  glands  of  the  bee  to  consist  of 
two  kinds,  one  secreting  a  feebly  alkaline  fluid,  and  the 
other  an  acid  product.  The  poison  is  effective  only 
when  the  two  are  mixed.  In  those  which  poison  with 
the  sting  both  kinds  of  glands  are  well  developed; 
while  in  those  forms  which  paralyze  their  victims  to 
preserve  them  as  food  for  their  larvse,  the  alkaline 
glands  are  vestigial.  In  ants,  wasps,  and  bees,  there 
are  two  substances,  according  to  Will,  viz.,  formic  acid 
and  a  bitter  fatty  residue,  the  formic  acid  being  the 


Fro.  3472. — Chlorion  c&rulimn.    Blue 
digger  wasp.     (After  Riley.) 


essential  part  of  the  poison.      In  some  ting 

is  wanting,  but  the  poison  glands  are  extraordinarily 

.le\  eloped. 

Forinicidce,  ants.  The  ants  usually  seen  are  the 
wingless  workers  which  are  noticeable  for  their  large 
heads  and  jaws,  and  their  sharply  separated  abdomen. 
The  males  and  females  are  winged,  but  the  latter  Lose 
the  wings  after  being  fertilized  and  taking  up  their 
duties  as  the  mother  of  a  colony.  The  workers  which 
are  undeveloped  females  have,  like  tie-  queens,  a 
sting,  and  in  some  forms  it  is  used  with  severity 
upon  any  disturber.  In  other  species  the  Lite  is 
poisonous,  being  accompanied  with  an  injection 
of  formic  acid.  The  colonies  when  disturbed  attack 
the  intruder  with  great  fury,  and  some  of  the  larger 
species  inflict  such  serious  wounds  that  death  is  said 
to  result  from  their  attacks. 

Muliliidce,  "velvet  ants,"  "cow-killers."  Brightly 
colored  ant-like  insects  with  a  dense  covering  of  hair 
giving  them  a  velvety  appearance.  The  body  is  ex- 
ceedingly hard,  very  difficult  to  crush,  and  the  sting 
is  quite  severe.  They  occur  particularly  in  open  and 
sand}  places  and  seldom  sting  unless  caught. 

Fossores,  digger  wasps.  This  group  includes  a  large 
number  of  our  common  wasps,  among  them  some  of 
the  most  poisonous  we  have.  While  as  a  rule  in- 
clined to  attend  strictly  to  their  own  affairs  and  not 
to  sting  except  on  provocation,  they  will  sometimes 
make  unprovoked  attacks.  They  agree  in  construct- 
ing nests  in  the  ground,  are  mostly  strong-bodied, 
and  capture  other  insects  or  spiders  with  which  to 
provision  the  nests  for  their  young.  The  stings  the.v 
inflict  on  these  victims  are  directed  to  the  nerve  .enters 
and  serve  to  paralyze  but  not  to  kill,  so  that  they  are 
kept  fresh  but  helpless  till  such  time  as  the  young 
hatch  and  are  ready  to  feed  upon  them. 


Fig.  3473. — Pepsis  formosa.     (After  Riley.) 

Sphecius  speciosus  Drury.  This  is  one  of  the 
largest  species,  and  a  common  insect  in  the  Central 
and  Southern  States.  It  provisions  its  nests  with 
Cicadas,  which  are  frequently  much  larger  than  itself. 
Its  sting  is  very  severe,  and  Rileyr  states  that  two  or 
more  inflicted  "on  a  man  at  one  time  might  easily 
endanger  his  life.  It  may  certainly  be  counted  as 
dangerous  as  the  scorpion  and  ought  never  to  be  pro- 
voked to  try  its  power. 

Chlorion  ccerulium  Drury.  A  handsome  blue  species 
with  dusky  wings.  It  occurs  very  frequently  around 
houses,  seeking  spiders  which  it  captures,  stings,  and 
stores  awav  in  its  nest  for  its  young.  Its  sting,  while 
not  so  severe  as  that  of  the  preceding  species,  is  by  no 
means  to  be  despised,  and  since  it  is  a  more  frequent 
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in  


Fig.  3474. — Prlopceus    cementa- 
rius.     (After    Riley.) 


visitor  in    houses  it    is  more  likely   lo  be   incited   to 
attack. 

Sphex  ichneumonea  L.  is  a  large  species  with  bril- 
liant golden  markings.  It  frequents  flowers  :md 
captures  meadow  katydids  to  store  in  its  nests  which 
are  placed  in  gravelly  walks  or  along  roadsides  where 
the  ground  is  very  hard. 
Sphex  pennsylvanica  L.  is  another  common  species 
equalling  the  preceding  in 
size,  but  of  a  brilliant 
blue-black  color. 

Pepsis  Jormosa  Say, 
"tarantula  killer."  A 
gigantic  species,  which 
occurs  in  the  south- 
western part  of  the 
United  States,  where  it  is 
counted  serviceable  on  ac- 
count of  its  killing  taran- 
tulas, with  which  it  pro- 
visions its  nests.  Its 
sting  is  very  poisonous. 
Pelopceus  cemenlarius 
Drury,  "mud  dauber."  A  dark  species,  with  yellow 
lunate  spots  and  with  a  very  slender  petiole  support- 
ing a  small  abdomen.  This  species  is  very  frequently 
noticed  in  houses,  in  attics,  or  even  in  much-used 
rooms,  where  it  can  gain  access  through  some  crack, 
and  in  barns,  sheds,  and  tents.  Its  nest  is  con- 
structed from  pellets  of  mud,  and  the  cells  each  con 
taining  a  larva  are  stored  with  small  spiders.  They 
seldom  molest  people, 
even  when  passing  very 
near  them  to  reach  the 
nest,  but  sting  severely 
if  provoked,  and  their 
presence  is  in  itself  an- 
noying on  account  of 
the  fear.  There  are 
many  related  species, 
some  of  which  also 
build  nests  in  houses. 

Vespidce,  paper  wasps. 
Wings  folding  longi- 
tudinally when  at  rest; 
bodies  rather  robust, 
the  abdomen  attached  by  a  short  pedicel.  All  the 
species  sting  viciously  when  disturbed,  and  do  not 
always  wait  for  any  serious  provocation.  Two  spe- 
cies may  serve  as  examples  of  the  group. 

Vespa  maculata  L.,  bald-faced  hornet.  A  heavy- 
bodied  species  with  light  yellow,  almost  white  face, 
and  yellow  spots  on  the  thorax  and  abdomen.  The 
large  nest  is  built  by  degrees  of  a  strong  gray  paper  and 


Fig. 


3475. — Vespa  macttlata. 
(After  Riley.) 


Fig.  3476.— Polistes.     (After    Riley.) 

contains,  when  fully  formed,  a  number  of  combs  one 
above  another  all  enclosed  within  the  large  outer  ease. 
The  opening  is  at  the  lowest  point  and  the  whole  nest 
is  hung  by  a  stout  cord  to  a  branch  of  a  tree  or  the 
under  side  of  a  fence  rail  or  other  suitable  support. 
If  disturbed  these  hornets  make  a  fierce  attack  on  the 
intruder  and  a  number  of  stings  will  cause  pretty 
serious  symptoms  in  the  victim.     Applications  of  am- 


monia, glycerin,  bicarbonate  Of  soda  if  made  prompt  I '. 

will  much  relieve  the  swelling  and  inflammation. 
The   "yellow  jackets,"    Vespa   vulgaris   L.   and   V. 

!/i  imiiiiirii  I'.,  are  smaller,  but  similar  in  habit,  and 
fully  as  vicious. 

Polistes  pallipt  *  St.  l-'arg.  The  more  slender  species 
included  here  also  build  paper  nests,  but  only  a  single 
comb  and  this  without  any  outer  case;  so  the  growing 
larvae   may  be  easily   seen   by  any   one   with   sutlicicnt 

nerve  carefully  to  inspect  the  nest.  They  are  fre- 
quently built  in  houses  in  window  frames  and  the 
wasps  may  become  troublesome  as  the  number 
increases  and  they  grow  irritable. 

Apidoe,  bees.  Robust,  usually  hairy,  t he  mouth 
parts  with  a  long  tongue  adapted  to  lapping  I  he  nectar 
from  flowers.  This  family  in- 
cludes the  bumble  bees  and  the 
honey  bee  as  well  as  a  large  num- 
ber of  species  less  familiar.  The 
sting  is  like  that  of  the  other 
Aculeata,  and  that  of  the  honey 
bee  may  be  noted  as  an  example 
of  the  others.  The  principal 
parts  are  the  three  pieces  of  the 
normal  ovipositor,  the  center  one 
of  which  constitutes  a  sharp 
lancet-like  instrument.  At  its 
base  is  the  large  poison  reservoir 
fed  by  the  poison  gland. 

Xylocopa  virginica  Drury, 
"carpenter  bee."  This  species 
very  much  resembles  a  bumble 
bee,  but  has  the  abdomen  polished 
and  without  hair.  They  bore 
into  wood  to  construct  nests  and 
so  may  prove  troublesome  around 
houses,  as  their  sting  is  very 
painful. 

Bombus  sps.  The  common 
bumble  bees  are  very  familiar 
objects,  several  different  species 
occurring  in  almost  any  locality. 
They  build  nests  in  holes  in  the  ground  or.  rarely,  in 
deserted  bird  nests  or  other  places  at  some  distance 
above  ground. 

Apis  mellifica,  honeybee.  The  domesticated  bee  is 
now  represented  by  several  varieties.  They  are  the 
most  frequent  source  of  stings  since  they  are  so  com- 
monly kept  in  the  vicinity  of  houses.  The  sting  affects 
different  persons  very  differently,  some  suffering  in- 
tensely from  a  single  sting,  while  others  suffer  no 
inconvenience,  after  the  temporary  pain,  from  a 
number  of  stings.  Inflammation,  rapidly  extending 
from  a  sting  on  the  hand  even  so  far  as  the  length  of 
the  arm,  and  sometimes  so  as  to  close  the  eyes,  may 
follow.  Prompt  application  of  ammonia,  bicarbonate 
of  soda,  or  even  of  moist  clay  will  serve  to  give  relief. 

Herbert  Osborn. 

Insolation. — See  Heat-stroke. 

Insomnia. — See  Sleep,  Disorders  of. 

Instinct. — This  word,  etymologically  meaning  im- 
pulse, denotes  the  unreasoning  impulse  to  perform 
some  purposive  action  without  an  immediate  con- 
sciousness of  the  end  to  which  that  action  will  lead 
(Stedman).  This  is  an  unusually  complete  defini- 
tion; the  only  considerable  characterizing  feature 
which  it  omits  is  the  consideration  that  the  "purposive 
action  of  instinct  is  directed  toward  biologic  rather 
than  toward  distinctively  personal  ends;  and  if  one 
were  to  try  to  be  precise,  he  would  have  to  limit  in- 
stinct to  animals,  the  corresponding  process  in  plants 
being  termed  taxis  or  tropism.  Instinct  is  an  he- 
reditary habit.  In  this  little  article,  only  an  outline- 
sketch  of  an  important  aspect  of  our  lives,  we  shall 
limit  the  description  to  the  instincts  of  man. 
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Fig.  3477.— Sting  of 
Bee.  Enlarged.  a. 
Tip  of  lancet,  still 
more  enlarged.  (After 
Gosse.) 
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Inasmuch  as  in  man  alone  the  two-phased  basal 
tendencies,  impulse  and  its  restraint,  are  both  well 
developed,  it  is  especially  important  for  our  present 
purpose  to  realize  that  instinct  is  largely  of  the  former 
active  nature,  making  for  biologic  activity,  actua- 
tion, thrust,  impulse,  rather  than  for  inhibition,  its 
human  complement.  This  is  not  wholly  so,  to  be 
sure,  for  pure  instincts,  in  so  far  as  partaking  neurally 
of  actions  which  must  be  classed  as  voluntary,  have 
inhibitory  factors,  as  is  the  inherent  nature  of  volun- 
tary movement  also.  The  beautifully  skilled  con- 
struction of  some  nests,  cocoons,  etc.,  are  obvious 
examples  of  this,  for  while  purely  instinctive  on  one 
hand,  neurally  they  are  voluntary  movements  so 
far  as  each  individual  is  concerned  and  therefore  in 
part  inhibitory  and  perforce  cortical  in  innervation. 
To  ascribe  all  "instinctive"  actions  to  the  lower 
reaches  of  the  cerebrospinal  axis  in  vertebrates  and 
to  the  corresponding  neural  regions  in  invertebrates 
is  to  unwarrantably  extend  the  powers  of  these 
coordinating  knots  of  neurones.  To  estimate  an  in- 
stinct as  an  elaborate  tropism,  as  does  J.  Loeb,  or. 
on  the  other  hand,  as  an  advanced  moral  human 
motive,  as  is  untechnically  often  done  (conscience) 
in  common  speech,  is  to  miss  the  particular  domain 
a*  present  ascribed  to  instinct  in  the  science  of  be- 
havior. At  the  same  time,  these  more  or  less  opposed 
attitudes  emphasize  anew  something  of  fundamental 
importance  in  physiology:  there  is  complete  con- 
tinuity between  the  most  plainly  sympathetic  automa- 
tism and  the  most  novel  and  effortful  "mental"  and 
voluntary  human  action.  Automatisms,  reflexes, 
habitual  "voluntary"  movements,  (new)  voluntary 
movements,  and  acts  of  pure  choice  constitute  a 
continuum  whose  division  into  varieties  of  behavior 
is  a  matter  only  of  arbitrary  definition. 

James  has  spoken  of  an  instinct  as  "a  tendency  to 
act  characteristically  when  in  the  presence  of  a  certain 
object  in  the  environment;"  and  Parmelee  (in  his 
recent  "Science  of  Human  Behavior")  defines  in- 
stincts as  "congenital  tendencies  to  more  or  less 
definite  modes  of  action;"  while  McCabe  ("The 
Evolution  of  Mind")  seems  to  follow  Lloyd  Morgan 
and  "most  writers"  in  confining  instinct  to  "pur- 
posive actions  that  are  and  always  were  wholly  in- 
dependent of  intelligence" — "intelligence"  in  Mc- 
Cabe's  unduly  narrow  notion  of  that  concept.  It  is 
plain  that  all  competent  ideas  of  instinct,  wherever 
they  may  limit  its  complexity,  downward  or  upward, 
practically  agree  that  an  instinctive  action  is  charac- 
teristically mechanical,  in  its  nature,  inherently  and 
clearly  part  of  the  biologic,  vegetative  machinery 
underlying  the  evolution  of  this  planet's  life — an 
"unreasoning"  impulse  quite  as  surely  as  it  is  an 
activity  far  more  complex  than  a  tropism. 

There  has  been,  and  still  is,  a  large  degree  of  dis- 
agreement as  to  just  which  of  the  numberless  im- 
pulses to  perform  mechanically  some  purposive  action 
without  immediate  consciousness  of  its  purpose  shall 
be  classed  as  instincts  and  which  in  some  other  way. 
James,  for  example,  taught  that  man  has  more  in- 
stincts than  any  other  animal,  while  Charles  Darwin 
considers  that  he  has  fewer  than  any  other — an  op- 
position which  suggests  only  how  vain  discussions 
are  in  general  before  exact  definition  is  agreed  upon. 
The  fact  appears  to  be  that  human  behavior  is  too 
complex  and  the  innervation  of  human  instincts  far 
too  extended  in  the  nervous  system  to  allow  of  any 
list  being  made  to  which  two  or  three  "authorities" 
even  would  agree  as  exact  and  exhaustive.  Why  not 
be  wise,  then,  or  at  least  wisely  conservative,  and 
refuse  to  attempt  the  impossible,  attempting  to  make 
a  list  of  "the  instincts"  only  when  we  attempt  to  make 
a  list,  or  a  classification,  of  odors,  for  example,  per- 
ceptible by  the  human  olfactory  lobes,  for  it  is  certain 
that  no  two  judges  would  agree  together. 

There  are  two  classes  of  instincts,  however,  worth 
noting,  especially  in  a  treatise  intended  primarily  for 
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physicians.  All  human  instincts  (unlike  some  '.I 
the  instincts  of  the  brute)  are  directed  apparently 
either  toward  self-preservation  or  the  preservation  of 
the  human  race,  toward  what  we  have  already  spoken 
of  above  in  short  as  biologic  ends,  tin-  furtherance  of 
the  evolutionary  ends,  that  is,  of  the  living,  conscious, 
process.  We  have  hence  two  classes  of  instini 
often  in  clash  and  perhaps  as  often  or  oftener  in  al- 
liance, instincts  of  self-preservation,  and  .-i  broad,  com- 
plex set  (jf  tendencies  which  are  part  of  the  sexual 
instinct.  So  far  as  properly  instinctive  at  all,  most 
of  the  reactions  of  men  and  women  and  children  are 
directed  toward  these  two  ends.  It  is  essential  that 
the  physician  should  be  effectively  aware  of  the 
universality  of  these  two  sets  of  instincts  in  the 
thoroughly  normal  individual  when  not  under  the 
extraneous  influence  of  ideas  foreign  to  his  biological 
nature.  These  two  biologic  interests,  one  way  or 
another,  immediately  or  remotely,  selfishly  and  bru- 
tally or  in  an  attenuated  form  so  thin  that  their  real 
nature  is  seemingly  lost,  dominate  the  lives  of  us  all. 
The  ascetic,  apparently  suffering  this  life  through, 
seeks  only  to  defend  himself  against  loss  of  happiness 
hereafter,  and  the  most  refined  and  broad-minded 
mother  of  a  family,  the  essence  of  womanly  modesty, 
queen  of  a  man  and  of  a  home  which  all  admire,  is 
demonstrating  everywhere  everyday  how  dependent 
on  the  sexual  instinct,  culminating  in  abundant 
motherhood,  are  the  very  highest  phases  of  even  our 
human  life.  When  the  great  public  learns  this  in- 
timacy of  relationship,  this  continuity  between  the 
brutal  and  the  divine,  biologic  science  will  begin  to 
take  its  proper  place  in  popular  estimation.  For 
the  physician  to  understand  this  true  instinctive  basis 
of  most  human  motives  is  to  more  accurately  estimate 
at  their  true  worth,  or  near  it,  values  of  behavior 
which  are  often  overestimated,  and  whose  irresistable 
force,  on  the  other  hand,  is  quite  as  often  underesti- 
mated. In  short  the  body  and  its  modes  of  action, 
automatic,  reflex  or  voluntary,  is  the  sole  means 
known  to  us  by  which  a  human  personality  can  pos- 
sibly attain  its  apotheosis,  developing  thereby  the 
sanction  for  its  creation. 

As  much  to  show  the  inconsistencies  of  attempting 
to  systematize  things  by  nature  unsystematic  as  for 
any  instructive  purpose  let  us  run  through  some  of 
the  lists  of  human  instincts  (quoted  by  Parmelee, 
loc.  cii.)  prepared  by  relatively  recent  writers.  James 
uses  the  term  instinct  in  a  very  broad  sense  and  in- 
cludes several  of  what  most  physiologists  would 
term  reflexes:  crying,  sneezing,  snuffling,  snoring, 
coughing,  sighing,  sobbing,  gagging,  vomiting,  hic- 
coughing, starting,  moving  the  limbs  when  tickled, 
touched,  or  blown  upon;  sucking,  biting,  clasping, 
carrying  an  object  to  the  mouth,  smiling,  turning  the 
head  aside  as  a  gesture  of  rejection,  holding  head 
erect,  sitting  up,  standing,  locomotion,  vocalization, 
etc.;  imitation,  emulation  or  rivalry,  pugnacity, 
anger,  resentment,  sympathy,  the  hunting  instinct, 
fear,  appropriation  or  acquisitiveness,  constructive- 
ness,  play,  curiosity,  sociability,  shyness,  secretiveness, 
cleanliness,  modesty  and  shame,  sexual  love,  jealousy, 
and  parental  love.  Some  of  these  look  more  like 
reflexes,  some  more  like  emotions,  than  instincts 
properly  so-called,  while  of  course  modesty  is  not 
an  instinct  at  all,  never  being  congenital  and  sel- 
dom lacking  "consciousness  of  the  end"  to  which 
the  action  leads.  James's  list  of  the  instincts  al- 
ways seemed  to  the  present  writer  as  the  least  well- 
considered  portion  of  his  remarkable  psychologic 
discussion. 

Angell  says  that  the  generally  recognized  instincts 
in  man  are  the  following:  fear,  anger,  shyness, 
curiosity,  affection,  sexual  love,  jealousy  and  envy, 
rivalry,  sociability,  sympathy,  modesty,  play,  imi- 
tation, constructiveness,  secretiveness,  and  acquisi- 
tiveness. Angel  says  elsewhere  in  his  book  ("Psy- 
chology," p.  339)  that  instincts  "represent  structurally 
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preformed  pathways  in  the  nervous  system,  and  stand 
functionally  for  effective  inherited  coordinations  made 
in  response  to  environmental  demands. "  Win.  Mc- 
Dougall  ("Social  Psychology,"  III)  thus  lists  the 
principal  human  instincts:  flight,  repulsion,  curiosity, 
pugnacity,  self-abasement,  self-assertion  (parental, 
reproductive,  gregarious, acquisitive, and  constructive). 

The  last-given  list  seems  to  be  as  satisfactory  as 
any  so  far  printed,  for  analysis  shows  it  to  be  made  up 
of  processes  classifiable  as  either  self-preservative  or 
race-preservative,  curiosity  being  obviously  a  phase 
of  "acquisitive  self-assertion,"  the  objects  acquired 
being  mental  rather  than  material. 

Kirkpatrick  has  made  a  rather  useful  classification 
of  the  instincts,  although  here  as  elsewhere  the  various 
portions  of  behavior  merge  into  each  other,  and  their 
classes  likewise  to  some  extent.  There  are  six  groups 
in  this  schema  of  the  instincts:  "1.  Individualistic  or 
Self- Preservative  Instincts:  Feeding;  fearing;  fight- 
ing. 2.  Parental  Instincts:  Sex  and  courtship  in- 
stincts; singing;  self-exhibition;  fighting  for  mates; 
nest-building  (love  of  home).  3.  Group  or  Social 
Instincts:  To  arrange  themselves  in  groups;  to  co- 
operate for  the  common  good  in  attack  and  defense; 
seeking  companionship,  desiring  the  approval  of  the 
group  which  one  joins;  pride;  ambition;  rivalry; 
jealousy;  embarrassment;  shame.  4.  Adaptive  In- 
stincts: Tendency  to  spontaneous  movement;  for 
nervous  energy  to  take  the  same  course  that  has  just 
been  taken;  to  imitation;  to  play;  to  curiosity.  5. 
Regulative  Instincts:  The  moral  tendency  to  conform 
to  law;  the  religious  tendency  to  regard  a  higher 
power.  6.  Resultant  and  Miscellaneous  Instincts 
and  Feelings:  The  tendency  to  collect  objects  of 
various  kinds  and  to  enjoy  their  ownership;  to  con- 
struct or  destroy  and  the  pleasure  of  being  a  power 
or  cause;  to  express  mental  states  to  others  of  the 
species  and  to  take  pleasure  in  such  expression;  to 
adornment,  and  the  making  of  beautiful  things  and 
the  esthetic  pleasure  of  contemplating  such  objects." 
This  classification  is  the  most  scientific  known  to  the 
present  writer,  but,  as  has  been  suggested  already,  its 
members  include  behavior  series  far  outside  the  classic 
instinctive  range.  However,  it  is  only  a  matter  of 
definition  after  all,  and  if  it  becomes  fashionable  to  so 
extend  the  denotation  of  the  term  instinct,  this  list 
is  unexcelled. 

On  the  other  hand,  the  present  tendency  is  to 
abandon  such  terms  as  instinct  and  imitation  as  relics 
of  the  old  superstitions,  phrenology,  and  "faculties" 
of  earlier  respective  periods,  and  to  attempt  the  more 
fundamental  task  (however  forbidding  in  our 
present  infinite  ignorance  about  the  nervous  system) 
of  figuring  and  explaining  the  really  original  tendencies 
of  man  and  their  neural  pathways.  Thus  Thorndike 
of  Columbia  in  his  suggestive  "Original  Nature  of 
Man,"  1913,  remarks,  "If  one  insists  resolutely  on  re- 
placing a  list  of  instincts  as  magic  potencies  which 
produce  certain  results,  by  a  statement  of  even 
roughly  definable  bonds  between  actual  situations  and 
actual  thoughts,  feelings,  and  acts,  it  becomes  neces- 
sary to  part  company  with  the  stock  descriptions  of 
instincts."  The  straight  road  to  this  important  goal 
undoubtedly  lies  in  histological  and  physiological  re- 
search into  the  precise  neuronal  paths  of  adaptive 
reactions,  especially  so  far  as  kinesthetic;  and  also 
in  a  recognition  that  the  basal  contrast  between 
pleasure  (pleasantness)  and  pain  (unpleasantness), 
euphoria  and  dysphoria,  constitutes  the  starting-point 
of  every  efficient  study  of  behavior.  At  present, 
ignorance  of  the  nervous  system  compels  a  con- 
tinuance of  disorder  in  the  science  of  habituation, 
instinct,  intuition,  and  of  behavior  in  general. 

George  V.  N.  Dearborn. 
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of  intelligence  I  mm  • :  i.  i  i  i  ■  ■  :i  |m  .  ilulii  \  ;  but  t  lie  possibility 
ilid  not  become  a  reality  for  many  years,  principally 
because  the  psychological  experiments  wire  carried 
on  with  adults  when-  the  problem  of  intelligence  is 
enormously  complicated.  It  was  early  seen  that  the 
various  psychological  tests  when  applied  to  adults 
had  very  little  relation  to  intelligence.  A  person 
might  have  fine  discrimination  for  lifted  weights  but 
be  correspondingly  weak  in  other  mental  processes,  so 
that  his  total  mental  status  would  be  only  average  or 
poor.  His  memory  span  might  be  weak  but  this 
could  be  made  up  by  other  excellences  which  would 
bring  him  up  to,  < > r  above  the  average.  Even  to-day 
there  are  no  methods  of  determining  accurately  the 
intelligence  of  a  normal  adult. 

It  was  the  genius  of  Alfre.  I  Hinet  that  conceived  the 
idea  of  measuring  the  intelligence  of  children  during 
those  years  when  the  mental  processes  are  com- 
paratively simple  and  easily  determined. 

In  1905  Binet  published  a  short  article  entitled 
"Apropos  of  the  Measuring  of  Intelligence"  {V Annie 

I'xi/rliiiliiyiqiir,    vol.    \i,    pp.    (ill    N2,    l'.MI.i).        He  alludes 

in  this  to  an  article  published  the  previous  year  in 
the  Journal  de Psychologii  by  M.  Biervliet,  to  whom 
he  gives  credit  for  having  marie  some  suggestions. 
The  article,  however,  was  as  Binet  says,  only  a  few 
notes  made  after  some  experiments  on  the  acuteness 
of  vision  and  touch.  In  his  own  article  Binet  lavs 
down  the  criterion  for  a  test  of  intelligence.  He  saj  s  : 
"If  one  succeeds  in  finding  a  test  easy  to  repeat  and 
precise,  which  shows  a  development  parallel  with  that 
of  the  intelligence,  one  will  then  have  done  a  great 
service  to  pedagogy  in  furnishing  a  test  of  intelligence, 
a  criterion  with  which  it  will  be  possible  to  judge  and 
measure  the  intelligence  of  people."  The  plan  is 
simple;  its  execution  difficult  in  the  extreme. 

In  a  later  article  in  the  same  volume  entitled  "On 
the  Intellectual  Level  of  Abnormals"  Binet  in 
collaboration  with  Dr.  Simon  gives  us  thirty  such  tests. 
These  are  arranged  in  order  of  difficulty.  He  had  not 
at  that  time  worked  these  out  closely  enough  to  tell 
us  at  what  age  any  one  test  should  be  answered.  It 
was  not  until  1908  that  he  gave  us  the  complete 
Measuring  Scale  of  Intelligence.  This  he  revised  in 
1911  and  in  this  scale  we  find  our  illustration  of  what 
Binet  means  by  "A  test  easy  to  repeat,  and  precise, 
which  shows  a  development  parallel  with  that  of  the 
intelligence."  For  example,  the  ability  to  copy  a 
square  drawn  on  paper.  Ability  to  copy  this  is 
absent  at  the  age  of  two;  it  shows  very  slightly  at 
three,  is  better  at  four,  and  rises  to  practical  perfection 
at  five.  Beyond  the  age  of  five  it  presents  no  diffi- 
culty to  the  normal  child.  It  is  thus  assigned  by  Binet 
to  the  age  of  five  as  asuitable  test. 

We  can  say,  therefore,  so  far  as  this  test  is  con- 
cerned, that  if  a  child  can  copy  a  square  he  has  the 
mentality  of  the  average  child  of  five  years.  But 
nothing  is  more  common  than  the  variability  of 
children,  and  one  is  sure  that  some  children  could 
draw  the  square  at  three  while  others  could  not  draw  it 
until  seven.  Binet  obviates  this  difficulty  in  his 
scale  by  finding  five  questions  that  are  suitable  for 
the  age  of  five;  the  result  of  this  is  that  if  the  child  is 
precocious  in  drawing  the  square  he  may  be  a  little 
backward  in  something  else,  and  the  two  will  offset 
each  other,  and  with  the  use  of  the  five  questions  that 
are  set  for  that  age,  the  individual  variations  are 
averaged  down  and  while  the  performances  of  different 
five-year-old  children  will  vary  in  the  different  ques- 
tions, the  final  results  will  be  the  same  for  all. 

It  is  evident  that  such  questions  as  the  copying  of 
the  square  would  not  measure  intelligence  beyond  the 
age  of  five,  because  the  square  is  copied  perfectly  at 
about  that  time.  For  children  of  ten  or  of  the  other 
ages,  other  questions  must  be  found  which  reach  their 
perfection  at  a  later  age. 

Binet's  plan  is  perfect  and  he  has  worked  it  out 
with  marvelous  success.     It  is  true  that  some  of  his 
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questions  have  .such  a  wide  variation  that  the)  are 
not  as  satisfactory  as  one  could  wish,  and  few  of 
them  are  ai  exact  as  the  square  that  we  have 
mentioned. 

There  have  been  many  theoretical  objections  to  the 
scale,  and  the  psychologists  have  been  prompt,  as 
Binet  predicted  the)  would  be,  in  pointing  out  the 
imperfections    and    even    the    impossibilities    of    the 

scale. 

One  objection  thai  it  has  been  hard  for  the  layman 
to  get  over  is  the  belief  that  school  training  would  have 
an  enormous  influence  upon  the  results.  This  has 
come  from  the  popular  idea  that  a  child's  develop- 
ment depends  upon  his  schooling  and  that  without 
schooling  the  mind  would  not  develop  with  anything 
like  uniformity.  It  is  largely  to  the  Binet-Simon 
Scale  itself  that  we  owe  our  understanding  that  the 
mind  does  develop  of  itself,  and  that  a  child  who  has 
never  been  in  school  may  nevertheless  be  intelligent 
in  proportion  to  his  age.  In  practice  the  scale  has 
proved  a  success.  An  expert  in  its  use  can  grade  the 
intelligence  of  a  child  to  a  nicety,  while  even  the  novice 
can  learn  more  about  a  child  in  a  half  hour  than  any 
other  method  would  give  him  in  weeks  or  even  months. 

These  tests  of  intelligence  cover  the  ages  from  three 
to  twelve.  Binet  did  indeed  propose  tests  for  ages 
fifteen  and  above  fifteen,  or  what  he  termed  adults, 
but  in  these  he  has  not  been  so  successful  and  they  are 
not  now  in  use. 

The  scale  has  been  authorized  for  use  in  determining 
the  mentality  of  school  children  by  the  English  Board 
of  Education.  It  is  used  in  juvenile  courts,  has  been 
accepted  in  criminal  cases  to  show  that  a  murderer,  for 
example,  was  of  such  low  intelligence  that  he  came 
under  the  provision  for  imbeciles.  It  is  used  in  a 
large  number  of  school  systems  in  many  countries. 

The  following  is  an  abridged  translation  of  Binet's 
description  of  the  tests.  The  paragraphs  in  brackets 
at  the  end  of  the  description  of  each  test  indicate 
further  details  that  have  been  adopted  by  the  Vine- 
land  laboratory. 

Children  of  Three  Years. — 1.  Where  is  your 
nose?  Your  eyesf  Your  mouth?  One  of  the  best  signs 
of  awakening  intelligence  in  young  children  is  the 
comprehension  of  spoken  words.  We  test  this  by 
asking  these  questions  which  can  be  answered  by  a 
gesture. 

[Other  parts  of  face  are  harder.  Do  not  persist  to 
the  point  of  annoying  the  child.  If  necessary,  be- 
cause of  shyness,  help  on  the  first  and  then  if  he  suc- 
ceeds on  next  two  give  him  a  fourth  one.  Be  sure 
you  do  not  help.] 

2.  Repetition  of  Sentences  of  Six  Syllables.  "It 
rains.  I  am  hungry."  (Six  syllables.)  Experiment 
proves  that  it  is  easier  for  a  child  to  repeat  words  than 
to  speak  a  word  of  his  own.  If  a  child  does  not  re- 
spond one  may  try  him  with  two  syllables  ("mama") 
then  four,  etc.  A  child  of  three  repeats  six  syllables 
but  not  ten.  There  must  not  be  a  single  error.  [Give 
no  second  trial  unless  there  was  a  distraction  the  first 
time.  If  second  trial  is  necessary  use  another  similar 
sentence,  trying  to  follow  Binet's  division  of  syllables. 
Do  not  refuse  a  child  credit  because  of  defective 
pronunciation  if  he  has  said  the  whole  number  of 
syllables.] 

3.  Repetition  of  Figures.  "6-4."  A  child  of  three 
can  repeat  two  figures.  Figures  require  closer  at- 
tention than  words  because  they  mean  nothing  to 
him.  Pronounce  the  figures  distinctly,  one-half 
second  apart  and  without  emphasis  on  any  one 
figure. 

[Out  of  three  trials  one  must  be  correct.  Use 
different  number  combinations  each  time.] 

4.  Describing  Pictures.*     A  picture  is  shown  to  the 

*  These  pictures  as  well  as  other  materials  needed  for  the 
tests  can  be  obtained  of  C.  H.  Stocking  Company.  127  Green  Street, 
Chicago. 
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child  with  the  question.  "What  do  you  see?"  The 
pictures  must  be  chosen  with  some  care.     Each  one 

must  represent  some  people  and  n  iluntinn.  Binet 
uses  three  pictures.  The  first  is  a  man  and  a  boy 
drawing  a  carl  Loaded  with  furniture.  The  second, 
a  woman  and  an  old  man  sitting  on  a  bench  ina  park 
in  winter.  The  third  a  man  in  prison  looking  out  of 
the  window;  a  couch,  chair  and  tables. 

[Be  eareftd  of  form  of  question.  Say,  "What  do 
you  see  in  this  picture?"     Use  at  least  three  pictures.] 

A  child  of  three  names  the  things — enumerates. 
Hi-  does  not  describe  any  actions  in  the  pictures. 

5.  Nome  of  tin  Family.  All  children  of  three  know 
their  first  name.  They  sometimes  know  the  family 
name  bu1  not  always.  If  he  gives  only  first  name, 
as  John,  one  may  ask,  "John  what?" 

Children  op  Four  Years. —  1.  Sex  of  Child.     "Are 
you  a  little  boy  or  a  little  girl?"     If  testing  a  girl,  give 
the  question  in  this  form.     Are  you  a  little  girl  or  a 
Kttli    boy?     Children   of    three   do   not    know.     Chil 
dren   of   four  always  do. 

2.  Naming  Familiar  Objects.  One  takes  from  his 
pocket  a  key,  a  knife,  and  a  penny.  [Objects  other 
than  those  given,  may  be  used  if  examiner  is  sure 
child  is  familiar  with  them.     Say,   "What  is  this?"] 

O  D  a 

1  2  3 


Fig.  3478. 

The  answers  should  indicate  that  the  child  knows 
what  each  is.  This  is  a  more  difficult  use  of  language 
than  naming  objects  in  the  picture  because  there 
the  child  choses  his  own  object  to  name;  here  we  sav. 
"What  is  that  thing?" 

3.  Repetition  of  Three  Figures.  "7-2-9."  [Child 
must  succeed  on  one  out  of  three  trials,  each  trial 
being  a  different  group  of  figures.] 

4.  Comparison  of  Tiro  Lines.  "  Which  is  the  longer 
line?"  Show  a  card  on  which  are  drawn  two  parallel 
lines  3  centimeters  apart,  the  one  5  centimeters  and 
the  other  6.  Hesitation  is  failure.  [Say  to  child,  "Do 
you  see  these  lines?"  "Tell  me  which  is  the  longer." 
A  correct  response  must  be  given  without  hesitation 
three  times.  Vary  position  of  long  line  from  top  to 
bottom  by  turning  card  around.  Be  sure  the  judg- 
ment is  real  and  not  accidental.] 

Children  of  FrvE  Years. — 1.  Comparison  of  Two 
Weights.  "Which  is  the  heavier?"  Use  weighted 
blocks  of  wood  of  equal  size  and  appearance.  Com- 
pare 7  grams  with  12  grams  and  6  grams  with 
15  grams.  Note  the  curious  and  interesting  errors 
that  are  made.  [It  is  a  test  of  perception  of  differ- 
ence. If  you  have  no  3  gram  weights,  use  6  and  15, 
and  9  and  IS.  Two  judgments  out  of  three  must  be 
correct.  Have  heavier  at  right  on  one  trial  and  at 
left  on  next  trial.] 

2.  Copying  a  Square.  Show  a  square  of  3  or  4 
centimeters.  Have  child  copy  it  with  ink — not 
pencil.  Pen  makes  it  harder.  It  is  satisfactory  if 
one  can  recognize  the  square.  In  Fig.  347S,  Binet 
considers  1,  2,  3,  acceptable,  4,  5,  6,  not  acceptable. 
[Pen  and  ink  seem  a  little  hard,  so  hereafter  pencil 
will  be  used.] 
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3.  Repeals  Sentence  of  Ten  Syllublrs.  I'se  this:  His 
name  is  John.  He  is  a  very  good  boy."  [All  ten 
syllables  must  be  repeated  verbatim.] 

4.  Counting  Four  Pennies.  Place  four  pennies  in 
a  row.  Insist  that  child  count  them  with  his  finger. 
At  three  years  a  child  does  not  know  how  to  count, 
four:  at  four  half  succeed:  at  five  all  succeed. 

5.  Game,  of  Patience  with  Two  Pieces.  Cut  a  visiting 
card  diagonally.  Place  a  whole  card  on  the  table. 
Nearer  the  child  place  the  two  pieces  with  the  two 
hypothenuses  away  from  each  other.  Ask  the  child 
to  make  a  figure  like  the  uncut,  card.  One  child  in 
twelve  fails.  Be  careful  (1)  that,  child  does  not  fail 
because  he  is  too  indolent  to  reach  out  and  fry: 
(2)  that  one  of  the  pieces  does  not  get  turned  over — 
because  then  it  is  impossible:  (3)  that  you  do  not  show 
by  a  look  whether  the  child  is  right  or  wrong.  [Give 
the  child  no  suggestion,  place  the  two  triangles  before 
him  with  the  long  legs  facing  each  other  and  some- 
what separated.] 

Children  of  Six  Years. —  1.  Distinction  between 
Morning  and  Afternoon.  "Is  this  morning  or  is  it 
afternoon?"  It  should  be  remembered  that  a  certain 
type  of  child  will  always  answer  t  he  second  of  two  alter- 
natives. Therefore  if  the  time  is  afternoon,  it  is  well 
to  put  the  question,  "Is  this  afternoon  or  morning?" 
Not  before  six  do  children  know  this.  [Is  a  test  of 
perception  of  passing  time  and  often  develops  a  little 
late.  As  in  Four,  1  and  4  be  sure  the  answer  is  not 
accidental.     If  in  doubt,  repeat  question  later.] 

2.  Definition  of  Known  Objects-  "What  is  a  fork? 
a  table?  a  chair?  a  horse?  a  mama?"  There  are  three 
kinds  of  response.  (1)  Silence,  simple  repetition,  or 
gesture,  e.g.  "A  fork  is  a  fork,"  or  pointing  says 
"That  is  a  chair."  (2)  Definition  in  terms  of  use, 
"A  fork  is  to  eat  with."  (3)  Definitions  better  than 
by  use.  This  includes  all  answers  that  describe  the 
thing  or  even  begin  with  "it  is  a  thing" — "it  is  an 
animal,"  etc.,  all  of  which  expressions  are  not  so  child- 
like as  the  simple  "use"  definitions.  In  deciding 
which  type  of  answer  we  shall  credit  to  the  child,  we 
accept  three  out  of  five.  At  four  years  half  the  chil- 
dren define  by  "use":  it  increases  a  little  at  five  and 
at  six  practically  all  define  this  way.  Not  before  nine 
do  the  majority  give  the  definitions  that  are  "better 
than  by  use."  [Test  of  language  and  ideas — silences 
or  mere  repetition  of  question  or  pointing  are  counted 
failure,  e.g.  "a  horse  is  a  horse,"  or  "this  is  a  table" 
(touching  one).  Child  should  respond  with  definition 
by  use  to  at  least  three  out  of  five  to  be  credited  at  age 
of  six,  and  by  three  out  of  five  definitions  superior  to  use 
at  the  age  of  nine.     Do  not  credit  automatisms.] 

3.  Execution  of  Three  Simultaneous  Commissions. 
"Do  you  see  this  key?  Put  it  on  that  chair.  Then 
shut  the  door.  After  that  bring  me  the  box  that  is 
on  the  chair.  Remember,  first  the  key  on  the  chair, 
then  close  the  door,  then  bring  the  box.  Do  you 
understand?  Well,  then,  go  ahead."  Such  are 
the  directions.  They  must  all  be  done  without  further 
help,  hint  or  suggestion.  At  four  years  almost  none 
can  do  this,  at  five  about  half:  at  six  all,  or  nearly  all, 
succeed.  [Give  clear  directions — then  repeat  them, 
and  after  that  give  the  child  no  more  help.  Be  sure 
the  three  commissions  are  not  conflicting,  ambiguous, 
or  unusual.] 

4.  .Right  Hand.  Left  Ear.  One  says  to  child 
"Show  me  your  right  hand"  and  when  that  is  done 
"Show  me  your  left  ear."  There  are,  in  the  main, 
three  kinds  of  response.  (1)  Does  not  know  right 
and  left.  Shows  right  hand  because  of  natural 
tendency.  Shows  right  ear  also.  (2)  Knows  but 
is  not  sure.  Shows  right  hand,  then  right  ear  but 
corrects  himself  at  once.  (3)  Knows  and  without 
hesitation  touches  right  hand  and  left  ear.  (2) 
and  (3)  are  considered  satisfactory.  If  child  touches 
one  hand  with  the  other  in  such  a  way  that  one  cannot 
tell  which  hand  he  means,  ask  him  to  hold  his  right 


hand  up  high.  lie  very  careful  in  this  test  to  give  no 
hint   by  look  or  word.        \l    four  years  no  chilli   points 

tolefl  ear:ai  five  half  of  the  children  make  a  mistake: 
at  six  all  succeed.  |  Vccepl  if  done  immediately  or 
with  slight  hesitation.  Ot  her  parts  of  the  body  seem 
harder,  [f  examiner  has  given  no  sign  of  disappri  ival, 
aprompl  correction  on  part  of  child  must  be  accepted. 


Fig.  3479. 

5.  Esthetic  Comparison.  "  Which  is  the  prettier?" 
Binet  uses  six  heads  of  women  in  three  pairs,  the 
one  pretty  and  the  other  ugly  or  even  deformed  (Fig. 
3479).  Care  is  taken  that  the  pretty  one  is  now  at 
the  left  and  now  at  the  right.  At  six  all  choose  cor- 
rectly: at  five  about  half.  [Child  must  give  all  three 
comparisons  correctly.] 

Children  of  Seven  Years. — 1.  Counting  Thirteen 
Pennies.  Pennies  must  be  placed  in  a  row  and 
counted  with  the  finger.  Finger  must  touch  the 
piece  at  the  same  time  that  the  child  names  the 
number.  No  piece  may  be  counted  twice  and  none 
omitted.  The  number  thirteen  must  be  given  exact. 
At  six  years  two-thirds  fail:  at  seven  they  make  no 
errors. 

2.  Description  of  Pictures.  Same  pictures  as  used 
in  age  three.  Child  now  sees  action  instead  of 
simply  enumerating.  [See  age  three,  question  4. 
Now  he  must  report  action  in  at  least  three  pictures, 
e.g.  mowing  lawn,  cutting  hair,  etc.] 

3.  Unfinished  Pictures.  One  shows  four  sketches 
of  such  as  Fig.  3480.  Ask  the  child  "What  is  lacking 
in  that  picture?"  Child  must  answer  three  out  of 
four  correctly.  At  five  years  none  are  correct:  at 
six  errors  number  two-thirds,  at  seven  the  great 
majority  are  accurate.  [Give  encouragement,  but  not 
help.  Ask  each  time  "What  is  missing  (or  lacking) 
in  this  picture?"  Vary  question  to  enable  child  to 
understand  what  is  wanted.] 

4.  Copying  a  Diamond.  Show  a  rhombus  about 
the  size  of  the  square  used  for  age  five.  Have  child 
copy  this  with  pen.  The  result  is  satisfactory  if 
it  would  be  recognized  as  intended  for  a  diamond- 
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shaped  figure.  In  Fig.  3481  Binel  considers  1,  2,  3 
acceptable,  I,  5,  6  not.  [May  bo  done  with  pencil, 
as  pen  is  harder.] 

5.  Name  Four  Colors.  Use  red,  blue,  green,  and 
yellow  papers,  in  pieces  aboul  1  X  3  inches.  Touch- 
ing each   color  with  the  finger  ask   "What   is  that 


Fig.  3480. 

color?"  It  will  be  seen  this  is  a  test  of  color  names 
not  of  discrimination.  It  should  be  done  in  6  seconds. 
[No  errors  allowed.] 

Children  of  Eight  Years. — 1.  Compare  Two 
Things  from  Memory.  "What  is  the  difference 
between  a  butterfly  and  a  fly?  "Wood  and  glass'1" 
"Paper  and  pasteboard  (or  cloth)?"  The  question 
may  be  differently  put  so  as  to  make  it  intelligible 


4  Q  4> 

Fig.  34S1. 

as  possible,  e.g.  "Why  are  they  not  alike?"  etc. 
Two  at  least  out  of  the  three  pairs  should  be  answered 
correctly.  If  it  takes  more  than  two  minutes  it  is 
a  failure.  At  six  a  third  of  the  children  do  this  test: 
at  seven  nearly  all:  at  eight  all.  [Do  not  accept 
automatisms.  Do  not  expect  logical  answers.  An 
answer  that  shows  the  child  has  an  idea  of  each  ob- 
ject and  expresses  a  difference  between  them  is  accept- 
able, e.g.  "A  butterfly  is  yellow  and  ally  is  black." 
"You  can  tearpaper,  cloth  you  can't,"  are  both  accept- 
able answers.] 

2.  Count  Backward  from  20  to  1.     This  should  be 
done  within  20  seconds,  and  only  one  mistake  allowed 
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of  omission  or  trai  tion.     Hold  pretty  strictly  to 

time. 

3.  T7(e  Days  of  the  Week.  These  must  be  given  in 
order  without  omission  within  ten  seconds.  Most 
persons  would  expect  thai  this  could  be  done  before 
age  eight,  bu1  it  cannot.  [Child  must  not  bi  given  one 
name  with  which  to  start.  May  begin  with  any  one 
so  long  as  he  names  all  in  order.] 

4.  Count  Nine  "Sous"  (3  Simples  <</<</  3  Doubles). 

(Our  two-cent  |>ii is  now  so  rare  that  we  use  1-cent 

and  2-cent  postage  stamps.)     Arrange  in  order,  1,  1,1, 

2,  2,  2.  "How  much  are  they  worth?  (How  much 
money  to  buy  them?)  "Count."  It  should  be  done 
within  ten  seconds  without  any  error.  There  are 
three  ways  of  counting.  One  child  says  1,  2,  3,  5,  7,  9. 
Another  "says  1,  2,  3,  4-5,  6-7,  8-9.  The  third  says, 
1,  2,  3,  4,  5,  6,  which  is  of  course  wrong.  A  minority 
do  this  test  at  seven  years.  But  nearly  all  do  it  at 
eight.  [Be  careful  of  stamp  arrangement  — 111222. 
Say,  "You  know  how  much  a  green  stamp  costs 
(illustrating  with  one  stamp)  and  how  much  a  red 
stamp  costs  (illustrating)?  How  much  do  all  these 
cost?"] 

5.  Repetition  of  Five  Figures.  "4-7-3-9-")."  Same 
method  of  procedure  as  given  above,  age  three. 
Only  three-fourths  of  the  children  succeed.  [Five 
figures  must  be  repeated  correctly  in  one  trial  out  of 
three,  each  on  a  different  group  of  figures.] 

Children  of  Nine  Years. —  1.  Make  Change — 9 
Cents  out  of  25.  Play  store.  Using  real  money. 
If  child's  cash  consists  of  25  pennies,  5  nickels,  and  2 
dimes,  interesting  degrees  of  intelligence  will  be  dis- 
covered by  noticing  the  coins  he  uses  in  making 
change.  Child  is  storekeeper.  One  buys  something 
that  costs  9  cents.  Child  must  actually  give  16  cents 
as  well  as  say  it.  At  seven  no  one  can  do  this  test :  at 
eight  a  good  third  succeed:  at  nine  all  do  it.  [Real 
money  only  must  be  used  and  change  must  be  counted 
out  as  well  as  stated  (except  in  cases  where  child  is 
obviously  beyond  this  test).  Use  four  cents  from 
twenty  (two  dimes),  or  six  cents  from  twenty-five 
as  an  alternate.] 

2.  Definition  Better  than  by  "Use."  This  was  ex- 
plained under  age  six.  At  ages  seven  and  eight,  half 
the  children  give  definitions  of  this  kind.  At  nine 
they  all  do.     See  age  six,  question  2. 

3.  Name  the  Day  of  the  Week,  the  Month,  the  Day  of 
the  Month  and  the  Year.  The  test  is  passed  even  if 
the  day  of  the  month  is  as  much  as  three  days  wrong. 
Children  least  often  know  the  year. 

4.  The  Months  of  the  Year.  Recited  in  order  within 
15  seconds.  Allow  one  omission  or  transposition. 
[Do  not  name  a  month  to  start  the  child.  Child  may 
begin  with  any  one  so  long  as  he  names  them  all  in 
order.] 

5.  Arrangement  of  Weights.  Use  five  wooden  cubes 
of  same  size  and  appearance  but  loaded  so  as  to 
weigh  6,  9,  12,  15,  18  grams.  (Metal  pill  boxes 
may  be  used).  Place  the  five  boxes  on  table  in  front 
of  child  and  explain  that  they  do  not  all  weigh  alike 
and  he  is  to  lift  them  one  at  a  time  and  put  them  in 
order  from  the  lightest  to  the  heaviest.  (The  initial 
of  each  weight  written  on  the  bottom  of  each  box 
makes  it  easy  to  see  if  they  are  right.)  Record  the 
exact  order  in  which  the  child  has  placed  them. 
Three  trials  are  made.  Two  must  be  absolutely 
correct.  The  whole  operation  ought  not  to  take  over 
three  minutes.  [Weights  are  to  be  arranged  in 
decreasing  order.  Do  not  help  after  child  has 
started,  e.g.  by  saying,  "Now  the  heaviest  one  that  is 
left."  Give  clear  and  explicit  instructions  before 
beginning  the  test.  Then  do  not  help  further  on  that 
trial.  The  instructions  may,  however,  be  repeated 
for  a  second  trial.] 

Children  of  Ten  Years. — 1.  Naming  Nine  Pieces 
of  Money.  One  may  use  cent,  nickel,  dime,  quarter, 
half  dollar,  dollar,  two  dollars,  five  dollars  and  ten 
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dollars.  Pieces  should  be  on  table  in  a  row  but  not 
in  regular  order  of  value.  Point  with  finger,  and 
name  as  he  points.  [Our  question  differsfrom  Binet's, 
because  our  currency  does  not  tit.  His  test  involves 
coins,  all  of  which  are  in  use.  Our  coin*  above  fifty 
cents  are  rarely  seen  by  children.  Therefore  we 
show  coins  up  to  fifty-cent  piece  (bu1  not  in  order) — ■ 
these  must  be  named  correctly.  Then  he  may  name 
the  paper  money  from  memory.  If  he  names  2,  3, 
4,  (i,  7,  etc.,  dollar  bills  ask  him  if  he  ever  saw  a  3  and 
4,  etc.;  if  he  insists  that  he  has  seen  them  the  question 
is  given  no  credit,  but  if  he  merely  knows  there  is  a 
higher  series  and  does  not  insist  that  he  knows  from 
i  .r/n  rienee  thai  (here  are  3,  1  or  7  dollar  bills,  we  credrl 
him.) 

2.  Draw  Design  from  Memory.  Tell  child  you  are 
going  to  show  him  two  designs  on  one  card;  thai  he 
is  to  look  at  them  both  for  ten  seconds  and  then  draw 
them  from  memory.  (Use  Fig.  34S2.)  It  is  sat  is- 
factory  if  one  design  is  right  and  other  half  right  No 
account  is  taken  of  proportions,  crookedness  of  lines  or 
perspective. 


-ETL5- 


Fig.  3482. 

"Tests  attention,  visual  memory,  and  a  little  analy- 
sis." [We  define  "half  right"  as  one  significant  pari 
omitted  or  two  transposed.  It  is  well  to  emphasize 
before  beginning  that  child  is  to  draw  both  parts. 
Have  child  draw  on  back  of  record  sheet.] 

3.  Repeats  Six  Figures.  [One  trial  out  of  three 
correct — use  different  series  each  time.  Prepare  series 
beforehand  so  as  to  avoid  same  combinations  of  any 
two  figures  in  the  different  series.] 

4.  Questions  of  Comprehension.  First  Serifs. 
What  ought  one  to  do:  (1)  When  one  has  missed  the 
train?  (2)  When  one  has  been  struck  by  a  playmate 
who  did  not  do  it  purposely?  (3)  When  one  has 
broken  something  that  does  not  belong  to  one?  At 
seven  and  eight  half  respond  correctly:  at  nine  three- 
fourths:  at  ten  all.  If  two  questions  out  of  three  are 
answered  correctly  the  series  is  passed. 

Second  Series. 

What  ought  one  to  do:  (1)  If  he  is  afraid  he  will  be 
late  for  school?  [The  only  correct  answer  is  "hurry" 
or  "run,"  or  some  expression  of  hastening.]  (2) 
Before  deciding  an  important  matter? 

(3)  Why  does  one  excuse  a  wrong  act  committed 
in  anger  more  easily  than  a  wrong  act  committed 
without  anger? 

(4)  What  should  one  do  when  asked  his  opinion  of 
some  one  whom  he  knows  only  a  little? 

(5)  Why  ought  one  to  judge  a  person  more  by  his 
acts  than  by  his  words? 

Allow  at  least  twenty  seconds  to  each  question. 
Three  of  the  five  must  be  answered  correctly.  Both 
series  must  be  passed.  At  seven  and  eight  no  one 
responds  to  a  majority  of  this  second  series:  at  ten 
half  are  successful;  it  is  therefore  a  transition  between 
ten  and  eleven  years. 

[Binet  says,  "Twenty  seconds  at  least  must  be 
given  for  the  child  to  think  each  question  over."] 

5.  Using  Three  Words  in  a  Sentence.  Binet  uses 
the  words  Paris,  fortune,  river,  [We  should  say 
Philadelphia,  money,  river.]  This  is  the  first  time  in 
these  tests  that  we  have  required  the  child  to  "invent" 
his  own  expression.  There  are  three  forms  of  answers. 
(1)  Three  separate  sentences.  (2)  Two  ideas  united 
by  a  conjunction.  (3)  A  single  idea  involving  the 
three  words.  Only  the  last  two  are  satisfactory  for 
the  test.  We  allow  one  minute.  At  eight  no  one 
succeeds.  At  nine  one-third  and  at  ten  one-half  get 
it  right.     In  this  test  may  be  seen  a  distinction  be- 


tween intelligence  and  judgment.  Some  children 
give  a  complete    entence  with  the  three  words  bu1 

they  do  nol  make  sense.      [Say,  "Do  you  know   whal  a 

sentence  is?"  One  may  explain,  bui  nol  illustrate 
what  a  sentence  is.  One  then  continues,  "Pul  the  i 
three  words  into  one  sentence"  (saying  the  three 
words  to  be  used,  and  nothing  else).     The  sentence 

tna\     lack    good    sense    and    yet     he    acceptable.       We 

accepi  .i  compound  sentence  or  better,  bui  nol  separate 
sentences.] 

Children     op     Eleven     Years.— 1.  Criticism     of 

Sentences.      These    are    sentences    thai     contain    some 

absurdity  or  ridiculous  expression.  Binet  explain 
thai  formerly  he  used  sentences  like  "Is  snow  red  or 
black?"  but  he  found  that  many  bright  children  fell 
into  the  trap  and  others  through  confidence  in  the 
questioner  failed  to  look  for  an  absurdity.  Then 
lie  lias  changed  the  plan  and  now  says  to  the  child, 
"I  am  going  to  give  j  ou  some  sentences  in  which  there 
is  nonsense.  You  listen  carefully  and  see  if  you  can 
tell  me  where  the  nonsense  is."  Then  he  reads  the 
sentence  very  slowly. 

These  are  the  sentences:  1.  "  \n  unfortunate 
cyclist  has  had  his  head  broken  and  is  dead  from  the 
fall:  they  have  taken  him  to  the  hospital  and  they 
do  not  think  that  he  will  recover." 

2.  "I  have  three  brothers,  Paul,  Ernest,  and 
myself." 

3.  "The  police  found  yesterday  the  body  of  a 
young  girl  cut  into  eighteen  pieces.  They  believe 
that  she  killed  herself." 

4.  "Yesterday  there  was  an  accident  on  the  rail- 
road. But  it  was  not  serious:  the  number  of  deaths 
is  only  forty-eight. 

5.  Some  one  said  "If  in  a  moment  of  despair  I 
should  commit  suicide,  I  should  not  choose  Friday, 
because  Friday  is  an  unlucky  day  and  it  would  bring 
me  ill  luck." 

The  test  should  last  about  two  minutes.  Three  at 
least  of  the  questions  should  receive  good  answers. 
At  nine  years  hardly  any  child  gets  them:  at  ten 
scarcely  a  fourth:  at  eleven  a  half.  [Three  out  of 
five  must  be  correct.  If  they  seem  too  gruesome  for 
a  particular  individual   child,   use  the  alternatives.] 

2.  Three  Words  in  a  Sentence.  (Given  under 
age  ten.)  At  eleven  all  succeed.  [See  age  ten, 
question  5.  To  pass  at  this  age  the  sentence  must  be 
either  simple  or  complex,  but  not  compound.] 

3.  Sixty  Words  in  Three  Minnies.  "Say  as  many 
words  as  you  can  in  3  minutes;  as  table,  board, 
beard,  shirt,  carriage."  We  tell  him  that  some  chil- 
dren have  named  200  words.  This  test  gives  a 
splendid  opportunity  to  appreciate  the  intelligence 
of  a  child.  At  least  sixty  words  must  be  given. 
[Must  give  at  least  sixty.  Do  not  credit  numbers 
given  serially,  nor  repeated  words  if  they  occur  too 
frequently.  Twenty  words  in  one  minute  or  forty  in 
two  does  not  serve  to  pass  the  test.] 

4.  Rhymes.  Explain  what  is  meant  by  one  word 
rhyming  with  another.  Illustrate.  Then  ask  for  as 
many  words  as  the  child  can  think  of,  that  rhyme 
with  a  given  word.  e.g.  "day"  or  "spring"  or  "mill." 
One  minute  is  allowed.  Three  rhymes  with  one  word 
should  be  found  in  the  given  time.  [Always  give  an 
explanation  of  the  meaning  of  rhymes  and  an  illustra- 
tion (weuse  "floor"  as  an  illustration).  Do  not  accept 
syllables  that  are  not  real  words  although  they  may 
rhyme.  Three  rhymes  with  each  of  the  three  words 
is  required,  one  minute  is  allowed  for  each  series.] 

5.  Words  to  Put  in  Order.  "Make  a  sentence  out 
of  these  words:" 

1.  STARTED— THE— FOR— AN— EARLY 

—HOUR— WE— COUNTRY— AT 

2.  ASKED— PAPER— THE— TO— I— 

—TEACHER— CORRECT— M  Y 

3.  A— DEFENDS— DOG— GOOD— HIS— 

MASTER— BRAVELY 
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Place  the  printed  words  before  the  child.     He  gives 

the  sentence   orally.     Time   limit   is  one  minute  for 
each  sentence.     At  least  two  must  be  given  correctlj 
[Place  words  before  the  child  and   read  them   to  him 
to  be  sure  he  knows  them.] 

Children  of  Twelve  Years. — 1.  Repetition  of 
Seven  Figures.  12,  '.),  4,  6,  3,  7,  5.  1,  6,  9,  5,  8,  4,  7. 
9,  2,  8,  5,  1,  6,  1.  Tell  the  child  there  will  be  seven 
figures.  Oive  three  trials.  One  success  is  sufficient. 
[Here  we  warn  the  child  that  there  are  to  lie  seven 
numerals.  Three  trials  may  be  given  each  on  a 
different  series — one  success  is  necessary.] 

2.  Abstruel  Definitions.  "What  is  Charity?  Jus- 
tice? Goodness?"  Two  good  definitions  must  be 
given.  It  is  often  somewhat  difficult  to  decide  if  the 
definition  is  passable.  If  it  contains  the  essential 
idea  it  must  lie  accepted  however  badly  it  is  expressed. 
At  ten  years  a  third  succeed:  at  eleven  they  are  gen- 
erally successful.  [Definitions  must  contain  the  follow- 
ing ideas: 

Charity — unfortunate  people  and  the  good  one 
does  them. 

Justice — idea  of  law  or  civil  order;  or  the  idea  of 
persons  treated  according  to  their  merits. 

Goodness — affectionate  sentiment  or  kindness;  or 
acts  of  assistance  without  implied  inequality. 

"Charity  is  love,"  or  "(ioodness  is  doing  good," 
are  not  acceptable.     Ask  the  question  again.] 

3.  Repetition   of  a   Sentence   of  26  Syllables. 
This  should  be  done  wit  In  nit  error. 

"Children,  it  is  necessary  to  work  very  hard  for  a 
living.  You  must  go  everv  morning  to  your  school." 
—24  syllables. 

"The  other  day  I  saw  in  the  street  a  pretty  young 
dog.  Little  Maurice  has  got  spots  on  his  new  apron." 
— 26  syllables. 

"Ernest  is  praised  very  often  for  his  good  conduct. 
I  bought  at  the  store  a  beautiful  doll  for  my  little 
sister." — 28  syllables. 

"There  occurred  on  that  night  a  frightful  tempest 
with  lightning.  My  comrade  has  taken  cold.  He 
has  a   fever  and  coughs  very  much." — 30  syllables. 

4.  Resists  Suggestion.  Prepare  a  little  booklet  of 
six  pages.  On  first  page  draw  in  ink  two  lines  hori- 
zontal: the  one  to  the  left  two  inches  (4  cm.)  long, 
the  one  to  the  right  two  and  a  half  inches.  On  second 
page,  left  line  is  two  and  a  half,  right,  three  inches. 
Third  page,  left  line  three  and  right  one  three  and 
a  half  inches.  On  three  remaining  pages  all  lines  are 
three  and  a  half  inches  long.  The  lines  on  each  page 
are  in  same  straight  line  and  separated  by  a  half 
inch. 

The  idea  of  the  test  is  this:  Child  having  said  the 
right-hand  one  is  longer  for  three  times,  will  he  con- 
tinue even  when  he  comes  to  those  that  are  alike, 
or  will  he  "resist  the  suggestion"  and  say  they  are 
alike? 

Care  must  be  exercised  in  asking  the  question.  For 
the  first  two  pages  ask  "Which  is  the  longer  line?" 
but  for  the  others  say  merely,  "And  here?" 

Present  longer  line  at  right  each  time.  At  least 
twice  out  of  the  three  times  the  child  must  see  that 
the  lines  are  equal. 

5.  Problem  of  Various  Facts.  (What  is  it?) — "A 
person  who  was  walking  in  the  park  suddenly  stopped 
much  frightened  and  hastened  to  the  nearest  police 
and  reported  that  he  had  seen  hanging  from  the 
limb  of  a  tree  a "  (after  a  pause)  "what?" 

(2)  "  My  neighbor  has  been  having  strange  visitors. 
He  has  received  one  after  the  other  a  physician, 
a  lawyer,  and  a  clergyman.  What  has  happened  at 
the  house  of  my  neighbor?" 

Both  questions  should  be  answered  correctly.  The 
answer  to  the  first  is  "a  dead  man."  Some  object  to 
this  story  as  too  gruesome.  Others  say  that  children 
are  not  so  sensitive  to  such  things  as  we  think.  Aside 
from  that  question  it  would  seem  that  the  picture  is 


hardly  familiar  enough  in  America  to  make  the  answer 
certain.  A  substitute  should  be  found.  [Binet  says 
right  answer  to  A  must  involve  idea  of  a  corpse,  and 
to  /;  the  idea  of  some  one  very  ill — if  answers  are 
indefinite  query  further  and  be  sure  whether  child 
has  correct   idea  or  not   before  crediting. 

"Fifteen  years"  and  "Adult"  have  not  proved 
reliable,  therefore  we  do  not  include  them  in  tin-  scale.] 

Since  Binet  first  suggested  this  scale  many  other 
tests  of  intelligence  have  been  proposed.  One  of  tin- 
most  valuable  of  these  tests  is  that  proposed  by 
Professor  Sante  de  Sanctis  of  Rome,  Italy.  It  is  a 
scale  of  six  questions,  and  while  not  closely  marked 
off  for  the  years  of  child  life,  it  reaches  practically  to 
the  age  of  seven  years.  Dr.  de  Sanctis  proposed  it  as 
a  test  for  mental  defect.  His  conclusion  is,  that  any 
child  who  can  answer  all  of  the  questions  is  not  men- 
tally defective.  De  Sanctis  meant  that  the  child  is 
not  an  imbecile.     Morons  pass  all  six  of  the  tests. 

Of  the  later  tests  that  have  been  proposed,  few,  if 
any,  have  been  standardized.  That  is  to  say,  their 
authors  have  not  told  us  the  age  at  which  they  should 
be  successfully  accomplished.  This  is  a  vital  point, 
and  absence  of  standardization  renders  these  tests 
valueless  for  practical  purposes.  Solving  a  puzzle 
with  blocks  may  be  a  most  excellent  test  of  intelligence, 
but  unless  we  know  the  age  at  which  children  in  gen- 
eral can  solve  a  particular  kind  of  puzzle,  it  gives  us  no 
information  as  to  the  intelligence  of  the  individual. 
It  may  be  a  puzzle  so  involved  that  only  an  adult  can 
solve  it;  on  the  other  hand,  it  may  be  a  puzzle  that 
can  be  solved  by  a  child  of  five.  The  determination 
of  suitable  tests  of  intelligence  must  be  made  by  first 
devising  some  that  seem  theoretically  good  and  then 
trying  them  out  on  hundreds  or  thousands  of  persons 
of  all  ages,  and  from  this  discover  the  age  at  which 
the  test  is  first  successfully  accomplished.  When  one 
finds  a  test  that  is  successfully  answered  by  seventy- 
five  per  cent,  of  all  persons  of  some  one  age,  is  answered 
by  fewer  persons  of  a  younger  age  and  by  more  of  an 
older  age,  then  he  has  a  good  test  for  the  age  at  which 
it  is  correctly  answered  by  seventy-five  per  cent,  of  all 
who  try  it. 

We  have  said  that  the  Binet  scale  ends  at  the  age  of 
twelve.  There  is  a  great  need  for  tests  beyond 
this,  at  least  up  to  age  twenty.  Tests  for  these 
ages,  however,  seem  to  involve  an  added  difficulty. 
It  is  apparently  true  that  whereas  the  mind  seems 
to  develop  up  to  the  age  of  twelve  in  what  we  may  call  a 
linear  way,  or  in  one  dimension,  from  this  point  on,  the 
development  seems  to  be  in  two  or  three  dimensions. 
In  other  words,  the  individual  begins  to  get  a  specialty 
and  a  man  may  be  highly  intelligent  in  the  direction  of 
his  specialty  and  relatively  unintelligent  along  other 
lines.  It  becomes  necessary  therefore,  first  to  discover 
his  specialty  and  then  to  test  his  ability  in  that  line. 
The  difficulty  is  illustrated  by  some  of  the  questions 
that  Binet  proposed  forages  above  twelve.  Some  can 
do  them  readily,  others  who,  tested  by  the  experience  of 
life,  are  fully  as  intelligent  fail  utterly. 

Difficult  as  is  the  problem  of  getting  tests  for  intel- 
ligences beyond  that  of  the  twelve-year  child,  the 
problem  is  not  hopeless,  and  we  shall  undoubtedly 
have  before  long  satisfactory  tests  far  beyond  those 
that  we  now  possess. 

The  practical  success  of  the  tests  already  formulated 
has  an  important  bearing  upon  psychological  theory. 
One  of  the  prominent  theoretical  objections  to  tests 
of  intelligence  has  been  that  intelligence  being  a 
matter  of  attention,  memory,  judgment,  emotion, 
will-power,  and  perhaps  many  other  so-called  mental 
processes,  it  must  be  impossible  to  measure  it.  The 
fact,  however,  that  it  is  measured,  that  the  tests  do 
determine  an  intellectual  level  which  agrees  exactly 
with  experience,  has  given  rise  to  the  theory  now 
definitely  set  forth  particularly  by  certain  English 
psychologists,  that  intelligence  itself  is  a  unit;  in 
other  words,  that  there  is  such  a  thing  as  general 
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intelligence,  which  can  be  tested  and  measured.  This 
has  been  set  forth  by  Abelson,  Cyril  Burt,  Spearman, 
and  other  English  psychologists.  It  may  be  only 
another  way  of  stating  what  has  long  been  heldbut' 
inadequately  appreciated,  thai  the  mind  is  after  all  a 
unit  and  that  what  we  call  memory,  attention,  etc., 
etc.,  are  only  special  manifestations  of  mind  or  intel- 
ligence and  the  terms  are  largely  fictions  which  the 
psychologist  evolves  in  his  attempt  to  .study  the  mind. 
The  literature  on  the  subject  of  tests  of  intelligence 
is  now  too  voluminous  to  quote.  The  reader  will  find 
a  bibliography,  fairly  exhaustive  up  to  the  time  of  its 
publication,  in  the  Journal  of  Kditrtilimitil  I'xi/rlioloiji/, 
May  and  June,  1914.  Henry  H.  Goddard. 


Intention  Tremor. — Intention  tremor  is  a  form 
of  tremor  occurring  only  upon  voluntary  movement, 
the  oscillation  being  in  general  perpendicular  to  the 
direction  of  this  movement  and  becoming  more 
marked  the  greater  the  effort,  though  not  preventing 
the  desired  end  being  attained.  The  tremor  ceases 
during  rest.  It  is  made  manifest  in  the  upper  ex- 
tremity upon  attempts  to  touch  the  nose  with  the 
finger  or  to  bring  a  glass  of  water  to  the  lips,  in  the 
lower  extremity,  when  the  patient  attempts  to  touch 
his  knee  with  the  heel  of  the  opposite  side.  It  is 
found  as  a  characteristic  symptom  in  multiple 
sclerosis,  in  which  disease  its  production  is  thought  to 
depend  upon  the  fact  that  since  it  is  the  myelin 
sheath  and  not  the  axis  cylinder  which  is  affected, 
in  many  places  the  insulation  of  the  nerve  fibers  is 
destroyed  so  that  conduction  of  impulses  takes  place 
in  an  irregular  way.  It  is  also  found  occasionally  in 
cerebellar  diseases  and  in  organic  hemiplegia. 

Charles  Lewis  Allen. 

Intermittent  Fever. — See  Malaria. 

Intertrigo. — See  Eczema. 

Intestinal  Movements. — Methods. — The  differ- 
ent procedures  ordinarily  employed  to  expose  the  ab- 
dominal organs  usually  incite  such  marked  changes 
in  the  motor  efficiency  of  the  intestines  that  their 
movements  can  no  longer  be  regarded  as  identical 
with  those  occurring  under  perfectly  normal  condi- 
tions. The  manipulations  of  these  parts,  as  well  as 
the  entrance  of  air  and  the  lowering  of  the  tempera- 
ture, generally  induce  a  refractory  state  in  these 
organs  which  it  is  often  difficult  to  overcome  by 
artificial  means.  Naturally,  these  influences  are 
brought  to  bear  peripherally,  and  hence,  the  nervous 
receptors  here  involved  are  the  terminals  of  the 
abdominal  sympathetic  system.  Various  precautions 
may  be  taken  to  avoid  this  motor  disturbance;  for 
example,  the  peritoneal  cavity  may  be  opened  in  a 
bath  of  warm  saline  solution,  or  the  organs  may  be 
protected  against  outside  influences  by  inserting 
a  rounded  piece  of  glass  in  the  incision.  In  some 
animals  (rabbit)  it  is  possible  to  thin  the  abdominal 
wall  sufficiently  to  observe  the  organs  without  actually 
exposing  them  and,  moreover,  if  food  mixed  with 
large  quantities  of  bismuth  is  ingested,  the  intestinal 
contents  may  be  made  to  throw  a  shadow  upon  the 
sensitive  screen  by  means  of  the  Rontgen  rays. 

The  attempt  has  been  made  at  an  early  date  to 
supplement  the  data  derived  from  observations  by 
graphic  records.  This  end  can  readily  be  attained 
in  animals  possessing  a  thin  abdominal  wall  by  placing 
a  receiving  tambour  upon  the  external  surface  and 
directly  over  that  part  of  the  intestine  the  movements 
of  which  are  to  be  recorded,  but  naturally  the  fewest 
difficulties  will  be  encountered  if  the  parts  are  ex- 
posed and  are  made  directly  accessible  to  the  writing 
lever.  Different  segments  of  the  gut  may  be  re- 
moved from  the  body  and,  when  placed  in  a  moist 
chamber  or  in  a  receptacle  containing  normal  saline 


solution,  their  behavior  may  be  studied  either  by 
connecting  them  with  the  recording  lever  directly 
or  by  inserting  a  receiving  bulb  in  the  intestinal 
canal.  A  special  pneumograph,  generally  spoken 
of  as  ecterograph,  may  be  applied  to  the  external 
surface  of  the  segment.  Different  investigators  have 
sought  tn  avoid  the  motor  disturbances  referred  to 
above  by  extirpating  parts  of  the  solar  plexus  or  by 

dividing  the  splanchnic  or  vagi  nerves. 

Movements  of  the  Small  Intestine. — The  arrange- 
ment   of   the   musculature  of   the    intestine    is   simple. 

An  outer,  relatively  thin,  coat  in  which  the  individual 
fibers  are  arranged  longitudinally,  lies  in  relation  with 
a  layer  in  which  the  libers  are  directed  circularly 
around  the  lumen  of  <  he  intestine.  The  latter  in  turn 
is  limited  internally  by  the  very  slight  and  function- 
ally unimportant  muscularis  mucosa'.  It  should  be 
remembered,  however,  that  the  many  morphological 
differences  displayed  by  the  different  segments  of  the 
intestine  also  embrace  variat  ions  in  the  amount  of  the 
muscular  tissue.  Thus,  the  jejunum  is  large  and 
muscular,  while  the  ileum  is  narrow  and  possesses  thin 
coats.  Similar  differences  are  encountered  in  the 
duodenum. 

The  combined  action  of  the  muscular  layers  gradu- 
ally forces  the  chyme  onward,  mixing  it  thoroughly 
with  the  digestive  juices,  facilitating  absorption,  and 
finally  expelling  the  undigested  remnants  of  the  food 
and  various  excreta  into  the  rectum  from  which  it  is 
removed  by  the  act  of  defecation.  Two  main  types  of 
movements  are  possible,  namely,  circular  constrictions 
which  occasion  a  lessening  of  the  intestinal  lumen  and 
a  lengthening  of  the  gut,  and  longitudinal  contrac- 
tions which  increase  the  size  of  the  tube  and  reduce  its 
length.  Ordinarily,  however,  the  contractions  of  the 
two  coats  of  muscle  tissue  occur  together  so  that  the 
movements  produced  must  be  regarded  as  the  product 
of  the  two  layers,  i.e.  neither  the  const  rictory  nor 
the  pendular  motions  can  be  said  to  be  wholly  de- 
pendent upon  the  contraction  of  one  or  the  other  of 
the  layers  referred  to.  The  wave  of  constriction 
which  passes  slowly  from  one  part  of  the  intestine  to 
the  other  is  known  as  peristaltic  movemi  nt,  while  the 
localized  contractions  and  expansions  of  neighboring 
coils  are  called  ■pendvlar  movements.  As  the  latter 
occur  at  regular  intervals,  they  are  frequently  spoken 
of  as  the  rhythmic  movements.  Under  ordinary 
conditions  the  peristalsis  is  sweeping  in  character  and 
extends  over  long  sections  of  the  gut,  driving  the  con- 
tents onward  in  the  direction  of  the  cecum.  Some- 
times, however,  it  is  fragmentary  and  remains  confined 
to  rather  circumscribed  portions  of  the  gut.  The 
advancing  ring  of  constriction  is  preceded  by  an  area 
in  which  the  intestinal  wall  is  relaxed;  in  fact,  the 
entire  tube  is  somewhat  enlarged  at  this  point.  The 
bolus  is  therefore  forced  onward  by  the  circular  con- 
striction, while  at  the  same  time  the  resistance  ahead 
of  it  is  reduced  to  a  minimum,  but  naturally,  the  mass 
within  cannot  assume  a  transverse  position,  because 
the  longitudinal  muscle  fibers  still  retain  a  certain 
degree  of  tension  which  keeps  the  bolus  in  the  long  axis 
of  the  gut.  The  influence  of  the  outer  layer  of  muscle 
tissue  is  made  especially  apparent  when  the  peristalsis 
is  augmented;  the  intestines  then  exhibit  peculiar 
writhing  or  vermicular  movements. 

A  definte  point  of  origin  of  these  peristaltic  waves 
cannot  be  made  out  with  clearness  at  all  times.  While 
they  always  arise  above,  a  ■'pace-maker"  does  not 
seem  to  exist  in  any  particular  locality.  Bayliss  and 
Starling,1  hold  that  the  production  of  the  peristaltic 
wave  depends  on  the  response  of  the  intestinal  nervous 
mechanism  to  local  stimulation,  i.e.  whenever  an 
irritation  arises,  an  excitation  results  above  this  point 
and  an  inhibition  below  it.  Any  part  of  the  intestine 
is,  therefore,  subject  totheseopposinginfluences  which 
are  then  propagated  downward  to  neighboring  seg- 
ments.    To    illustrate,    a    peristaltic   wave    may   be 
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excited  in  an  isolated  loop  of  intestine  by  inserting  an 
oblong  object  into  its  upper  portion.  Shortly  after- 
ward the  end  segment  shows  pronounced  activity 
finally  culminating  in  a  strong  wave  of  contraction, 
in  consequence  of  which  the  object  is  eventually  ex- 
pelled through  the  lower  opening.  Moreover,  on  in- 
troducing the  object  from  below,  it  is  soon  forced  out 
through  the  same  opening;  in  fact,  the  intestine  fre- 
quently contracts  so  si  rongly  that  the  upward  passage 
ill  it  can  be  accomplished  only  with  difficulty. 

Two  theories  are  held  regarding  the  origin  of  the 
peristaltic  waves,  namely,  the  myogenic  and  the 
neurogenic.  The  former  assumes  that  the  stimulation 
arises  in  the  myoplasm  and  that  the  wave  is  propagated 
from  muscle  fiber  to  muscle  fiber;  the  latter,  on  tin- 
other  hand,  implies  thai  the  excitation  is  of  nervous 
origin  and  that  its  onward  passage  is  made  possible  by 
the  intricate  network  of  nerve  fibers  connecting  the 
different  intestinal  segments.  The  early  experiments 
of  Bayliss  and  Starling,  made  upon  exposed  loops  of 
intestine  after  the  application  of  nicotine,  tend  to 
affirm  the  belief  that  the  movements  are  myogenic, 
while  those  of  O.  Cohnheim2  and  Magnus3  suggest  that 
under  normal  conditions  the  nervous  elements  play 
by  far  the  most  important  role.  Thus,  it  was  found 
that  the  movements  in  isolated  segments  continued 
with  unimpaired  rhythm  if  the  mucosa  and  submucosa 
were  removed,  and  furthermore,  it  was  show-n  that  if 
the  inner  and  outer  layers  of  muscle  tissue  were 
separated  from  one  another  in  such  a  manner  that  the 
plexus  of  Auerbach  remained  attached  to  the  latter, 
the  circular  muscle  fibers  ceased  their  activity,  while 
the  longitudinal  fibers  continued  to  contract  rhyth- 
mically. Clearly,  as  these  contractions  must  depend 
upon  a  proper  connection  of  the  muscle  cells  with  the 
local  sympathetic  ganglion,  they  cannot  be  regarded  as 
myogenic.  Yanase's4  observations  seem  to  strengthen 
this  deduction,  because  intestinal  movements  in 
embryo  rabbits  and  the  human  fetus  do  not  occur 
until  nervous  elements  have  made  their  appearance  in 
the  muscular  coats. 

It  may  be  concluded,  therefore,  that  peristaltic 
contractions  arise  in  any  portion  of  the  gut  upon  a 
mechanicochemical  stimulation  of  the  neuromuscular 
receptors  by  the  mass  of  the  chyme  within.  A  di- 
phasic wave  results,  i.e.  a  wave  composed  of  a  ring 
of  constriction  preceded  by  an  area  of  relaxation  -which , 
under  normal  conditions  passes  toward  the  cecum. 
The  peristaltic  movements  therefore  are  true  reflex 
acts  made  possible  by  the  coordinated  action  of  the 
local  nervous  system.  Neither  the  cerebrospinal 
system  nor  the  sympathetic  ganglia  are  essential  for 
this  activitv,  because  it  is  possible  to  isolate  portions 
of  the  gut  from  central  influences  entirely  without 
seriously  disturbing  these  movements.  _  Evidently, 
therefore,  each  intestinal  segment  contains  complete 
reflex  arcs,  i.e.  it  embraces  (a)  an  afferent  path  with  its 
receptor,  (6)  a  center,  and  (c)  an  efferent  path  with  its 
motor  end  organ.  An  efficient  correlation  between 
these  different  peripheral  centers  and  their  receptors 
and  effectors  is  made  possible  normally  by  major 
centers  which  are  located  in  the  mesenteric  ganglia 
of  the  solar  plexus.  It  seems  that  these  elements  in 
the  solar  plexus  dominate  this  entire  system.  They 
are  connected,  on  the  one  hand,  with  the  peripheral 
nervous  elements  in  the  plexuses  of  Meissner  and 
Auerbach  by  the  multitude  of  fibers  constituting 
the  mesenteric  plexus,  and,  on  the  other,  with  the 
cerebrospinal  system  by  way  of  the  vagi  and  splanch- 
nic nerves. 

We  have,  therefore,  first  a  peripheral  sympathetic 
nervous  mechanism  in  the  walls  of  the  intestines  and 
secondly,  a  central  sympathetic  nervous  mechanism 
in  the  mesenteric  ganglion  of  the  solar  plexus.  It 
has  been  shown  by  Burton-Opitz5  that  the  two  systems 
are  connected  by  the  mesenteric  plexus  and  that  this 
entire  complex  is  united  with  the  cerebrospinal 
system  by  means  of  the  vagi  and  splanchnic  nerves. 
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The  former  are  largely  afferent  and  the  latter  efferent, 
and  hence,  impulses  generated  in  the  intestines  find 

their  way  into  the  central  nervous  system  by  way  of 
the  suprarenal  and  gastric  plexuses  and  the  vagi 
nerves. 

It  must  be  remembered,  however,  that  the  aforesaid 
nerves  contain,  in  addition,  a  certain  number  of  effer- 
ent fibers  for  the  musculature  of  the  intestines,  be- 
cause their  stimulation  is  always  followed  by  an  in- 
creased peristaltic  activity.  Fortius  reason,  the  vagi 
aie  known  as  t  he  musculomotor  nerves  of  the  intestine. 
The  splanchnics,  on  the  other  hand,  are  inhibitory 
in  their  nature  in  so  far  as  their  excitation  produces 
a  marked  muscular  inactivity.  This  result  may, 
however,  be  brought  about  indirectly,  because  these 
nerves  possess  a  vasoconstrictor  influence  and  hence, 
the  intestinal  reaction  may  be  solely  the  result  of  a 
lessening  of  the  blood  supply.  To  summarize,  the 
foregoing  account  calls  attention  to:  (a)  the  relative 
independency  of  the  intestine  from  central  parts,  (b) 
the  perfect  correlation  between  neighboring  segments, 
and  (c)  the  ease  with  which  communication  can  be 
established  between  it  and  the  central  nervous  system 
for  purposes  of  systemic  reflex  reactions  of  all  types. 

Under  perfectly  normal  conditions,  the  peristaltic 
wave  is  descending.  This  fact  was  made  evident  by 
the  experiments  first  made  by  Mall,  in  which  certain 
loops  of  the  intestine  were  resected  and  again  united 
with  the  neighboring  segments  in  an  inverted  position. 
Thus,  the  lower  end  of  the  loop  was  made  continuous 
with  the  upper  part  of  the  intestine,  while  the  upper 
end  of  it  came  to  lie  nearest  the  ileocecal  valve.  At 
autopsy,  all  of  the  many  different  animals  operated  on 
showed  a  fusiform  enlargement  of  the  intestine  in- 
volving principally  the  part  in  the  vicinity  of  the  upper 
suture.  An  accumulation  of  the  ingesta  always 
resulted  at  this  point  which  sooner  or  later  caused  pro- 
found and  fatal  disturbances  in  the  nutrition  of  the 
animals.  It  seems  that  the  inversion  of  a  segment  of 
the  intestine  blocks  the  downward  movement  of  the 
intestinal  contents,  because  the  descending  peristaltic 
waves  not  only  fail  to  excite  similar  waves  in  the 
inverted  loop,  but  are  antagonized  here  by  waves 
moving  in  the  opposite  direction. 

Normal  peristaltic  waves  progress  slowly  and  do  not 
develop  a  considerable  degree  of  pressure.  Cash,6 
who  has  made  the  attempt  to  measure  the  power  of 
the  waves  in  dogs,  states  that  a  weight  of  five  to  eight 
grams  applied  upon  the  external  surface  of  the  intes- 
tine, is  sufficient  to  hinder  the  progression  of  the  bolus 
It  may  be  said  that  the  movements  are  more  rapid  and 
more  powerful  in  the  duodenum  and  jejunum  than 
in  the  ileum.  In  the  former  they  occur  at  the  rate  of 
from  fourteen  to  twenty-two  in  a  minute,  and  in  the 
latter,  with  a  frequency  of  from  twelve  to  eighteen  in  a 
minute.  They  pass  over  the  gut  with  a  speed  of  two  to 
three  centimeters  in  a  second.  Naturally,  various  con- 
ditions may  arise  at  any  time  which  greatly  alter  this 
rate;  for  example,  the  peristalsis  becomes  more  vigor- 
ous shortly  after  the  contents  of  the  stomach  have 
been  discharged  into  the  duodenum  and  when  the 
different  secretions  are  poured  into  this  part  of  the 
intestine.  They  are  retarded  and  abolished  during 
sleep  and  may  be  incited  at  any  time  by  chemical, 
mechanical,  electrical,  or  thermal  stimuli. 

In  accordance  with  the  experiments  of  Engelmann7 
of  stimulating  excised  loops  of  small  intestine,  it  has 
always  been  assumed  that  this  part  of  the  alimentary 
tract  is  also  the  seat  of  peristaltic  waves  of  an  ascend- 
ing type.  While  more  recent  tests  upon  living  ani- 
mals have  shown  rather  conclusively  that  such  retro- 
grade or  antiperistaltic  movements  do  not  occur 
under  normal  conditions,  it  is  possible  that  they  arise 
at  times  in  consequence  of  pathological  lesions.  At 
least,  the  entrance  of  fecal  masses  into  the  stomach, 
consequent  to  obstruction  of  the  lower  bowel,  has  been 
explained  in  this  way  but,  naturally,  a  retrograde 
movement  of  this  kind  may  occur  quite  independently 
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of  the  contractions  of  the  intestinal  musculature. 
Thus,  it  is  conceivable  that  the  pressure  developed 
under  these  conditions  by  the    abdominal    muscles 

alone  suffices  to  force  the  intestinal  contents  upward 
in  the  direction  of  least  resistance. 

The  pendular,  or  rhythmic  movements  of  the  small 
intestine  consist  essentially  of  rapid  to-and-fro  con- 
tractions in  neighboring  coils,  whereby  a  motion  is 
imparted  to  the  entire  segment  which  may  be  imitated 
by  walking  a  step  or  two  in  advance  and  suddenly 
retracing  the  steps  taken.  These  alternate  contrac- 
tions and  relaxations  occur  rhythmically  and  are 
interrupted  every  now  and  then  by  a  peristaltic  wave 
which  generally  sweeps  directly  through  this  field  of 
great  oscillatory  muscular  activity.  A  comprehensive 
study  of  these  motions  has  been  made  by  Griitzner8 
who  "was  able  to  analyze  them  by  mixing  insoluble 
substances,  such  as  nitrate  of  bismuth,  with  the  in- 
gesta.  Cannon,9  in  particular,  has  carefully  observed 
them  with  the  help  of  the  Rontgen  rays  by  adding 
bismuth  subnitrate  to  the  food.  He  finds  thai  the 
large  accumulations  of  chyme  are  suddenly  divided 
into  many  smaller  portions,  while,  a  moment  later, 
the  small  segments  are  again  united  into  more  vol- 
uminous masses.  In  the  cat  this  segmentation  is 
repeated  rhythmically  for  some  time  and  at  the  rate  of 
thirty  in  a  minute.  It  is  obvious  that  this  type  of 
movement,  being  largely  dependent  upon  the  con- 
strictions of  the  circular  musculature,  cannot  produce 
a  steady  onward  progression  of  the  food,  but  merely 
causes  it  to  change  its  position  repeatedly  within  a 
rather  limited  area  of  the  intestine  so  that  it  becomes 
more  thoroughly  mixed  with  the  secretions.  It  need 
hardly  be  mentioned  that  this  process  greatly  aug- 
ments and  hastens  digestion  as  well  as  absorption. 
Cinematographic  records  of  the  progress  of  the  food 
have  been  taken  by  Carvallo  (1907)  and  others. 

The  muscular  activity  of  the  small  intestine  in 
man  has  been  studied  radioscopically  by  several  ob- 
servers, but  the  results  have  not  been  very  convinc- 
ing, because  the  anatomical  arrangement  of  the  coils 
and  the  quick  dissemination  of  the  bismuth-chyme 
through  them,  greatly  hinder  the  formation  of 
shadows  of  sufficient  compactness  to  be  used  for  an 
exact  analysis  of  these  movements.  Recently, 
however,  Kupferli10  has  succeeded  in  obtaining 
pictures  which  seem  to  show  that  the  movements 
met  with  in  the  human  small  intestine  are  very  similar 
to  those  observed  in  other  animals.  Long  peris- 
taltic waves  occur  synchronously  with  local  oscil- 
latory or  pendular  motions.  While  the  former  cause  a 
steady  progression  of  the  contents  toward  the  cecum, 
the  latter  serve  to  subdivide  the  masses  of  chyme 
into  smaller  portions  and  to  change  their  position 
constantly  so  that  they  become  thoroughly  mixed 
with  the  digestive  juices.  Antiperistaltic  movements 
do  not  occur  in  this  part  of  the  intestines  under 
normal    conditions. 

Movements  op  the  Large  Intestine. — The  function 
of  the  large  intestine  is  so  widely  different  from  that 
of  the  small  intestine  that  the  two  parts  may  almost 
be  regarded  as  separate  organs.  In  the  carnivora, 
the  process  of  absorption  is  practically  finished  at 
the  ileocecal  valve,  while  in  the  herbivora  a  large 
part  of  digestion  and  absorption  occur  in  the  proxi- 
mal segments  of  the  large  intestine.  Man  occupies 
an  intermediate  position  in  this  regard,  but  as  the 
human  large  intestine  is  very  long  and  possesses  a 
spacious  cecal  vestibule  and  a  peculiarly  indented 
transverse  colon,  it  more  greatly  resembles  that  of 
the  herbivorous  group  of  animals.  The  functional 
diversity  alluded  to  is  clearly  portrayed  in  the  dif- 
ferent motility  of  these  parts. 

The  ileocecal  valve  is  a  sphincter  formed  by  a  heavy 
ring  of  musculature  which  is  capable  of  greatly  les- 
sening the  size  of  the  communication  between  the 
small  and  large  intestines.     Whether  this  orifice  can 


be  closed  absolutely  against  the  contents  of  the  cecum 
is  still  a  disputed  point,  because  the  two  Hap-  ol  the 
valve  are  of  unequal  size  and  are  so  placed  thai  they 
do  n<  it  seem  to  be  able  to  unite  firmly.  Moreover,  it 
has  been  demonstrated  thai  rectal  and  colon  in- 
fusions may  in  time  reach  the  ileum  withoul  being 
actually  forced  upward,  and  thai  portions  of  the 
contents  of  the  ascending  colon  are  at  times 
returned  into  the  ileum.  It  must  be  concluded, 
therefore,  thai  the  competency  of  the  valve  is  only 
relative,  i.e.  it  is  sufficiently  strong  to  hinder  the  re- 
gurgitation of  the  chyme  into  the  ileum  under  or- 
dinary conditions  of  pressure.  At  the  same  time  it  is 
f\  ident  that  the  chyme  dues  not  pass  unrestrictedly 
into  the  cecum,  but  is  dammed  back  in  the  ileum 
to  be  sent  through  the  aforesaid  orifice  periodically 

and  in  large  gushes.      This  valve,   therefore,   must    be 

controlled  by  a  local  reflex  mechanism,  the  activity 
of  which  depends  upon  a  mechanicochemical  stimu- 
lation by  the  intestinal  contents. 

The  large  intestine  proper  may  be  divided  into  four 
parts,  namely,  into  the  cecum  and  the  ascending 
(proximal),  transverse  (intermediate),  and  descending 
(distal)  portions  of  the  colon.  The  musculature 
possesses  here  the  same  general  arrangement  as  in 
the  small  intestine  and  hence,  it  may  be  surmised 
that  the  movements  exhibited  by  it  are  similar  to 
those  described  previously.  Bayliss  and  Starling 
hold  that  the  law  of  intestinal  peristalsis  formulated 
by  them  also  applies  to  this  division  of  the  alimentary 
canal.  Regular  peristaltic  waves  which  are  charac- 
terized by  contractions  preceded  by  areas  of  re- 
laxation occur  simultaneously  with  pendular  motions. 
It  is  to  be  noted  especially  that  a  third  type  of  intes- 
tinal movements,  namely,  antiperistaltic  contractions, 
occur  throughout  the  large  intestine.  These  motions 
which  were  recognized  at  an  early  date  and  have 
been  clearly  perceived  in  rabbits  and  cats  by  Jakobi11 
are  particularly  in  evidence  in  the  proximal  colon. 
In  general,  however,  the  movements  are  less  frequent 
than  in  the  small  intestine  so'that  the  organ,  even  at 
the  height  of  digestion,  presents  the  appearance  of 
almost  complete  motor  inactivity.  This  behavior 
is  in  harmony  with  the  time  consumed  by  the  food 
in  its  passage  through  the  alimentary  canal.  To 
illustrate:  while  the  human  small  intestine  which 
measures  about  7  m.  in  length,  is  traversed  by  the  food 
in  from  eight  to  nine  hours,  the  large  intestine,  the 
length  of  which  amounts  to  only  1.5  m.,  is  passed  in 
scarcely  less  than  twenty-one  hours. 

The  regular  descending  peristalsis  of  the  large  intes- 
tine consists  of  precise  and  coordinated  wa  ves  of 
contraction  incited  reflexly  with  the  help  of  the  plexus 
of  Auerbach.  They  involve,  as  a  rule,  extensive 
portions  of  the  gut,  but  occur  at  relatively  long  in- 
tervals. Every  now  and  then  more  powerful  and 
more  extensive  waves  of  the  same  type  appear  which 
move  the  contents  onward  for  a  distance  of  from 
ten  to  twenty  cm.  and  are  accompanied  by  noises 
and  sensations  designated  by  Kussmaul  as  "tormina 
intestinorum."  Three  or  four  movements  of  this 
kind  suffice  to  carry  the  feces  into  the  rectum; 
in  fact,  Schwarz12  believes  that  they  always  precede 
and  incite  defecation,  because  they  dislodge  large 
masses  from  the  transverse  colon  which  eventually 
stimulate  the  nervous  receptors  of  the  lower  bowel. 
These  waves  become  especially  conspicuous  under 
pathological  conditions,  as  for  example,  in  diarrheal 
colic  or  after  the  ingestion  of  irritating  substances. 

On  leaving  the  ileum,  the  chyme  enters  the  proximal 
colon,  where  it  incites  motions  which  are  commonly 
designated  as  antiperistaltic.  It  must  be  remembered, 
however,  that  these  movements  are  not  the  exact 
antithesis  of  the  regular  peristaltic  waves,  because  they 
do  not  occur  in  antagonism  to  these  and  do  not  show 
a  true  diphasic  character.  As  they  arise  most  fre- 
quently in  the  neighborhood  of  the  junction  of  the 
ascending  and  transverse  portions  of  the  colon  and 
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travel  slowly  toward  the  ileocecal  valve,  their 
tendency  is  to  force  the  intestinal  contents  into  the 
cecum.  Here,  however,  a  certain  resistance  is  en- 
countered which  causes  the  mass  of  food  to  recoil  and 
to  regurgitate  in  the  direction  from  which  it  came. 
Moreover,  as  the  walls  of  this  intestinal  segment 
are  not  straight  but  possess  saccular  enlargements, 
the  effect  of  these  antiperistaltic  waves  is  to  subdivide 
the  entire  mass  into  smaller  portions  which  are 
constantly  turned  over  and  over  along  the  wall  and 
are  repeatedly  forced  hack  toward  the  cecum 
(haustral  churning).  These  antiperistaltic  waves  are 
succeeded  every  now  and  then  by  regular  peristaltic 
waves  which  carry  the  food  onward  into  the  transverse 
colon.  Gradually  a  large  amount  of  water  is  ab- 
sorbed. The  firmer  material  escapes  into  the  trans- 
verse colon,  while  the  soft  masses  are  again  driven 
back  by  the  ascending  contractions. 

Antiperistaltic  activity  is  encountered  principally 
in  the  cecum  and  in  the  ascending  colon,  while 
regular  peristalsis  is  seen  largely  in  the  distal  segment 
of  the  transverse  colon  as  well  as  its  descending  port  ion. 
Prompted  by  his  radiological  observations  of  the 
normal  movements  in  cats,  Cannon13  divides  the  large 
intestine  of  these  animals  into  parts,  the  dividing 
line  corresponding  roughly  to  the  median  segment 
of  the  transverse  colon.  On  the  proximal  side  of 
this  line  the  most  frequent  movement  is  that  of  anti- 
peristalsis,  while  on  the  distal  side  regular  peristalsis 
prevails.  In  general,  therefore,  it  may  be  said  that 
the  proximal  portions  of  the  large  intestine  are  the 
seat  of  the  greatest  functional  activity,  while  the 
distal  portions  serve  merely  as  places  for  the  storage 
of  the  feces  until  sufficiently  bulky  to  be  forced  into 
the  rectum.  The  descending  colon,  however,  does 
not  remain  filled  for  any  length  of  time,  because 
the  material  collects  chiefly  in  the  sigmoid  flexure. 

Elliott  and  Barclay-Smith14  have  shown  that  the 
antiperistalsis  of  the  proximal  colon  is  present  in  a 
great  variety  of  animals.  It  is  especially  pronounced 
in  the  herbivora  in  which  the  cecum  serves  as  a 
large,  thin-walled  reservoir  for  the  bacterial  decom- 
position of  the  food.  After  its  entrance  from  the 
ileum  it  is  repeatedly  forced  back  into  this  pouch 
where  it  often  remains  for  days,  undergoing  digestive 
changes.  As  cellulose  constitutes  a  most  important 
source  of  nourishment  of  these  animals,  it  must  be 
thoroughly  digested.  While  carnivora  (dog)  do 
not  reduce  cellulose,  omnivora  (man)  do,  and  hence, 
the  motility  of  the  large  intestine  differs  some- 
what in  different  animals.  In  man,  the  cecum  and 
adjoining  colon  remain  much  distended  for  some 
time  after  the  entrance  of  food  from  the  ileum ;  in  fact, 
the  aforesaid  segments  are  generally  the  most  con- 
spicuous portions  of  the  large  intestine.  When  filled, 
they  assume  a  position  low  down  in  the  abdominal 
cavity  so  that  the  hepatic  flexure  comes  to  lie  at  a 
much  lower  level  than  the  splenic  flexure.  The  trans- 
verse colon  then  assumes  a  very  oblique  position  which 
in  itself  serves  to  hinder  the  escape  of  the  cecal  contents 
and  prolongs  the  time  of  digestion  and  absorption 
materially.  In  accordance  with  Itoith15  human 
cadavers  generally  show  a  filled  condition  of  the  proxi- 
mal colon,  while  the  distal  portions  are  empty. 
Reider's16  radiological  studies  clearly  show  that  the 
movements  of  the  human  large  intestine  are  identical 
with  those  observed  in  animals. 

It.   Burton-Opitz. 
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Intestinal  Obstruction. — Definitions. — It  is 
customary  to  define  intestinal  obstruction  as  a  more 
or  less  complete  blocking  of  the  lumen  of  the  gut  at  a 
given  point,  and  the  consequent  more  or  less  complete 
stoppage  of  the  onflow  of  the  contents  of  the  canal. 

The  lesser  degrees  of  interference  are  sometimes 
incorrectly  described  as  constipation,  obstipation, 
chronic  intestinal  stasis — terms  which  are.  applied 
likewise  to  individual  symptoms  of  intestinal  obstruc- 
tion, or,  as  in  the  case  of  stasis,  to  the  symptom  com- 
plex which  results  from  certain  forms  of  obstruction. 
A  certain  carelessness  and  confusion  of  terminology 
is  therefore  notable  in  a  great  deal  of  the  literature 
concerning  the  subject  under  discussion. 

Intestinal  obstruction  is  also  described  as  acute 
and  chronic,  dynamic  (mechanical),  and  adynamic 
(paralytic). 

Obstruction,  when  complete,  is,  of  course,  acute. 
Retardation,  however,  of  the  onflow  of  the  intestinal 
content  is  generally  characterized  by  chronicity. 
Obstruction  may  result  from  causes  which  are  acutely 
active,  and  which  are  generally  of  a  mechanical  rather 
than  a  functional  character.  On  the  other  hand,  the 
causative  factor  or  factors  which  lead  to  retardation, 
and  which  may  eventually  lead  to  complete  obstruc- 
tion, may  be  long  active,  and  for  this  reason  the  condi- 
tion may  be  called  chronic.  Just  as  soon,  however, 
as  the  effect  is  sufficiently  marked  to  amount  to  com- 
plete obstruction,  the  condition  at  once  assumes  the 
characteristics  which  warrant  the  application  of  the 
term  acute. 

For  these  reasons,  some  authors  describe  intestinal 
obstruction  under  three  classes,  namely,  acute,  chronic, 
and  chronic  obstruction  which  has  terminated  acutely. 

In  this  connection  it  may  be  well  to  define  various 
other  terms  which  are  employed  in  connection  with 
the  discussion  of  intestinal  obstruction. 

Constipation,  which  has  been  defined  as  a  "patho- 
logical condition  characterized  by  insufficient  fecal 
evacuation,1  is  generally  considered  as  involving  the 
large  bowel,  particularly  in  its  lower  part.  This 
may  exist  to  a  marked  extent  and  yet  the  patient 
may  suffer  very  little  from  the  effects  of  absorption 
of  the  retained  effete  material  and  its  toxins.  This 
results,  as  a  rule,  from  improper  diet,  insufficient 
fluid  intake,  lack  of  exercise,  or  a  general  atonic 
condition  of  the  body  tissues. 

Obstipation  is  a  pronounced  and  intractable  form 
of  constipation. 

Chronic  intestinal  stasis  is  a  term  first  employed 
by  Sir  W.  Arbuthnot  Lane,  of  London,  to  signify 
"that  the  passage  of  food  along  the  alimentary  canal 
takes  place  with  such  slowness  that  there  is  formed 
an  excess  of  toxic  matter,  especially  in  the  small 
intestine.  Consequently,  the  blood  flow  pours  into 
the  transforming  and  excretory  organs  a  quantity 
of  poison  larger  than  they  can  eliminate.  From  this 
it  results  that  all  the  tissues  of  the  body,  drenched  in 
this  blood  rich  in  poisons,  degenerate  and  offer  a 
diminished  resistance  to  infection.  A  defective 
drainage  has  consequences  which  are  deleterious  to 
the  organism  in  general  as  w'ell  as  to  the  individual 
tissues  of  which  it  is  composed."2 

From  this  definition  it  will  be  noted  that  chronic 
intestinal  stasis  and  constipation  are  not  synonymous 
terms,  and  that  chronic  intestinal  stasis  is  not  "a 
descriptive  name  for  the  old  disease,  constipation."' 
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Constipation  may  exist  to  a  marked  degree  and  yet 
there  may  be  virtually  no  autointoxication,  which 
is  always  characteristic,  of  stasis.  Stasis,  on  the 
other  hand,  may  be  accompanied  with  constipation 
or  diarrhea,  as  the  case  may  be,  the  residual  feces 
being  sufficient  to  give  rise  to  the  symptoms,  in  varying 
degree,  of  autointoxication. 

Ileus  is  a  term  applied  to  another  symptom  of 
intestinal  obstruction  which,  by  many,  is  used  to 
describe  the  condition  itself.  It  is  an  ancient  term 
incapable  of  precise  definition,  and  therefore  should 
not  be  used.  It  is  often  employed  to  signify  paralytic 
dilatation  of  the  intestine,  but  has  been  applied  to  any 
form  of  abdominal  distention,  and  is  sometimes  used 
as  synonymous  with  intestinal  obstruction.4 

Etiology. — The  way-stations,  so  to  speak,  between 
the  normal  patency  and  function  of  the  intestinal  canal 
and  complete  obstruction  at  a  given  point,  with  conse- 
quent loss  of  function,  are  many  and  diverse.  Some 
of  these  are  insidious  and  slow  in  their  onset,  giving 
rise  to  the  suggestion  of  chronicity;  others  are  rapid, 
requiring  prompt  surgical  intervention  to  prevent  fatal 
results. 

Inasmuch  as  it  is  customary  to  consider  the  subject 
under  the  two  heads,  acute  and  chronic,  no  departure 
will  be  made  here.  It  may  be  stated,  however,  that 
the  third  class  of  obstruction  mentioned  by  some 
authors,  namely,  chronic  cases  which  suddenly  be- 
come acute,  will  be  considered  under  the  head  of  acute 
obstruction. 

Acute  Intestinal  Obstruction. — The  etiological  fac- 
tors concerned  in  the  production  of  acute  intestinal 
obstruction  may  be  grouped  as  follows:  (1)  Congenital 
atresia.  (2)  Internal  hernia.  (3)  Strangulation  by 
bands,  or  through  mesenteric  or  omental  apertures. 
(4)  External  hernia  (this  is  considered  elsewhere).  (5) 
Volvulus.  (6)  Intussusception  (acute).  (7)  Paral- 
ysis (reflex,  toxic,  essential — from  shock  or  trauma  dur- 
ing abdominal  operation),  ("adynamic  ileus")-  (8) 
Spastic  strictures  (generally  in  neurasthenics).  (9) 
Foreign  bodies  (sudden  impaction  by). 

Chronic  Intestinal  Obstruction. — The  causes  of  chronic 
intestinal  obstruction  may  be  broadly  classed  as 
extrinsic,  and  intrinsic,  under  which,  respectively, 
come  the  following: 

(1)  Extrinsic: 

1.  Abdominal  tumors. 

2.  Adhesions   (cicatricial,  from  tuberculosis, 

peritonitis,  or  other  inflammatory  or 
infectious  process  within  the  peritoneal 
cavity). 

3.  Bands  (evolutionary,  as  described  by  Lane 

in  connection  with  chronic  intestinal 
stasis;  congenital,  as  described  by 
Treves,  Jonnesco,  Douglas  Reid,  and 
others). 

(2)  Intrinsic,  of  which  two  classes  are  to  be  con- 
sidered: 

a.   Changes  in  the  bowel  wall: 

1.  Intussusception  (chronic). 

2.  Strictures: 
Congenital. 

Due  to:  Malignant  ulceration,  Tubercu- 
lous ulceration,  Typhoid  ulcers,  Duode- 
nal ulcers,  Dysenteric  ulcers,  Syphilitic 
ulcers,  Ulcerative  colitis,  Spontaneous 
cure  of  intussusception  by  sloughing. 
6.   Causes  in  interior  of  bowel: 

1.  Foreign  bodies  (swallowed). 

2.  Foreign  bodies  (of  internal  origin): 
Enteroliths,  Gallstones,  Hair-balls,  Im- 
pacted feces,  Ascaris  lumbricoides. 

involving  the  wall  of 

3.  Polypi  the  gut,  yet  acting 

4.  Cysts  <  as   a  foreign   body 

5.  Malignant  tumors     within  the  lumen  of 

the  bowel. 


Symptomatology.— In  the  limited  apace  allotted 
to  the  subject  under  discussion  it  is  manifestly  impossi- 
ble  to   give   in    del  ail    tin-   symptoms    which    generally 

characterize  intestinal  obstruction  as  caused  by  the 
various  factors  enumerated.  In  the  main,  therefore, 
the  nii.si  characteristic  and  uniformly  present  symp- 
toms are  catalogued.  Whatever  the  cause,  the  pri- 
mary and  uniform  result  of  intestinal  obstruction  is  a 

greater  or  lesser  degree  of  interfen  nee  with  the  passage  of 

the  intestinal  con  It  nts. 

Acute  Intestinal  Obstruction. — The  symptoms  vary 
with  the  cause  of  acute  intestinal  obstruction,  but 
in  a  general  way  it  may  be  said  that  the  condition  is 
characterized  by  the  following: 

(1)  Pain.  Marked  acute  abdominal  pain,  which 
is  the  first  subjective  symptom  noted,  may  come  on 
without  any  apparent  cause  in  an  otherwise  perfectly 
healthy  person,  or  it  may  follow  a  severe  physical 
exertion  or  a  violent  effort  at  defecation.  The  pain 
is  usually  first  noted  in  the  region  of  the  umbilicus  or 
epigastrium.  It  soon  becomes  "colicky"  and  inter- 
mittent, and  is  always  persistent. 

(2)  Collapse,  which  may  be  of  a  marked  degree, 
with  extreme  pallor  and  thready  pulse,  may  follow 
immediately  upon  the  onset  of  the  pain,  or  it  may 
gradually  appear,  after  an  interim  of  a  few  hours,  or 
even  after  several  days,  if  the  obstruction  is  very 
low. 

(3)  Nausea  is  soon  manifest,  and  is  persistent. 

(4)  Vomiting  and  eructation  give  no  relief  from 
the  terrible  nausea.  The  higher  up  the  obstruction 
is  located  in  the  intestinal  canal,  the  earlier  the  ap- 
pearance of  vomiting;  conversely,  the  lower  down 
the  obstruction,  the  later  the  appearance  of  this 
symptom.  At  first  the  vomitus  contains  merely  the 
stomach  contents,  but  as  the  ease  progresses  it  be- 
comes stercoraceous.  Fecal  vomiting  was  formerly 
considered  a  pathgonomonic  sign  of  acute  intestinal 
obstruction,  and  operative  intervention  was  delayed 
until  its  appearance.  In  a  general  way  it  may  be 
said  that  fecal  vomiting  accompanies  acute  obstruc- 
tion, but  it  is  not  always  the  case,  and  operation  should 
not  be  delayed  for  the  appearance  of  this  symptom. 
In  an  obstruction  low  down  fecal  vomiting  may  ap- 
pear when  it  is  too  late  for  operative  intervention. 

(5)  Fecal  stoppage  is  the  cardinal  sign  of  acute 
intestinal  obstruction.  When  complete,  neither  feces 
nor  flatus  pass.  Sometimes,  when  the  lower  bowel  is 
not  involved  in  the  obstruction,  it  will  be  emptied 
early  in  the  course  of  the  affect  ion,  and  may  obscure  the 
diagnosis.  The  constipation,  in  these  cases,  does  not 
come  on  gradually,  without  the  patient's  knowledge, 
but  suddenly.  Despite  the  absence  of  tenesmus  the 
patient  may  be  conscious  of  difficulty  in  the  passage 
of  gas  and  feces,  and  experiences  the  feeling  that 
relief  would  follow  the  evacuation  of  the  bowel. 

(6)  Subnormal  temperature  usually  persists  through- 
out, unless  inflammation  or  other  complications 
arise. 

(7)  Tliirst  is  pronounced. 

(8)  Distention  of  the  abdomen  very  quickly  follows 
the  flaccidity  which  marked  the  onset  of  the  condition. 

(9)  Embarrassment  of  respiration  and  heart  action 
follows  as  a  result  of  the  abdominal  distention. 

(10)  Indicanuria  marks  acute  cases  in  which  the 
small  bowel  is  involved.  The  amount  of  indican  may 
vary  from  the  normal  5  to  20  milligrams  to  from  100 
to  150  milligrams.* 

Death  supervenes,  in  acute  intestinal  obstruction 
which  is  not  promptly  relieved,  in  from  a  few  hours 
to  a  few  days.  Cases  of  acute  obstruction  have  been 
reported  in  which  the  patient  lived  for  twenty-one 
days.  The  average  duration,  however,  is  about  six 
days.  The  causes  of  death  are  generally  considered 
to  be  gangrene  of  the  bowel  in  the  affected  portion, 
peritonitis,  and  toxemia. 

*  According  to  Barnard*  the  large  bowel  is  not  necessarily  ex- 
cluded as  the  distention  may  have  spread  into  the  small  intestine. 
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Extensive  experiments  have  been  conducted  for 
the  purpose  of  determining  the  cause  or  causes  of 
death  in  acute  intestinal  obstruction,  but  as  yet  they 
have  led  to  no  uniformity  of  opinion. 

Chronic  Intestinal  Obstruction. — The  symptoms  of 
chronic  intestinal  obstruction  vary  according  to  the 
cause,  to  the  degree,  and  to  the  location  of  the  ob- 
struction. The  symptoms  of  which  the  patient  com 
plains  may  range  from  those  of  "chronic  indigestion" 
through  those  which  mark  the  beginning  stage  of 
chronic  intestinal  stasis,  to  the  more  pronounced 
Stages  of  stasis,  and  on  to  those  of  such  severity  that 
the  case  bids  fair  to  eventuate  in  one  of  acute 
obstruction. 

In  a  general  way  it  maj  be  said  that  chronic  in- 
testinal obstruction  is  characterized  by  the  symptoms 
of  acute  obstruction  only  in  less  marked  degree.  The 
obstruction,  of  course,  is  incomplete;  the  pain  comes 
on  more  gradually,  is  less  severe,  but  is  intermittent 
and  "colicky"  as  in  the  acute  stage;  the  vomiting 
comes  on  later,  generally  only  after  taking  food,  and 
is  seldom  stercoraceous;  the  collapse  is  slight,  the 
temperature  normal  or  slightly  below  normal  in  severe 
cases;  the  abdomen  is  distended;  in  some  cases,  as 
in  stasis,  there  is  abdominal  tenderness  to  pressure; 
constipation  is  less  marked,  and  generally  alternates 
with  diarrhea.  In  some  eases,  as  in  advanced  chronic 
intestinal  stasis,  there  may  be  respiratory  and  circula- 
tory  disturbances.  The  clinical  picture  of  chronic 
intestinal  stasis  is  more  conveniently  given  under  the 
head  of  treatment. 

Diagnosis. — The  diagnosis  of  intestinal  obstruc- 
tion is  (1)  general,  (2)  differential. 

General  Diagnosis. — The  general  diagnosis  of  ob- 
struction is  made  from  the  symptoms,  and  has  for 
its  primary  object  the  establishment  of  the  existence 
of  interference  with  the  passage  of  intestinal  contents. 
Secondarily,  its  object  is  the  determination  of  the 
degree  of  obstruction,  its  location,  and  its  cause.  In 
other  words,  the  general  diagnosis,  or  the  discovery  of 
obstruction  in  some  degree,  immediately  calls  for  the 
differential  diagnosis. 

Differential  Diagnosis. — By  the  differential  diag- 
nosis, in  turn,  one  must  determine  (1)  whether  the 
obstruction  is  acute  or  chronic;  (2)  the  cause.  The 
differential  diagnosis  must  also  determine  absolutely 
that  the  symptoms  are  not  due  to  conditions  similar 
to  intestinal  obstruction,  for  example,  external  hernia 
(which  is  usually  considered  as  a  pathological  condi- 
tion in  itself,  apart  from  intestinal  obstruction), 
pancreatitis,  peritonitis,  embolism  and  thrombosis 
of  the  mesenteric  vessels,  etc. 

In  acute  obstruction,  where  the  interference  with  the 
passage  of  the  contents  of  the  bowel  is  complete,  or 
so  nearly  so  that  the  call  for  laparotomy  is  urgent, 
one  must  depend  upon  the  symptomatology,  and  upon 
exploratory  laparotomy,  by  the  latter  the  cause  be- 
ing determined  and  the  treatment  suggested.  It  is 
manifestly  impossible  to  resort  to  radiographic  or 
fluoroscopic  examination,  to  lavage,  and  to  the  numer- 
ous special  diagnostic  measures  which  may  be  em- 
ployed in  chronic  cases.  Nor  are  these  necessary. 
Sometimes,  especially  in  reflex  paralytic  obstruction 
and  in  obstruction  due  to  spastic  stricture,  the  giving 
of  an  anesthetic,  preparatory  to  laparotomy,  will 
cause  free  evacuation  of  the  obstructed  bowel,  thus 
differentiating  between  obstruction  due  to  these  causes 
and  that  which  is  due  to  volvulus,  acute  intussuscep- 
tion, internal  hernia,  etc.  Babcoek5  has  reported  cases 
in  which  the  administration  of  stovain  by  spinal  injec- 
tion, preparatory  to  operating  for  acute  intestinal  ob- 
struction, has  been  promptly  followed  by  complete 
e\  acuation  of  the  bowel  and  relief  of  the  obstruction. 

In  chronic  obstruction,  however,  the  differential 
diagnosis  calls  for  the  employment  of  various  methods 
and  tests  before  resorting  to  exploratory  laparotomy. 
In    many   cases   the   diagnosis   is  established  by  the 
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institution  of  certain  methods  of  treatment.     In  mild 

,  for  example,  of  chronic  intestinal  stasis,  due  to 

various   visceroptoses,   or  caused  by  intraabdominal 

bands  and  resulting  kinks  in  the  intestine,  the  inter- 
ference with  the  passage  of  the  contents  of  the  canal 
may  be  corrected  by  the  administration  of  Russian 
mineral  oil,  In  regulating  the  diet,  giving  exerci 
correcting  posture,  properly  adjusting  abdominal  sup- 
ports, and  by  instituting  the  various  medicinal  and 
hygienic  measures  which  seem  to  be  applicable  to  the 
individual  case.  The  disappearance  of  the  sympto 
is  presumptive  evidence  of  the  correctness  of  the  ten- 
tative diagnosis.  In  these  and  in  the  more  severe  cases 
of  chronic  intestinal  stasis,  however,  it  is  advisable  to 
resort  to  radiographic  and  fluoroscopic  examination, 
with  bismuth,  when  possible,  in  order  .to  substantiate 
the  clinical  differential  diagnosis. 

The  guides  to  differentia!  diagnosis  which  may  be 
utilized  in  general  are  (1)  general  history;  (2)  gen:  ml 
symptomatology  of  intestinal  obstruction;  (3)  age  (an 
important  guide  in  infants  and  children);  (-1)  special 
signs,  such  as  flatulence,  distention,  tumors,  contrac- 
tions of  large  and  small  bowel,  as  seen  through  the 
abdominal  wall  or  as  felt  upon  palpation,  findings  upon 
rectal  examination,  indicanuria. 

The  differential  diagnosis  of  intestinal  obstruction 
from  other  conditions  giving  rise  to  similar  symptoms 
(external  hernia,  peritonitis,  pancreatitis,  etc.),  need 
not  be  discussed  here.  The  diagnosis  may  be  made 
by  exclusion,  beginning  with  these  similar  conditions 
and  working  toward  intestinal  obstruction,  as  well 
as  by  beginning  with  intestinal  obstruction  and 
working  toward  the  other  conditions. 

In  chronic  cases  of  severe  degree,  if  the  differential 
diagnosis  is  not  established  by  the  methods  mentioned, 
or  by  the  application  of  certain  therapeutic  measures 
which  look  to  the  determination  of  the  diagnosis,  and 
if  the  symptoms  persist,  particularly  if  they  are 
increasing  in  severity,  exploratory  laparotomy  is 
indicated. 

Treatment  of  Acute  Intestinal  Obstruction. — 
In  cases  of  acute  intestinal  obstruction  no  time  should 
be  lost  in  attempts  at  palliation.  Exploratory  lapar- 
otomy should  be  performed  as  soon  as  the  diagnosis  of 
acute  obstruction  is  made.  If,  perchance,  the  con- 
dition is  the  result  of  spastic  or  reflex  paresis  or  paral- 
ysis, the  anesthetic  administered  preliminary  to  the 
laparotomy  may  bring  about  a  thorough  emptying 
of  the  bowel,  thus  establishing  the  differential  diag- 
nosis with  reference  to  the  etiology.  In  this  event 
operative  procedure  is  abandoned. 

If,  however,  the  administration  of  the  anesthetic 
is  not  followed  by  the  evacuation  of  the  bowel,  the 
abdomen  is  opened,  and  the  abdominal,  peritoneal, 
and  pelvic  cavities  explored.  The  treatment  applied 
depends,  of  course,  upon  what  is  discovered.  It  is 
essentially  surgical. 

Space  does  not  permit  the  full  discussion  of  the 
surgical  treatment  of  acute  intestinal  obstruction  as 
produced  by  the  various  etiological  factors.  A  few 
words  concerning  each  will  suffice. 

The  treatment  is  given  in  sequence  of  the  causes 
enumerated  above,  with  the  exception  of  certain 
etiological  factors,  notably,  foreign  bodies,  which  are 
classed  under  the  head  of  chronic  obstruction,  but 
which,  as  a  rule,  do  not  demand  surgical  attention 
until  the  acute  stage  is  superimposed  upon  the  chronic 
condition.  Cases  of  this  class,  from  the  point  of 
treatment,  are  considered  as  acute. 

Congenital  Atresia. — Acute  intestinal  obstruction 
may  be  noted  at  birth,  in  which  event  the  cause  may 
be  sought  in  congenital  atresia  of  the  alimentary 
canal  at  some  point.  The  points  of  predilection  are 
the  esophagus  (which  is  not  under  discussion  here), 
at  the  pyloric  outlet,  in  the  rectum,  or  at  the  anus. 

Congenital  pyloric  stenosis  may  be  remedied  by 
gastroenterostomy   or  by  one  of  the  newer  methods 


REFERENCE  HANDBOOK  OF  THE  MKDK'AI.  SCIENCES 


Illtcsliii.il  r  Mix  I  rue  I  loll 


nf  pyloric  repair,  such,  for  example,  as  thai  devised 
by  Keefe,"  of  Rhode  Island. 

'  Atresia  of  the  anus,  or  of  the  rectum  within  an  inch 
or  two  of  the  anus,  may  be  very  easily  rectified  by 
plastic  operation.  When  the  occlusion  occurs  higher 
up  in  the  rectum  enterostomy  is  indicated— from  the 
surgical  point  of  view.  From  the  humanitarian  point 
of  view,  however,  euthanasia  is  justifiable  in  these 
cases.  To  condemn  an  individual  to  :i  life  compli- 
cated by  a  perpetual  gastroenterostomy  cannot  he 
harmonized  with  higher  ethics,  however  much  medico- 
legal considerations  may  demand  it. 

Internal  Hernia. — True  internal  hernia,  according 
to  the  consensus  of  surgical  opinion,  is  an  exceed- 
ingly rare  condition.  Thirteen  cases  of  true  internal 
hernia  were  admitted  to  the  surgical  wards  of  the 
London  Hospital  in  thirteen  years,  according  to 
Barnard,4  out  of  669  cases  of  intestinal  obstruction. 
Of  these  cases  three  were  diaphragmatic,  leaving  ten  of 
the  class  which  come  under  discussion  here. 

Despite  the  rarity  of  the  condition,  it  is  important 
in  each  case  of  acute  obstruction  to  thoroughly  in- 
vestigate all  hernial  apertures. 

True  internal  hernia  may  occur  at  the  following 
points: 

(1)  Through  the  foramen  of  Winslow,  into  the 
lesser  peritoneal  sac. 

(2)  Into  the  fossa  duodenojejunalis  (Trietz's 
hernia).  This  may  be  right-sided,  into  the  fossa 
behind  the  duodenojejunal  junction,  formed  by  a  fold 
of  peritoneum;  or  left-sided,  situated  in  the  meso- 
colon, "bounded  by  the  vascular  arch  formed  by  the 
left  colic  artery  and  the  inferior  mesenteric  vein  as 
they  come  in  contact  and  cross  each  other.6  This  is 
important,  inasmuch  as  it  is  often  impossible,  as  has 
been  pointed  out  by  these  authors,  to  enlarge  the 
opening  by  cutting.  The  neck  of  the  sac  can  be 
enlarged  with  safety  only  by  being  divided  in  a  down- 
ward direction. 

(3)  Into  the  intersigmoid  fossa.  This  fossa  is 
formed  by  the  layers  of  the  sigmoid  mesocolon,  and 
is  situated  at  about  the  bifurcation  of  the  iliac  vessels 
and  to  the  left  side  of  the  sigmoid  mesocolon.6  This 
is  a  very  rare  form  of  internal  hernia. 

(4)  Pericecal  (ileocecal,  ileocolic,  and  subcecal) 
hernia.  According  to  Moynihan,7  a  very'  exhaustive 
search  of  the  literature  failed  to  reveal  any  recorded 
cases  of  hernial  protrusions  into  the  ileocolic  or  the 
accessory  ileocolic  fossae.  These  fossas,  he  holds,  are 
of  anatomical  interest  only.  They  are  generally 
considered,  however,  as  possibilities  to  be  borne  in 
mind,  for  which  reason  they  are  recorded  here.  . 

The  possibilities  of  occurrence  of  internal  hernias 
are  given  by  Moynihan  as  follows: 

(1)  Duodenal,  left-sided  and  right-sided. 

(2)  Mesocolic. 

(3)  Into  the  infraduodenal  fossa. 

(4)  Pericecal:  into  the  ileocolic  fossa;  into  the 
accessory  ileocolic  fossa;  into  the  ileoappendicular 
fossa. 

(5)  Into  the  retrocolic  fossa. 

(6)  Into  the  fossa  of  Hartmann  (ileoceealisinfima). 

(7)  Into  the  fossa  iliacosubfascialis  (Biesiadeck). 

(8)  Retroperitoneal  of  the  vermiform  process. 

(9)  Into  the  intersigmoid  fossa. 

(10)  Into  the  lesser  peritoneal  sac. 

(11)  Into  the  foramen  of  Winslow. 

(12)  Into  the  lesser  peritoneal  sac  through  an 
abnormal  aperture. 

Whenever  internal  hernia  occurs  strangulation  of 
the  gut  may  result,  with  consequent  stoppage  of  the 
onflow  of  the  contents  of  the  bowel,  and  peritonitis, 
sometimes  within  twenty-four  hours,  or,  as  is  some- 
times the  case,  within  a  week  or  two. 

The  treatment  of  internal  hernia  consists  in  the  re- 
duction of  the  hernia  by  enlarging  the  aperture  in  the 
omentum  or  mesentery  in  which  the  herniated  gut  is 
incarcerated,  and  then  sewing  up  the  slit.     In  some 


forms  of  interna]  hernia  it  is  practically  impossible 
to  reduce  the  hernia  without  fatal  results.  In  such 
cases  enterostomy  is  indicated 

Si ni it tj ultition  by  Bands. — Closely  allied  to  internal 
hernia  as  a  cause  of  acute  intestinal  obstruction  is 
strangulation  by  I  minis  through  mesenteric  oi  omental 
apertures.  The  obstructing  hands  chiefly  to  be  noted 
.■ire  solitary  peritoneal  bands,  omental  bands,  and 
diverticula  i  Meckel's  and  others).  The  appendix,  the 
Fallopian  tubes,  the  pedicle  of  an  ovarian  tumor,  and 
various  other  intraabdominal  structures  may  be  so 

plaeecl   as  to  constrict  the   intestine   to   the   degree   "I 

causing  acute  obstruction.  The  same  may  be  said 
of  postoperative  bands,  which  have  followed  opera- 
tions such  as  uterine  suspension. 

The  most  acute  cases,  according  to  some  observi  I 
result  from   these   strangulating    bands.     The   small 
intestine,  particularly  the  terminal  ileum,  is  the  part 
most  frequently  involved. 

The  treatment  of  acute  intestinal  obstruction  caused 
by  bands  consists  in  the  division  of  these  structures 
and  the  reduction  of  the  strangulated  bowel.  If  the 
portion  involved  has  become  gangrenous,  it  must  be 
exsected  if  the  condition  of  the  patienl  warrants  it 
Otherwise  the  gangrenous  portion  should  be  placed 
outside  the  abdomen  and  a  temporary  fistula  formed. 
If  the  strangulation  has  occurred  through  an  aperture 
in  the  mesentery  or  omentum,  whether  this  opening 
is  congenital  or  accidental,  the  treatment  consists  in 
enlarging  the  aperture  and  releasing  the  gut.  The 
normal  size  of  the  aperture  is  always  restored  if 
possible,  and  all  raw  surfaces  covered  over. 

Volvulus. — Volvulus  of  the  intestine  results  from 
the  twisting  or  axial  rotation  of  the  gut,  (1)  around 
its  longitudinal  axis;  (2)  around  its  mesenteric  axis; 
(3)  one  coil  around  another. 

Volvulus  may  occur  in  the  small  intestine,  in  the 
cecum,  at  the  sigmoid  flexure,  and  in  connection  with 
mesenteric  cysts  and  tumors. 

The  most  common  variety  is  volvulus  of  the  sigmoid 
flexure.  *  Such  a  case  is  represented  in  Fig.  3483.  The 
patient  (J.  W.  N.),  male,  aged  forty-six,  physician, 
had  had  chronic  constipation  for  a  number  of  years. 


Fig.  34S3 


lvulus  of  the  Sigmoid 


While  cranking  his  automobile,  in  August,  1914,  he 
suddenly  developed  acute  intestinal  obstruction. 
Operation  was  performed  at  once  (August  13,  1914), 
when  it  was  found  that  the  sigmoid  was  twisted  and 
obstructed  by  bands  which  anchored  the  redundant 
sigmoid  tightly  to  the  sacrum,  causing  a  volvulus. 

In  connection  with  volvulus  of  the  sigmoid  Lane8 
says:  "This  obstruction  may  become  complete  be- 
cause of  a  rotation  of  the  loop  upon  the  base  formed 
by  its  approximated  extremities,  or  because  of  an  ex- 
cessive sagging  of  the  lower  part  of  the  loop  exerting 

*  The  term  sigmoid  is  retained  merely  because  it  is  still  so  largely 
employed.  The  term  pelvic  coltm,  as  exclusively  used  by  the  most 
modern  anatomists,  is  preferable. 
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:i  drag  on  its  lower  limit  sufficient  to  occlude  its  lumen. 
A  certain  amount   of  obstruction  to  the  passage    of 

feces  from  the  sigmoid  into  the  rectum  is  always 
present.  It  is  in  these  ruses  thai  complete  intestinal 
obstruction  may  occur,  owing  to  the  twisting  or  rota- 
tion of  the  overloaded  and  elongated  loop  becoming 
sufficienl  to  prevenl  the  passage  of  any  material  from 
the  sigmoid  loop  into  the  bowel  beyond.  It  will  thus 
be  seen  that  the  so-called  volvulus  of  the  sigmoid 
(occurring  spontaneously  and  not  as  an  after-effect 
of  an  abdominal  operation)  is  a  phase  of  a  condition 
of  partial  obstruction  of  longstanding,  the  loop  being 
habitually  overdistended  with  intestinal  contents, 
and  the  passage  of  feces  from  it  being  chronically 
interfered  with.  1  do  not  think  that  acute  volvulus 
of  a  perfectly  normal  sigmoid  can  occur  spontaneously. 
The  same  remarks  apply  equally  to  volvulus  of  the 
cecum."  The  case  cited  above  bears  out  this 
contention. 

The  treatment  of  volvulus  consists  essentially  in 
the  straightening  of  the  twist  in  the  gut.  In  order  to 
accomplish  this  it  is  necessary  first  to  evacuate  the 
distended  coil  of  intestine.  All  manipulations  must 
be  made  carefully,  to  prevent  rupture  of  the  distended 
portion.  After  the  volvulous  portion  has  been  evacu- 
ated, and  the  incision  through  which  this  was  accom- 
plished closed,  careful  search  is  made  for  the  volvulus, 
and  to  determine  its  exact  nature.  It  is  then  dealt 
with  according  to  requirements  of  the  individual  case. 
All  adhesions  which  hold  the  intestine  in  its  twisted 
position  are  separated,  with  finger  or  instrument. 

In  order  to  prevent  recurrence  of  the  twist  of  the 
pelvic  colon  it  may  be  necessary  to  insert  a  drainage 
tube  per  rectum,  leaving  it  in  situ  for  forty-eight 
hours.  The  tube  is  inserted  well  up  to  the  sigmoid. 
In  some  cases  it  may  be  necessary  to  fix  a  tube  into 
the  opening  made  for  the  evacuation  of  the  distended 
loop,  thus  making  a  temporary  enterostomy. 

Sometimes  it  is  impossible  to  untwist  the  volvulus, 
or  the  affected  portion  of  the  gut  may  be  gangrenous. 
Resection  is  then  the  only  alternative.  This  may  be 
performed  by  the  method  employed  by  Lane,9  or  by 
whatever  method  the  operator  may  prefer. 

Intussusception.  {Acute). — Intussusception  is  the 
passing  or  invagination  of  one  portion  of  the  intestine 
into  another,  generally  the  upper  passing  into  the 
lower.  This  is  one  of  the  commonest  forms  of  acute 
intestinal  obstruction,  especially  in  children.  Barring 
congenital  atresia  or  other  malformation,  intussus- 
ception is  practically  the  only  form  of  acute  obstruc- 
tion met  with  in  infants.  About  one-third  of  all  cases 
of  intestinal  obstruction  come  within  this  category. 

Intussusception  is  supposed  to  occur  most  fre- 
quently at  the  ileocecal  valve.  It  may  be  (1)  ileo- 
cecal (invagination  of  the  end  of  the  ileum  into  the 
cecum  through  the  ileocecal  valve);  (2)  enteric  (in- 
vagination of  some  part  of  the  small  intestine — most 
frequently  the  jejunum — into  the  part  below;  (3) 
colic  (invagination  of  one  part  of  the  large  bowel  into 
another;  (4)  ileocolic  (invagination  of  the  ileum 
through  the  ileocecal  valve  into  the  colon). 

The  treatment  of  acute  intussusception,  regardless 
of  the  point  of  occurrence,  is  surgical.  Upon  open- 
ing the  abdomen  the  gut  is  examined  carefully, 
in  situ,  to  determine  whether  the  tumor  is  reducible, 
irreducible,  or  gangrenous. 

If  the  tumor  is  reducible  it  is  promptly  subjected  to 
this  treatment  by  whatever  method  the  surgeon  may 
prefer.  The  method  employed  by  Moynihan  has 
proved  satisfactory  in  the  writer's  experience. 

If  the  tumor  is  irreducible  (but  not  gangrenous) 
excision  of  the  affected  portion  of  the  gut  is  neces- 
sary, the  selection  of  technique  being  a  matter  of  pref- 
erence. In  infants  excision  is  considered  by  some 
surgeons  as  too  severe.  A  method  satisfactorily  em- 
ployed by  some  has  for  its  object  the  relief  of  the  ob- 
struct ion  by  a  lateral  anastomosis  of  the  bowel  above 
and  below  the  obstruction.      The  advantages  of  this 


operation  are  offset  by  the  danger  of  gangrene  of  the 
affected  portion  of  the  gut,  and  fatal  peritonitis. 

Paralysis  ("Adynamic  Ileus",). — Paralysis  of  the 
intestine  causing  obstruction  may  be  relic:,  toxic,  or 
traumatic.     Some  authors  consider  the  subject  under 

the  head  of  acute;  obstruction,  others,  chronic.  How- 
ever   considered,    it    may,    and    often    does,    demand 

prompt  surgical  intervention.  Electrical  enemata 
and  irrigation  of  the  colon  may  be  employed  success- 
fully in  some  cases,  and,  as  we  have  already  noted, 
the  administration  of  the  anesthetic  preliminary  to 
performing  laparotomy  may  restore  the  muscular 
tonus  of  the  bowel  sufficiently  to  overcome  the.  ob- 
struction. If  these  fail,  however,  prompt  surgical 
treatment  is  demanded.  Sometimes  the  obstruction 
is  relieved  immediately  upon  opening  the  abdomen. 
Whether  this  is  the  result  of  a  certain  tissue  shock, 
of  the  manipulation  of  the  gut,  or  of  the  mere  expos- 
ure to  the  air,  as  some  have  suggested,  has  not  been 
determined.  Should  none  of  these  events  transpire, 
and  should  there  be  considerable  distention,  with 
other  urgent  symptoms,  enterostomy  is  indicated. 

Spastic  Stricture. — What  has  been  said  with  ref- 
erence to  the  treatment  of  paralytic  obstruction  is 
applicable  to  the  form  which  results  from  spastic 
strictures,  as  encountered  chiefly  in  neurasthenic 
individuals. 

Foreign  Bodies  (Sudden  Impaction  by). — The  points 
at  which  obstruction  is  most  likely  to  be  caused  by 
a  foreign  body  are  (1)  the  pyloric  sphincter;  (2)  the 
ileocecal  sphincter;  (3)  the  anus.  The  cecum  and 
appendix  may  give  lodgment  to  foreign  bodies,  caus- 
ing symptoms  which  call  for  prompt  surgical  inter- 
vention. Diverticula  may  be  formed  at  any  point  by 
the  foreign  body.  In  this  event  symptoms  of  ob- 
struction are  not  manifest  at  first,  but  may  arise  when 
the  body  is  increased  in  size  by  fecal  accumulation. 
Calculi  are  generally  considered  the  commonest  form 
of  foreign  body  causing  obstruction. 

Incision  of  the  intestine  and  removal  of  the  impedi- 
ment is  the  quickest  and  safest  procedure.  If  suffi- 
cient traumatism  has  been  caused  by  the  foreign  body 
to  induce  gangrene,  excision  of  the  affected  portion 
of  gut  is  indicated. 


Fig.  3484.- 


-Hair-ball  Removed  from  Stomach  of  a  Seven-year- 
old  Child. 


Fig.  3484  shows  a  hair-ball  removed  from  a  female 
child,  aged  seven.  There  was  a  history  of  chronic 
intestinal  obstruction,  with  intermittent  attacks  of 
acute  obstruction,  which  were  controlled  without  opera- 
tion until  the  last,  which  occurred  in  April,  1908. 
Laparotomy  was  performed,  and  a  hair-ball  was  found 
in  the  stomach,  projecting  into  the  pylorus  and  com- 
pletely blocking  it  off.  The  ball  measured  about 
seven  inches  in  length,  and  nearly  two  inches  at  its 
widest  portion.  The  smaller  end  projected  into  the 
pylorus. 

This  ease  illustrates  the  fact  that  chronic  obstruc- 
tion may  suddenly  become  acute.      Presumably,  the 
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previous  attacks  of  acute  obstruction  were  caused  by 
the  temporary  blocking  of  the  pyloric  outlet,  the  at- 
tack subsiding  when  the  hair-ball  left  the  pyloric 
orifice,  perhaps  being  washed  out  by  the  Quids  taken 
into  the  stomach,  or  perhaps  by  muscular  action. 
When  it  had  increased  in  size  to  such  an  extent  that 
this  was  not  so  easily  accomplished,  and  when  it 
became  suddenly  impacted,  true  acute  obstruction 
occurred. 

Treatment  op  Chronic  Intestinal  Obstruction. — 

The  treatment  of  chronic  intestinal  obstruction  is  as 
varied  as  are  the  causes  and  the  degrees  of  I  lie  con- 
dition. Whenever  the  obstruction  is  sufficient  to  be 
a  serious'menace  to  health  or  life,  or  when  it  is  markedly 
progressive  in  its  course,  the  surgical  removal  of  the 
obstructing  agent  is  imperative.  This  is  particularly 
true  of  severe  cases  for  the  additional  reason  that  such 
cases  may  at  any  time  become  acute. 

An  example  of  chronic  intestinal  obstruction  sud- 
denly becoming  acute  is  illustrated  in  Fig.  :ils:i. 

The  treatment  of  the  different  classes  of  chronic 
intestinal  obstruction  is  briefly  given  according  to  the 
causes  enumerated. 

Extrinsic  Causes:  Abdominal  Tumors. — Sufficient 
pressure  may  be  exerted  upon  the  bowel  to  cause  a 
greater  or  less  degree  of  obstruction,  even  to  the  point 
of  complete  occlusion.  As  a  rule,  however,  the  tumor 
of  itself  produces  symptoms  which  lead  to  its  removal 
before  it  has  caused  complete  or  acute  intestinal 
obstruction.  Such  tumors  are  removed  in  accordance 
with  the  accepted  technique  for  the  specific  kind  of 
growth. 

Adhesions  (Cicatricial),  Bands  (Evolutionary,  Con- 
genital, or  Inflammatory). — The  degree  of  obstruc- 
tion which  results  from  bands,  of  whatever  origin, 
may  vary  from  a  mild  form  to  that  which  calls  for  the 
most,  radical  surgery,  such  as  colectomy. 

This  form  of  obstruction  has  been  described  by  Sir 
W.  Arbuthnot  Lane  under  the  term  chronic  intestinal 
stasis.  He  differentiates  it  from  constipation  as  this 
is  ordinarily  understood.  The  chief  point  of  differ- 
entiation rests  upon  the  matter  of  absorption  of  the 
poisonous  elements  of  the  alimentary  content,  or 
rather  of  the  residual  part  of  the  content.  Lane  has 
repeatedly  called  attention  to  the  fact  that  there 
may  be  a  very  marked  degree  of  constipation  with 
very  little  absorption  and  practically  none  of  the 
symptoms  of  toxemia.  In  the  condition  which  he 
calls  chronic  intestinal  stasis,  on  the  other  hand,  there 
is  always  retention  of  intestinal  content,  despite  a 
possible  diarrhea,  absorption  of  the  products  of  de- 
composition, and  toxemia  (or,  as  some  prefer  to  con- 
sider it,  "subinfeetion"),  with  a  characteristic,  symp- 
tomatology which  varies  with  the  degree  of  stasis  and 
of  toxemia. 

The  symptoms  of  chronic  intestinal  stasis  give  such 
a  characteristic  picture  that  they  may  be  detailed 
apart  from  those  of  chronic  intestinal  obstruction  due 
to  causes  other  than  obstructing  bands  and  adhesions. 

In  a  previous  communication10  the  following  state- 
ment was  made  concerning  the  causal  relationship 
existing  between  intestinal  obstruction  and  chronic 
intestinal  stasis:  "The  symptomatology,  diagnosis, 
and  treatment  of  the  various  types  of  acute  intestinal 
obstruction  may  be  said  to  have  long  been  matters 
of  general  knowledge.  The  existence  of  chronic  in- 
testinal obstruction  has  also  been  accepted  as  a  possi- 
ble contingency.  It  was  left,  however,  to  Mr.  Lane 
to  establish  the  fact  that  many  of  the  factors  concerned 
in  the  production  of  the  various  types  of  chronic  in- 
testinal obstruction  are  associated  with,  or  perhaps  are 
dependent  upon,  an  already  existent  chronic  intes- 
tinal stasis,  and  that  they  are,  in  reality,  end-results 
of  such  a  condition."  If  Lane's  estimate  of  the 
matter  be  correct,  the  vicious  etiological  circle  es- 
tablished with  the  inauguration  of  chronic  intestinal 
stasis  warrants  the  most  careful  attention. 


The  symptomatology   of   advanced   stasis   due  to 
bands  causing  kinks  and  obstruction  of  the  intestine 

has  been  SO  admirably  stated  by  Chappie1.'  that  it 
may  be  given  as  formulated  by  him.  He  reviewed 
fifty  cases,  in  which  he  found  the  following  constant 
set  of  symptoms:  "(1)  Headaches,  which  were  severe 
and  frequent.  (2)  Attacks  of  nausea,  often  fol- 
lowed by  retching  or  actual  vomiting.  In  some  cases 
the  vomiting  was  very  frequenl  indeed  and  of  a  severe 
nature,  It  wasverj  interesting  to  note  that  in  several 
hi  i  lie  eases  ill  in  id  was  frequently  present  in  the  vomit, 

and  had  led  very  able  men  to  the  diagnosis  of  gastric 

ulcer,  although  mine  sueli  was  found  .it  the  operation. 

(3)  boss  of  appetite  was  .'ilnmst   constantly  present. 

(4)  Loss  nl"  weight  was  present  in  all  cases.  (5) 
Markedly  cold  hands  and  feel,  which  gave  an  indi- 
eal  ion  of  a  defective  circulal  ion.  (6)  Mental  apathy. 
This   was    very   definite   in    most    eases.    ...      (7) 

Constipation,  which  in  all  was  persistent  and  its  pre- 
vious treatment  had  failed.  One  ease  had  none  on 
several  occasions  for  twenty-eight  days  without  an 
action  of  her  bowels  in  spite  of  treatment.  (8)  \ 
constant  foul  taste  in  the  mouth,  which  was  often 
accompanied  by  foul  breath  and  carious  teeth.  The 
tongue  was  constantly  furred.  (9)  Attacks  of  ab- 
dominal distention,  which  were  accompanied  by  dis- 
comfort and  relieved  by  eructation  or  the  passage  of 


Fig.  3485. — Pyloric  Obstruction-  A,  Duodenal  diverticulum: 
B,  inflammatory  mass  about  2d  portion  of  the  duodenum;  C.  duo- 
denojejunal juncture  "  kinked."  D,  dilated  small  intestine  above 
the  ileopelvic  band:  E,  site  of  obstruction  in  terminal  ileum. 

flatus  or  an  action  of  the  bowels.  (10)  General 
muscular  pain  and  a  loss  of  freedom  in  the  movement 
of  the  joints." 

The  above  symptomatology,  which  is  characteristic 
of  advanced  cases  of  chronic  intestinal  stasis,  is  less 
marked  in  milder  cases.  The  treatment  employed 
depends  upon  .the  severity  of  the  symptoms. 

In  beginning  eases  the  treatment  is  hygienic  and 
medicinal,  the  object  being  to  forestall  the  severer 
degrees  of  stasis,  or  obstruction.  By  the  proper  care 
and  feeding  of  infants  and  young  children  the  con- 
ditions which  make  for  stasis  in  the  adult  are  pre- 
vented. The  proper  care  of  weak,  delicate  patients, 
and  those  recovering  from  severe  illness,  will  often 
present  the  "static"  condition.  When  the  diagnosis 
of  beginning  stasis  is  made,  the  patient  should  at  once 
be  placed  under  a  dietetic  and  hygienic  regime. 
Suitable  exercises,  proper  attention  to  posture,  the  use 
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uf  well-fitted    abd inal   supports,   and   the  use  of 

suitable  medicinal  measures,  will  generally  suffice  to 
restore  the  patient  to  a  normal  condition.  Russian 
mineral  oil,  which  acts  mechanically,  has  been  found 
particularly  efficacious  in  these  rases. 

When  the  case  resists  treatment  by  dietetic,  hy- 
gienic, and  medicinal  measures,  it  becomes  necessary 
to  resort  to  exploratory  laparotomy.  In  many  of  the 
milder  eases,  in  addition  to  the  preventive  measures, 
it  may  lie  necessary  to  cut  bands,  to  replace  hollow 
organs,  to  change  angles,  and  to  generally  restore  the 
normal  status  of  the  drainage  system. 

In  advanced  cases,  however,  more  radical  surgical 
intervention  is  required.  The  patient  may  be  re- 
stored to  perfect  health  by  Lane's  "short-circuil  " 
operation9  (ileocolostomy).  In  other  cases  this  is 
not,  sufficient,  colectomy  being  then  indicated. 

Fig.  3485  represents  a  case  of  advanced  chronic  in- 
testinal stasis,  witli  typical  symptomatology.12  The 
patient  (C.  C),  male,  aged  forty-nine,  was  operated 
upon  December  25,  1913.  The  conditions  found,  as 
shown  in  the  picture,  were:  dilatation  of  the  stomach; 
almost  complete  pyloric  stenosis;  diverticulum  of  the 
duodenum,  with  a  mass  of  inflammation  about  it; 
marked  duodenojejunal  kink;  adhesions  between 
neck  of  gall-bladder  and  duodenum;  pronounced 
ileal  stasis;  marked  ileopelvic  bands;  some  enlarged 
glands  about  the  pylorus  and  back  of  the  liver.  The 
treatment  consisted  in  the  following:  1.  gastro- 
enterostomy; 2.  ileal  band  cut  transversely  and 
sutured  longitudinally;  3.  appendix,  which  was 
normal,  removed;  4.  small  fibroid  of  right  lobe  of 
liver  at  free  margin  excised,  liver  sutured. 


Fig.  34S6. — Malignant  Stricture  of  Transverse  Colon. 

Intrinsic  Causes. — (1)  Involving  the  gut  itself.  (2) 
Occurring  within  the  lumen  of  the  gut. 

Intussusception  (Chronic). — Chronic  intussuscep- 
tion calls  for  laparotomy  and  reduction  of  the  intus- 
ussception,  just  as  in  acute  cases.  Some  clinicians 
prefer  to  employ  enemata  first,  while  others  consider  it 
a  needless  waste  of  time. 

Chronic  intussusception  sometimes  undergoes  spon- 
taneous cure;  rarely  it  is  spontaneously  eliminated; 
it  may  become  acute;  or  perforation  may  take  place. 
In  any  event  the  treatment  is  surgical  reduction,  the 
urgency  of  the  treatment  depending  upon  the  severity 
of  the  symptoms  and  the  age  of  the  patient.  In 
infants  and  young  children  the  call  for  immediate 
laparotomy  is  urgent. 

Strictures  causing  obstruction  may  be  malignant, 
cicatricial    (resulting  from   ulceration   or  injury),   or 
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they  may  be  congenital.     A  large  proportion  ol 
of  chronic  intestinal  obstruction  result,  from  strid 

of  one  origin  or  another,  tuberculosis  and  malignancy 
probably  being  in  the  majority. 

I  il'.  3486  represents  a  case  of  malignant  stricture 
of  the  transverse  colon  at  the  site  of  an  omental  band 
extending  from  the  stomach  across  the  transverse 
colon,  and  adherent  to  1  he  pelvic  colon.  The  patient 
(J.   T.),  female,   was  operated  upon  at  the  Ossining 


Fig.  3487. — Multiple  Tuberculous  Strictures. 

Hospital.  She  had  had  long-standing  chronic  ob- 
struction which  became  almost  acute.  There  was 
persistent  vomiting  and  the  patient  was  in  a  very 
poor  general  condition.  Radical  operation  was  not 
advisable,  so  that  ileocolostomy  ("short-circuit") 
was  performed.  The  malignant  condition  was  left 
for  subsequent  operation,  but  the  patient  has  felt  so 
well  since  the  short-circuit  operation  that  she  has 
refused  further  surgical  intervention. 

Fig.  3487  represents  a  case  of  multiple  strictures  of 
tuberculous  origin,  with  chronic  intestinal  obstruc- 
tion.13 Fig.  3488  gives  a  diagrammatic  representation 
of  the  intestine  showing  the  relative  position  and  size 
of  the  strictures. 


Fig.  3488.- 


-Diagrammatic  Representation  of  Intestine.  Showing 
Relative  Position  and  Size  of  Strictures. 


Treatment  in  this  case  consisted  in  making  a  lateral 
anastomosis  of  the  portion  above  and  below  the  most 
marked  strictures,  with  a  longitudinal  incision  and 
transverse  suture  of  the  third  point  of  greatest  con- 
striction. The  three  lesser  constrictions  were  not 
considered  sufficiently  marked  to  warrant  surgical 
interference. 

Foreign  bodies  causing  chronic  intestinal  obstruc- 
tion, as  previously  stated,  do  not  generally  come  to  the 
surgeon's  attention  until  the  acute  stage  of  obstruc- 
tion has  been  reached.  In  the  interim  other  treat- 
ment is  generally  employed  by  the  internist,  according 
to  the  history  and  general  examination  of  the  patient. 


REFERENCE  HANDBOOK  ()K  THE  MEDK    W.  SCIENCES 


Intestinal  surgery 


Polypi,  cysts,  malignant  and  other  tumors  involving 
the  wall  of  the  gut  may  project  into  the  lumen  and 
act  as  foreign  bodies,  giving  rise  to  chronic  intestinal 
obstruction,  varying  in  degree  according  to  the  size 
of  the  growth. 

Fig.  M  IS!)  represents  a  cyst  of  the  mesentery  which  in- 
volved the  wall  of  the  intestine  down  to  the  mucosa. 
It  was  situated  at  the  mesenteric  border  of  the  ileum, 


Fig.  3489. — Cyst  of  Mesentery,  Involving  Wall  of  Gut  Down  to 
Mucosa. 

about  twenty-four  inches  from    the   ileocecal  valve, 
and  was  of  the  size  of  a  hen's  egg. 

Treatment  in  such  cases  consists  in  the  removal 
of  the  obstructing  growth,  the  technique  depending 
upon  the  nature,  size,  and  situation  of  the  tumor. 
William  Seaman  Bainbridge. 
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Intestinal  Surgery. — Instruments  and  Suture 
Material. — The  instruments  necessary  for  intestinal 
surgery  are  comparatively  few  and  simple.  Although 
there  exists  an  abundance  of  complicated  mechanical 
devices  for  suturing  the  intestines,  nothing  serves  the 
purpose  better  than  a  thread,  a  straight  or  curved 
needle,  a  needle-holder,  and  the  trained  hand  of  the 
surgeon. 

The  needle  may  be  a  straight  milliner's  needle 
No.  3  or  a  needle  with  a  full  curve  that  can  be  easily 
manipulated  with  or  without  a  holder.  Moynihan's 
curved  needle  as  modified  by  Scudder  serves  all 
purposes.  Whether  a  straight  or  curved  needle  is 
used  can  be  left  to  the  taste  of  the  operator.  A 
straight  needle  has  the  advantage  of  being  easily 
handled  by  the  operator  and  can  therefore  be  used 
with  greater  speed,  but  it  is  occasionally  found  awk- 
ward in  difficult  stitches.  The  author  himself  prefers 
the  curved  needle  manipulated  with  the  aid  of  a 
needle  holder. 

In  intestinal  surgery  it  is  essential  to  protect  the 
peritoneal  cavity  from  being  soiled  by  the  intestinal 
contents.  Therefore  we  strive  to  do  all  manipulation 
on  the  gut  outside  of  the  peritoneal  cavity.  To  this 
end  the  part  of  the  intestine  is  carefully  isolated  and 
the  abdominal  cavity  is  walled  off  and  protected  by 
large  gauze  pads  wffiich  are  secured  by  clamps  in 
order  not  to  be  lost. 

The  best  suture  material  for  intestinal  work  is  fine 
silk,  either  black  or  white  or  Pagenstecher  celluloid 
linen  thread  No.  1.  The  latter  has  some  advantages 
over  silk.     The   hard  surfaces  of  the  linen   thread, 
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impregnated  with  celloidin,  resists  the  penetration  of 
bacteria,  it  does  not  lose  its  hard  consistency  when 
soaked  in  water  and,  in  handling,  does  not  stick  to 
the  fingers  or  to  the  sheets. 

After  repeated  boiling  celloidin  thread  becomes 
friable  and  splits  longitudinally,  but  at  least  three 
sterilizations  can  be  done  with  safety. 

Different  Methods  of  Suture. — There  are  certain 
rules  essential  to  success  in  the  execution  of  an 
intestinal  suture  which  must   be  followed. 

( )ur  main  endeavor  must  be  to  bring  the:  serous  coats 
of  the  intestine  into  close  apposition.     This  surface 


Fig.  3490.- 


[ntestinal  Sutures.     A,  Lembert;   B,  Czerny?rLembert; 
C,  Lembert-Albert. 


has  the  property  of  rapid  and  firm  agglutination 
Joubert  (1824)  was  the  first  to  recognize  this  principle 
and  shortly  after  him  Lembert  described  his  classical 
suture  (182G)  that  is  still  used  to-day.  All  later 
suture  methods  rest  upon  this.  A  good  many  more 
or  less  complicated  sutures  have  been  invented  and 
described.  I  shall,  however,  confine  myself  to  those 
that  are  simple  and  rapid  in  execution  and  have  stood 
the  test  of  long  experience. 

Lembert  Suture. — In  the  original  Lembert  suture 
the  needle  enters  the  serous  coat  of  the  intestine  about 
five  millimeters  from  the  edge  of  the  wound,  takes  in 
the  muscular  coat  and  the  subserous  coat  and  emerges 
from  the  serous  coat  about  one  millimeter  from  the 
wound.  Then  the  needle  is  made  to  enter  at  a  point 
one  millimeter  from  the  opposite  side  of  the  wound 
to  emerge  five  millimeters  from  the  wound  edges. 
(Fig.  3490,  A.) 

This  simple  Lembert  suture  brings  the  peritoneal 
surfaces  into  broad  apposition,  but,  in  as  much  as  it 
does    not    take    in    the    mucosa,    it    does    not    give 


Fig.  3491. — Tuvara  Cross-stitch  Suture. 

enough  protection  against  leakage  and  therefore  a 
second  inner  suture  is  added  in  order  to  bring  the 
mucosa  into  close  apposition.  Czerny  added  a  sero- 
muscular suture  and  Albert  used  an  inner  suture 
going  through  all  the  coats.  (Fig.  3490,  B  and  C.) 
Some  surgeons  use  a  separate  catgut  suture  for  the 
mucosa,  but  this  is  not  necessary,  except  in  especially 
weak  places.  The  intestinal  suture  may  bean  inter- 
rupted suture  or  a  running  suture.  The  running  suture 
has  the  advantage  of  speed,  but,  if  not  drawn  tight 
with  an  even  pull,  the  suture  may  loosen  at  one  spot 
ami  I  hereby  jeopardize  its  security,  or  one  stitch  drawn 
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loo  tight,  may  cut  through  and  open  the  door  for  infec- 
tion. The  intervals  between  tin-  individual  si  itches  can 
be  best  gauged  by  the  thickness  of  the  wall  of  the  in- 
testine.    In  intestinal  sutures,  two  to  four  miUimi 
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Fig.  3492. 


-Closing  a  Wound  at  Right  Angles  to  the  Longi- 
tudinal    Axis. 


and  in  stomach  sutures  three  to  five  millimeters,  would 
constitute  about  the  average  distance. 

In  order  to  close  small  wounds  of  the  intestine,  a 
tobacco-pouch  suture  is  frequently  useful,  if  the  hole 
is  small  and  there  is  no  danger  of  narrowing  the  lumen 


Fig.  3493. — Halsted  Mattress  Suture. 

of  the  gut.  After  the  suture  is  tied  it  is  strengthened 
by  a  Lembert  suture.  Another  very  good  method 
is  one  described  by  Tuvara,  which  consists  of  a  cross- 
stitch.  (Fig.  3491.)  If  the  wound  in  the  intestine  is 
of  such  an  extent  that  there  is  fear  of  narrowing  of  the 


Fig.  3494. — Cushing's  Right-angle  Continuous  Suture. 

lumen,  it  is  better  to  sew  it  up  at  right  angles  to  the 
longitudinal  axis  of  the  gut  as  shown  in  P"ig.  3492. 

t  >ther  sutures  that  are  used  a  good  deal  are  Halsted's 
mattress-stitch  (Fig.  3493)  and  Cushing's  right-angle 
continuous  stitch  (Fig.  3494). 
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Knowledge  and  practice  with  these  methods  will  en- 
able the  surgeon  to  cope  successfully  with  the  problems 

of  intestinal  surgery.  It  is  a  good  plan  for  the  young 
surgeon  to  practise  any  one  of  these  diligently  and 
become  an  adept  in  its  use;  he  will  soon  discard  all 
others  so  far  as  his  personal  work  is  concerned. 

Operations  upon  the  Intestine. — Enterostomy. — 
The  purpose  of  this  operation  is  to  establish  a  com- 
munication of  the  lumen  of  the  intestine  with  the 
outer  world.  The  reasons  for  such  a  procedure  may 
be  threefold.  Firstly,  we  may  desire  to  use  the 
stoma  for  purposes  of  nutrition  (duodenostomy, 
jejunostomy);  secondly,  for  the  purpose  of  estab- 
lishing an  artificial  anus  (preternatural  anus,  fistula 
stercoralis),  or  thirdly,  we  may  use  it  for  medication 
(appendicostomy ) . 

Duodenostomy,  Jejunostomy. — Duodenostomy  is  only 
possible  in  the  upper  two-thirds  of  the  duodenum,  after 
it  has  been  mobilized.  It  is  rarely  indicated  and  its 
use  is  limited. 

Jejunostomy  has  its  indications  and  is  of  value  in 
cases  of  malignant  disease  of  the  stomach,  where  the 
growth  has  invaded  the  anterior  wall  to  such  an  ex- 
tent that  no  room  is  left  for  a  gastrostomy,  or  in  cases 
in  which  the  stomach  has  shrunken  so  much  that  it 
cannot  be  brought  up  against  the  anterior  abdominal 
wall.  As  a  temporary  fistula,  jejunostomy  is  indicated 
in  severe  cases  of  acid  burn  of  the  esophagus  and 
stomach  and  in  severe  cases  of  ulcer  of  the  stomach 
in  which  it  is  desirable  to  put  the  stomach  at  rest. 

As  this  fistula  is  established  for  purposes  of  nutri- 
tion, it  is  important  that  no  contents  regurgitate  and 
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Fig.  3495. — Temporary  Jejunostomy. 

it  must  be  so  constructed  that  it  can  be  closed  easily, 
if  it  is  intended  as  a  temporary  means.  Three  meth- 
ods are  in  existence : 

Method  of  von  Eiselsberg-Witzel. — Median  lapar- 
otomy or  left  rectus  muscle  incision.  The  jejunum 
is  looked  for  and  found  by  reflecting  the  omentum 
with  transverse  colon  and  stomach  upward.  In 
doing  this,  the  fossa  duodenojejunalis  will  be  ex- 
posed and  the  jejunum  easily  detected.  A  loop  is 
selected  about  twenty  to  thirty  centimeters  below  the 
fixed  portion.  After  isolating  the  same  from  the 
peritoneal  cavity  by  gauze  pads,  a  small  hole  is  made  at 
its  summit,  just  large  enough  to  admit  a  soft  catheter 
(18-20  Fr.).  The  catheter  must  be  pushed,  of  course, 
into  the  efferent  portion  of  the  loop,  and  is  fixed  to 
the  bowel  by  a  catgut  suture.  Figure  3495  shows  how 
the  oblique  groove  around  the  tube  is  constructed. 
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The  loop  of  jejunum  is  then  fixed  to  the  peritoneum 
by  a  few  silk  or  chromic  gut  stitches.  Care  has  to  be 
taken  not  to  constrict  the  lumen  of  the  jejunum  as 
the  flow  of  bile  and  pancreatic  juice  from  above  has 
to  be   unobstructed.     A   single   Lemberl    suture  for 

the  groove  is  sufficient.      If  it    is  desired  to  close  the 

fistula,  removal  of  I  he  catheter  suffices,  the  fistula  then 
closing  spontaneously. 

Method  of  Mayo-Robson. — This  method  is  a  little 
more  complicated  than  the  one  just  described.  In 
this  operation  an  excluded  loop  of  the  jejunum  is 
brought  to  the  surface  for  the  insertion  of  the  tube. 
Mayo-Hobson  (Trans,  [loyal  Med.-Chir.  Society, 
1905)  describes  the  operation  as  follows: 

"The  operation  I  have  performed,  which  I  believe 
is  new,  consists  in  taking  a  loop  of  the  beginning  of 
the  jejunum  just  sufficiently  long  to  reach  the  surface 
without  tension.  The  two  arms  of  1  lie  loop  are  short- 
circuited  about  three  or  four  inches  from  the  surface, 
the  short-circuiting  being  done  cither  by  means  of 
sutures  around  a  decalcified  bone  bobbin  or  by  sutures 
alone.     Personally  I  prefer  the  former. 

"A  small  incision  is  then  made  into  the  top  of  the 
loop  just  large  enough  to  admit  a  No.  12  Jaques 
catheter,  which  is  inserted  and  passed  for  three  inches 
down  the  distal  arm  of 
the  loop.  This  is  fixed 
to  the  margin  of  the 
incision  in  the  gut  by  a 
silk  or  a  Pagenstecher 
suture,  and  the  en- 
trance of  the  tube  into 
the  bowel  is  further 
guarded  by  two  purse- 
string  sutures,  one 
over  the  other.  The 
top  of  the  loop  is  fixed 
to  the  skin  by  one  or 
two  stitches  and  the 
wound  is  closed.  The 
patient  can  then  be 
fed  at  once  with  some 
peptonized  milk  and 
brandy.  The  whole 
operation  can  be  done 
in  from  fifteen  to 
twenty  minutes  and 
with  very  little  viscera 
exposure. 

"  Should  the  patient 
be  too  ill  to  bear  the 
little  extra  time  occu- 
pied by  the  short-cir- 
cuiting, the  tube  may 
be  inserted  as  directed 
and  surrounded  by  two 
or  three  purse-string 
sutures,  a  proceeding 
which  can  be  accom- 
plished in  a  few  min- 
utes. In  this  case  the 
loop  of  bowel  must 
not  be  brought  to  the 
skin,  but  had  better 
be  fixed  by  sutures  to 
the  peritoneal  margin 

and  aponeurosis,  in  order  to  leave  part  of  the  lumen 
of  the  attached  loop  within  the  abdomen  for  the 
direct  passage  outward  of  the  intestinal  fluid  with 
the  bile  and  pancreatic  secretion."     (Fig.  3496,  A.) 

Method  of  Maydl. — This  operation  is  performed 
after  the  same  principle  as  the  Y-method  of  gastro- 
enterostomy of  Roux.  In  the  operation  the  jejunum  is 
complct  ely  cut  across  about  thirty  centimeters  from  the 
duodenojejunal  angle.  It  is  advisable  to  cut  the  intes- 
tine at  an  oblique  angle  to  its  longitudinal  axis,  in  order 
to  give  the  bowel  contents  a  downward  direction. 
The  proximal  cut  end  is  then  implanted,  end-to-side, 
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Fig,  3496. — Jejunostomy.  .1, 
Mayo-Robsou's  method;  B,  Maydl's 
method. 
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into  the  jejunum  about  twenty  centimeters  from  its 
severed  end,  and  the  distal  portion  is  brought  to  the 
See.  One  may  twist  this  end  about  its  longitudi- 
nal axis  after  Gersuny  or,  by  tunneling  the  skin,  lead 
it  out  through  a  separate  small  incision  and  thereby 
bending  it  in  order  to  avoid  regurgitation  ofbowd 
contents.  This  however  is  not  essential.  (I'  lg.  349b,  ti.) 
Enlerotomy—  Under  certain  pathological  conditions 
(peritonitis,  intestinal  obstruction)  it  may  be  impera- 
tive to  empty  the  intestines  from  gas  and  fecal  matter 
as  an  emergency  procedure.  Both  of  these  operations 
can  and  should  be  done  under  local  anesthesia,  the 
condition  of  the  patient  in  most  cases  forbidding  a 
general  anesthetic. 

It  is  desirable  under  these  circumstances  to  make  the 
incision  into  the  abdomen  in  the  lateral  and  lower 
ouadrant,  reserving  the  median  incision  for  the  subse- 
,',,„,  ,„,iir;,l  operation.  After  opening  the  abdomen, 
a  loop  of  intestine  is  carefully  isolated  and  drawn  out 
of  the  wound.  Gauze  compresses  are  then  intro- 
duced into  the  abdomen  to  protect  the  peritoneal 
cavity  and  an  incision  is  made  into  the  bowel  opposite 
its  mesenteric  border  at  right  angles  to  its  longitudma 
axis  After  as  much  as  possible  of  gas  and  fecal 
matter  have  escaped,  the  incision  is  carefully  closed 
bv  a  double  row  of  Lembert  sutures.     _ 

Enterostomy—  In  cases  in  which  it  is  desirable  to 
establish  a  fistula  for  draining  away  the  contents  of 
the  bowel,  an  enterostomy  is  performed. 


stages.  The  first  stage  would  comprise  the  stitching 
of  the  bowel  to  the  peritoneum,  sewing  up  the  wot 
Close  to  the  exposed  loop.  After  a  few  days,  when 
the  adhesions  around  1  lie  intestine  and  peritoneum  are 
firm  the  bowel  is  opened  with  the  kmfeor  the  Paquelm 
cautery.  This  method  does  away  with  the  danger  ol 
peritonitis  from  leakage.  It  can,  however,  not  always 
be  used.  This  simple  method  of  enterostomy  has  a 
certain  disadvantage.  The  contents  of  the  bowel, 
escaping  through  the  fistula,  soil  and  irritate  the  skin 
of  the  patient  and  can  infect  the  wound  with  a  result- 


Fig.  3197— Enterostomy  with  the  Paul-Mixter  Tube. 

The  loop  of  the  intestine  to  be  incised  is  carefully 
stitched  to  the  peritoneum  in  order  to  prevent  soiling 
of  the  peritoneal  cavity.  In  doing  this  one  has  to 
be  very  careful  not  to  enter  the  lumen  of  the  intestine 
with  the  needle  because  the  wall  of  the  gut  may  be 
extremelv  thinned  out  by  distention.  After  this 
suture  has  been  placed  a  trocar  is  thrust  into  the 
bowel  and  a  portion  of  the  contents  withdrawn. 
The  bowel,  being  partially  emptied,  should  then  be 
incised  and  its  wall  stitched  to  the  skin. 

This  would  constitute  the  simplest  method  ot 
enterostomv.  It  is  advisable,  if  the  condition  of  the 
patient   allows   it,    to   perform   enterostomy   in   two 
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Fig.  3498. — Enterostomy  with  a  Paul-Mixter  Tube. 

ing  phlegmon  of  the  abdomen.     In  order  to  do  away 
with  these  drawbacks  the  following  procedure  should  be 

A  loop  of  intestine  is  isolated,  its  contents  milked 
out  by  gentle  strokes  of  the  fingers  and  the  loops 
temporarily  clamped  with  a  pair  of  intestinal  clamps. 

A  small  incision  is  now  made  into  the  gut,  just  large 
enough  to  admit  a  "Paul-Mixter  tube"  which  is 
fixed  by  means  of  a  tobacco-pouch  suture.  Ihe  loop 
of  intestine  is  then  stitched  to  the  parietal  peritoneum. 
The  glass  tube  is  fixed  by  dressings,  and  a  rubber- 
tube  leading  into  a  large  bottle  on  the  floor  is  con- 
nected with  it  to  svphon  off  the  bowel  contents. 
(Figs.  3497  and  3498.) 

After  five  or  six  davs  the  sutures  around  the  glass 
tube  will  cut  througlTand  the  tube  is  then  removed. 
In  the  mean  time  protecting  granulations  will  have 
formed  so  that  the  danger  of  infecting  the  abdominal 
incision  is  done  away  with. 

Paver  has  constructed  a  modified  Murphy  button 
which  he  uses  in  place  of  the  Paul-Mixter  tube.     It 


Fig.  3499. — Payer's  Modified  Murphy  Button. 

has  no  side  openings  and  the  male  portion  is  lengthened 
into  a  tube  seven  centimeters  long  which  fits  into  the 
female  part.  (Fig.  3499.)  The  male  portion  is  first 
fastened  into  the  gut  by  a  tobacco-pouch  suture,  the 
loop  of  intestine  is  dropped  back  into  the  abdomen 
and  the  tube  is  led  out  by  a  separate  small  incision 
Now  the  female  portion  is  slid  over  it  and  pushed 
home  in  such  a  fashion  that  besides  the  wall  of  the 
intestine,  peritoneum  and  fascia  transversalis  are  also 
caught  between  the  two  halves  of  the  button  the 
laparotomy  wound  is  completely  closed  After  six 
to  eight  days  the  button  comes  away  and  the  fistula 
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has  established  itself  without  infecting  the  abdominal 
wound. 

Appendicostomy. — This  operation  was  first  sug- 
gested by  11.  Weir  of  New  York  (Medical  Uecmd,  Aug. 
9,  1902).  It  has  been  used  in  eases  of  chronic  colitis, 
especially  in  those  types  of  the  disease  which  are  very 
resistant  to  ordinary  medical  measures:  membranous, 
ulcerative,  syphilitic,  amebic  colitis.  It  serves  a 
double  purpose:  (1)  to  drain  the  bowel  and  to  clean 
it  from  the  stagnant  infectious  material,  and  (2) 
to  introduce  into  the  bowel  medicated  solutions  in 
order  to  act  directly  upon  the  pathological  process. 

It  is  performed  in  the  following  fashion:  The 
cecum  is  exposed  by  the  usual  pararectal  incision 
and  brought  out  of  the  wound.  The  appendix  is 
searched  for,  and  adhesions,  if  present,  must  be  loosened 
with  care  in  order  not  to  injure  the  mesentery  with 
its  vessels.  A  separate  small  opening  is  made,  through 
which  the  appendix  is  pulled  out  by  means  of  a  dress- 
ing forceps.  It  is  fastened  to  the  skin  by  a  few 
sutures,  so  that  one  to  two  centimeters  of  it  project 
above  the  skin.  The  laparotomy  incision  is  closed  by 
a  layer  suture.  After  a  few  days  the  projecting  por- 
tion of  the  appendix  is  cut  off  and  a  small  well-oiled 
Nclaton  catheter  is  introduced  into  the  bowel. 

This  method  is  effective  and  simple  in  a  good  many 
cases  where  the  above  enumerated  pathological  con- 
ditions are  present.  There  are,  however,  a  few  points, 
which  have  to  be  kept  in  mind.  It  can  happen  that 
the  lumen  of  the  appendix  is  strictured  at  some  point 
from  its  tip  to  its  base,  so  that  after  the  establish- 
ment of  the  appendicostomy  it  is  impossible  to  intro- 
duce the  catheter.  It  is  therefore  better  to  convince 
oneself  about  the  patency  of  the  appendical  lumen 
by  opening  it  primarily  and  probing  it.  In  the  dif- 
ferent chronic  inflammatory  diseases  of  the  colon 
very  often  the  appendix  is  involved.  It  would,  of 
course,  invite  disaster  if  one  would  use  an  appendix 
•with  ulcerated  mucous  membrane  for  any  such 
purpose. 

For  such  cases  two  methods  are  at  our  disposal: 
(1)  The  amputation  of  the  appendix  and  the  use  of  its 
opening  into  the  cecum  as  a  stoma,  or  (2)  the  estab- 
lishment of  a  fistula  at  the  cecum  after  Witzel's 
method.  The  latter  procedure  is  preferable.  It  has 
been  described  with  the  methods  of  jejunostomy  and 
gastrostomy  to  which  the  reader  is  referred. 

Although  a  large  number  of  good  results  and  cures 
by  these  simple  methods  have  been  reported,  there 
are  undoubtedly  stubborn  cases  of  old  ulcerative 
colitis  in  which  drainage  and  medication  alone  by 
appendicostomy  does  not  suffice.  The  main  indica- 
tion in  such  severe  cases  is  absolute  rest  for  the  large 
bowel  combined  with  flushing  with  medicated  solu- 
tions or  sterile  salt  solution.  The  writer  has  in  these 
desperate  conditions  used  a  procedure  which,  although 
much  more  complicated,  has  given  gratifying  results 
in  a  number  of  cases.  The  main  object  of  this  opera- 
tion is  a  complete  exclusion  of  the  large  bowel. 

The  abdomen  is  opened  by  a  pararectal  incision. 
The  cecum  with  the  ileocolic  junction  is  exposed 
and  drawn  out  of  the  wound.  After  having  pro- 
tected the  peritoneal  cavity  by  a  number  of  gauze 
pads,  the  ileum  is  completely  divided  between  two 
intestinal  clamps.  The  mesentery  of  the  ileum  is 
split  sufficiently  to  mobilize  the  proximal  end  to  such 
an  extent  that  it  can  easily  be  pulled  out  of  the  wound. 
In  doing  this  one  has  to  be  careful  not  to  injure  the 
branches  of  the  mesenteric  vessels. 

The  distal  end  is  closed  by  suture  and  inverted  into 
the  cecum.  The  proximal  end  of  the  ileum  is  now 
temporarily  closed  by  a  silk  string  and  its  mucous 
membrane  cauterized  with  the  Paquelin  cautery. 
The  ends  of  the  silk  string  are  left  long. 

The  clamp  is  now  removed  and  the  closed  end  of  the 
ileum  pulled  out  of  the  wound.  A  separate  incision 
two  centimeters  long  is  now  made  through  the  skin 
a  few  centimeters  mesial  to  the  pararectal  incision. 


By  means  of  a  dressing  forceps,  passed  through  this 
skin  incision,  the  silk  thread  is  caught  and  the  proxi- 
mal end  of  the  ileum  pulled  through. 

By  doing  this,  a  kink  is  produced  in  the  ileum, 
lying  between  the  rectus  muscle  below  and  the  skin 
above.  The  ileum  is  now  fastened  by  a  few  sero- 
muscular  sutures    to   the    parietal    peritoneum.      The' 

appendix  is  then  pulled  into  the  wound  and  an  ap- 
pendicostomy performed,  or,  if  this  organ  is  found 
to  be  diseased,  it  is  amputated  and  a  cecostomy  after 

Witzel  is  done  as  described  above.  The  laparotomy 
wound  is  now  completely  closed  up  to  the  point  where 
the  ileum  and  cecum  or  the  appendix  emerge,  as  the 
case  may  be. 

After  the  closure  of  the  abdomen  litis  been  affected, 

the  silk  thread,  which  kepi  the  ileum  closed,  is  re- 
moved and  a  Paul-Mixter  tube,  connected  with  a 
drainage  bottle,  inserted  (Fig.  3500). 

After  the  silk  thread  has  cut  through,  the  Paul- 
Mixter  tube  is  removed. 

All  bowel  contents  will  now  be  empt  ied  through  t  his 
enterostomy  opening.  A  bandage  with  a  small  pad 
is  placed  over  the  enterostomy  in  such  a  fashion  that 


Fio.  3500. — Enterostomy  with  Payer's  Modified  Murphy  Button. 

it  will  compress  the  angulated  loop  of  intestine  be- 
tween skin  and  underlying  rectus  muscle.  In  this 
fashion  the  patient  is  able  to  control  the  outflow  of 
intestinal  contents  and  to  keep  himself   clean. 

This  operation  effects  a  complete  exclusion  of  the 
entire  colon,  putting  it  at  rest  and  giving  it  thereby  the 
best  chances  for  recovery. 

The  time  of  treatment  extends  over  several  months, 
it  may  even  last  a  year.  I  never  close  the  enteros- 
tomy before  the  washings  of  the  colon  have  been  en- 
tirely free  from  blood,  pus,  and  mucus  for  at  least  one 
month,  and  the  patient  free  from  pain. 

It  is  remarkable  how  quickly  patients  will  pick  up 
after  a  short  time.  Their  pain  will  stop,  the  absorp- 
tion of  toxic  material  will  cease,  thereby  improving 
the  appetite.  These  patients  can  be  fed  vigorously 
on  a  mixed  diet  without  fear  of  irritating  the  excluded 
bowel. 

The  closure  of  the  enterostomy  is  done  later  by 
reimplanting  the  cut  end  of  ileum  into  the  cecum  after 
methods  that  will  be  described  presently. 

Of  course  this  operation  should  be  undertaken  only 
in  severe  cases,  where  other  methods  have  failed. 

Colostomy  and  Preternatural  Axis. — The  fore- 
going operations  have  dealt  with  methods  in  which  the 
small  intestine  has  been  used  for  the  establishment  of 
the  fistula.  It  must  be  remembered,  however,  that 
these  procedures  should  only  be  used  in  cases  of 
urgencv,  on  account  of  the  physiological  importance 
of  the  ileum  in  nutrition.  They  are  indicated  in 
incarcerated  and  strangulated  hernias  and  in  all  cases 
of  obstruction  of  the  small  intestines  where  an  im- 
mediate relief  of  the  distention  is  imperative. 
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For  the  establishment  of  a  permanent  artificial 
anus,  the  large  inlestineis  selected,  the  sigmoid  flexure 
being  the  part  of  the  colon  usually  chosen.  This 
operation  plays  an  iniporlanl  role  as  a  primary  pro- 
cedure in  dealing  with  rectal  carcinomata.  There 
are  different  methods  at  our  disposal.  The  aim  of 
every  one,  however,  is  to  completely  divert  the  fecal 
stream  from  the  pari  lying  distal  to  the  artificial  anus. 
A  method  both  simple  and  effective  is 

Maydl's  Operation. — This  operation  should  be  done, 
if  possible,  in  two  stages.  First  stage:  The  abdominal 
incision  is  made  on  the  left  side,  with  its  center  at 
a  line  joining  the  umbilicus  to  the  anterior  superior 
spine.  The  abdominal  muscles  are  split  bluntly  in 
the  direction  of  their  libers.  The  fibers  of  the  ex- 
ternal oblique  muscle  run  in  a  somewhat  oblique 
direction  to  the  skin  incision  and  the  fibers  of  the  in- 
ternal oblique  muscle  with  the  fibers  of  the  trans- 
versalis  muscle  run  in  a  horizontal  direction,  almost 
at  right  angles  to  the  fibers  of  the  external  oblique. 
The  blunt  separation  of  these  muscular  bundles  is  not 
always  an  easy  matter  and  is  best  effected  by  begin- 
ning the  separation  of  them  as  near  as  possible  to  the 
outer  border  of  the  rectus.  This  can  best  be  done  by 
using  the  handle  of  the  knife  or  a  pair  of  blunt  forceps. 
When  the  transversalis  fascia  is  reached,  two  blunt 
retractors  are  inserted  and  the  muscles  gently  held 
apart. 

The  fascia  transversalis  and  the  peritoneum  are 
now  cut  in  a  vertical  direction. 

It  is  usually  not  difficult  to  find  the  sigmoid  flexure. 
When  the  abdomen  is  opened  coils  of  small  intestine 
are  encountered.  These  are  pushed  toward  the 
median  line  with  gauze  pads.  Upon  retracting  the 
wound  margins,  the  sigmoid  flexure  will  be  readily 
seen  in  many  cases.  If  it  cannot  be  brought  into  view, 
a  simple  method  of  locating  it  at  once,  is  to  sweep  the 
finger  along  the  peritoneum  on  the  outer  side  of  the 
wound  across  the  iliac  fossa  until  the  mesosigmoid  is 
reached. 

Sometimes  the  transverse  colon  is  met  with.  This 
can  be  recognized  by  the  attachment  of  the  large 
omentum,  while  the  sigmoid  is  differentiated  by  its 
many  epiploic  appendices  and  two  taeniae  which  run 
along  its  anterior  surface. 

The  part  of  the  sigmoid  selected  is  of  some  impor- 
tance. As  a  general  rule  the  highest  portion  should 
be  used.  There  are  two  reasons  for  this.  The  first 
is  that  in  a  subsequent  operation  for  removal  of  the 
rectum  in  case  of  carcinoma,  the  sigmoid  flexure  can 
be  properly  mobilized  in  order  to  remove  the  tumor. 
The  second  is  that  a  prolapse  of  the  mucous  mem- 
brane occurs  less  frequently,  if  the  highest  point  of 
the  sigmoid  is  used. 

The  sigmoid  flexure  being  found,  it  is  brought  out 
of  the  wound  and  a  careful  pull  exerted  upon  it,  until 
no  more  bowel  will  come  out,  at  the  same  time  the 
lower  portion  of  the  gut  is  returned  through  the 
wound  into  the  abdomen. 

It  is  important  not  to  twist  the  bowel  around  its 
long  axis,  on  account  of  the  danger  of  producing  a 
volvulus.  With  a  pair  of  blunt  forceps  a  perforation 
is  made  through  the  mesosigmoid  between  blood- 
vessels, care  being  taken  not  to  injure  them.  Through 
this  opening  a  piece  of  gauze  or  glass-rod  is  passed  so 
that  the  loop  of  sigmoid  rides  upon  it.  The  afferent 
and  efferent  loops  are  now  united  below  this  support 
by  two  to  three  seromuscular  sutures. 

This  step  of  the  operation  is  a  very  important  one. 
By  these  sutures,  the  two  loops  are  held  parallel  to 
each  other  after  the  fashion  of  a  double-barreled  shot- 
gun. A  high  spur  is  formed,  which  will  prevent  the 
contents  of  the  afferent  loop  from  passing  into  the 
efferent  one. 

The  peritoneum  is  now  sewed  to  the  gut  with  a 
running  catgut  suture,  closing  the  peritoneal  cavity 
completely,  the  muscular  incisions  being  then  closed. 
A  few  layers  of  folded  gauze  are  interposed  between 
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the  ends  of  the  glass  rod  and  the  skin,  and  a  dre 
applied. 

The  writer  has  preferred  a  glass  rod  for  the  support 
of  the  intestine,  because  it  can  be  easily  kept  clean, 
which  is  not  the  case  with  a  gauze  strip,  which  is 
quickly  soiled  by  the  fecal  matter.  As  there  is  always 
a  tendency  to  retraction  on  the  part  of  the  intestine, 
causing  an  obliteration  of  the  spur  it  is  advisable  to 
leave  the  glass  rod  in  place  for  two  weeks  until  the 
intestinal  loops  are  firmly  attached  to  the  abdominal 
wall. 

Moynihan  uses  instead  of  the  glass  rod,  a  suture  as 
advised  by  Ward.  This  suture  passes  through  all  the 
layers  of  the  abdominal  wall,  pierces  the  mesosigmoid 
at  a  bloodless  spot  and  emerges  at  the  opposite 
the  loop  being  supported  on  either  side  by  a  piece  of 
rubber  tubing.     (Fig.  3.501.) 

In  order  to  keep  the  bowels  from  moving  and'the 
patient  at  rest,  morphine,  0.015,  may  be  given  or 
tincture  of  opium  gtt.  v.-vii.  t.i.d.    The  time  at  which 


Fig.  3501. — Moynihan's  Intestinal  Support  in  the  Operation  for 
Artificial  Anus. 

it  is  necessary  to  open  the  bowel  varies  much  in  differ- 
ent cases.  In  cases  of  acute  or  subacute  obstruction 
it  may  be  necessary  to  open  the  bowel  at  once  and  in 
such  a  case  a  Paui-Mixter  tube  ought  to  be  used,  as 
described  above.  In  chronic  or  partial  obstruction 
one  can  wait  two,  three,  or  even  four  days.  In  these 
cases  one  must  be  guided  by  the  general  condition  of 
the  patient. 

Second  Stage. — Opening  of  the  Gut. — The  bowel  is  cut 
across  at  right  angles  to  its  long  axis  down  to  the 
mesenteric  attachment  thereby  forming  two  double 
barrels,  shot-gun  fashion.  This  should  be  done  with 
the  cautery  knife. 

Maydl's  operation  is  a  very  simple  one  and  can 
always  be  done  under  local  anesthesia.  For  the  sec- 
ond stage  no  anesthesia  whatever  need  be  used  as  the 
bowel  is  insensitive. 

A  very  annoying  factor  about  an  artificial  anus  is 
the  impossibility  of  control  over  bowel  movements. 
Although  a  perfect  control  depends  upon  the  nervous 
apparatus  of  a  sphincter  which  cannot  be  constructed 
artificially,  surgeons  have  nevertheless  tried  to  help 
these  unfortunates  by  advising  methods  by  which 
a  certain  amount  of  control  is  effected.  A  method 
giving  a  complete  control  does  not  exist  as  yet. 
Madelung  and  Moynihan  have  advised  an  operation 
in  which  the  sigmoid  flexure  is  divided.  The  lower 
end  is  closed  and  dropped  back  and  the  upper  end  is 
brought  to  the  skin  by  passing  it  through  an  anterior 
and  posterior  plane  of  the  rectus  muscle  under  a 
bridge  of  skin,  similar  to  the  method  described  above 
under  enterostomy,  with  complete  exclusion  of  the 
colon.  An  artificial  anus  after  this  method  can  be 
easier  controlled  by  a  pad  (Fig.  3502).  Gersuny  has 
tried  to  effect  some  control  by  twisting  the  end  of 
the  bowel  about  180-360°  thereby  causing  a  mechan- 
ical narrowing. 

In  using  the  method  of  Madelung  and  Moynihan 
it  is  well  to  use  the  lower  part  of  the  sigmoid  reservoir 
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(Wyeth).  This  operation  can  only  be  employed  in 
cases  in  which  the  obstruction  is  not  complete  and 
the  secretions  of  the  bowel  can  be  emptied  through 
the  rectum,  otherwise  there  is  danger  of  the  completely 
excluded  loop  of  intestine  being  distended  by  secretion 
and  possibly  perforated. 

Shoemaker's  idea  of  muscle  plastic  of  the  anus  could 
be  applied  to  the  preternatural  anus.  Welke  uses 
crossed  muscular  bundles  of  the  rectus  without  cutting 
them. 

Dressing  and  Management  of  an  Artificial  Anus. — 
After  the  operation  is  finished,  it  is  important  to  pro- 
tect the  wound  and  the  skin  from  the  bowel  contents. 
This  protection  is  effected  in  those  cases  in  which  a 
Paul-Mixter  tube  can  be  used.  But  this  tube  will 
hold  at  the  utmost  for  about  six  days.  In  cases  of 
enterostomy  of  a  high  loop  of  intestine  the  irritating 


Fia.  3502. — Madelung-Moynihan  Method  for  Artificial  Anus;   the 
bowel  is  closed  by  pressure  in  the  direction  of  the  arrow. 

influence  of  the  liquid  ileum  contents  will  have  a 
deleterious  influence  upon  the  skin,  causing  a  severe 
dermatitis  with  loss  of  epithelium,  so  that  often  the 
corium  is  exposed. 

A  dressing  which  gives  perfect  satisfaction  is  the 
following:  After  cleaning  the  skin  thoroughly  from 
blood,  a  paste,  consisting  of  equal  parts  of  zinc  oxide, 
subnitrate  of  bismuth,  and  enough  sterile  olive  oil  to 
make  it  of  a  fairly  thick  consistency,  is  spread  on  the 
skin  around  the  wound.  Apiece  of  dental  rubber  dam, 
perforated  in  such  a  fashion  that  it  closely  surrounds 
the  projecting  loop  of  intestine,  is  fastened  with  a 
few  strips  of  adhesive  plaster,  and  over  this  gauze  com- 
presses are  laid.  This  dressing  is  changed  daily  and 
reapplied  after  cleansing  the  skin  with  benzine.  By 
giving  the  patient  a  teaspoonful  of  bismuth  subnM  rate 
three  to  four  times  a  day  in  milk,  the  bowel  move- 
ments are  made  dry  and  almost  odorless. 

Anastomosis. — Intestinal  Anastomosis,  Enterostomy. 
— This  is  one  of  the  most  important  and  most  frequently 
used  operations  the  surgeon  is  called  upon  to  perform 
on  the  intestine.  The  principles  involved  are  the 
same  as  in  performing  enterorrhaphy. 

There  are  various  methods  in  existence:  (1)  Side- 
to-side  or  lateral  anastomosis.  (2)  End-to-side  an- 
astomosis.    (3)  End-to-end  anastomosis. 

These  operations  can  be  done  by  suture  or  by 
mechanical  devices  of  which  the  Murphy  button  is 
the  most  important  one.  This  latter  ingenious  con- 
trivance has  played  an  important  role  in  intestinal 
surgery  and  still  has  its  proper  place  under  certain 
circumstances.  Most  surgeons,  however,  make  use 
of  the  thread  and  needle  method  which,  if  properly 
executed,  still  remains  the  best.  That  excellent 
surgeon,  Lejars,  says:  "In  my  opinion  these  ingenious 
contrivances  of  the  type  of  the  Murphy  button  have 
done  good  service  in  intestinal  surgery,  but  their  time 
is  gone.  The  natural  and  simple  method  to  unite 
two  intestinal  ends,  is  the  suture." 

Enteroanastomosis   serves  the  purpose  of  reestab- 


lishing an  open  Communication  between  two  loops  of 

intestme.  Maisonneuve  was  Hie  first  surgeon  to 
advocate  the  procedure.  It  is  easily  executed  and 
uncomplicated  because  the  mesentery  is  not  inter- 
fered with.  The  different  steps  of  the  operation  are 
as  follows.     The  two  loops  of  t lie  intestine  are  i  olated 

from  the  abdomen.  The  peritoneal  cavity  i.^  carefully 
walled  olf  by  gauze  pads  and  tampons.  The  two 
loops  to  be  anastomo  ed  are  now  arranged  side  by 
side.  By  careful  "milking"  with  the  fingers  they 
are  emptied  of  intestinal  contents  and  a  curved 
Doyen's  intestinal  clamp  is  put.  on  each  loop  (  Fig.  3503). 
These  clamps  which  compress  the  bowel  lightly  serve 
the purposeof  preventing  bowel  contents  from  escaping 


Fig.  3503. — Enteroanastomosis  with  Doyen's  Intestinal  Clamps. 

and  of  minimizing  hemorrhage.  An  incision  about  six 
centimeters  long  is  now  made  into  both  loops  opposite 
their  mesenteric  attachment.  This  incision  divides 
only  the  serosa  and  muscular  coat  but  does  not  pene- 
trate the  mucosa.  The  posterior  Lembert  suture  is 
now  passed  uniting  the  two  margins  and  muscularis. 

In  each  angle  of  the  incision  there  is  now  placed  a 
longitudinal  stitch  to  strengthen  the  weak  point  of 
the  suture.  These  two  stitches  are  important.  A 
Lembert  stitch  is  then  placed  a  little  closer  to  the  in- 
cision. The  ends  of  these  threads  are  left  long  and 
serve  as  holders.  An  assistant  pulling  on  this  thread 
holds  the  line  of  incision  straight.  The  mucosa  is 
now  incised  with  a  Paquelin  or  a  knife,  and  the  anterior 
Lembert    sutures    placed,     finishing    the    operation. 


Fig.  3504. — Enteroanastomosis. 

This  is  the  simplest  method  with  only  one  row  of 
interrupted  sutures  which  in  the  small  intestine  is 
perfectly  sufficient.  A  good  many  surgeons,  however, 
do  not  like  to  depend  on  only  one  suture,  but  use  two 
rows  of  interrupted  or  continuous  sutures.  Firsi  the 
posterior  suture  is  placed,  the  intestine  incised  through 
all  the  coats  and  the  cut  walls  of  the  intestine  sutured 
together  by  going  through  all  the  three  coats.  After 
these  two  posterior  sutures  are  finished,  the  anterior 
suture  is  placed.  For  this  suture  the  author  uses 
the  inverting  method  of  Schmieden,  which  is  simple 
and  certain  in  its  effects.  The  needle  travels  always 
from  within  outward  thereby  rolling  in  the  wound 
edges  and  preventing  the  mucosa  from  prolapsing 
(Figs.  3504,  3505).     Over  this  suture  a  running  Lem- 
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bert  suture  is  placed.  The  clamps  are  now  removed 
and  the  loops  of  gut  carefully  cleaned  with  a  little 
saline  solution  and  then  returned  to  the  abdominal 
cavity. 

Enteroanasiomosis  by  Means  of  the  Murphy  Button. — 
Although  the  suture  with  thread  and  needle  is  the 


Fig.  3505. — Enteroanastomosis. 
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Fig.  3506. — Placing  the  Murphy  Button. 


Fig.  3507. — Enteroanastomosis  with  the  Murphy  Button. 

method  of  choice,  circumstances  may  arise  in  which 
it  is  desirable  to  finish  the  operation  as  quickly  as 
possible.  In  these  cases  the  Murphy  button  is  indi- 
cated. The  button  is  made  of  nickel  and  consists 
of  a  male  and  a  female  part.     By  means  of  a  spring 
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and  a  catch  these  two  halves  are  pushed  together. 
The  method  is  simple. 

After  having  isolated  the  two  Ioopi  Bribed 

above,  a  small  incision  is  made  into  the  intestine  just 
large  enough  to  admit  the  button. 

Before  the  button  is  introduced  a  tobacco-pouch 
suture  Ls  put  around  the  opening  which  is  pulled  tight 
after  one-half  of  the  button  has  been  introduced  into 
the  bowel.  The  tobacco-pouch  suture  is  not  abso- 
lutely necessary  if  the  incision  in  the  bowel  Ls  made 
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Fig.  350S. 


-Insertion  of  the  Elastic  Ligature  for  Entero- 
anastomosis. 


so  small  that  the  button  can  just  be  pushed  in  by  a 
side  twist.  Here  a  stitch  on  one  or  both  sides  suffices 
to  fasten  the  button.  After  the  two  halves  of  the  but- 
ton are  thus  secured  in  the  bowel,  the  button  is  united 
by  carefully  pushing  home  the  two  parts.  The  larger, 
or  male,  part  should  be  placed  into  the  afferent  loop. 
Figs.  3506  and  3507  illustrate  the  method.  It  is  a  gen- 
eral rule  not  to  use  the  Murphy  button  in  anastomos- 
ing the  large  intestine  on  account  of  the  thinness  of  its 
walls  and  on  account  of  the  danger  of  obstruction  of 
its  lumen  by  hard  fecal  matter. 

A  very  quick  and  effective  method  of  doing  a  lateral 
anastomosis  has  been  worked  out  by  McGraw.     The 


Fig.  3509. — Enteroanastomosis   by    McGraw's    Elastic   Ligature. 

two  intestinal  loops  are  joined  by  a  posterior  sero- 
muscular suture  and  then,  by  means  of  a  stout  needle, 
a  round  elastic  ligature  of  best  rubber  is  pushed  through 
the  intestine  (Figs.  3508  and  3509).  To  prevent  includ- 
ing the  preliminary  continuous  stitch  in  the  knot,  this 
suture  is  depressed  with  a  pair  of  blunt  forceps  or 
the  handle  of  the  knife  and  the  ends  of  the  rubber 
ligature  are  tied  in  a  half  knot  over  a  piece  of  strong 
silk.  Now  the  anterior  row  of  seromuscular  sutures 
are  laid,  closing  the  whole  front  of  the  joint.  This 
procedure    has    the    advantage    of    being  absolutely 
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Fio.      3510. — Joseph's 
Anastomosis  Clamp. 


aseptic,  as  the  lumen  of  the  gut  is  not  opened  to  any 
extent. 

The  desire  to  render  intestinal  anastomosis  abso- 
lutely aseptic  has  prompted  Joseph  to  advise  an  anas- 
tomosis clamp  (Fig.  3510).  Through  a  small  hole  in 
each  loop  of  the  intestine  the  branches  of  the  clamp 
are  thrust,  which  is  then  firmly  closed.  The  walls 
of  the  gut  are  hereby  crushed  and  now  the  place  of  the 
anastomosis  is  carefully  sewn  over. 

After  finishing  this  suture,  the  small  hidden  knife 
is  pushed  to  and  fro  and  the  crushed  walls  arc  cut 
through,  thus  completing  the 
anastomosis.  The  branches  of 
the  clamp  are  now  withdrawn 
and  the  two  small  holes  previ- 
ously made  are  closed. 

End-to-side  Anastomosis. — This 
method  of  anastomosis  is  not  as 
widely  in  use  as  the  lateral  anasto- 
mosis just  described.  It  finds 
its  application  in  Maydl's  opera- 
tion of  jejunostomy  and  in  im- 
planting the  ileum  into  the  colon 
after  resection  of  the  cecum.  In 
this  operation,  however,  many 
surgeons  also  prefer  the  lateral 
implantation  with  occlusion  of 
the  cut  ends  of  the  colon  and  of 
the  ileum. 

An  excellent  method  of  the  end- 
to-side  implantation  of  the  ileum 
into  the  colon  has  been  worked 
out  by  Gould.  The  accompany- 
ing drawings  taken  from  Gould's 
book  will  explain  it  better  than 
words  (Fig.  3511). 

End-to-end  Anastomosis  and 
Intestinal  Resection. — For  the  sake 
of  convenience  these  two  operations  will  be  described 
together  as  the  one  usually  calls  for  the  other.  These 
operations  become  frequently  necessary  in  tumors  of 
the  intestine,  in  stricture,  in  gangrene  caused  by  in- 
carcerated hernias,  in  invagination,  etc. 

The  operation  is  done  after  the  same  fundamental 
rules  of  asepsis  as  described  in  the  foregoing  methods. 
After  the  diseased  loop  is  isolated,  two  clamps  are 
applied  to  the  intestine.  In  doing  this  we  have  to  be 
careful  to  select  a  place  where  the  intestine  is  un- 
doubtedly normal,  this  being  especially  important  in 
cases  of  gangrene  or  obstruction.  If  in  these  cases 
the  intestines  are  very  much  distended  by  gas  and 
intestinal  contents,  it  is  well  to  empty  them  by  an 
enterostomy.  In  putting  on  the  clamps,  care  should 
be  taken  to  apply  them  not  at  right  angles  to  the  gut 
but  at  an  angle  of  forty-five  degrees,  the  point  of  both 
clamps  converging  toward  the  mesentery.  In  this 
fashion  the  cut  ends  of  the  intestine  are  wider  and  the 
danger  of  narrowing  the  lumen  by  the  subsequent 
suture  is  done  away  with. 

After  the  clamps  are  properly  placed,  it  is  best  to 
proceed  first  with  tying  the  vessels  of  the  mesentery. 
If  the  portion  of  the  mesentery  is  small  the  latter 
may  be  tied  parallel  to  the  attachment;  when,  how- 
ever, it  is  necessary  to  remove  a  large  portion  of  in- 
testine it  is  advisable  to  excise  a  wedge-shaped  piece 
of  the  mesentery,  because  the  defect  is  easier  closed 
and  one  avoids  a  puckering  and  doubling  up  of  the 
mesentery  after  suture.  This  is  especially  true  in 
cases  of  very  fat  mesentery.  It  is  very  important  to 
be  careful  not  to  tie  larger  branches  of  the  mesenteric 
vessels  which  nourish  the  anastomosis,  or  gangrene 
of  the  suture  line  with  all  its  consequences  will  surely 
follow. 

After  the  mesentery  has  been  tied,  the  intestine  is 
cut  across,  the  lumina  of  the  cut  end  being  carefully 
wiped  clean.  The  clamps  are  now  approximated 
and  the  posterior  Lembert  sutures  placed.  In  order 
to  do  this  properly  one  seromuscular  suture  is  placed 


near  the  mesenteric  border  and  a  second  directly 
opposite.  These  sutures  are  left  long  and  held  as 
holders  to  bring  the  serous  surfaces  in  line.  Kocher 
starts  this  suture  at  the  upper  angle  of  the  mesentery, 
thereby  at  the  same  time  (losing  the  mesenteric  cut. 
The  sutures  may  be  interrupted  or  running. 

The  next  suture  consists  of  the  second  posterior 
suture  which  unites  the  cut  ends  of  the  intestine. 
The  first  of  these  sutures  at  the  mesenteric  border  is 
of  special  importance.  At  this  point  lies  the  weakest, 
spot  of  the  whole  suture  line. 


Fia.  3511. — Three    Stages    of    Gould's    Method    of    End-to-side 
Implantation  of  the  Ileum. 

This  stitch  is  started  as  a  mattress  suture  (Maunsell), 
as  illustrated  in  Fig.  3512,  completely  obliterating  the 
triangular  intramesenteric  space,  and  is  continued 
as  a  through-and-through  suture  bringing  the  posterior 
walls  of  the  gut  into  apposition.  This  suture  can  now 
be  continued  as  the  anterior  suture.  In  order  to  have 
the  mucous  membrane  fold  in,  the  inverting  stitch 
of  Schmieden  should  be  used.  Over  this  suture  a 
running  Lembert  suture  is  placed,  completing  the 
anastomosis. 

A  very  good  method  of  an  end-to-end  anastomosis 
in  which  perfect  asepsis  is  insured  has  been  described 
by  H.  H.  Kerr  in  Surgery,  Gynecology  and  Obstetrics 
(vol.  xvii.,  p.  496)  as  follows: 

Division  of  the  intestinal  walls  is  made  between 
two  narrow-bladed  crushing  clamps,  placed  first  in 
actual  contact  and  then  slightly  separated  so  that 
there  is  left  between  them  a  narrow  crushed  area, 
consisting  practically  only  of  serosa  and  fibrous  coat, 
which  may  be  divided  by  the  knife  or  cautery. 
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The  basting  stitch  is  a  Cushing  continuous  stitch 
without  knols  placed  upon  the  clamped  incision  with 
the  Loops  between  the  stitches  crossing  over  the  blade 
of  the  clamp.  The  first  bite  of  the  suture  applied 
to  either  the  free  or  mesenteric  border  is  place] 
parallel  to  the  axis  of  the  nut;  the  intervening  ones 
are  parallel  to  1  lie  clamp  and  across  the  axis  of  the  gui . 
When  the  clamp  is  removed  and  the  stitch  at  the  same 
time  drawn  tight,  the  edges  of  the  incision  are  auto- 
matically inverted  and  held  firmly  pressed  together  in 
a  straight  line  without  any  separation  of  the  lips  of 
the  opening  having  occurred.  The  two  incisions,  so 
prepared,  are  1  hen  placed  side  by  side,  and  are  stitched 
together  around  the  whole  circumference  of  the  intes- 
tinal tube  or  of  the  new  operative  opening  that  is  to 
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Flo.  3512. — Obliterating  the  Intramesenteric  Space  after   Intes- 
tinal Resection  and  prior  to  End-to-end  Anastomosis. 

be  established.  When  the  last  suture  has  been  placed 
and  tied,  the  basting  stitches  are  cut  short  and  with- 
drawn, the  intestinal  canal,  or  the  new  anastomotic 
stoma,  then  instantly  becoming  patent.  This  com- 
pletes the  operation  as  far  as  the  suture  of  the  intes- 
tine is  concerned.  The  lumen  has  not  been  opened 
and  it  has  not  been  entered  by  any  instrument  or 
other  object.  The  stoma  becomes  open  only  with 
the  withdrawal  of  the  basting  threads.  The  steps 
of  the  operation  are  essentially  the  same  whether 
circular,  lateral,  or  end-to-side  anastomosis  is  done. 

The  operation  so  performed  calls  for  no  time-con- 
suming maneuvers  and  no  more  than  ordinary  ma- 
nipulative skill.  The  basting  stitches  are  as  easily 
and  as  quickly  placed  as  the  purse-string  suture  used 
to  turn  in  the  stump  of  the  appendix  or  grasp  the 
Murphy  button.  Upon  the  removal  of  the  clamp 
the  stitch  is  at  once  drawn  tight  by  a  single  motion 
and  the  incision,  securely  closed  in  a  straight  line, 
is  then  ready  for  suturing  without  further  attention. 
The  turning  in  of  the  cut  edges  which  takes  place  is 
automatic  and  never  requires  the  use  of  an  instrument 
to  assist  it,  as  in  the  case  of  the  purse-string  suture. 

With  the  two  basting  stitches  in  place,  intestinal 
suture  becomes  singularly  free  from  its  usual  difficul- 
ties. Only  a  single  assistant  is  ever  needed  and  even 
he  may  be  readily  dispensed  with.  The  parts  to  be 
joined  are  held  in  the  most  convenient  position  and 
under  perfect  control,  so  that  the  stitching  is  done 
with  surprising  rapidity  and  ease. 

The  troublesome  eversion  of  the  mucosa  and  the 
vermicular  contractions  of  the  muscular  coats  no 
longer  exist.  Approximation  of  serous  surfaces  to 
any  desired  extent  and  ai  a  uniform  distance  from 
the  margins  of  the  incision  is  assured.  The  inversion 
of  the  cut  edges  presents  a  folded  wall  through  which 
to  pass  the  stitches,  making  precision  in  their  applica- 
tion, with  secure  anchorage  in  the  fibrous  coat,  par- 
ticularly easy.     Handling  of  intestines  is  reduced  to 
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a  minimum.     The  hand  of  the  operator  need  scarcely 

touch  them,  and  I  hoe  of  the  assistant   not  at  all. 

in  end-to-end  suturing  the  small  triangular  perit- 
oneal delect  at  the  mesenteric  border  is  automatically 

obliterated  by  the  basting  stitch,  insuring  apposition 
of  serous  surfaces  at  this  point. 

A  striking  advantage  of  the  method  is  seen  when  the 
two  incisions  to  be  joined  happen  to  be  of  unequal 
length.  In  this  case  the  longer  one  is  simply  puckered 
or  "gathered"  in  upon  its  basting  thread  until  it  cor- 
responds in  length  with  the  shorter  incision  and  the 
sutures  are  then  applied.  We  have  successfully 
united  in  this  way-  without  the  slightest  difficulty 
intestinal  incisions,  one  of  which  was  double  the  length 
of  the  other.  This  procedure  has  not  been  modified 
materially,  though  experience  has  taught  us  the  im- 
portance of  some  of  its  steps. 

No  special  clamp  is  necessary  for  the  crushing  of  the 
intestinal  walls.  The  writer  prefers  the  ordinary 
curved  Kelly  clamp  to  the  one  made  for  the  purpose. 
It  is  an  advantage  to  place  the  clamps  across  the  in- 
testine at  an  angle  of  forty-five  degrees  to  the  long  axis 
of  the  bowel.  This  insures  a  stoma  of  twice  the  area 
of  the  one  made  by  a  transverse  division. 

Then  the  amount  of  tissue  to  be  invaginated  and 
the  wudth  of  the  blades  of  the  crushing  clamps  are  of 
no  moment  as  the  occurrence  of  obstruction  from  the 
formation  of  a  diaphragm  is  well-nigh  impossible. 
No  angulation  of  the  gut  occurs  after  such  anastomosis. 
Pagenstecher  thread  is  advised  for  the  basting 
stitches  and  can  be  most  easily-  applied  on  a  curved 
French  needle.  One  anastomosing  suture  of  intestinal 
silk  has  always  been  found  ample,  even  in  pylorectomy 
or  gastroenterostomy-. 

Hi  section  of  Intestine  and  Lateral  Anastomosis. — In 
cases  in  which  the  lumina  of  the  intestines  are  unequal, 


Flo.  3513. — End-to-end  Anastomosis  between  Segments  of 
Unequal  Lumina. 

an  end-to-end  anastomosis  has  certain  disadvantages. 
It  is  true  that  even  under  these  conditions  an  end-to- 
end  anastomosis  is  feasible  by-  cutting  one  end  of  the 
intestine  on  the  slant  to  bring  the  lumina  to  an  equal 
size.  This  is  illustrated  by  the  accompanying  draw- 
ings (Fig.  3513). 

Most  surgeons,  however,  prefer  the  lateral  anasto- 
mosis with  closure  of  both  ends.  As  the  method  of 
lateral  anastomosis  has  been  described,  we  shall  here 
consider  only  the  procedure  of  closing  the  ends  of  the 
intestine.  This  can  be  done  by  two  rows  of  suture 
(Fig.  3514,  A)  or  better  b}r  the  powerful  enterotribe  of 
Doyen  (Fig.  3515).  The  musculature  and  mucous 
membrane  are  crushed  by  this  instrument  and  a  furrow 
of  thinned-out  serosa  remains.  This  is  cut  between 
ligatures.  The  small  remaining  stump  is  inverted  by  a 
tobacco-pouch  suture  (Fig.  3514,  B).  In  using  this 
method  on  the  large  intestine  it  is  advisable  to  put  an 
extra  suture  over  the  tobacco-pouch  stitch  and  even 


REFERENCE  HANDBOOK   OK  THE  MEDICAL  SCIENCES 


Intestinal  Surgery 


to  reenforce  this  by  covering  it  by  omentum.  In  all 
sutures  on  the  colon  this  precaution  should  be  taken 
on  account  of  the  thinness  of  its  walls.  Jn  a  lateral 
anastomosis  one  should  be  careful  not  1o  make  the 
blind  pouches  too  large,  for  fear  of  stagnation  of  bowel 
contents  in  them  with  danger  of  perforation.  Whether 
one  arranges  the  loops  of  the  intestine  in  an  isoperis- 
taltic or  antiperistaltic  way  is  of  no  great  importance 
as  experience  has  proven.  The  intestine  in  lateral 
anastomosis  has  the  tendency  to  straighten  out  after 
some  time,  so  that  the  end  result  is  practically  the 
same  as  in  an  end-to-end  anastomosis  (Kig.  351(1,). 


A  B 

Flo.  3514. — Closure  of   Divided  End  of  Intestine;   A,  by  two 
rows  of  sutures;  B,  by  the  tobacco-pouch  suture. 

Closure  of  Intestinal  Fistula  and  Artificial 
Anus. — We  distinguish  between  external  intestinal 
fistula:  which  communicate  with  the  outer  world  and 
internal  intestinal  fistula?  in  which  the  intestine  com- 
municates with  another  hollow  viscus. 

These  two  types  may  even  exist  in  combination. 
In  the  external  fecal  fistula,  the  whole  fistulous  tract 
to  the  level  of  the  skin  may  be  covered  with  mucous 


Fia.  3515. — Doyen's  Enterotribe. 

membrane,  or  there  may  be  a  direct  or  more  or  less 
tortuous  path  leading  from  the  skin  to  the  intestine. 
These  latter  fistulae,  which  not  infrequently  occur 
after  acute  gangrenous  appendicitis,  often  heal  spon- 
taneously. If  the  loop  of  intestine  has  been  pulled 
up  to  the  skin  an  acute  angle  may  be  formed  resulting 


in  the  formation  of  a  spur.  In  these  eases  the-  afferent 
loop  is  often  considerably  narrowed  and  lie-  inte  linal 
tube  atrophied  by  disease,  consequently  all  the  in- 
testinal contents  will  pass  out  through  Hie  opening; 
a  preternatural  anus  has  been  formed  (Kig-  ■>">\7.) 
This   may    also   be  complicated  by  a   prolapse  of  the 

mu is  membrane.    Tin1  closure  of  these  fistula  may 

be  very  simple  or  extremely  difficult,  according  to 
the  anatomical  conditions  obtaining.  It  is  of  impor- 
tance b>  determine  ( lie  pal  hologicnl  cause  of  t  he  fistula. 


Fia.  3516. — Showing  the  Tendency  "f  the  Gut  to  Straighten  out 
after  Latei  a]  A  oast  'miosis. 

If  we  have  to  deal  with  a  tuberculosis  or  an  actino- 
mycosis of  the  intestine  with  subsequent  fist  ula  forma- 
tion, the  closure  may  be  well  nigh  impossible.  It  is 
necessary  also  to  find  out  whether  all  of  the  bowel 
contents  pass  through  the  fistula  or  whether  a  part 
of  the  stool  passes  through  the  rectum. 

Before  operation  is  decided  upon  certain  measures 
are  necessary  to  prepare  the  patient  in  order  to  insure 
success.  If  the  skin  is  inflamed  and  eczematous,  this 
condition  must  be  treated  by  frequent  baths,  scrupu- 
lous cleaning,  and  application  of  the  bismuth-oil  paste, 
mentioned  before.  The  bowel  should  be  washed  out 
through  the  fistula  from  above  and  through  the  rectum 
from  below.  Oil  enemata  and  glycerin  suppositories 
should  be  used  to  stimulate  peristalsis  in  the  lower 
part  of  the  bowel,  which  has  often  shrunk.  At  the 
same  time  the  skin  over 
the  fistula  should  be 
pulled  together  to  force 
the  stool  to  pass  over  into 
the  efferent  loop.  If  we 
have  to  deal  with  a  tubular 
fistula,  the  tract  may  be 
tightly  packed  w-ith  gauze. 

In  some  cases  it  is  also 
advisable  to  stretch  the 
sphincter  in  order  to  do 
away  with  the  resistance 
offered  by  it  to  the  fecal 
column.  By  all  these 
means  we  endeavor  to 
drive  the  fecal  masses 
downward.  These  prelim- 
inary measures  faithfully 
executed  will,  in  a  great 
measure,  pave  the  way  to 
success. 

The  operation  may  be 
very  simple  or  very  com- 
plex and  dangerous.  A 
priori  one  would  try  to 
close  the  hole  in  the  gut  without  opening  the  peritoneal 
cavity.  This  can  often  be  done.  The  scar  of  the  pre- 
vious operation  must  always  be  excised,  as  the  callous 
edges  of  the  skin  heal  together  poorly.  The  loop  with 
the  hole  is  carefully  exposed  and  the  defect  closed  by 
sutures.  In  doing  this,  one  must  be  very  careful  to 
avoid  tearing  holes  in  the  intestine.  It  is  not  nec- 
essary to  include  the  mucous  membrane  in  the  suture. 
As  the  operation  has  to  be  done  in  infected  tissues 
one  should  not  suture  muscles,  fascia,  and  skin  too 
tightly,  but  give  the  secretions  a  chance  to  escape. 
There  must  never  be  any  tension  between  sutured 
tissues.  Often  these  operations  are  not  fully  success- 
ful, the  fistula  breaking  open  again,  although  the  hole 
may  be  much  smaller  so  that  finally  the  fistula  closes 
on  its  own  accord. 

In  very  obstinate  eases  a  skin  flap  plastic  after 
Dieffenbach  may  be  successful.  In  this  operation, 
the  skin  is  freshened  around  the  fistula,  the  fascia 
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Fig.  3517.— Showing  the 
Conversion  of  an  Intestinal 
Fissure  into  an  Artificial  Anus. 
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sewn  over  the  intestine,  and  a  flap,  which  is  obtained 
by  undermining  the  .skin,  stitched  over  it. 

A  method  more  certain  in  its  results,  but  at  the 
same  time  more  complicated^,  is  the  intraperitoneal 
operation  which  leads  to  excision  of  the  fistula-bearing 
area  of  the  gut. 

The  fistula  is  circumcised, the  loop  of  intestine  to- 
gether with  the  fistula  is  isolated  and  resected.  An 
intestinal  anastomosis  is  then  made  (Fig.  3518).     The 

surgeon  will  always  encounter  more  or  less  perit >al 

adhesion.  It  is  therefore  necessary  to  proceed  with 
great  caution  while  separating  them.  In  cases  where 
these  adhesions  are  very  dense  and  extensive  or  in 
which  there  are  other  reasons  to  avoid  doing  a  resec- 
tion, an  exclusion  of  the  intestinal  loop,  bearing  the 
fistula,  can  be  practised. 

The  margins  of  the  fistula  are  tightly  sewn  together 
for  reasons  of  asepsis.  The  whole  field  of  operation 
is  carefully  disinfected  and  the  abdomen  is  opened 
some  distance  away  from  the  fistula.     After  opening 


Fig.  3518. — Resection  of  the  Intestine  with  a  Fistulous  Tract. 

the  peritoneal  cavity,  the  afferent  and  efferent  loops 
leading  to  the  fistula  are  isolated,  and  a  side  anasto- 
mosis is  made  at  least  ten  centimeters  away  from 
the  fistula.  The  abdomen  is  then  closed  and  the 
sutures  closing  the  fistula;  removed. 

Another  method  which  has  been  described  by  Braun 
and  which  holds  an  intermediate  position  between 
resection  and  exclusion  is  the  following: 

After  isolating  the  intestine  the  two  loops  are  united 
parallel  to  each  other  by  a  seromuscular  suture.  A 
longitudinal  incision  is  now  made  in  each  loop  by 
means  of  a  pair  of  scissors  inserted  through  the  fistula 
and  the  resulting  wound  edges  of  the  intestine  are 
then  united  by  Lembert  sutures. 

Closure  of  an  Artificial  Anus  with  Spur. — For  the 
closure  of  an  artificial  anus  with  spur  the  same 
methods  can  be  used  as  described  in  the  foregoing 
paragraphs  by  suture,  resection,  or  exclusion.  Suture 
and  resection  are  the  usual  procedures,  whereas  ex- 
clusion is  rarely  performed.  In  closure  by  suture 
the  first  step  of  the  operation  is  always  to  destroy 
the  spur  which  prevents  the  fecal  column  from  enter- 
ing the  efferent  loop.  This  is  done  by  a  special  clamp 
which  by  constant  pressure  crushes  the  spur.  Such 
instruments  are  the  kentrotrib  of  Mikulicz  and  Dupuy- 
tren's  enterotribe.  The  former  is  an  intestinal  clamp 
the  branches  of  which  are  pressed  together  by  a  screw ; 
the  latter  consists  of  a  pair  of  forceps  with  long  roughly 
serrated  blades  which  are  held  together  by  a  piece 
of  elastic.  One  blade  of  the  forceps  is  inserted  into 
the  upper  opening  and  another  into  the  lower  opening, 
so  that  when  the  blades  are  closed,  the  spur  is  grasped 
between  them.  The  pressure  of  the  blades  is  in- 
creased daily  until  the  spur  is  destroyed. 

In  using  these  instruments  one  must  carefully 
palpate  the  spur  and  apply  the  clamp  under  guidance 
of  the  fingers.  The  danger  of  perforation  is  present 
when  the  branches  of  the  instrument  are  pushed  in 
too  deep  and  the  intestine  crushed  at  a  place  where 
no  adhesions  are  present. 

Sometimes  the  pain,  which  the  instrument  causes, 


is  quite  severe.  While  the  clamp  is  in  position  opium 
hould  be  given.  The  crushing  of  tin-  spur  is  accom- 
plished in  three  to  four  days.  A  rubber  tube  of  large 
caliber  with  a  stout  silk  thread  tied  around  its  middle, 
is  then  inserted  into  the  bowel.  This  will  straighten 
the  intestinal  tube  and  lead  the  bowel  contents 
downward. 

The  artificial  anus  is  transformed  by  this  method 
into  an  ordinary  fistula  slercoralis,  which  later  is 
closed  by  suture  as  described  in  the  foregoing 
paragraph. 

The  closure  of  the  artificial  anus  by  resection  with 
following  suture  of  the  gut  is  a  quicker  procedure  but 
always  carries  with  it  the  danger  of  peritoniti 
The  patient  is  usually  cured  sooner,  but  runs  greater 
risks.  Another  advantage  of  the  first  method  is 
that  it  can  often  be  done  under  local  anesthesia, 
which  is  of  great  value  in  this  type  of  patients. 

Closure  of  Internal  Intestinal  Fistula?. — For  obvi- 
ous reasons  it  is  not  possible  to  go  into  details  here 
and  enumerate  all  the  complicated  pathological  con- 
ditions that  present  themselves  in  connection  with 
this  topic.  These  fistula;  may  occur  between  any 
of  the  hollow  viscera.  They  may  be  direct  or  in- 
direct. In  the  direct  fistula;  the  two  organs  are  in 
close  apposition  whereas  in  the  indirect  fistula;  there 
may  be  a  more  or  less  tortuous  tract  leading  first 
into  an  abscess  cavity  and  then  from  there  into  the 
other  organ.  The  writer  recalls  a  case  in  which  a 
colon  fistula  after  a  suppurative  appendicitis  first 
led  into  an  abscess  cavity  of  the  right  ovary  and 
from  there  into  the  bladder. 

The  closure  of  these  fistula;  is  always  very  difficult 
and  dangerous.  The  ideal  method  would  be  suture 
of  the  openings  in  both  organs,  with  or  without  ex- 
cision of  the  fistulous  tract.  This,  however,  cannot 
always  be  accomplished  and  then  exclusion  of  the 
loop  of  intestine  would  be  indicated. 

Exclusion  of  Intestine. — A  loop  of  intestine  is 
"excluded"  when  the  flow  of  feces  is  diverted  from  it 
and  the  loop  is  thereby  deprived  of  its  physiological 
function.  The  exclusion  may  be  partial  or  com- 
plete. In  a  partial  exclusion  only  a  portion  of  the 
fecal  stream  is  side-tracked,  as  in  a  lateral  anastomosis 
between  lower  ileum  and  the  sigmoid  flexure.  In 
complete  exclusion  both  ends  of  the  loop  are  cut 
and  closed.  This  form  is  not  practical,  for  the  mu- 
cosa of  the  intestine  continues  to  secrete,  distending 
the  loop,  with  danger  of  rupture.  A  complete  ex- 
clusion is  advisable  only  if  a  fistula  of  the  loop 
exists  giving  outlet  to  the  secretions,  or  if  there  is  no 
previous  fistula  in  existence  one  end  of  the  loop  must 
be  sewn  into  the  abdominal  wound,  in  other  words, 
an  enterostomy  must  be  performed.  Indications 
for  exclusion  are  all  those  conditions  in  which  for 
certain  reasons  resection  is  contraindicated  as  in 
extensive  ulcerative  colitis,  actinomycosis,  tuberculo- 
sis, and  inoperable  tumors  of  the  intestine. 

Intestinal  Obstruction. — In  this  section  I  shall 
deal  only  with  the  technique  of  the  operation  of  acute 
mechanical  obstruction  without  going  into  the  details 
of  diagnosis  and  the  pathology  of  this  condition.  (See 
article  Intestinal  Obstruction.) 

Acute  intestinal  obstruction  is  a  condition  in  which 
there  is  an  occlusion  of  the  lumen  of  the  intestine 
causing  a  complete  stoppage  of  the  onward  flow  of 
the  fecal  stream  and  of  the  escape  of  gas.  In  con- 
sequence, the  abdomen  becomes  distended,  often  to 
an  enormous  degree,  with  subsequent  fecal  vomiting, 
general  peritonitis  and  death  following  in  a  few  days, 
if  not  promptly  relieved.  The  causes  of  an  acute 
obstruction  are  many:  Incarcerated  and  strangulated 
internal  and  external  hernia,  volvulus,  Meckel's 
diverticula,  old  peritoneal  bands,  tumors,  gall- 
stones, etc. 

The  surgeon  is  usually  confronted  with  a  patient 
who  is  desperatelv  ill.     Often  there  is  no  history  of 
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any  premonitory  symptoms.  The  disease  lias  de- 
veloped suddenly,  out  of  a  clear  sky,  the  patient  en- 
joying excellent  health  up  to  a  few  days  before.  Now 
he  is  lying  there  with  a  pinched,  anxious  face,  his 
eyes  lying  deep  in  their  sockets,  cold  perspiration 
covering  his  brow,  his  pulse  rapid  and  weak,  his  body 
convulsed  by  constant  vomiting,  his  abdomen  dis- 
tended and  tense  as  a  drum.  There  is  no  possibility 
of  diagnosing  the  location  or  the  nature  of  the  ob- 
struction.    What  is  to  be  done? 

There  is  usually  no  time  for  a  lengthy  preparation, 
but  two  procedures  are  necessary:  emptying  of  the 
bladder  and  washing  out  of  the  stomach.  Espe- 
cially the  latter  is  of  the  utmost  importance,  for  the 
patients  aspirate  easily  when  narcotized.  Some- 
times the  stomach  contents  overflow  to  such  an  ex- 
tent that  the  patient  actually  drowns  in  his  vomitus. 
The  danger  of  regurgitation  from  the  intestines  into 
the  stomach,  while  handling  the  gut,  is  also  con- 
stantly present.  In  order  to  avoid  this,  we  can  use 
the  stomach  tube  devised  by  Kauch.  This  tube 
has  a  rubber  bulb  near  its  stomach  end.  This  is  dis- 
tended when  introduced  and  pulled  up  against  the 
cardia,  thus  closing  the  esophagus  and  preventing 
the  stomach  contents  from  escaping.  If  this  instru- 
ment is  not  at  hand,  it  is  advisable  after  having  opened 
the  abdomen  to  put  an  intestinal  clamp  on  the  jeju- 
num near  the  duodenojejunal  angle  before  proceed- 
ing with  the  other  necessary  steps  of  the  operation. 

On  general  principles,  the  incision  should  be  made 
in  the  median  line,  between  umbilicus  and  symphysis 
pubis,  to  be  extended  upward  if  necessary.  We 
have  three  means  at  our  disposal  to  find  the  cause  of 
the  obstruction.  (1)  Intraabdominal  palpation.  (2) 
Systematic  examination  of  each  loop  of  intestine. 
(3)  Eventration.  It  is  impossible  to  give  any 
definite  rules  which  of  these  three  measures  should 
be  adopted,  but  it  is  safe  to  advise  a  resort  to  even- 
tration only  after  the  first  two  methods  have  proved 
ineffective,  for  patients  with  obstruction  are  usually  in 
a  state  of  collapse  and  do  not  bear  eventration. 

When  the  abdomen  is  opened  the  operator  intro- 
duces his  hand  and  first  of  all  examines  the  cecum ; 
if  this  is  found  collapsed,  the  cause  of  the  obstruction 
must  be  in  the  small  intestine.  In  order  to  find  the 
obstruction  under  such  conditions,  it  is  best  to  hunt 
for  a  collapsed  coil  of  small  intestine,  these  are  usually 
found  crowded  down  into  the  pelvis  by  the  distended 
loops.  I  am  in  the  habit  of  marking  this  loop  by  either 
placing  an  intestinal  clamp  on  it  or  by  pulling  a  strip 
of  gauze  through  a  hole  in  the  mesentery.  From 
this  fixed  point  on  I  search  upward  until  the  obstruc- 
tion is  found.  In  handling  the  distended  gut,  atten- 
tion must  be  paid  to  the  fact  that  the  intestine  is 
very  easily  torn,  especially  when  ulcerations  have 
formed  in  consequence  of  overdistention.  When  we 
approach  the  seat  of  the  obstruction  the  same  care 
is  imperative,  because  if  we  have  to  deal  with  an  in- 
ternal hernia  or  a  strangulation  by  a  Meckel's  diver- 
ticulum or  by  a  peritoneal  band,  the  gut  may  be 
gangrenous  and  easily  injured. 

During  this  search  for  the  obstruction  one  assistant 
is  entrusted  with  the  care  of  the  intestinal  loops  which 
may  protrude  from  the  wound.  The  same  must 
be  covered  with  towels,  which  are  kept  hot  by 
constantly  wringing  them  out  of  physiological  saline 
solution. 

The  procedure  to  follow,  after  the  obstruction  in 
the  small  intestine  has  been  found,  is  dependent 
upon  the  lesion  producing  the  obstruction  and  the 
pathological  condition  of  the  intestine  and  the  re- 
sisting power  of  the  patient.  In  some  cases  the  cut- 
ting of  a  thin  band  of  peritoneal  adhesions  will 
suffice  to  relieve  the  condition  immediately.  If  the 
loop  of  intestine  shows  signs  of  gangrene,  this  loop 
must  be  resected,  when  the  condition  of  the  patient 
allows  it.  Otherwise  the  loop  should  be  brought  out 
of  the  abdomen  and  a  temporary    fecal    fistula  es- 


tablished,  which    later   has   to   be-   closed   after   the 
met hods  spoken  of  before. 
Invagination    must    be    reduced    or,    if  reduction 

is  not  possible  on  account  of  adhesions,  resection  m list 
be  resorted  to.  Intestinal  tumors  must  be  removed 
by  resection. 

In  cases  of  volvulus  it  is  almost  always  necessary 
tn  resort  to  event  ration  in  order  to  relieve  the  con- 
dition. If  on  opening  the  abdomen,  the  ascending 
colon  is  distended  we  have  to  look  for  an  obstruction 
in  the  large  intestine.  The  main  points  to  be  looked 
for  are  in  the  region  of  the  hepatic,  splenic,  and  sigmoid 
flexures.  These  portions  of  I  lie  large  intestine  are 
carefully  palpated.  If  the  obstruction  is  found,  it  is 
better  to  proceed  first  with  the  emptying  of  the  dis- 
tended loops.  This  can  be  dune  by  cut ei ul oin y  alone, 
or  by  enterotomy  and  introduction  of  a  large  glass 
tube  after  Moynihan  upon  which  the  intestinal  loops 
are '"telescoped."  This  procedure  can  be  repeated 
in  several  places.  Sometimes  the  introduction  of  a 
trocar  and  cannula  will  be  sufficient.  Moynihan  de- 
scribes the  use  of  his  tube  as  follows:  "This  tube  has 
an  oblique  opening  at  one  end,  and  a  double-ringed 
flange  at  the  other.  The  smaller  flange  holds  tight 
a  rubber  tube  which  is  threaded  over  it.  The  larger 
marks  the  limit  to  which  the  bowel  is  ondrawn.  To 
the  outer  end  of  this  tube  a  long,  thick  rubber  tube 
is  attached,  and  this  leads  into  a  receptacle  beneath 
the  table.  The  tube  is  pushed  gently  upward  in  the 
distended  gut  until  its  outer  end  reaches  the  margins 
of  the  wound  in  the  bowel.  The  tube  and  gut  are 
then  seized  in  a  wrap  of  sterile  gauze  and  held  firmly 
by  an  assistant  so  that  no  leakage  occurs  by  the  side 
of  the  tube.  The  surgeon  then,  with  the  greatest 
gentleness,  pulls  the  intestine  on  to  the  tube  and 
thereby  empties  the  bowel  a  little  higher  up.  Gradu- 
ally more  and  more  of  the  bowel  is  pulled  onward  until 
as  much  of  it  as  the  tube  will  take  has  been  emptied. 
It  will  be  found  that  upon  a  tube  of  six  inches  in  length 
a  portion  of  the  bowel  six  feet  in  length  can  easily  be 
held.  In  pulling  the  gut  gently  on  to  the  tube  it 
will  be  found  to  make  matters  easier  if  a  piece  of  gauze 
be  used  to  hold  it.  If  the  whole  of  the  distended  gut 
cannot  be  pulled  upon  the  tube  a  piece  of  the  bowel, 
at  the  highest  point  which  can  be  reached  is  seized, 
secured  by  assistant  and  "milked"  steadily  downward 
by  the  surgeon.  All  .this  can,  and  must  be  done 
very  rapidly.  The  tube  is  then  gradually  withdrawn, 
and  the  opening  of  the  bowel  covered  by  a  gauze 
swab  until  all  the  rest  of  the  intestine  has  been  re- 
turned within  the  abdomen,  where  it  is  covered  with 
a  hot  gauze  swab.  The  bowel  opening  is  now  closed 
by  a  double  layer  of  stitches  the  wound  being  stitched 
transversely,  the  whole  loop  carefully  washed  and 
cleansed,  and  returned  gently  within  the  abdomen." 
After  the  intestines  are  emptied  as  much  as  possible  the 
next  step  of  the  operation  would  be  to  attack  the  cause 
of  the  obstruction.  In  the  largest  percentage  of  cases 
in  the  large  bowel  this  cause  will  be  found  in  a  new 
growth,  but  occasionally  an  intussusception  is  found 
which  has  to  be  dealt  with  according  to  methods 
described  elsewhere  in  this  work. 

In  general  it  can  be  said  that  in  all  cases  of  acute 
or  subacute  obstruction  the  first  aim  of  the  surgeon 
must  be  to  empty  the  intestine  of  its  poisonous 
contents  and  to  relieve  the  obstruction.  Removal 
of  the  cause  must  often  be  left  to  a  subsequent 
operation. 

Injuries  of  Small  and  Large  Intestine. — In- 
juries of  the  intestine  can  be  caused  by  blunt  force 
and  by  sharp  weapons  or  bullets. 

Blunt  forces  causing  intestinal  injury  are  manifold. 
A  kick  by  a  horse,  a  blow  with  the  fist,  a  fall  upon 
the  abdomen,  a  wagon  pole  striking  the  patient,  etc., 
are  the  most  frequent  causes.  In  all  these  injuries 
the  abdominal  wall  itself  may  escape  visible  wounds, 
and  still  the  injury  to  the  intestine  may  be  severe 
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and  fatal  (subcutaneous  injuries).  A  good  deal  de- 
pends upon  the  amounl  of  force  and  the  direction  of 
the  blow. 

According  to  Moty  the  result  of  the  injury  may  be 
(li  a  contusion,  ('-')  a  tearing  Of  the  intestine,  (3  a 
rupture. 

A  contusion  is  broughi  about,  if  the  intestine  is 
caught  between  the  striking  object  and  the  spinal 
column  or  the  pelvic  bones.  Tearing  of  the  intestine 
is  usually  caused  by  an  indirect  injury,  the  intestine 
being  torn,  not  at  the  point  of  impact,  but  farther 
away  at  its  point  of  fixation,  notably  in  the  duodeno- 
jejunal region,  at  the  ileocolic,  hepatic,  or  splenic 
flexures. 

A  bursting  or  a  rupture  of  the  intestines  can  happen 
only  if  the  intestines  are  filled  with  gas  and  fluids 
and  the  loop  is  fixed  so  that  the  contents  cannot 
escape  quickly  enough  in  one  or  the  other  direction 
(a  loop  of  intestine  caught  in  Douglas'  pouch  or  in  a 
hernial  sac).  Petry  found  among  219  subcutaneous 
injuries  of  the  intestinal  tract  21  cases  in  which 
the  stomach  was  injured,  172  cases  of  injury  to  the 
large  and  small  intestines  (duodenum  9,  jejunum 
16,  ileum  85,  cecum  7,  ascending  colon  8,  trans- 
verse colon  4,  descending  colon  5,  sigmoid  5). 

Contusions  of  the  intestine  may  be  of  varying  de- 
gree.  If  the  contusion  is  slight,  an  extravasation  of 
blood  may  be  the  only  consequence.  These  ex- 
travasations of  blood  usually  take  place  in  the  sub- 
mucosa.  They  may  lift  up  the  mucosa  for  some 
distance  (decollement)  causing  a  necrosis  of  the  same 
with  subsequent  formation  of  a  "traumatic  ulcer." 

If  the  force  of  the  contusion  is  more  violent,  the 
coats  of  the  intestine  may  tear  to  a  greater  or  lesser 
extent,  thereby  opening  the  lumen  of  the  intestine. 
If  the  opening  is  small  the  redundant  mucous  mem- 
brane may  prolapse,  plugging  the  wound  and,  if 
the  intestinal  canal  is  empty,  this  plugging  can 
prevent  leakage  and  lead  to  healing  without  the  de- 
velopment of  a  peritonitis.  A  large  tear,  however, 
will  always  produce  a  local  or  general  peritonitis. 
Very  serious,  of  course,  are  those  cases  in  which  the 
intestine  is  completely  torn  across.  Here  only  speedy 
laparotomy  can  save  the  life  of  the  patient.  The 
seat  of  predilection  of  this  injury  is  the  duodeno- 
jejunal junction.  Here  the  intestine  is  not  only 
fixed  but  lies  also  in  close  contact  with  the  vertebral 
column  and  it  is  easily  conceivable  how  a  force, 
directed  against  this  spot,  may  sever  the  intestine 
completely. 

Intestinal  injuries  by  sharp  instruments  such  as 
knives,  sw'ords,  lances,  and  bullets,  are  usually  al- 
ways penetrating.  In  injuries  by  "cold  steel"  the 
size  of  the  wound  corresponds  to  the  width  of  the 
blade,  the  wound  margins  being  sharp  and  even.  The 
bullet  wounds  vary  much  according  to  caliber  and 
form  of  bullet,  and  whether  caused  by  steel  jacket  or 
lead  bullet.  The  direction  of  the  bullet  is  also  of  im- 
portance. A  bullet  striking  the  intestine  at  right  angles 
to  its  longitudinal  axis  usually  produces  a  smaller 
wound,  than  a  bullet  hitting  the  intestine  obliquely. 
Usually  a  number  of  coils  are  traversed,  four  to  six  or 
more  perforations  may  be  found.  The  wound  of  en- 
trance is  also  smaller  than  the  wound  of  exit.  The  de- 
struction is  greater  when  the  shot  is  fired  at  close  range 
than  at  long  range.  If  the  penetrating  wound  of  the 
abdomen  is  large,  prolapse  of  the  intestine  or  of  the 
omentum  may  occur.  The  latter  organ  can  prolapse 
even  through  a  small  wound  of  the  abdominal  wall. 
This  is  a  frequent  complication. 

Special  attention  has  to  be  paid  to  concomitant 
injuries  of  the  mesentery  which  may  complicate  the 
picture.  Contusion,  eechymosis,  hematomata  may 
be  present.  Injuries  of  the  intestines  by  blunt 
force  may  be  complicated  by  injuries  to  the  mesen- 
teric vessels  with  threatening  gangrene  of  the  loops 
of  intestine  which  are  supplied  by  them.  The  mes- 
entery  can  also  be  found  completely  torn  off  from 
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cases    is    hemorrhage    and     intestinal    gangrene     with 

peritonitis. 

The  symptomatology  of  intestinal  injuries  by  blunt 
force  is  very  often  obscure.  The  difficulty  here 
lies  especially  in  making  an  early  diagnosis,  bee 
only  speedy  operation  can  save  the  patient's  life. 
The  initial  symptoms  of  an  abdominal  contusion  with- 
out injury  to  its  contents  may  be  exactly  the  same 
as  the  above,  except  that  the  subsequeni  develop- 
ment of  the  case  gives  a  clue  to  the  seriousness  of 
the  condition.  Immediately  after  the  injury,  the 
patient  complains  of  severe  pain,  there  is  always 
more  or  less  shock.  However,  there  are  cases  on 
record,  where  the  patient,  even  with  a  ruptured  in- 
testine, has  continued  with  his  work,  until  he  suddenly 
collapsed.  The  face  of  the  patient  has  a  pinched 
look,  he  is  restless,  respiration  is  increased  and  of 
the  costal  type.  The  pulse  is  increased  in  frequency 
and  there  are  nausea,  eructations,  vomiting,  and 
singultus. 

The  pain  over  the  abdomen  is  mostly  diffuse  and 
the  abdominal  muscles  are  tightly  contracted,  giving 
a  board-like  impression  to  the  palpating  fingers  (de- 
fence musculaire).  De  Quervain  drew  attention  to 
the  presence  of  free  gas  in  the  abdominal  cavity  in 
cases  of  rupture  of  the  intestine.  The  collection  of 
gas  can  be  detected  by  percussing  and,  with  a  change 
in  the  patient's  position,  the  tympany  will  always  move 
to  the  higher  parts  of  the  abdomen.  Loss  of  the  liver 
dulness  and  its  substitution  by  a  tympanitic  zone 
with  the  history  of  an  abdominal  trauma  are  very 
suggestive  of  a  ruptured  intestine. 

Muscular  rigidity  is  not  pathognomonic  for  in- 
testinal injuries,  it  is  also  found  in  inflammatory 
conditions  and  in  intraabdominal  bleeding. 

•A  differential  diagnosis  between  a  contusion,  a 
hemorrhage,  tearing  off  of  the  mesentery,  and  rup- 
ture of  the  intestine  is,  in  the  beginning,  always 
difficult  and  in  many  cases  absolutely  impossible. 
Gunshot  wounds  of  the  abdomen  are  almost  always 
complicated  by  wounds  of  the  intestine.  This,  how- 
ever, is  not  the  case  in  wounds  of  the  abdomen  in- 
flicted by  cutting  instruments  and  weapons.  Here 
the  point  must  be  decided  whether  the  intestines  are 
injured  or  not.  The  surgeon  is, in  these  cases,  again 
confronted  with  great  difficult}'.  Even  with  an  in- 
jury to  the  bowel,  the  initial  symptoms  may  be  slight 
or  altogether  missing,  but  procrastination  in  oper- 
ating here  spells  also  disaster  only  too  often. 

Treatment. — In  injuries  of  the  abdomen,  whether 
by  blunt  force  or  by  cutting  instruments  where  there 
is  the  slightest  doubt  as  to  the  integrity  of  the  bowel, 
exploratory  operation  must  be  urgently  advised. 
Should  an  injury  of  the  intestines  be  found  it  must  be 
repaired. 

Slight  contusions  with  small  subserous  hematomata 
can  be  left  alone.  If  the  hemorrhage,  however,  is 
extensive  and  the  bowel  wall  perforated,  the  best 
procedure,  and  the  safest,  is  resection  of  the  part. 
Wounds  made  by  sharp  weapons  must  be  sutured 
after  the  approved  methods,  described  above. 

Bullet  wounds  should  also  be  sutured.  If  multiple 
wounds  are  found  close  together  in  a  loop,  it  is  better 
to  resort  to  resection. 

Wounds  of  the  mesentery  must  be  sutured  and 
bleeding  vessels  must  be  tied.  There  is  always  a 
smaller  or  larger  hematoma  between  the  layers  of 
the  mesentery,  and  in  addition  to  the  ligature  of  the 
bleeding  vessel,  the  loop  of  intestine  supplied  by  this 
vessel  must  be  resected,  on  account  of  subsequent 
gangrene  of  the  loop.  In  cases  in  which  the  mesentery 
is  torn  off  from  the  bowel,  this  part  of  the  intestine 
should  also  be  removed.  In  complete  tearing  apart 
of  the  intestine,  the  torn  ends  must  be  reunited,  after 
freshening  the  ends.  Before  closing  the  abdomen,  it 
should  be  carefully  cleaned  by  flushing  with  physio- 
logical saline.     A  drain  should  be  put  into  the  pelvis 
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and  load  out  through  the  lower  part  of  the  wound  or 
through  a  special  stab  wound,  and  the  patient  put 
in  a  high  Fowler's  position.  Analeptics  should  l>«' 
given  and,  with  an  unininjured  colon.  Murphy  salines. 
The  prognosis  in  these  eases  depends  entirely  upon 
early  operation;  according  to  statistics  collected  by 
Petry,  the  following  results  were  obtained  :  ( tpei.it  ion 
in  1  to  5  hours,  100  per  cent,  cure;  in  6  to  10  hours, 
01  per  cent,  cure;  in  11  to  15  hours,  100  per  cent, 
cure;  in  16  to  22  hours,  33.5  per  cent,  cure;  in  21  to 
60  hours,  no  cure. 

Neoplasms  of  the  Intestine. — Benign  tumors  of 
the  small  and  large  intestine  are  comparatively  rare. 
The  following  types  occur:  Adenoma,  lipoma  fibroma, 
myoma,  myxoma,  teratoma.  Also  mixed  tumors,  as 
myo-,  fibro-,  and  myxosarcomata  have  been  found 
occasionally. 

The  adenomata  occur  in  the  small  and  large  in- 
testine especially  in  the  young.  They  develop  from 
the  cells  of  Lieberkuehn  and  may  be  sessile  or  pe- 
dunculated. Their  size  varies  from  very  small  nodules 
to  tumors  the  size  of  a  fist.  Their  most  frequent  seat 
is  the  rectum. 

A  very  important  form  is  the  multiple  adenoma 
or  multiple  polyposis.  This  form  is  not  infrequently 
found  in  the  rectum,  but  it  may  also  involve  the 
whole  colon.  The  adenomatous  tumors  have  a  ten- 
dency to  degenerate  into  malignant  tumors. 

Lipomata  of  the  intestine  are  rare.  They  occur  as 
submucous  or  as  subserous  tumors. 

Some  are  as  small  as  a  bean  or  a  pea,  others  may 
be  as  large  as  a  fist  or  a  child's  head.  The  largest 
that  was  found  weighed  six  and  one-half  kilograms 
(Hellstroem). 

The  subserous  variety  is  very  rare  and  may  occur 
as  multiple  tumors,  originating  from  the  appendices 
epiploicae.  They  have  a  larger  or  smaller  pedicle 
from  which  they  may  become  detached,  thus  form- 
ing loose  bodies  in  the  abdominal  cavity. 

The  submucous  variety  originate  in  the  submucosa 
and  are  usually  single.  They  have  either  a  broad 
base  or  are  pedunculated  and  are  not  infrequently 
expelled  per  rectum.  (Ward  10  cases.)  DeWitt 
Stetten  has  collected  77  cases  including  2  cases  of  his 
own.  They  are  rare  in  patients  under  40  years.  Be- 
tween the  ages  of  40  and  60  he  found  19  cases.  In 
31  cases  they  were  situated  in  the  small  intestine  and 
in  41  cases  in  the  large  intestine. 

Myomata  of  the  intestine  are  leiomyomata,  their 
origin  is  naturally  the  muscular  layer  of  the  gut. 
They  originate  as  intramural  tumors  and  grow  either 
into  the  lumen  of  the  gut  (submucous)  or  develop 
toward  the  abdominal  cavity,  compressing  the  lumen 
from  the  outside  (subserous) .  They  grow  both  from 
the  longitudinal  musculature  and  the  ring  muscul.it  tire 
of  the  intestine.  Steiner  collected  51  cases,  among 
them  21  occurred  in  the  stomach,  14  in  the  small 
intestine,  10  in  the  large  intestine,  including  the 
rectum. 

Submucous  myomata  which  develop  into  the  lumen 
of  the  intestine  usually  remain  smaller  than  the  sub- 
serous or  external  tumors  which  have  been  found  weigh- 
ing up  to  fourteen  pounds.  They  grow  very  slowly. 
have  a  smooth  surface,  the  larger  tumors  often  showing 
a  nodular  appearance.  The  subserous  myoma  de- 
velops in  any  part  of  the  bowel  circumference.  If  it 
grows  from  the  side  of  the  mesenteric  attachment, 
it  develops  between  the  two  layers  of  the  mesentery 
and  may  simulate  a  mesenteric  tumor.  Such  tumors 
sometimes  are  multiple,  in  one  case  there  were  found 
fifty  small  nodules.  Pure  fibromata  are  very  rare,  so 
are  the  mixed  forms.  The  clinical  symptoms  of  these 
tumors  are  very  varied.  Small  tumors  show  no  symp- 
toms at  all.  After  they  have  attained  a  certain  size, 
they  produce  symptoms  of  chronic  obstruction  which 
may  suddenly  develop  into  a  complete  and  acute 
ileus.     Frequently    at    operations  these   tumors   are 


found  to  be  the  cause  of  an  invagination,  the  tumor 
being  situated  at   the  apex  of  the  inl  iissusoeptum. 

Tht  treatment  of  these  tumors  depends  upon  the 
symptoms,  Small  adenomata  in  the  rectum  may  pro- 
duce slight  hemorrhages,  pain,  and  tenesmus  only 

when    they    become  inflamed  or  gangrenous.      Tie    ■ 

new  growths  can  be  removed  peranum  byeil  herligating 

the  base  of  the  pedicle  or  bet  tor  by  completely  excising 

them.     If  they  are  found  In  elderly  people  it  is  well 

to     bear    in     mind     their     possible    docenorat  ion     into 
carcinoma. 

In  cases  of  diffuse  and  multiple  adenomatous 
polyps  (diffuse  polyposis  i  of  the  colon  one  has  to 
consider  the  establishment  of  a  preternatural  anus. 
an  exclusion  or  a  complete   resection  Of  the  affected 

area. 

Lipomata,  fibromata,  myomata  have  to  be  treated 
according  to  the  symptoms  which  they  produce  in 
the  cases  in  question.  If  they  are  single  and  are 
situated  in  the  submucosa  projecting  into  the  lumen 
of  the  gut,  they  can  be  removed  by  opening  the 
intestine.  Subserous  tumors  must  usually  be  re- 
moved by  resecting  a  portion  of  the  intestine.  Re- 
section must  also  be  resorted  to  in  cases  of  multiple 
development.  A  case  in  which  the  tumor  has  been 
the  cause  of  an  invagination  must  be  treated  after 
the  rules  laid  down  elsewhere  in  this  work. 

Malignant  Tumors  of  the  Intestine. — Sarcoma  of 
the  intestinal  tract  is  rare  compared  with  the  occur- 
rence of  carcinoma.  According  to  v.  Mikulicz,  among 
100  cases  of  intestinal  neoplasm,  excluding  those  of 
the  rectum,  there  were  only  5  cases  of  sarcoma  and 
1  case  of  endothelioma.  According  to  Baltzer  and 
Rheinwald,  males  are  oftener  affected  than  females. 
Baltzer  reports  that  among  14  cases  only  1  case 
occurred  in  a  woman.  Among  40  cases  collected  by 
Rheinwald  31  (75.5  per  cent.)  were  found  in  men  and 
only  9  in  women.  The  sarcomata  occur  most  fre- 
quently in  the  third  and  fourth  decennium  according 
to  M.  Corner  and  H.  Fairbanks. 

All  varieties  of  sarcoma  have  been  found.  The 
most  frequent  are  the  small  round-celled  sarcomata 
and  the  lymphosarcomata.  The  latter  often  occur  as 
multiple,  scattered  over  large  areas  of  the  intestine. 
More  infrequent  are  the  spindle-celled  sarcoma  and 
the  myo-,  cysto-,  and  melanosarcomata.  F.  Munk 
observed  a  colloid  sarcoma.  The  sarcomatous  tumors 
originate,  according  to  P.  Lecene,  in  the  intraparietal 
connective  tissue  of  the  intestinal  wall,  either  from 
the  submucosa  or  muscularis  or  from  the  perivascular 
connective  tissue.  Muscularis  and  mucosa  are  early 
involved  by  the  growth,  whereas  the  serosa  remains  free 
for  a  long  time,  to  be  affected  in  the  latter  stages  of  the 
disease.  Sarcoma  usually  attacks  the  whole  circumfer- 
ence of  the  intestine,  rarely  it  stays  confined  to  a  cer- 
tain portion  of  the  gut.  The  lymphosarcomata  are 
often  found  multiple.  The  size  of  the  tumors  differs 
greatly,  some  being  so  small  that  they  cannot  be 
palpated ;  others  attaining  the  size  of  a  man's  head. 
The  surface  is  usually  smooth  and  nodulated.  Some 
are  hard  (spindle-cell  sarcoma),  others  show  softened 
portions,  some  break  down  in  the  center  forming 
cysts,  von  Mikulicz  operated  upon  a  cyst  containing 
six  liters  of  hemorrhagic  fluid.  Munk  draws  atten- 
tion to  the  fact  that  the  intestine  at  the  site  of  a 
sarcomatous  tumor  is  rarely  stenosed,  but  often 
widened  out  showing  a  sac-like  dilatation. 

By  this  sac-like  dilatation  the  intestinal  sarcomata 
can  be  distinguished  macroscopieally  from  carcinoma. 
In  this  latter  condition  the  lumen  of  the  gut  is  almost 
always  stenosed  (Madelung,  Baltzer). 

Sarcoma  of  the  intestine  has  the  tendency  to  early 
necrotic  changes,  the  mucous  membrane  is  usually 
totally  destroyed  and  the  necrotic  cavities  are  filled 
with  ill-smelling  masses  of  feces  and  pus.  The  neigh- 
boring  coils  of  intestine  are  often  adherent  to  the 
tumor  and  early  metastases  in  mesentery,  retroperi- 
toneal glands,  and  other  organs  (peritoneum,  omen- 
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turn,  liver,  spleen,  bronchial  and  inguinal  glands)  arc 
frequent. 

The  symptoms  of  the  disease  are  very  vague  in  the 
beginning.  Loss  of  weight  and  appetite,  slight  pain  in 
the  abdomen  and  some  irregularity  in  the  bowel 
movements  may  be  all.  If  a  tumor  is  felt,  it  usually 
shows  a  nodular  and  soft  surface;  it  may  be  hard 
or  almost  fluctuating  in  some  places.  Sometimes  a 
second  tumor  may  be  felt.  They  are  often  movable 
for  a  long  time.  Some  patients  have  no  irregularities 
of  bowel  movements,  while  in  others  blood,  mucus, 
and  pus  can  be  found  in  the  stool.  Symptoms  of 
stenosis  are  comparatively  rare,  they  may,  however, 
incur  if  a  volvulus  or  an  invagination  complicates 
the  condition.  At  the  same  time  cases  have  been 
reported  lately  where  considerable  stenosis  developed 
without  the  afore-mentioned  complications  (Siegel, 
Rheinwald). 

The  examination  of  the  blood  shows  only  a  sec- 
ondary anemia;  in  two  cases  of  lymphosarcoma  a 
large  number  of  hematoblasts  were  found  (R. 
Schmidt). 

The  duration  of  the  disease  is  very  short.  Patients 
die  within  one-half  year  after  the  onset  of  the  dis- 
ease. Sometimes  they  succumb  to  one  or  the  other 
of  the  complications  such  as  acute  intestinal  ob- 
struction or  peritonitis  after  perforation. 

The  sarcomata  of  the  large  intestine  behave  much 
as  those  of  the  small  intestine.  The  conditions 
which  may  be  confounded  with  sarcoma  are  tuber- 
culosis and  carcinoma. 

The  treat /in  ill  of  these  tumors  is  removal  by  re- 
section, or  if  this  procedure  is  impossible  an  ex- 
clusion by  enteroenterostomy  is  advisable  as  a 
palliative  measure. 

Lymphosarcomata  are  often  not  amenable  to 
surgical  treatment  as  they  are  disseminated  over 
various  areas  of  the  intestine. 

Carcinomala  of  the  small  intestine  are  much  less 
frequent  than  those  of  the  colon  and  rectum.  In 
these  two  latter  regions  carcinoma  is  a  frequently 
observed  malady  and  furnishes  the  bulk  of  all  tumors 
of  the  intestine. 

Among  5,621  autopsies  of  the  Pathological  Insti- 
tute in  Hern,  1866-1891,  521  cases  of  carcinoma  of 
all  organs  were  recorded  (Max  Muller).  Among 
these  were  found:  in  the  jejunum  and  Deum.  3;  in 
the  duodenum,  6;  in  the  colon.  13;  in  the  rectum,  19. 
Carcinoma  occurs  just  as  frequently  in  females  as 
in  males.  The  average  age  is  forty-two.  One  case 
is  reported  in  a  child  three  and  one-half  years 
old. 

They  originate  from  the  cylindrical  epithelium  of 
the  gut  and  are  therefore  either  cylindrical  adenocar- 
cinoma, scirrhous  carcinoma,  or  gelatinous  adeno- 
carcinoma. 

The  ileum  is  more  frequently  attacked  than  the 
jejunum.  The  lumen  of  the  intestine  is  always 
stenosed  by  the  growth  of  the  tumor  so  that  the 
patient  gets  up  an  acute  ileus  before  the  tumor  is 
palpable.  Adhesions  and  secondary  inflammation 
are  frequent  and  may  constitute  insurmountable 
difficulties  for  radical  operation.  Metastases  occur 
comparatively  late  (Haussmann,  Maydl)  and  they 
are  therefore  relatively  benign  and  if  diagnosed  early 
enough,  give  some  prospect  of  a  cure.  Metastases 
are  most  frequently  found  in  the  mesenteric  glands 
and  in  quite  a  few  cases  a  dissemination  of  miliary 
carcinoma — nodules  are  found  on  the  serosa  of  the 
intestine  and  on  the  parietal  peritoneum.  Other 
organs  in  which  matastases  occur  are  the  liver  and 
kidneys,  more  rarely  the  lung. 

The  symptoms  are  those  of  stenosis  (acute  or 
chronic)  of  the  intestine  with  cachexia  and  vague  or 
localized  abdominal  pain  with  or  without  a  palpable 
tumor. 

The  treatment  of  these  tumors  is  resection  when 
possible. 
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Cuni  i,  hi/hi  of  I  In  Colon. — This  form  of  malignant 
intestinal  growth  is  the  most  frequenl  one  with  which 
Hie  surgeon  has  to  deal.  It  usually  occurs  in  the  form 
of  the  c\  lindroepii  helial  adenocarcinoma.  Rarer 
forms  are  the  medullary,  the  colloid,  and  scirrhous 
carcinoma. 

The  tumor  starts,  as  its  name  implies,  from  tin- 
cylindrical  epithelium  of  the  mucous  membrane  of  the 
colon.  The  wall  of  the  gut  is  early  infiltrated  by  the 
growth,  causing  thickening  of  its  walls  with  inflamma 
tory  reaction  of  the  serous  coat  over  the  tumor,  thus 
leading  to  widespread  and  dense  adhesions  with  neigh- 
boring organs  (stomach,  bladder).  Carcinoma  of  the 
colon  has  a  tendency  to  early  ulceration  with  subse- 
quent bleeding  and  a  discharge  of  necrotic  substances 
and  pus. 

Perforation  into  the  stomach,  when  the  transverse 
colon  is  the  seat  of  the  tumor,  or  into  the  bladder  in 
sigmoid  flexure  carcinoma,  has  been  observed  not 
infrequently.  The  tumor  may  occur  as  a  solitary, 
well-circumscribed,  soft,  fungous  mass,  or  may  infil- 
trate a  considerable  portion  of  the  gut  transforming 
it  into  a  rigid  tube.  Their  circular  growth  produces 
sooner  or  later  a  stenosis  with  its  consequences  of 
hypertrophy  and  dilatation  of  the  gut  above  the 
stricture. 

Carcinoma  of  the  colon  shows  a  predilection  for 
certain  regions.  It  is  found  in  the  cecum  near  the 
ileocolic  junction,  sometimes  originating  from  the 
lips  of  the  ileocolic  valve,  at  the  hepatic,  at  the 
splenic,  and  at  the  sigmoid  flexures. 

The  cecum  and  the  sigmoid  flexure  are  the  most 
common  locations.  They  have  the  tendency  to  develop 
insidiously  and  to  grow  slowdy  with  late  metastasis  in 
other  organs  (mesocolic  and  retroperitoneal  glands, 
liver.)  For  these  reasons  they  give  a  fairly  good 
prognosis  if  early  attacked  surgically.  Here  again  the 
difficulty  of  an  early  diagnosis  is  great,  and  patients 
are  hard  to  persuade  to  submit  to  an  exploratory 
operation,  when  the  suspicion  of  a  colon  carcinoma 
is  raised,  on  account  of  the  slight  discomfort  they 
experience. 

As  pointed  out  before,  metastases  are  late  in  develop- 
ing. We  find  them  most  commonly  located  in  the 
liver,  lymph  glands,  and  the  peritoneum.  In  cases 
of  colloid  carcinoma  metastases  usually  occur  ear- 
lier and  are  widely  spread,  especially  in  the  peri- 
toneum, lymph  glands,  and  bones,  not  so  much  in  the 
liver.  Scirrhous  carcinoma  tends  especially  to  liver 
metastasis. 

Symptoms — The  clinical  picture  of  this  disease  is 
very  manifold.  We  see  cases  in  which  there  are  in- 
distinct symptoms  of  discomfort  and  pain,  mostly 
of  a  more  or  less  severe  colicky  character,  with  signs 
of  chronic  obstruction.  In  other  cases  again  there 
are  no  symptoms  of  an  abdominal  condition  at  all  until 
suddenly  an  acute  ileus  develops.  If  the  abdomen  is 
opened,  one  is  often  surprised  at  the  tight  stricture  of 
the  gut  not  having  produced  an  absolute  obstruction 
sooner.  As  a  direct  cause  of  the  ileus,  one  not  infre- 
quently finds  a  foreign  body,  a  small  piece  of  bone,  a 
cherry  pit,  or  the  like.  In  one  of  the  author's  cases 
the  acute  obstruction  was  caused  by  an  undigested 
grape.  An  invagination  or  a  volvulus  may  also  be 
responsible  for  the  acute  symptoms. 

In  the  majority  of  the  cases  the  course  and  develop- 
ment are  slow  and  latent.  The  patients  complain 
of  being  generally  out  of  sorts.  They  have  indefinite 
dyspeptic  symptoms,  with  more  or  less  constipation, 
sometimes  alternating  with  attacks  of  diarrhea. 
There  is  a  vague  or  definite  colic-like  pain  in  the  ab- 
domen accompanied  by  rumbling  noises  of  gas  and 
local  tympanites.  When  the  tumor  is  located  in  the 
colon  ascendens,  a  very  much  distended  caput  coli 
can  often  be  seen  and  is  sometimes  noticed  by  the 
patient  himself.  After  some  time,  a  tumor  may  be 
palpable  along  the  course  of  the  colon.  At  the  hepatic 
and  splenic  flexures  the  tumor  may  attain  considerable 
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size  before  it  can  be  felt.  It  is  usually  irregular  in 
shape,  nodular,  hard,  and  more  or  less  immovable  on 
account  of  its  being  adherent  to  neighboring  organs. 

When  ulceration  of  the  tumor  has  occurred  blood 
will  appear  in  the  stool.  The  quantity  of  blood  may 
be  very  small,  it  being  therefore  necessary  to  ex- 
amine for  "occult  blood"  by  the  different  chemical 
methods.  This  examination  should  never  be  neg- 
lected  in  cases  of  a  suspicion  of  a  carcinoma  of  the 


Fig.  3519. — Showing  the  Successive  Steps  of  Resection  of  the 
Cecum  and  Ascending  Colon  for  Carcinoma.  First  step,  division 
of  the  ileum  and  mesentery. 

colon.  If  a  tumor  of  the  sigmoid  flexure  is  suspected, 
it  can  sometimes  be  seen  by  sigmoidoscopy.  Dif- 
ferential diagnosis  of  tuberculosis,  actinomycosis, 
chronic  diverticulitis,  and  syphilis  has  to  be  con- 
sidered.    This,  however,  is  in  most  of  the  cases,  very 


Fig.  3520 — Same  as  Fig.  3519.     Secftnd  stepT  ileocolonic 
anastomosis. 

difficult  and  the  condition  can  be  recognized  only  after 
laparotomj-  and  microscopical  diagnosis. 

Treatment  is  entirely  surgical.     The  mode  of  pro- 
cedure   differs   with   the    condition    of   the    patient. 


Where  a  tumor  can  be  palpated  and  the  condition 

of  the  patient  is  fair,  primary  resection  is  always  to 
be  preferred.  If  the  tumor  is  located  in  the  cecum, 
colon  ascendena  or  hepatic  flexure,  it  is  well  to  ren 
this  part,  of  the  intestine  and  to  do  side-to-siile  im- 
plantation of  the  ileum  into  the  transverse  colon  with 
closure  of  both  ends.     (Figs.  3519  3522.)     [fthetrj 
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Fig.  3521. — Same  as  Fig.  3519.     Third  step,  resection  of  the 
cecum. 

verse  colon  and  the  other  parts  of  the  colon  are  affected, 
resection  and  lateral  anastomosis  should  be  done. 
In  cases  where  there  is  an  acute  obstruction  or  a 
chronic  obstruction  with  much  distention,  it  is  pref- 
erable simply  to  establish  a  preternatural  anus  and 
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Fig.  3522. — Same  as  Fig.  3519.     Completed  operation. 

to  remove  the  tumor  at  a  later  operation.  If  the 
tumor  cannot  be  removed,  enteroanastomosis  ought 
to  be  done  if  no  obstruction  exists. 

The  duration  of  the  disease  is  from   two   to   four 
years,  two  years  being  about  the  average. 

Hermann  Fischer. 
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Intestines,  Anatomy  of.    -Sec  l)i<i<xhvc  Trnrt. 

Intestines,  New  Growths  of. — See  Intestinal 
Surgery. 

Intestines,  Physiology  of. — See  Absorption,  Di- 
gestion, and  Inltslinnl  Murvntvnts. 

Intestines,  Tuberculosis  of. — This  is  the  most 
common  specific  Infection  of  the  intestinal  tract.  It 
occurs  both  as  a  primary  and  a  secondary  process,  the 
lesions  being  rarest  in  the  duodenum  and  increasing  in 
frequency  toward  the  ileocecal  valve  to  become  more 
rare  in  the  large  intestine.  In  the  lower  part  of  the 
ileum,  particularly  on  the  upper  surface  of  the  ileo- 
cecal valve,  tuberculous  lesions  are  found  in  nearly  all 
cases  (about  ninety  per  cent.)  of  advanced  pulmonary 
tuberculosis.  In  rare  cases  the  small  intestine  may 
be  entirely  free  from  the  disease,  while  the  colon  and 
rectum  are  extensively  involved.  Still  more  rarely 
isolated  tuberculous  ulcers  are  found  in  the  duodenum 
without  the  occurrence  of  other  intestinal  lesions. 

In  the  -primary  form  the  infection  occurs  through 
the  ingestion  of  tubercle  bacilli  in  the  food  or  through 
the  swallowing  of  saliva  containing  bacilli  that  have 
entered  the  upper  respiratory  tract  with  the  dust  of  the 
air.  Secondary  intestinal  tuberculosis  is  nearly  always 
due  to  the  swallowing  of  sputum  containing  tubercle 
bacilli  derived  from  pulmonary  lesions.  In  a  small 
number  of  cases  the  intestinal  lesions  are  secondary  to 
tuberculosis  of  the  upper  respiratory  tract  or  upper 
portion  of  the  alimentary  tract,  or  they  may  be  metas- 
tatic in  origin  from  primary  foci  situated  in  any  part  of 
the  body.  Hematogenous  (miliary)  tuberculosis  of 
the  intestines  is  very  much  more  rare  than  the  en- 
terogenous infections.  Still  more  rarely  the  intestine 
is  involved  secondarily  by  extension  of  tuberculous 
processes  from  other  organs  (kidney,  ovaries,  mesen- 
teric glands,  etc.). 

Primary  Tuberculosis  of  the  Intestines. — A  very 
great  difference  of  opinion  exists  as  to  the  frequency  of 
primary  intestinal  tuberculosis.  The  experience  of  dif- 
ferent pathologists  varies  so  greatly,  even  when  in  the 
same  city  and  under  apparently  similar  conditions,  that 
no  certain  conclusion  can  be  drawn  from  the  statistics 
as  they  stand  at  present.  The  majority  of  German 
pathologists  regard  primary  intestinal  tuberculosis  as 
rare,  although  several  competent  observers  rate  its  oc- 
currence as  from  five  to  twenty-five  per  cent,  of  all  cases 
of  tuberculosis  in  young  children.  English  writers 
believe  that  primary  tuberculosis  of  the  intestines  is 
not  infrequent  in  children,  while  in  America  individual 
experience  and  the  resulting  opinions  vary  greatly. 
The  total  number  of  reported  cases  of  undoubted  pri- 
mary intestinal  lesions  is  very  small,  however,  in 
proportion  to  the  great  frequency  of  deaths  from 
tuberculosis.  The  question  of  the  infrequency  of 
primary  intestinal  lesions  does  not,  moreover,  affect 
that  concerning  the  intestines  as  a  frequent  avenue  of 
entrance  of  tubercle  bacilli,  since  it  has  been  shown 
that  tubercle  bacilli  may  pass  through  the  intestinal 
wall  without  exciting  there  any  lesion.  Further,  in 
many  cases  the  seat  of  the  primary  infection  may  be 
wholly  overshadowed  by  the  more  rapidly  developing 
secondary  or  general  conditions. 

Either  the  bovine  or  the  human  strain  of  tubercle 
bacillus  may  cause  primary  lesions  in  the  intestine,  the 
former  entering  the  body  in  milk  or  its  products,  while 
the  latter  enters  with  the  dust  of  the  air  and  is  swal- 
lowed in  the  saliva.  The  bovine  form  is  more  likely  to 
occur  in  children,  and  a  number  of  undoubted  cases  of 
primary  intestinal  lesions  due  to  bovine  bacilli  have 
been  reported.  It  is  possible  that  the  bovine  form  is 
more  common  than  is  generally  believed.  The  rela- 
tive freedom  of  the  intestine  from  tuberculous  lesions 
as  compared  to  the  greater  frequency  with  which  the 
mesenteric  glands  arc  involved  may  also  be  due  to  the 


fact    that   a  slight   tuberculous  Lesion   of  the  intestine 
inf.  di  appear  leaving  no  trace,  while  the  secondary 

process  in  the  lymph  nodes  increases  in  severity  and 
appears   as   the   primary    localization    of   the   disease. 
The  greater  permeability  of  the  mucosa  of  the  in 
tine  in  children  is  also  a  factor  to  be  considered. 

Secondary  Form  of  Intestinal  Tuberculosis. — In 
the  later  stages  of  pulmonary  tuberculosis,  or  less  fre- 
quently at  an  early  period  of  development  of  the  dis- 
involvement  of  the  intestine  results  from  the 
bacilli  swallowed  in  the  sputum  or  saliva.  The  lesions 
usually  occur  in  the  lower  part  of  the  ileum  and  involve 
particularly  the  lymphoid  structures.  The  bacilli  in 
the  intestinal  contents  adhere  to  the  surface  of  the 
mucosa  and  pass  through  it,  being  carried  most 
probably  for  the  greater  part  by  leucocytes  to  the 
lymph  follicles.  Various  authorities  assert  that  the 
intestinal  lesions  always  begin  in  the  lymphoid  tissue, 
but  very  minute  microscopical  tubercles  may  be  found 
in  the  stroma  of  the  mucosa  or  submucosa  entirely  in- 
dependent of  the  lymphoid  structures. 

General  Pathology  of  Intestinal  Tuberculosis. — 
Tuberculosis  of  the  intestine  occurs  in  two  forms,  the 
ulcerative  and  the  hyperplastic.  The  ulcerative  form  is 
by  far  the  more  common.  The  bacilli  gaining  en- 
1  ranee  into  the  stroma  of  the  mucosa  or  into  the  lymph- 
oid tissue  of  the  solitary  follicles  or  Peyer's  patches, 
cause  first  a  local  degeneration  or  necrosis  which  is 
followed  by  the  formation  of  a  characteristic  subepithe- 
lial miliary  tubercle.  These  may  be  isolated  or 
multiple,  and  in  the  latter  case  may  become  confluent. 
As  they  increase  in  size  they  undergo  central  caseation 
and  softening,  and  appear  as  opaque  yellowish  nodules 
elevated  above  the  surface  of  the  mucosa.  As  the 
caseation  increases,  the  overlying  mucosa  becomes  in- 
volved and  the  caseous  material  is  liberated  into  the 
intestinal  lumen,  leaving  a  small  round,  punched-out 
cavity  in  the  center  of  the  miliary  nodules  (lenticular 
ulcer).  With  the  extension  of  the  process  these  case- 
ous cavities  become  larger  and  take  on  the  character  of 
ulcers  having  more  or  less  ragged,  often  undermined 
edges  surrounded  by  an  elevated  border  in  which 
grayish  translucent  or  yellowish  opaque  miliary 
nodules  are  usually  present.  The  floor  of  the  ulcer  is 
covered  with  caseous  material  and  may  also  be  set 
with  miliary  tubercles.  The  process  is  usually  shal- 
low in  the  majority  of  cases,  but  the  caseation  and 
subsequent  erosion  may  extend  to  any  depth  in  the  in- 
testinal wall,  not  infrequently  into  the  muscle  coats. 
Rapidly  developing  tuberculous  ulcers  may  lead  to 
perforation,  either  into  the  peritoneal  cavity  or  into  a 
neighboring  coil  of  intestine  in  case  adhesions  have 
formed.  More  often  there  is  a  local  peritonitis  leading 
to  the  formation  of  adhesions  or  local  thickenings  of 
the  peritoneum  preventing  perforation  into  the 
general  peritoneal  cavity.  Perforation  into  or  between 
such  adhesions  may  lead  to  the  formation  of  fecal 
abscesses.  Very  rarely  perforation  into  the  bladder  or 
uterus  or  through  the  abdominal  wall  may  occur. 

In  the  more  slowly  growing  ulcers  there  is  usually 
an  abundant  formation  of  tuberculous  granulation 
tissue  in  the  base  of  the  ulcer  or  about  its  edges. 
This  tissue  may  be  so  abundantly  produced  as  to 
cause  marked  thickening  of  the  wall  of  the  intestine 
and  a  constriction  of  the  lumen.  Caseous  foci  are 
usually  present  throughout  the  granulation  tissue. 
Although  an  entire  Peyer's  patch  may  become  in- 
volved in  the  ulcer,  the  long  axis  of  the  latter  is  usually 
transverse  so  that  "ring"  or  "girdle  ulcers"  encircling 
the  intestine  are  produced.  Tuberculous  ulcers  may 
be  distinguished  from  typhoid  ulcers  by  the  fact  that 
the  long  axis  of  the  ulcer  is  usually  parallel  with 
the  transverse  axis  of  the  intestine,  the  edges  are 
nodular  and  more  or  less  undermined  and  irregular, 
the  floor  is  less  smooth,  eschars  are  rarely  seen,  and 
the  serosa  over  the  ulcer  shows  miliary  nodules.  The 
microscopic   diagnosis   is,   of   course,   easy.     Only    in 
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rare  cases  may  the  condition  be  mistaken;  in  very 
acute  and  virulent  forms  of  tubercle-bacillus  infec- 
tions there  may  occur  a  rapid  caseation  and  ulcera- 
tion of  the  mucosa  and  submucosa  without  tubercle 
formation.  The  caseous  eschar  maj  be  mistaken  for 
a  typhoidal  ulcer,  if  it  is  not  stained  for  tubercle- 
bacilli.  The  tuberculous  process  extends  along  the 
lymphatics  of  the  intestinal  wall,  and  a  tuberculous 
lymphangitis  is  practically  always  present  in  the  im- 
mediate neighborhood  of  the  ulcer.  The  involved 
lymph-vessels  appear  to  the  naked  eye  as  tortuous 
whitish  beaded  lines  or  cords.  Miliary  tubercles 
may  be  found  along  the  course  of  the  affected  vessels. 
The  resulting  chyle  stasis  leads  to  general  or  local 
dilatations  of  the  lymphatics,  in  the  latter  case  appear- 
ing as  chyle  cysts.  Miliary  nodules  occur  in  the  sub- 
serosa  near  the  ulcer,  and  the  site  of  the  intestinal 
ulcer  can  be  told  by  the  local  peritonitis  and  lym- 
phangitis, and  the  mesenteric  glands  are  always  in- 
volved in  such  cases.  In  many  cases  tuberculous 
lesions  are  found  also  in  the  thoracic  duct.  From 
these  the  bacilli  may  be  given  off  into  the  lymph  and 
thence  into  the  blood  stream  in  such  numbers  that  a 
general  miliary  tuberculosis  is  produced.  Moreover, 
tubercle  bacilli  may  pass  into  the  thoracic  duct  from 
the  intestinal  lesion  or  the  caseous  mesenteric  glands, 
and  reach  the  blood-stream  without  exciting  any 
lesions  in  the  duct  itself.  The  importance  of  in- 
testinal tuberculosis  in  the  production  of  reinfections 
and  widespread  metastases  is  very  evident. 

Small  isolated  tuberculous  ulcers  in  a  state  of  repair 
may  occasionally  be  found  in  the  intestinal  wall, 
particularly  in  patients  dying  during  the  early  stages 
of  a  pulmonary  tuberculosis.  Regeneration  of  the 
mucosa  to  a  greater  or  lesser  degree  is  often  found 
about  the  edges  of  the  more  chronic  ulcers.  The  new- 
forming  epitheliumpushes  in  from  the  sides  and  over- 
hangs the  floor  of  the  ulcer,  often  forming  polypoid 
growths.  Contraction  of  the  ulcer  during  the  heal- 
ing process  may  lead  to  a  stenosis  of  the  intestinal 
lumen.  The  mucosa  of  the  intestine  in  the  neigh- 
borhood of  the  tuberculous  lesions  presents  the  picture 
of  a  subacute  or  chronic  catarrhal  inflammation,  or 
more  rarely  that  of  a  diphtheritic  enteritis  or  colitis. 
Diarrhea  is  usually  present  in  the  advanced  cases, 
and  this  symptom  is  the  result  of  the  diffuse 
inflammatory  changes  in  the  mucosa. 

In  advanced  progressive  cases  the  lesions  in  the 
ileum  increase  in  size  and  severity  toward  the  ileo- 
cecal valve.  Through  the  confluence  of  the  ulcers  a 
large  portion  of  the  mucosa  may  be  destroyed.  In 
addition  to  the  larger  ulcers  hundreds  of  small  tuber- 
culous erosions  may  be  found  over  miliary  tubercles 
scattered  throughout  the  mucosa  or  located  in  the 
solitary  follicles.  The  sinall-intestine  aspect  of  the 
ileocecal  valve  usually  presents  the  most  marked 
ulceration.  In  the  colon  the  ulcers  are  rarely  ring- 
shaped,  but  are  usually  round  or  irregular,  and  more 
shallow  than  those  in  the  ileum.  In  many  cases  they 
are  more  numerous  in  the  cecum  and  ascending  colon, 
and  diminish  in  number  in  the  transverse  and  de- 
scending colon  to  become  more  numerous  again  in 
the  rectum.  The  tuberculous  process  in  the  mucosa 
of  the  rectum  is  often  associated  with  the  formation 
of  perirectal  tubercles  leading  to  the  formation  of 
fistulous  tracts  opening  in  or  about  the  anus.  The 
entire  rectal  mucosa  may  become  ulcerated  or  greatly 
thickened  from  the  formation  of  tuberculous  granula- 
tion tissue.  Numerous  false  passages  may  be  formed. 
Polypoid  growths  may  develop  or  a  stricture  may 
result. 

The  appendix  may  be  involved  in  the  advanced 
cases,  the  pathological  picture  being  the  same  as 
that  seen  in  the  large  intestine.  Miliary  tubercles 
may  be  found  in  the  mucosa  or  submucosa,  or  the 
mucosa  may  contain  tuberculous  ulcers.  Occasion- 
ally the  entire  appendix  is  converted  into  a  sac  filled 
with  caseous  material.     The  appendix  may  also  con- 
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tain   secondary   miliary  tubercles    in       i        ol  primary 

tuberculosis  of  the  Fallopian  tubes,  the  remaining 
portion  of  the  intestine  showing  no  lesions.  Primary 
appendiceal  tuberculosis  i  relatively  rare.  The  patho- 
logical picture  may  be  the  same  as  that  seen  in  the 

Secondary   form,   or  tubercles  may  develop   primarily 

in  the  serosa,  subserosa,  or  muscle  coats  of  the  ap- 
pendix. The  lymph  nodes  in  the  mesoappendix  may 
be  primarily  involved. 

Hyperplastic  Variety  of  Intestinal  Tuberculosis. — A 

rare  form  of  intestinal  tuberculosis  is  that  associated 
with  a  marked  thickening  of  the  intestinal  wall  due 
to  the  formation  of  tubercles  in  the  submucosa  and 
muscularis.  The  overlying  mucosa  may  show  no 
change  beyond  that  of  atrophy.  Ulceration  may  be 
entirely  absent.  There  is  little  or  no  case.-it  ion.  The 
ileocecal  region  is  usually  affected,  although  the 
process  may  involve  any  coils  that  become  adherent 
to  the  seat  of  the  primary  lesion.  Strictures  of  the 
intestine  may  be  produced  at  intervals,  while  the  in- 
tervening portions  of  the  intestine  m:i\  be  relatively 
normal  or  show  a  much  less  advanced  stage  of  the 
disease.  In  the  neighborhood  of  the  constrictions  t  he 
peritoneum  is  usually  studded  with  pedunculated 
masses  of  tubercles,  and  the  neighboring  mesentery 
is  thickened  and  infiltrated  with  tuberculous  granula- 
tion tissue.  The  corresponding  mesenteric  glands 
are  tuberculous.  Polypoid  masses  of  tubercle  may 
also  project  into  the  lumen  of  the  bowel.  These  may 
be  covered  with  mucosa,  either  normal  or  atrophic, 
but  rarely  showing  ulceration.  In  some  cases  typical 
tubercles  are  not  formed;  the  tissues  are  found  to  be 
infiltrated  with  round  cells  without  epithelioid  cells 
or  caseation,  although  tubercle  bacilli  can  be  dem- 
onstrated in  great  numbers  between  the  cells  of  the 
infiltration.  The  condition  of  hyperplastic  intestinal 
tuberculosis  is  usually  primary;  only  rarely  is  it  ac- 
companied by  pulmonary  disease.  In  the  later 
stages  of  the  disease  the  infection  may  become  general- 
ized, and  death  usually  results  from  such  complica- 
tions. The  slow  development  of  the  disease  and  its 
peculiar  pathology  point  to  an  infection  with  a  strain 
of  tubercle  bacillus  of  relatively  low  virulence. 

Symptoms. — The  symptoms  of  intestinal  tubercu- 
losis, whether  primary  or  secondary,  are  often  vague. 
Diarrhea  and  constipation  may  alternate,  or  either 
one  of  these  symptoms  may  be  the  predominant 
feature.  Colicky  pains  may  be  present,  occurring 
mostly  in  the  lower  part  of  the  abdomen.  These  may 
be  transient  and  of  a  slight  degree,  or  severe  and 
persistent.  The  pain  is  usually  more  severe  after 
eating  or  preceding  bowel  movements.  Nausea  and 
vomiting  may  accompany  the  pain.  In  many  cases 
a  marked  thirst  is  present.  Blood  in  the  stools  visible 
to  the  naked  eye  is  rare,  but  the  occult  test  may  reveal 
its  presence  in  the  ulcerative  forms.  Tubercle  bacilli 
may  be  found  in  the  stools,  but  as  the  presence  of  the 
bacilli  in  the  feces  may  be  due  to  the  swallowing  of 
sputum  containing  them  their  presence  cannot  be 
taken  as  a  positive  sign  of  intestinal  involvement. 
In  the  more  advanced  cases  a  chronic  diarrhea  is 
usually  present.  The  symptoms  of  secondary  in- 
testinal tuberculosis  are  often  entirely  obscured  by 
the  severity  of  the  primary  pulmonary  affection. 
The  presence  of  the  intestinal  involvement  may  be 
revealed  only  through  the  occurrence  of  a  severe 
hemorrhage  from  the  bowels,  or  the  symptoms  of  a 
stenosis.  The  symptoms  of  a  tuberculous  appi  ndicitis 
are  also  very  vague,  and  the  condition  has  usually 
been  discovered  only  at  autopsy.  The  writer  has 
seen  several  cases  in  which  the  appendix  removed 
for  symptoms  of  appendicitis  showed  the  presence 
of  tubercles  in  the  absence  of  symptoms  of  tubercu- 
losis elsewhere  in  the  body.  In  rectal  tuberculosis  the 
chief  symptom  is  the  pain  which  may  be  constant  or 
intermittent.  It  is  increased  by  defecation.  Symp- 
toms of  rectal  stenosis  may  develop  in  rare  cases. 
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In  the  absence  of  symptoms  of  tuberculosis  else- 
where in  the  body  the  clinical  complex  of  loss  of 
weight,  fever,  night-sweats,  etc.,  in  connection  with 
alternating  diarrhea  and  constipation,  abdominal 
pain,  etc.,  would  indicate  a  primary  intestinal 
tuberculosis. 

The  symptoms  of  the  hypertrophic  form  are  also 
vague.  Loss  of  weight,  weakness,  abdominal  pains  wit  h 
crises  corresponding  to  temporary  obstruction  of  the 
intestinal  lumen  at  the  points  of  stricture,  alternating 
diarrhea  and  constipation,  nausea  and  vomiting, 
slowly  developing  abdominal  tumor,  etc.,  point  to  the 
existence  of  a  hypertrophic  intestinal  tuberculosis. 
Fever  is  usually  absent  in  this  form;  and  characteristic 
painful  points  are  not  present.  Distention  of  the 
abdomen  is  rare.  The  tumors  are  usually  multiple, 
often  cylindrical  in  shape,  and  are  more  or  less 
movable.  They  are  tender  on  deep  palpation,  and 
show  a  progressive  increase  in  size.  In  the  cases  with 
well-marked  stenoses  characteristic  gurgling  bor- 
borygmi  may  often  be  heard  at  the  end  of  the  colicky 
attacks  as  the  result  of  the  passage  of  gas  and  fluids 
through  the  stenosis.  As  the  degree  of  stenosis  in- 
creases, the  symptoms  of  obstruction  become  more 
pronounced  and  the  characteristic  vomiting  of  this 
condition  may  then  occur.  In  the  early  stages  the 
vomiting  is  not  suggestive  of  either  obstruction,  ap- 
pendicitis, or  peritonitis.  The  general  picture  may 
suggest  the  existence  of  malignant  intestinal  disease, 
and  the  condition  is  sometimes  mistaken  for  the 
latter,  even  at  operation.  Hyperplastic  tuberculosis 
of  the  intestine  is,  however,  seen  most  frequently  in 
early  adult  life. 

Diagnosis. — The  diagnosis  of  primary  tuberculosis 
of  the  intestines  of  the  ulcerative  type  rests  upon  the 
occurrence  of  diarrhea  alternating  with  constipation, 
of  a  chronic  diarrhea  associated  with  abdominal  pain, 
emaciation,  night-sweats,  fever,  etc.  The  tuberculin 
test  may  be  employed  in  doubtful  cases,  or  the  opsonic 
index  taken  on  several  successive  days  may  serve  as 
a  factor  in  the  diagnosis.  The  stools  should  be  ex- 
amined for  tubercle  bacilli  according  to  the  method 
of  Strassburger.  They  are  diluted  and  sedimented 
first  with  water  and  then  with  alcohol,  thereby  de- 
creasing the  specific  gravity  and  hastening  sedimenta- 
tion. The  final  sediment  thus  obtained  may  be 
utilized  for  making  smears  that  are  to  be  stained 
in  the  usual  way. 

In  the  differential  diagnosis  of  primary  hyper- 
trophic tuberculosis  of  the  intestine  the  presence  of  a 
tumor  or  tumors  showing  progressive  enlargement, 
without  generalized  distention,  fever,  or  leucocytosis 
would  serve  to  differentiate  this  condition  from  ap- 
pendicitis. In  the  differentiation  from  malignant 
disease  of  some  one  of  the  abdominal  organs  the 
tuberculin  test,  Calmette's  reaction,  the  opsonic  index, 
etc.,  may  be  used  as  diagnostic  acids.  Exploratory 
operation  may  ultimately  be  indicated. 

The  diagnosis  of  secondary  intestinal  tuberculosis 
is  often  difficult  or  impossible,  since  the  intestinal 
condition  may  be  masked  by  the  more  severe  general 
symptoms.  Intestinal  involvement  may  safely  be 
assumed  to  exist  in  practically  every  case  of  advanced 
pulmonary  tuberculosis.  Symptoms  of  enteritis 
usually  indicate  its  existence. 

Prognosis. — Undoubtedly  patients  with  primary 
tuberculosis  of  the  intestine  may  recover.  There  is 
good  reason  to  believe  that  small  lesions  at  the  point 
of  entrance  of  the  bacilli  in  the  intestinal  mucosa 
may  entirely  disappear.  Secondary  lesions  sometimes 
heal,  but  as  the  majority  of  these  occur  in  advanced 
cases  of  pulmonary  disease  the  prognosis  is  usually 
hopeless.  In  the  case  of  the  hypertrophic  form  early 
operation  may  effect  a  cure;  but  at  the  stage  in  which 
the  affection  is  usually  recognized  and  operated  upon 
generalization  of  t he  infection  commonly  occurs  after 
one  or  more  years. 
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Treatment. — The  medical  treatment  of  intestinal 
tuberculosis  is  almost  wholly  symptomatic,  and 
usually  without  much  effect.  The  regulation  of  the 
diel  is  the  most  important  factor  in  checking  the  symp- 
toms of  enteritis.  Fruits,  vegetables,  etc.,  are  to  be 
prohibited.  In  very  severe  cases  it  may  be  necesi 
to  resort  to  the  use  of  boiled  milk  or  albumin  water. 
Lime  water  may  be  used  with  the  milk.  The  general 
treatment  is  that  accorded  late  stages  of  pulmonary 
tuberculosis. 

Local  applications,  ice  or  hot-water  bag,  turpentine 
stupes,  abdominal  bandages,  etc.,  may  serve  to  re- 
lieve the  abdominal  pain  in  those  cases  in  which  this 
is  a  serious  symptom.  Irrigation  with  salt  solution 
to  which  a  few  drops  of  laudanum  have  been  added  is 
recommended.  Injections  of  four  to  eight  grams  of 
bismuth  subnitrate  in  250  to  300  c.C.  of  warm  water 
are  also  advocated.  Enemata  of  starch  and  Lauda- 
num, or  suppositories  of  opium  or  morphine,  become 
necessary  in  the  great  majority  of  cases. 

In  the  ease  of  primary  intestinal  tuberculosis,  par- 
ticularly of  the  hyperplastic  type,  the  excision  of  the 
affected  portion  of  the  bowel  offers  a  hope  of  recovery 
in  these  patients  in  whom  an  early  diagnosis  is  made. 
The  ileocecal  portion  of  the  gut  may  be  resected  and 
the  local  lymph  nodes  removed.  The  after-treatment 
should  be  that  directed  against  tuberculous  infection 
in  general.  When  excision  is  impossible  a  lateral 
anastomosis  may  effect  great  relief.  The  treatment 
of  tuberculous  appendicitis,  perirectal  abscess,  fistula 
in  ano,  etc.,  becomes  ultimately  surgical,  although 
the  usual  symptomatic  medical  measures  may  be  used 
according  to  indications.  Excision  of  the  abscess  or 
fistulous  tract  may  result  in  complete  healing.  A 
similar  result  has  also  followed  the  injection  of 
mercurial  ointment.  Aldred  Scott  Warthin. 


Intravenous  Injections. — The  method  of  intra- 
venous injection  has  grown  from  the  simple  transfusion 
of  blood  and  of  physiological  salt  solution,  both  of 
which  procedures  have  been  practised  for  many  years, 
to  comprehend  the  administration,  in  this  manner,  of 
a  considerable  number  of  biological  products  and 
medicinal  substances. 

The  process  is  closely  allied  in  effect  to  the  hypoder- 
mic exhibition  of  remedies,  but  some  advantages, 
under  certain  circumstances,  are  claimed  for  this 
method,  although  it  is  not  by  any  means  so  conven- 
ient, so  simple,  or  so  easy  of  performance  as  hypoder- 
mic medication.  The  action  of  appropriate  remedial 
agents  when  introduced  directly  into  the  blood  is 
prompter  than  can  be  obtained  by  the  subcutaneous 
method — it  is  virtually  immediate — and  the  results 
are  not  dependent  upon  uncertain,  tardy,  or  delayed 
absorption;  local  irritation  of  the  tissues,  which  is 
caused  by  some  solutions  when  injected  subcutane- 
ously  may  be  thus  avoided  and  bulky  doses  may  be  ad- 
ministered without  discomfort  to  the  patient;  but 
the  fact  that  strong  or  irritant  solutions  introduced 
directly  into  the  veins,  may  injuriously  affect  the 
tissues  with  which  they  come  in  contact  cannot  be 
ignored,  for  phlebitis  and  endocarditis  have  followed 
the  use  of  some  injections,  and  secondary  or  remote 
injury  may  also  ensue.  To  avoid  disastrous  con- 
sequences, great  care  and  good  judgment  should 
prevail  in  the  technique  and  in  the  selection  and 
preparation  of  the  solutions  employed. 

The  operation  may  be  performed  with  an  ordinary 
small,  short  hypodermic  needle  to  which  is  attached 
an  irrigator  or  a  syringe  of  varying  size  and  construc- 
tion to  meet  the  exigencies  of  the  particular  case.  An 
appropriate  instrument  for  common  use  is  an  all-glass 
syringe,  having  a  capacity  of  2  to  100  c.c,  Fig.  3523, 
with  an  accurately  fitted  glass  plunger,  all  of  which 
may  be  made  thoroughly  aseptic. 

In  pursuance  of  this  plan  of  treatment,  the  patient, 
when  practicable,  should  abstain  from  food  for  several 
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hours  preceding  the  operation.  The  recumbent 
posture  should  invariably  be  assumed  and  it  should  be 
maintained,  in  some  instances,  for  three  or  four  hours 
at  least  after  the  inject  ion  has  been  made  and  until 
the  reaction  has  subsided.  A  suitable  vein  must  be 
selected  and  exactly  defined,  usually,  a  vein  at  the 
flexion  of  the  elbow — either  the  median  basilic  or 
the  median  cephalic.  If  the  median  basilic — which  is 
the  larger  of  the  two  veins — should  be  chosen  for  the 
puncture,  its  relation  to  the  brachial  artery  should  be 
borne  in  mind.  To  facilitate  the  procedure,  a  firmly 
applied  bandage  may  then  be  placed  around  the  arm 
below  the  shoulder  for  the  purpose  of  distending  the 
vein.  This  compression  should  be  removed  after  tin- 
puncture  of  the  vein  but  always  before  the  inject  inn 
of  the  solution.      When  the  needle  is  withdrawn,  the 


Fig.  3523. — The  All-glass  Syringe  for  Intravenous  Injection. 

site  of  the  puncture  may  be  covered  by  a  drop  of  flexible 
collodion.  If  a  tube  or  cannula  is  used  in  preference  to 
a  needle,  the  vein,  after  local  anesthesia,  should  be 
carefully  dissected  out  and  a  longitudinal  incision  of 
sufficient  size  to  admit  the  tube  should  be  made  in  it. 
Subsequently,  the  opening  should  be  closed  by  a  suit- 
able compress. 

The  surface  of  the  body  at  the  point  selected  for 
the  injection,  and  the  hands  of  the  operator,  as  well 
as  the  instrument  and  the  solution  employed,  should 
be  aseptic.  The  needle,  held  at  a  very  acute  angle  to 
the  axis  of  the  vein,  should  enter,  but  should  not 
transfix  or  penetrate  beyond  the  vessel.  The  warmed 
solution  should  be  thrown  very  slowly  in  the  direction 
of  the  blood  current  and  care  should  be  taken  to 
prevent  the  entrance  of  air  into  the  vein. 

The  systemic  reaction  following  some  injections 
may  be  very  pronounced,  so  much,  in  fact,  that  con- 
finement to  bed  for  a  day  or  two  may  be  necessary, 
but  this  degree  of  disturbance  is  not  ordinarily  to  be 
anticipated,  and  in  some  instances,  of  course,  no  reac- 
tion is  appreciable.  The  symptoms  characterizing  the 
reaction  which  may  be  expected  to  occur  in  twenty 
minutes  to  three  or  four  hours  after  the  injection,  are 
usually  fever  of  one  to  five  degrees,  headache,  oc- 
casionally rigors  or  a  well-defined  chill  and  sweating. 
Sometimes,  associated  with  these  symptoms,  are  ab- 
dominal pains,  nausea,  vomiting,  faintness,  diarrhea, 
with  a  general  sensation  of  tingling  or  numbness.  A 
too  rapid  injection  may  cause  more  or  less  shock. 

It  is  maintained  by  many  conservative  practitioners 
that  inasmuch  as  intramuscular  injections  act  quicker 
than  subcutaneous  injections  and  nearly  as  quick  as 
intravenous  injections  and  are  safer — being  entirely 
free  from  all  risks — they  should  be  preferred,  and 
should  therefore  supplant  the  intravenous  method. 
This  view  is  not,  by  any  means,  uniformly  accepted, 
but,  quite  to  the  contrary,  the  popularity  of  intraven- 
ous medication  appears  to  be  decidedly  on  the 
increase,  and,  besides,  the  two  methods  are  not  in 
every  instance  interchangeable. 

Salvarsan  and  neosalvarsan  are  commonly  given 
intravenously.  This  is  the  least  painful  and  the 
quickest  method,  and  the  visible  lesions  of  syphilis 
soon  disappear  after  their  use.  Their  elimination, 
however,  is  rapid,  and  surely  it  is  more  prudent  in 
the  treatment  of  syphilitic  infection  to  follow  the 
initial  dose,  either  by  other  injections  of  like  kind  or 
by  subcutaneous  or  intramuscular  injections  of  the 
drug  or  by  the  ordinary  mercurial  course. 

Physiological  salt  solution  may  be  profitably  in- 
jected into  the  veins  in  cases  of  ptomaine  poisoning 
with  a  view  of  promoting  and  hastening  elimination. 


It  is  recommended  also  in  scarlatina  when  the  toxic 
influence  is  profound;  in  excessive  hemorrhage  and, 
with  the  addition  of  an  alkali,  in  diabetic  coma  and 
in  eclampsia. 

For  insolation  and  for  anuria  an  alkaline  saline 
intravenous  injection  is  strongly  indorsed.  It  will 
usually  provoke  prompl  and  abundant  action  of  the 

kidneys.  One  or  two  liters  (one  or  two  quarts) 
of  a   warm,   aseptic  solution   consisting  of  chloride  of 

sodium,  gin.   II   i  ~>  iijss),  ami  carbonate  of  sodium 


Fig.  3524. — Kelly's  Infusion  Apparatus. 

(crystals),  gm.  10  (5  ijss)  to  water,  1,000  c.c.  (Oij) 
may  be  very  slowly  introduced  and  repeated  after 
four  to  six  hours,  if  required,  with  the  confident  ex- 
pectation of  arousing  renal  activity  more  quickly  and 
more  completely  than  by  any  other  available  mode  of 
treatment. 

The  intravenous  injection  of  freshly  distilled  water 
has  been  practised  with  success  in  severe  cases  of 
pyemia  and  of  septicemia. 

For  the  administration  of  saline  solutions,  the  in- 
fusion apparatus  of  Kelly,  Fig.  3.524,  with  a  capacity 
of  700  c.c.  (3  xxiv)  is  entirely  satisfactory  and  so  is 
the  excellent  apparatus  of  Fowler.  Fig.  352.5,  which  is 


Fig.  3525. — Fowler's  Infusion  Apparatus. 

made  in  two  sizes — thirty  and  sixty  ounces  respect- 
ively and  is  fully  equipped,  including  a  thermometer  so 
affixed  to  the  tube  as  to  indicate  the  exact  temperature 
of  the  solution  as  it  passes  into  the  vein.  These  ap- 
paratuses may  be  fitted  with  needles,  with  or  without 
cannula?,  or  with  intravenous  infusion  tubes,  straight  or 
curved,  of  glass  or  of  metal,  to  suit  the  preference  of 
the  operator. 

Among  the  drugs  now  used  intravenously  are 
bichloride  of  mercury,  in  small  doses  daily;  cacodylate 
of  sodium,  in  malarial  infection,  pellagra,  and  syphilis; 
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strophanthin,  one  milligram  (gr.  ^0),  as  a  heart  tonic; 
paraldehyde,  in  some  rases  of  nervous  and  mental 
derangement;  water  of  ammonia,  as  a  diffusible  stim- 
ulant; emetine  hydrochloride,  in  amebic  dysentery; 
ether,  to  induce  general  anesthesia;  theobromine 
sodium  salicylate,  dose  one  gram  (gr.  xv)  in  a  five  per 
cent,  aqueous  solution,  in  uremic  conditions;  whisky 
and  adrenalin  to  relieve  shock  and  to  stimulate  the 
circulation;  any  of  the  alkaloids  when  extra  quick  ac- 
tion is  sought, and  sodium  salicylate,  in  doses  of  one 
gram  (gr.  xv)  two  or  three  times  daily  for  a  week  or 
more.  The  latter  drug  given  in  this  way  has  a  dis- 
t  imt  field  of  usefulness  in  rheumatic  fever,  being  appli- 
cable to  cases  in  which  its  administration  in  the 
routine  way  is  impracticable  or  unsatisfactory. 

Tetanus  antitoxin  may  be  injected  directly  into  the 
veins.  If  used  for  immunizing  purposes,  moderate 
doses  of  1,500  to  2,000  units  may  be  given  subcu- 
taneously,  but  after  tetanic  symptoms  have  become 
manifest  and  when  time  is  an  important  element  in 
the  treatment,  the  intravenous  administration,  in 
large  doses — 10,000  to  20,000  units,  repeated  every 
six  hours,  if  required — should  be  adopted  without 
delay. 

Calmette's  antivenin  should  be  given  in  this  manner 
in  doses  of  not  less  than  100  c.c.  as  soon  as  possible 
after  the  bite  of  a  venomous  reptile. 

Diphtheria  antitoxin  and  other  therapeutic  serums 
may  be  thus  used  when  speedy  results  are  desired. 
In  laryngeal  or  malignant  diphtheria,  large  doses  of 
the  antitoxin — 10,000  to  20,000  units,  or,  in  excep- 
tional cases,  even  more,  frequently  repeated,  should 
be  given  intravenously.  It  is  probable  that  the 
serum  used  in  this  way  is  several  times  more  effective 
than  it  is  when  given  subcutaneously  in  corresponding 
doses. 

Age  is  not  a  contraindication.  Intravenous  in- 
jections may  be  used  at  any  age — at  both  extremes  of 
life,  but  special  caution  should  be  observed  in  very 
feeble  subjects,  or  in  persons  presenting  serious  im- 
pairment, from  any  cause,  of  the  circulatory  function 
or  of  any  vital  organ.  James  B.  Baird. 


in  an  emergency,  whereas  intubationists  of  experience 
(and  no  other  should  attempt  the  operation)  are  not 
always  to  be  obtained.  Secondary  tracheotomy  is 
occasionally  necessary  when  intubation  has  failed  to 
give  relief,  as  when  the  membrane  or  other  obstruction 
reaches  below  the  bifurcation  of  t  he  trachea,  or  when, 
for  various  reasons,  there  is  constant  autoextubation. 
Intubation  Instruments. — The  tubes  are  made  of 
hard  rubber,  vulcanized  rubber,  and  metal  lined,  the 


Fig.  352G. — Intubation  Tubes.  No.  I.,  Granulation  tube; 
No.  II.,  lateral  view  of  ordinary  tube;  No.  III.,  anterior  view  of 
the  same. 


all-metal  tubes  being  now  seldom  used.  An  ordinary 
intubation  set  contains  six  or  seven  tubes  for  the 
various  ages  from  a  year  to  twelve  years.  They  are 
very  closely  adapted  to  the  anatomy  of  the  larynx  and 
trachea  thus  minimizing  the  tendency  to  ulceration  of 
the  mucous  membrane  by  pressure.  A  metal  scale 
for  determining  the  proper  tube  for  a  given  age  accom- 


Intubation. — In  1S5G  Bouchut 
suggested  and  actually  practised 
a  crude  method  of  intubation, 
which,  however,  the  ridicule  of 
his  confreres  soon  forced  him  to 
abandon.  Before  this  time, 
catheterization  of  the  larynx  had 
been  practised  to  a  certain  ex- 
tent for  the  temporary  relief  of 
urgent  symptoms  of  stenosis,  but 
with  little  success.  In  1SS0  Dr. 
Joseph  O'Dwyer,  of  New  York, 
with  no  previous  knowledge  of 
the  experiments  of  Bouchut,  began  to  study  the 
subject  of  intubation.  This  work  extended  over  a 
period  of  three  years  and  was  performed  at  the  New 
York  Foundling  Hospital,  where  the  operation  of 
tracheotomy  had  given  such  fatal  results  that  it  had 
long  since  been  abandoned.  After  many  failures  and 
a  few  partial  successes,  Dr.  O'Dwyer  gave  to  the 
world  the  perfected  instruments  as  they  are  made 
to-day. 

Intubation  is  now  the  operation  of  election  in  Amer- 
ica as  well  as  on  the  Continent  of  Europe.  In  England 
tracheotomy  is  still  largely  practised — notwithstand- 
ing the  obvious  advantages  of  intubation,  viz.,  it  is 
bloodless,  the  inspired  air  reaches  the  lungs  at  the 
proper  temperature,  the  after-care  of  the  patient  is 
much  less  exacting,  and  usually  of  shorter  duration, 
and  in  practised  hands  the  results  are  much  more 
favorable  to  life.  The  sole  advantage  possessed  by 
tracheotomy  is  that  it  can  be  performed  in  a  fairly 
satisfactory  manner  without  much  or  any  previous 
experience  and  is  therefore  more  generally  available 


Fig.  3527. — Introducer,  with  Obturator  and  Tube  in  Place,     a. 
Obturator. 

panies  each  set  of  instruments.  The  tubes  (Fig.  3526, 
Nos.  II.  and  III.)  are  long  enough  to  reach  nearly  to 
the  bifurcation  of  the  trachea,  thus  lessening  the  chance 
of  obstruction  by  loose  membrane.  The  retaining 
swell  is  sufficiently  full  to  keep  the  tube  in  place  and 
yet  small  enough  to  allow-  of  ready  expulsion  by  cough- 
ing when  the  lumen  is  blocked.     The  neck  is  narrow 


Fig.  3528. — Mouth  Gag. 

and  adapted  to  the  grip  of  the  vocal  cords.  When  the 
tube  is  in  situ  the  flattened  head  and  upper  opening 
are  perfectly  covered  by  the  epiglottis. 

A  general  idea  of  the  tubes,  introducer,  gag,  and 
extractor  mav  be  obtained  from  the  accompanying 
illustrations.  "  The  obturator   (Fig.  3527,  a),  one  for 
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each  tube,  fits  into  the  introducer  and  is  released  from 
the  tube  by  the  thumb  of  the  operator  pushing  forward 
the  button  at  x,  or  by  the  forefinger  with  the  intro 
ducers  now  used  at  Willard  Parker  Hospital,  x  being 
on  the  side  of  the  instrument  instead  of  on  top. 
The  mouth  gag  (Fig.  3528)  is  a  powerful  instrument 
and  need  not  be  used  in   young  infants  as  it,  has  the 


-False  Membrane  'lube,  fitted  to  special  obturator 
a,  The  tube  alone. 


undesirable  property  of  lacerating 
toothless  gums.  If  it  is  used  on  the 
latter  it  should  be  padded  with  cotton  wound  about 
the  ends. 

In  addition  to  the  regular  tubes  there  are  tubes  espe- 
cially adapted  to  getting  rid  of  loose  'pseudomem- 
brane.  These  are  hollow  cylinders  of  different  sizes 
and  of  large  caliber  (Fig.  3529),  short  enough  not  to 
push  down  the  membrane  and  long  enough  to  reach 
below  the  cricoid  constriction.     They  have  no  retain- 


They  differ  from  the  ordinary  t  ubes  in  ha  \  ing  a  lai 

built-up  head,  which  rides  above  the  granulation*  and 

by  pressure  tends  to   ha  ten  their  absorption.     The 
tube  is  of    all-metal  construction  giving   il     gri 
weight.     These  two  special  lubes  are  seldom  made  use 
of  at  present . 

With  the  exception  of  the  short   tube  of   Bayi 

v.  hich  possesses  the  sole; 
advantage  of  being  bi  I 
ter  adapted  to  the  opera- 
tion of  enucleation  or 
removal  by  pressure 
i  hrough  the  i  rachea,  it  is 

unnecessary  to  mention 
hen;  any  of  t  lie'  so-ralle-el 

modifications  of  * *' lawy- 
er's instruments,  many 
of  which  have  been  dis- 
carded as  useless  and  all 
are    te, tally   uiiiiecessar\  . 

The   O'Dwyer   instruments,  as   made   by   a   reliable 

manufacturer,  meet  all  the  requirements  for  which 
they  were  intended. 

The  vast  majority  of  cases  requiring  intubation 
are  due  to  laryngeal  diphtheria.  Other  conditions 
rarely  requiring  the  operation  are  pseudodiphthcria 
(streptococcus)  of  the  larynx,  catarrhal  laryngitis, 
and  laryngismus  stridulus,  primary  or  secondary, 
especially  to  measles. 

When    to    Intubate. — With    the    use    of    antitoxin 


troduc 


Fig.  3530. — Feeling   for   the  Epiglottis.     The  introducer   will  be  parallel  to  the  patient's  body  as  the  tube  enters  the  mouth. 


ing  swell  and  it  is  therefore  necessary  to  use  the  largest 
size  possible,  wedging  it  into  the  larynx.  On  no  ac- 
count should  these  tubes  be  left  in  position  for  more 
than  a  few  hours,  as  the  pressure  caused  by  them 
will  do  great  damage  to  the  larynx. 

Granulation  tubes  (Fig.  3526,  No.  I.)  are  constructed 
for  cases  in  which  previous  intubation  has  caused  the 
formation   of    granulation   tissue   about    the   larynx. 


it  is  the  physician's  duty  to  delay  operation  as  long  as 
possible  in  the  hope  that  the  action  of  antitoxin  may 
do  away  with  the  necessity  for  the  operation.  Steam 
and  sedatives  should  be  used  as  adjuvants  to  the  same 
end.  The  instruments  should  be  ready,  however,  and 
the  patient  closely  watched. 

When  air  hunger  has  reached  such  a  point   that 
the   patient's    struggles    to   overcome   it   only    cause 

645 


Intubation 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES 


greater  bodily  weakness,  it  is  useless  to  delay  opera- 
tion. 

The  symptoms  calling  for  operation  are  progressive 
dyspnea,  labored  breathing  and  cyanosis,  retraction  of 
the  tissues  about  the  epigastrium  and  clavicles,  dimin- 
ished respiratory  murmur  over  the  lung  bases,  physical 
depression,  and  a  failing  pulse. 

Technique  of  the  Operation. — Intubation  may  be  per- 
formed with  the  patient  in  either  the  upright  or  the 
dorsal  position;  the  latter  is  now  generally  preferred, 
as  there  is  less  struggle  on  the  patients  part,  and  less 
help  is  required.  The  patient  is  wrapped  in  a  sheet  or 
light  blanket  from  a  point  just  below  the  shoulders 
downward,  the  hands  and  feet  being  perfectly  re- 
strained by  pulling  the  wrapping  tightly  about  the 
body  and  fastening  with  large  safety  pins.  Care 
should  be  taken  to  avoid  a  bulky  roll  over  the  upper 
chest  as  the  handle  of  the  introducer  is  thus  interfered 
with  at  the  time  of  beginning  the  operation.  A  nurse 
<  >r  of  her  assistant  stands  behind  the  patient  and  steadies 
the  head  by  holding  it  between  the  open  palms — the 


Fig.  3531. — The  Tube  Just  Engaged  in  the  Larynx. 

left  hand  holding  the  handles  of  the  mouth  gag  flat 
against  the  cheek;  another  assistant  may  hold  down 
the  legs,  but  this  is  not  absolutely  essential  unless  the 
patient  is  very  intractable   (see  Fig.  3530). 

The  operator  standing  at  the  left  side  of  the  patient, 
inserts  the  mouth  gag  well  back  between  the  jaws  of 
the  left  side,  opens  the  mouth  widely,  and  gives  the 
handle  of  the  instrument  to  the  assistant  to  hold  as 
just  described.  A  tube  of  the  proper  size  having  been 
selected  and  its  eye  threaded,  preferably  with  braided 
silk,  care  is  taken  to  see  that  it  slips  easily  from  the 
obturator,  w'hich  has  been  previously  fitted  to  the 
introducer.  The  operator  then  inserts  his  left  index- 
finger  into  the  patient's  mouth,  hooks  back  the 
epiglottis,  crowds  the  finger  as  much  as  possible  to  the 
left  and  passes  the  tube,  in  the  middle  line  of  the  tongue 
along  it,  and  just  under  its  edge  until  the  tip  of  the 
tube  engages  in  the  glottis  (Fig.  3531).  The  handle  of 
the  introducer  is  at  first  nearly  parallel  to  the  patient's 
body;  as  the  tube  approaches  the  larynx,  the  handle  is 
gradually  raised  until  the  tube  actually  engages  in  the 
chink  of  the  glottis,  when  the  elevation  of  the  intro- 
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ducer  should  be  abrupt  so  that  the  tube  points  directly 
down  the  trachea.  By  gentle  pressure  it  is  passed 
downward  until    the  introducer  lies  crowded  against 


Fig.  3532. — The  Tube  Passed  well  into  the  Larynx.     The  intro- 
ducer flat  on  the  tongue. 


Fig.  3533. — The  Left  Forefinger  Thrusting  the  Tube  in  Place  and 
Holding  it  until  the  Obturator  is  Released  and  Removed  from  the 
Mouth. 

the  tongue  (Fig.  3532).  The  left  forefinger  is  then 
taken  from  the  epiglottis  and  placed  on  the  head  of 
the  tube,  which  with  a  gentle  thrust  it  pushes  home 
at  the  same  time  that  the  obturator  is  released  and 
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withdrawn  from  the  mouth  (Fig.  3533).  The  left 
forefinger  and  gag  are  then  removed.  The  whole 
movement  of  the  introducer  should  be  a  revolution 
of  a  radius  of  a  circle  about  the  opening  of  the  larynx 
as  a  center.  The  removal  of  the  obturator  from  the 
tube  is  the  exact  reverse  of  the  movement. 

The  characteristic  respiratory  sound,  cough,  and  ex- 
pectoration, together  with  immediate  relief  from  the 
dyspnea,  indicate  that  the  tube  is  in  position.  The 
string  is  left  in  for  a  few  minutes  to  make  certain  that 
the  caliber  of  the  tube  is  free  from  obstruction  by 
loose  membrane  or  thick  mucus,  after  which  one  end 


to  its  extreme  end,  which  marks  the  posterior  bound- 
ary of  the  glottis  in  the  median  line,  and  the  handle 
of  the  extractor  is  abruptly  elevated,  with  the  result 

that  the  beak  of  the  instrument  is  pried  forward  from 
the  linger  lip  into  the  opening  of  the  tube.  If  diffi- 
culty is  experienced  with  (his  method  of  extraction, 
Hie  tube  may  be  removed  by  the  sarin-  method  em- 
ployed in  introducing  it,  i.e.  the  extractor  is  pa  ed 
along  and  under  flic  index  finger,  which  is  holding 
back  the  epiglottis. 

Care   should    lie   taken    to   regidate   the   degree   of 
opening  of  the  jaws  of  the  extractor  by  means  of  the 


of  it  is  severed  close  to  the  angle  of  the  mouth,  and 
while  the  left  forefinger  holds  the  tube  in  place  it  is 
quickly  pulled  out.  It  is  not  necessary,  as  a  rule,  to 
insert  the  mouth  gag  for  this  purpose.  In  infants,  the 
string  may  be  left  in  place  during  the  entire  period  of 
intubation.  In  such  a  case  it  is  to  be  fastened  to  the 
cheek  by  a  bit  of  adhesive  plaster.  In  older  children 
it  causes  annoyance,  may  be  pulled  on  with  consequent 
removal  of  the  tube,  and  is  very  apt  to  be  severed  by  the 
back  teeth.  The  points  to  be  emphasized  in  the  opera- 
tion are,  in  brief:  Hold  the  introducer  lightly  between 
the  thumb  and  fingers,  using  no  force.  Keep  the  in- 
troducer as  nearly  as  possible  in  the  median  line.  Be 
sure  that  the  position  of  the  child  is  correct  and  that  it 
is  held  absolutely  immobile.  See  that  everything  is  in 
readiness  before  beginning  the  operation.  If  not 
successful  in  introducing  the  tube  at  the  first  trial, 
begin  all  over,  making,  if  necessary,  repeated  short 
attempts  rather  than  a  single  prolonged  one. 

Exttjbation. — In  the  removal  of  the  tube,  patient's 
position  should  be  the  same  as  that  adopted  for  its 
introduction  (see  Fig.  3534) ;  the  left  forefinger  is  placed 
on  the  arytenoid  cartilages,  the  epiglottis  is  hooked  up 
as  the  finger  passes  over  it,  the  beak  of  the  extractor  is 
passed  to  the  center  of  the  pulp  of  the  finger  and  then 


guard  screw-  (Fig.  3535,  a),  in  order  to  avoid  lacera- 
tion of  the  tissues  by  their  wide  separation,  during 
ineffectual  attempts  to  find  the  opening  of  the  tube. 
The  spring  of  the  extractor  should  not  be  touched 
untD  the  beak  of  the  instrument  is  engaged  in  the 
tube.    As  in  introducing  the  tube,  no  force  is  necessarv. 

Removal  of  the  tube  by  "enucleation"  has  been 
practised  to  some  extent.  The  short  tubes  of 
Bayeux  already  referred  to  are  better  adapted  to  this 
method,  although  the  operation  is  possible  with 
O'Dwyer's  tubes.  The  child  is  held  head  downward, 
while  pressure  is  made  on  the  trachea  just  below  the 
point  of  the  tube.  This  operation,  while  it  is  not  to 
be  relied  upon,  especially  with  the  O'Dwyer  tubes,  is 
certainly  worthy  of  a  trial  in  an  emergency,  as  for 
instance  when  there  is  a  sudden  blocking  of  the  tube 
which  is  not  followed  by  expulsion.  In  cases  also 
in  which  the  tube  has  slipped  below  its  proper  posi- 
tion, it  is  perhaps  better  to  try  this  method  rather 
than  risk  pushing  the  tube  farther  down  with  the 
extractor. 

When  to  Extubale. — With  the  use  of  antitoxin,  the 
time  during  which  a  tube  need  be  retained  has  been 
materially  shortened  and  reintubation  is  much  less 
frequently  required.  The  retention  of  the  tube  is 
dependent  on  the  general  condition  of  the  patient, 
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the  amount  of  toxemia  present,  the  condition  of  the 
pulse  and  temperature,  the  presence  of  membrane 
in  the  pharynx,  and  the  age  of  the  patient.  Children 
under  two  years  of  age  usually  require  the  tube  foi 
from  one  to  two  weeks,  older  children  for  five  daj 
or  less.  As  a  matter  of  routine  extubation  is  ad- 
visable on  the  third  or  fourth  day.  Blocking  of  the 
tube  with  false  membrane  or  thick  mucus  is  usually 
an  indication  for  immediate  removal.  In  the  ma- 
jority of  such  eases  the  tube  is  expelled  spontaneously. 


Before  resorting  to  extraction,  attempts  may 
be  made  to  get  rid  of  the  membrane  by 
giving  small  doses  of  whiskey  and  water  in 
order  to  excite  coughing,  or  the  child  may  be 
inverted  and  struck  sharply  on  the  back. 

Dangers  and  Difficulties  of  the  Operation.— There 
are  no  dangers  to  life  at  the  hands  of  an  expert  operator 
from  the  operation  itself.  No  physician  should 
undertake  to  intubate  a  living  child  without  thorough 
practice  on  the  cadaver.  Without  such  experience, 
tracheotomy  is  much  to  be  preferred,  for  the  field  of 
operation  is  then  beneath  the  eye  of  the  physician. 
Dangers  from  the  operation  in  unskilled  hands  are: 
asphyxia  from  prolonged  and  awkward  attempts  at 
intubation,  laceration  of  the  soft  parts,  with  the  ex- 
tractor as  well  as  the  tube,  and  the  making  of  false 
passages,  generally  through  the  ventricles  of  the 
larynx. 

"Pushing  down  false  membrane"  has  been  er- 
roneously  held  responsible  for  many  deaths  during 


the   difficulty   is    readily  overcome     by    the    use   of 

general  anesthesia. 

Retained  Tube. — (Chronic  Tube  Cases  ).  A  small 
percentage  of  patients  on  whom  intubation  lias  been 
performed  are  unable  to  go  without  the  tube:  Re- 
intubation  having  to  be  immediately  performed  time 
after  time  or  after  hours,  weeks,  or  months.  At 
Willard  Parker  Hospital  there  are  constantly  a  dozen 
or  more  such  patients,  some  of  whom  have  been  in 
i  he  insl  itution  for  from  three  to  five  years.    The  causes 

of  this  most  unfortunate 
condition  are  unskillful 
(rough;  intubation  and 
extubation  false  pas- 
sages, ulcerations  caused 
by  the  disease  process, 
pressure  of  the  tube 
(especially  if  the  latter 
be  too  large  for  the  pa- 
tient's age),  and  the  use 
of  improperly  made 
tubes.  Lynah  has  writ- 
ten a  very  complete  article  on  the  pathology  of  the 
condition  and  takes  the  position  that  the  more  pro- 
longed cases  are  essentially  due  to  an  erosion  and 
destruction  of  the  laryngeal  cartilages,  especially  the 
cricoid,  rather  than  to  the  pressure  on  and  destruc- 
tion of  the  recurrent  laryngeal  nerve.  The  treat- 
ment of  these  cases  is  a  specialty  in  itself,  each  patient 
requiring  especially  adapted  tubes.  Granulations 
must  be  healed  and  polypi  removed.  Some  patients 
resist  every  effort  to  do  away  with  the  tube. 


a,  Guard-screw. 


Fig.  3536.— Latest  Design  of  Case  Containing  a  Set  of  O'Dwyer's 
Instruments. 

the  operation.  This  accident  occasionally  occurs, 
in  which  case  the  tube  should  be  quickly  removed  by 
the  still  attached  string  when  the  membrane  will 
usually  be  expelled.  In  some  cases  it  may  be  necessary 
to  use  false  membrane  tubes  for  a  little  while. 

Subglottic  stenosis  (so-called  edema)  may  rarely 
be  the  cause  of  difficulty  in  performing  intubation. 
This  occurs  at  the  cricoid  division  of  the  larynx  (the 
narrowest  part)  and  may  necessitate  a  certain  degree 
of  force  in  order  to  push  the  tube  through  the 
constriction. 

Occasionally  cases  are  seen  of  this  nature  in  which 
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Fig.  3537. — Nasal  Irrigation;  showing  the  method  of  wrapping 
the  patient. 

Care  and  Feeding  of  Intubated  Children. — In  the 
majority  of  cases  of  intubation  the  children  soon  learn- 
to  take  "food  in  the  ordinary  way.  If,  however,  this  is 
not  possible,  Casselberry's  position  may  be  necessary 
at  least  for  a  short  time.  In  this  method  the  patient's 
head  hangs  back  over  the  lap  of  the  nurse  at  an  angle 
of  forty-five  degrees,  the  feet  are  elevated  on  a  chair, 
and  food  is  given  with  a  spoon  or  from  a  bottle. 

Gavage  is  preferred  by  some  physicians  during  the 
entire  time  of  intubation.     It  is  certainly  contrain- 
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dicated  when  the  pharynx  is  congested  and  painful 

Rectal  feeding  should  be  regarded  as  a  last  resort. 
Semisolids  are  inure  easily  taken  than  liquids.  Food 
should  be  given  at  short  intervals  and  in  such  quanti- 
ties as  the  child  will  take. 

Nasal  irrigation  in  cases  of  concurrent  nasal  diph- 
theria, is  not  contraindicateil  in  inl  ubated  eases.  (See 
Fig. 3537.)  Pharyngeal  irrigation  had  best  be  omitted. 
To  avoid  the  necessity  of  reintubat  ion,  Dover's  powder, 
gr.  L,  or  morphine  sulphate,  gr.  J,,-,'..,  may  be  given  a 
short  time  before  the  tube  is  removed,  and  repealed 
afterward  if  necessary.  Other  useful  measures  to  the 
same  end  are  hot  poultices  over  the  throat,  hot  baths, 
and  steam  inhalation.  Calming  and  amusing  the  child 
are  also  of  great  service. 

The  mortality  of  laryngeal  diphtheria  cases  in  which 
intubation  has  been  performed  (though  greatly  reduced 
since  the  use  of  antitoxin,  is  still  very  high  in  hospitals, 
where  the  deaths,  largely  from  bronchopneumonia, 
average  about  one-third  of  the  cases.  In  private 
practice,  especially  under  favorable  conditions,  the 
death  rate  is  extremely  low.  Otherthings  being  equal, 
the  younger  the  patient  the  more  serious  is  the  out- 
look for  recovery.  Among  children  under  one  year 
in  hospitals  the  prognosis  is  almost  hopeless. 

William  P.   Nortiirup. 
Matthias  Nicoll,  Jr. 

Intussusception. — See  Intestinal  Obstruction. 

Inula. — Elecampane. — The  root  of  Inula  helenium 
L.  (fam.  Composites). 

This  is  a  large,  rank,  perennial  herb,  with  a  thick, 
fleshy  rootstock  and  root,  and  an  upright,  branched, 
hairy  or  rough  stem,  from  one  to  two  yards  high.  The 
lower  leaves  are  half  a  yard  or  more  long  and  half 
as  broad.  The  yellow  flower  heads  are  several  inches 
broad,  somewhat  resembling  small  sunflowers. 

Inula  grows,  either  indigenous  or  naturalized,  in 
the  temperate  parts  of  Europe,  Asia,  and  North 
America,  and  is  also  cultivated  in  Europe. 

The  root  should  be  collected  either  in  spring  or  in 
autumn,  suitably  sliced,  and  dried  with  gentle  heat. 
It  is  then  "in  transverse,  concave  slices  or  longi- 
tudinal sections,  with  overlapping  bark,  externally 
wrinkled  and  brown;  flexible  in  damp  weather;  when 
dry,  breaking  with  a  short  fracture;  internally  grayish, 
fleshy,  slightly  radiate,  and  dotted  with  numerous 
shining,  yellowish-brown  resin  cells;  free  from  starch; 
odor  peculiar,  aromatic;  taste  bitter  and  pungent." 

Composition. — Inulin,  helenin,  alant  camphor, 
alanlol,  essential  oil,  alantoic  acid,  waxy,  acrid,  resinous, 
and  bitter  substances,  besides  ordinary  vegetable 
principles  and  ash.  The  first  of  these,  although 
of  no  medicinal  properties,  is  the  most  interesting,  and 
has  received  its  name  from  this  plant.  It  was  dis- 
covered in  it  in  1804  by  Valentine  Rose,  who  also 
pointed  out  its  intermediate  position  between  starch 
and  sugar.  Since  then  it  has  been  observed  in  the 
roots  of  nearly  a  hundred  Composites,  but  in  the  plants 
of  no  other  family  excepting  the  Lobeliaeece.  It  has 
likewise  not  been  found  in  the  aerial  portions.  The 
helenin  is  obtained  by  boiling  the  roots  wuth  alcohol, 
filtering,  and  adding  cold  water  to  the  filtrate,  when 
the  helenin  separates,  upon  standing,  in  fine  needles; 
or  it  may  be  separated  by  distillation.  It  is  a 
faintly  odorous  and  nearly  tasteless,  volatile  sub- 
stance, insoluble  in  water,  but  soluble  in  ether,  oils, 
and  hot  alcohol.  The  oil  is  a  yellow  liquid  of  mint- 
like  odor,  and  contains  alantol  (CioHieO).  Alantie 
acid  is  a  crystalline  substance  associated  with  the  oil. 

Action  and  Use. — Although  an  old  remedy,  it  can 
hardly  be  said  that  elecampane  has  any  important  place 
in  modern  therapeutics.  It  is  a  stimulant,  stomachic 
tonic,  and  enjoys  a  slight  reputation  in  the  treatment 
of  amenorrhea  and  bronchitis.  Dose,  5ss.-i  (2.0-4.0) 
in  decoction  of  infusion.  W.  P.  Bolles. 


Inulin  (C0H10O5)  i  b  polysaccharide  which  ma]  be 
obtained  a  a  white,  ta  tele  ,  odorless  powder  from  the 
tubers  of  the  artichoke  or  dahlia.  I'  is  difficultly 
oluble  in  cold  water  bul  quite  ea silj  soluble  in  hoi 
water.  In  alcohol  strongei  then  sixty  per  cent,  it  is 
insoluble.  With  iodine  it  gives  a  negative  reaction. 
Inulin    turns   the  plane  of  polarized  lighl  to  the  left 

and   by   hydrolysis  With  acids  or  with  the  enzyme  in ii- 

lase  it  is  converted  into  levulose.  The  usual  anx- 
iolytic enzj  mes  of  the  .-mi  ma  I  body  are  without  action 
on  inulin.  F.    p.    r. 


Inversion. — The   transformation  of  a  molecule  of 

cane  sugar  by  the  addition  of  a  molecule  of  water  into 
a  mixture  of  one  molecule  of  dextrose  and  one  molecule 
of  levulose  is  called  inversion.  The  read  ion  occurring 
follows  and  may  be  induced  by  bacteria,  enzymes,  or 
dilute  mineral  acids. 

C12H!20„  +  II,0  =  C.H.jO.  +  CHijO. 

Cane  Bugai  Dextrose    Levuloa 

F.   P.   V. 


Invertase  is  the  named  applied  to  an  enzyme, 
widely  distributed  in  nature,  capable  of  transforming 
sucrose,  or  cane  sugar,  into  a  mixture  of  dextrose  and 
levulose.  This  mixture  is  called  invert  sugar.  (See 
Inversion.)  F.   P.  U. 

Invert  Sugar. — See  Invertase. 

Iodides. — I.  General  Medicinal  Properties  op 
Iodides. — Iodides  whose  basic  radical  is  sufficiently 
innocent  to  permit  of  the  taking  of  the  salt  in  decided 
quantity  show  special  and  marked  physiological  and 
therapeutic  powers,  unquestionably  due  to  the  iodine 
of  their  composition.  Physiologically,  they  tend  to 
produce  symptoms  as  of  catarrh,  affecting  sometimes 
the  mucous  membranes  of  the  head  alone,  and  some- 
times also  the  gastrointestinal  mucous  tract;  to  bring 
out  an  acneform  eruption  on  the  face;  and,  when  given 
in  large  doses  long  continued,  to  favor  emaciation. 
These  derangements,  constituting  the  condition  known 
as  iodism,  present  themselves  clinically  as  follows: 
The  subject  experiences  the  general  feeling  of  discom- 
fort preceding  feverishness,  and  soon  follow  running 
at  the  nose  and  watering  of  the  eyes,  with  frontal  head- 
ache and  sneezing.  In  sensitive  persons  the  con- 
junctiva may  be  blood-shot,  and  the  circumjacent 
tissues  swollen  and  edematous.  A  salty  taste  is  per- 
ceived, and  the  salivary  flow  is  somewhat  freer  than 
usual.  From  extension  of  the  influence  to  the  lower 
mucous  membranes,  there  may  develop  cough,  with 
hoarseness,  from  irritation  of  the  throat,  and  epi- 
gastric sinking,  with  nausea,  and  a  water}'  diarrhea 
with  colic,  from  affection  of  the  gastrointestinal 
tract.  An  eruption,  like  acne,  is  apt  to  break  out, 
first  upon  the  face,  where  the  papules  are  generally 
large  and  indurated,  and  later  upon  the  trunk  or  ex- 
tremities. Sometimes  purpuric  blotches  also  appear, 
a  blebs,  and  sometimes  the  main  eruption  is  eezema- 
tous  instead  of  acne  form.  Nervous  symptoms  are 
not  so  very  uncommon,  of  the  general  type  of  listless- 
ness  and  depression,  and  in  one  case  of  long-con- 
tinued heavy  dosage  H.  C.  Wood  observed  the  sub- 
ject to  be  "intensely  sleepy  and  stupid,"  as  in  theallied 
condition  of  bromism.  As  regards  the  tendency  to 
emaciation,  this  certainly  is  insignificant,  even  in  the 
very  large  dosage  with  iodides  of  current  medical 
practice;  and  the  alleged  atrophy  of  the  mammas  or 
the  testicles  under  the  influence  of  the  iodides,  if  it 
happens  at  all,  is  so  exceedingly  rare  that  it  may  be 
dismissed  from  consideration  as  a  possible  danger  in 
the  use  of  the  medicines.  An  important  point  in 
connection  with  the  phenomena  of  iodism  is  the  very 
different  susceptibility  of  different  individuals,  on  the 
one  hand,  and  of  the  same  individual  at  different  times, 
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on  the  other.  Thus,  with  some,  coryza  is  developed 
by  doses  of  only  a  few  centigrams  each  (between  one 
and  two  grains),  and,  with  some,  the  disagreeable  symp- 
toms spontaneously  subside,  even  during  a  continu- 
ance of  the  medication.  In  persons  who  are  keenly 
susceptible,  the  necessary  therapeutic  dosage  may  be 
attained  by  beginning  with  very  small  doses,  such  as 
0.03  gram  (half  a  grain)  of  an  alkaline  iodide,  and  grad- 
ually increasing.  Under  any  circumstances,  the  tak- 
ing of  copious  draughts  of  fluid  during  the  course  of 
the  medication  tends  to  lessen  both  the  frequency  and 
severity  of  possible  iodism  doubtless  by  hastening  the 
elimination  of  the  iodide  salt.  And  even  when  oc- 
curring, the  phenomena  of  iodism  are,  with  rare  ex- 
ceptions, distressing  rather  than  dangerous,  and 
disappear  promptly  and  fully  upon  discontinuance  of 
the  (losing. 

The  therapeutic  power  of  the  iodides  resides  in  a 
tendency  to  promote  the  absorption  of  inflammatory  or 
hyperplastic  products.  This  influence,  however, 
proves  to  be  of  very  different  degrees  of  potency  in 
the  different  circumstances  where  morbid  products 
develop.  It  is,  in  general,  most  powerful  where  the 
parts  involved  belong  to  the  nervous  or  the  connective- 
tissue  structures,  and,  in  particular  where  the  process 
is  determined  by  the  syphilitic,  the  rheumatic,  or 
the  scrofulous  cachexia.  Over  purely  idiopathic 
hyperplasia?  or  inflammatory  products  the  resolvent 
power  of  the  iodides,  though  often  decided,  and 
sufficiently  so  to  be  exceedingly  valuable  clinically, 
yet  is  distinctly  less  pronounced.  In  affections 
of  epithelial  structures,  the  influence  of  the  iodides  is 
perhaps  most  marked  in  bronehocele,  and  much  more 
so  in  the  idiopathic  variety  than  in  that  belonging  to 
Basedow's  disease;  next  in  scrofulous  enlargement  of 
the  lymphatic  glands;  and  least  in  enlargement  of  the 
spleen  and  organic  disease  of  the  kidney.  To  de- 
velop the  full  potency  of  the  iodides  it  is  necessary, 
more  often  than  not,  to  give  large  doses,  especially  in 
organic  disease  of  the  nerve  centers,  whether  syphilitic 
or  idiopathic.  In  such  cases  a  marked  alleviation  of 
symptoms,  or,  in  possible  instances,  even  a  cure,  may 
often  be  wrought  by  bold  exhibition  of  an  iodide, 
where  previous  inadequate  dosage  had  failed  to  pro- 
duce any  effect  whatsoever.  In  brain  disease  such 
quantites  as  from  5ij— vi.  (S. 0-24.0)  of  an  alkaline 
iodide  are  not  unusual  daily  allowances.  Besides  the 
foregoing,  iodides  have  a  few  special  medicinal  applica- 
tions, as  follows:  In  chronic  poisoning  by  mercury  or 
lead,  the  alkaline  iodides,  taken  internally,  tend  to 
determine  a  reabsorption  into  the  blood,  in  soluble  con- 
dition, of  such  of  the  mineral  as  had  been  fixed  in 
the  tissues.  Thus  elimination  of  the  poison  is  favored; 
but  thus  also  acute  poisoning  may  be  reestablished, 
if  too  much  of  the  metallic  compound  is  made  to  enter 
the  blood  at  once.  Hence,  in  this  particular  thera- 
peusis  of  the  iodides,  the  doses  must  at  the  beginning 
be  small,  and  any  increase  is  to  be  made  gradually 
and  with  careful  watching  of  the  effects  produced. 

II.  The  Iodides  Used  in  Medicine. — The  iodides 
official,  or  entering  into  the  composition  of  pharmaceu- 
tical preparations  official  in  the  United  States  Phar- 
macopoeia, are,  of  the  heavy  metals,  the  iodides  sever- 
ally of  mercury,  zinc  and  lead;  of  the  metals  of  the 
alkalies  and  the  earths,  the  iodides  of  -potassium, 
sodium,  ammonium,  and  strontium;  and  of  non- 
metallic  elements,  the  iodides  of  arsenic  and  of  sul- 
phur. Of  these  various  iodides,  those  of  the  alkali 
metals  and  of  strontium  alone  can  be  given  in  suffi- 
cient dosage  to  develop  the  full  iodide  therapeutic  in- 
fluence. In  the  other  iodides  the  medicinal  effects 
of  the  basic  radical  practically  outshine  what  can 
be  gotten  from  the  iodine,  and  such  of  the  list  given 
above  as  are  compounds  of  heavy  metals  or  of  non- 
metals  will  therefore  be  found  discussed  under  the 
several  titles  of  the  basic  elements.  The  group  of 
iodides    medicinally     important    simply    as    iodides 
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comprises,  of  the  official  list,  only  the  potassium, 
sodium,  ammonium,  and  strontium  salts,  to  whose 
action  alone  the  foregoing  remarks  concerning  effects 
and  uses  apply  in  full. 

Potassium  Iodide,  Kl.  The  salt  is  official  as  Polassii 
Iodidum,  Potassium  Iodide.  It  occurs  in  "colorless, 
transparent,  translucent,  or  opaque  white  cubical 
crystals  or  a  white  granular  powder,  having  a  peculiar, 
faint,  iodine-like  odor,  and  a  pungent,  saline,  after- 
wards bitter  taste.  Permanent  in  dry  air,  and  but 
slightly  deliquescent  in  moist  air.  Soluble  in  0.7  part 
of  water,  and  in  about  12  parts  of  alcohol  at  2.5°  C. 
(77°  F.);  in  0.5  part  of  boiling  water,  and  in  6  parts  of 
boiling  alcohol;  also  soluble  in  2.5  parts  of  glycerin" 
(U.  S.  P).  The  salt  should  be  kept  in  well-stoppered 
bottles.  Potassium  iodide  is  chemically  incom- 
patible with  metallic  mercury  and  the  pharmaceutical 
preparations  containing  mercury  in  that  state,'  and 
with  the  oxides,  sulphates,  and  chlorides  of  the  same 
metal,  including  mercurammonium  chloride  ("white 
precipitate").  In  the  case  of  mercuric  chloride 
(corrosive  sublimate),  however,  the  chemical  incom- 
patibility does  not  impair  the  medicinal  efficiency  or 
pharmaceutical  elegance  of  a  mixture  of  the  two  salts 
in  solution;  for  if,  as  must  be  the  case  in  a  medicinal 
prescription,  the  potassium  iodide  be  in  excess,  the 
mercuric  iodide  forming  upon  addition  of  mercuric 
chloride  immediately  redissolves  through  the  second- 
ary forming  of  a  double  salt.  And  such  solution 
produces  to  full  degree  the  medicinal  effects  of  the 
mercurial.  Corrosive  sublimate  therefore  may  be 
prescribed  very  conveniently  in  a  solution  of  potas- 
sium iodide.  Potassium  iodide  is  incompatible  with 
alkaloids,  and  practically  so  also  with  potassium 
chlorate;  for  though  no  reaction  occurs  at  ordinary 
temperatures  when  potassium  iodide  and  potassium 
chlorate  alone  are  mixed,  yet  upon  the  addition  of  a 
mineral  acid  iodine  is  liberated  and  apparently  iodic 
acid  is  formed  in  the  solution.  And,  according  to 
Melsens,  the  giving  to  dogs  of  potassium  iodide  and 
chlorate  in  conjunction  leads  to  speedy,  and  even 
possibly  fatal,  poisoning,  presumably  because  of  the 
occurrence  of  some  such  reaction  as  just  described. 

Potassium  iodide  is  the  best  known  and  most  used 
of  the  alkaline  iodides,  and  is  commonly  considered  the 
most  effective  one  of  the  group.  Being  a  salt  of  potas- 
sium, and  one  given  medicinally  in  large  doses,  it 
produces,  in  addition  to  the  typical  effect  of  the  iodides, 
those  peculiar  to  potassium  salts  as  such.  Accord- 
ingly, full  doses  may  depress,  generally,  and  in  par- 
ticular, may  weaken  heart  action:  may  be  diuretic, 
and,  if  swallowed  in  strong  solution,  be  decidedly 
irritant  to  the  stomach.  As  regards  the  diuretic 
effect,  upon  which  much  stress  is  often  laid,  this  occurs 
to  about  the  same  degree  as  with  other  potassium 
salts,  such  as  the  citrate  or  acetate  (see  Potassium), 
a  degree  which,  though  not  very  pronounced,  yet  may 
lead  to  valuable  clinical  results;  for  the  diuresis  often 
will  favor  the  resolvent  effect  of  an  iodide,  so  that, 
where  dropsy  is  a  feature  of  a  case  for  which  an  iodide 
is  to  be  prescribed,  the  potassium  salt  is  peculiarly 
the  one  to  be  selected.  As  to  the  gastric  irritation 
apt  to  follow  large  doses  of  potassium  iodide,  this  is  a 
well-recognized  feature  of  the  action  of  the  salt  if  the 
same  be  given  in  strong  solution;  but  by  the  simple 
device  of  making  the  solution  quite  dilute,  this  and 
also  all  other  symptoms  of  iodism  are  rendered  much 
less  likely  to  occur. 

Potassium  iodide  is  absorbed  and  eliminated  rapidly, 
and  is  available  for  all  the  purposes  of  the  iodides 
as  set  forth  in  the  first  section  of  this  article.  As  to 
dosage,  it  is  rare  that  any  useful  effect  follows  a  smaller 
daily  allowance  than  gr.  xv.  (1.0);  generally,  in- 
deed, from  two  to  three  times  such  quantity  will  be 
necessary;  and  very  often — notably  in  organic  affec- 
tions of  the  central  nervous  system — the  daily  quan- 
tity must  be  pushed  rapidly  to  a  range  between  two 
and  six  drams  (8.0  and  24.0),  else  a  valuable,  possibly 
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even  curative  effect  will  wholly  be  missed.  In  all  cases 
tho  daily  allowance  should  be  broken  up  into  at  least 
three  doses;  and,  especially  where  the  quantities  are 
large,  the  precautions  of  giving  the  salt  in  an  abundance 
of  fluid,  and  also  of  giving  frequent  draughts  of  water 
during  the  whole  period  of  the  medication,  should 
be  carefully  observed.  An  alkaline  vehicle  is  the  best , 
and  is  decidedly  preferable  to  the  syrupy  mixtures  so 
often  prescribed;  and  such  other  medicines  as  may 
also  be  indicated  in  a  given  case  are  best  administered 
by  themselves  at  different  times  from  the  iodide.  The 
United  States  Pharmacopoeia  makes  official  Unguen- 
tum  Polassii  Iodidi,  Ointment  of  Potassium  Iodide, 
containing  ten  per  cent,  of  the  salt  incorporated  in 
benzoinated  lard.  The  ointment  is  designed  for  the 
local  treatment  of  surface  indurations. 

Sodium  Iodide,  Nal.  The  salts  is  official  as  Sodii 
lodidum,  Sodium  Iodide.  It  occurs  as  "colorless, 
cubical  crystals,  or  a  white,  crystalline  powder,  odor- 
less, and  having  a  saline  and  slightly  bitter  taste. 
In  moist  air  sodium  iodide  deliquesces  and  frequently 
undergoes  decomposition,  the  salt  assuming  a  brown 
tint.  Soluble  in  about  0.5  part  of  water,  and  in 
about  3  parts  of  alcohol  at  25°  C.  (77°  F.);  in  0.33 
part  of  boiling  water,  and  in  1.4  parts  of  boiling  alco- 
hol" (U.  S.  P.).  The  salt  should  be  preserved  in 
well-stoppered  bottles. 

Sodium  iodide  bears  to  the  potassium  salt  the  usual 
relation  of  a  sodium  to  a  potassium  chemical  brother. 
It  is  less  depressing,  less  irritating,  and  less  diuretic, 
but  also,  though  efficient  enough  in  ordinary  cases,  is 
less  reliable  in  those  cases  that  test  medicinal  potency 
most  severely.  The  salt  is  to  be  given  in  the  same 
doses  as  potassium  iodide,  and  with  the  observance  of 
the  same  precautions. 

Ammonium  Iodide,  NHJ.  The  salt  is  official  as 
Ammonii  lodidum,  Ammonium  Iodide.  "It  occurs  as 
minute,  colorless,  cubical  crystals,  or  a  white,  granular 
powder,  without  odor  when  colorless,  but  emitting  a 
slight  odor  of  iodine  when  colored,  and  having  a  sharp, 
saline  taste.  The  salt  is  very  hygroscopic,  and  soon 
becomes  yellow  or  yellowish-brown  on  exposure  to 
the  air  and  light,  owing  to  the  loss  of  ammonia  and  the 
elimination  of  iodine.  Soluble  in  0.6  part  of  water 
and  in  9  parts  of  alcohol  at  25°  C.  (77°  F.);  in  0.43 
part  of  boiling  water,  and  in  3.7  parts  of  boiling  alco- 
hol. When  heated  on  platinum  foil;  ammonium  io- 
dide evolves  vapor  of  iodine  and  volatilizes  completely 
without  fusing"  (U.  S.  P.).  From  the  proneness  of 
this  salt  to  deliquesce  and  to  generate  free  iodine,  the 
Pharmacopoeia  enjoins  that  it  be  kept  in  small,  well- 
stoppered  bottles,  protected  from  light,  and  that  sam- 
ples deeply  colored  be  not  dispensed  until  deprived  of 
free  iodine  by  proper  treatment. 

Ammonium  iodide  exhibits  the  usual  properties  of 
the  iodides,  and  may  be  used  for  the  usual  purposes. 
As  usual,  contrasting  ammonium  with  potassium 
salts,  the  ammonium  is  less  depressing  than  the  potas- 
sium, but  is  inconvenient  because  of  its  readiness  to 
decompose  with  the  objectionable  evolution  of  free 
iodine.  Ammonium  iodide  is  generally  prescribed  in 
smaller  dosage  than  the  potassium  salt,  the  daily 
average  being  from  gr.  xv.-xxx.  (1.0-2.0).  It  should 
be  given  in  plenty  of  fluid,  and  the  solutions  should  not 
be  kept  too  long,  and  while  kept  should  be  well  protected 
from  light. 

Strontium  Iodide,  Srl2  +  6H20.  The  salt  is  official 
as  Strontii  lodidum,  Strontium  Iodide.  It  occurs  in 
"colorless,  transparent,  hexagonal  plates,  odorless, 
and  having  a  bitterish,  saline  taste.  Deliquescent, 
and  colored  yellow  bv  exposure  to  air  and  light. 
Soluble  in  about  0.5  part  of  water  at  25°  C.  (77°  F.), 
and  in  0.27  part  of  boiling  water.  Also  soluble  in 
alcohol  and  slightly  soluble  in  ether"  (TJ.  S.  P.).  The 
salt  should  be  kept  away  from  the  light,  in  dark  am- 
ber-colored, glass-stoppered  vials. 

Strontium  iodide  acts  like  the  iodides  of  the  alkalies, 
but  is  more  slowly  absorbed,  and  is  believed  to  have 


less  tendency  than  the  potassium  iodide  to  irritate  the 
stomach  or  intestines.  It  is  given  in  solution,  in 
doses  ranging  from  gr.  v.— XV.    (0.3-1.0). 

Edwakd  Curtis. 

R.  J.  E.  Scott. 

Iodine. — Sec  lodum. 

lodipin  is  an  addition  product  of  sesame  oil  and 
iodine,  and  has  an  act  ion  similar  to  that  of  the  iodides. 
It  is  claimed,  however,  that  iodipin  is  not  so  likely  to 

cause  iodism,  and  also  that   its  action  is  more  lasting. 

R.   J.    E.   Scott. 


Iodoform. — Iodoform,  chemically  triiodorm  thane, 
or  methenyl  iodide,  CHIi,  is  official  in  the  United  States 
Pharmacopoeia  as  lodoformum,  Iodoform.  It  is  pre- 
pared in  a  variety  of  ways,  in  u  hich  I  he  essential  reac- 
tion is  between  alcohol  and  free  iodine  with  the  result- 
ing formation  of  iodoform.  Iodoform  occurs  as  "a 
fine,  lemon-yellow  powder  or  lustrous  crystals  of  the 
hexagonal  system,  having  a  peculiar,  very  penel  rating, 
and  persistent  odor,  and  an  unpleasant,  slightly 
sweetish,  and  iodine-like  taste.  Soluble  in  9,391  parte 
of  water,  to  which  it  imparts  its  odor  and  taste,  in 
46.7  parts  of  alcohol,  and  in  5.2  parts  of  ether  at  25° 
C  (77°  F.);  soluble  in  about  12  parts  of  boiling  alcohol; 
soluble  in  chloroform,  and  fixed  and  volatile  oils, 
slightly  soluble  in  petroleum  hen/in"  (U.  S.  P.). 
Iodoform  volatilizes  somewhat  even  at  ordinary  tem- 
peratures, and  on  heating  first  melts  to  a  brown  liquid, 
and  then  gives  off  iodine  vapors,  with  a  residual 
carbonaceous  mass,  which  finally  is  wholly  dissipated. 
Iodoform  should  be  kept  in  well-stoppered  bottles  in  a 
cool  place.  The  odor  is  peculiar  not  only  in  quality, 
but  also  in  the  fact  that  it  is  very  penetrating  and  per- 
sistent, and  that  a  very  little  of  the  substance  will 
develop  the  smell  in  full  strength.  To  many  persons 
the  odor  is  positively  offensive,  while  to  others  it  is 
quite  unobjectionable.  Concerning  the  solubilities 
of  iodoform,  it  should  be  noted  that  a  very  common 
text-book  error  is  the  unqualified  statement  that  the 
substance  is  "soluble  in  alcohol,"  leading  to  the  infer- 
ence that  it  is  freely  so,  whereas,  as  a  matter  of  fact, 
it  is  but  sparingly  soluble  in  cold,  and  only  moderately 
soluble  in  boiling,  alcohol  (see  above). 

Locally,  iodoform  tends  to  benumb,  to  repress  sup- 
puration and  other  unhealthy  action,  and  to  promote 
healing.  In  tuberculous  disease,  as  in  cases  of  tuber- 
culous abscess,  the  latter  effect  is  marked.  This 
healing  virtue  of  iodoform  probably  results  partly 
from  absorption  by  the  powder  of  the  juices  of  the 
exposed  part,  and  from  mechanical  protection,  and 
partly  from  the  action  of  free  iodine  liberated  through 
decomposition  of  the  iodoform.  Such  decomposition 
readily  occurs  when  iodoform  meets  with  alkaloidal 
or  albuminous  fluids.  Formerly  the  virtues  were 
thought  to  be  due  to  a  germicidal  action,  but  it  is  now 
shown  that  iodoform  as  such  has  little  or  no  direct 
power  either  to  kill  pathogenic  microorganisms  or  to 
hinder  their  development. 

Iodoform  can  be  absorbed  into  the  system,  not  very 
readily  from  the  stomach,  but  quite  so  from  fresh 
wound  surfaces,  and  in  such  cases  a  certain  amount, 
at  least  enters  the  blood  unchanged.  It  is  excreted 
mainly  by  the  kidneys  and  in  the  form  of  iodides,  but 
also  is  to  be  found  in  the  saliva,  the  bronchial  mucus, 
and  the  perspiration.  Swallowed  in  quantities  of 
five  or  six  grains  it  is  harmless,  but  when  extensively 
applied  to  absorbent  wound  surfaces  it  is  capable  of 
producing  serious  and  even  fatal  constitutional  poison- 
ing.    (See  section  on  Toxicology.) 

Iodoform  has  been  tried  as  an  internal  medicine  in 
the  place  of  the  alkaline  iodides,  especially  in  syphilis, 
but  without  striking  results.  The  dose  is  gr.  i.  to 
iij.  (0.06-0.2)  three  times  a  day,  preferably  in 
pill,  in  order  that  the  odor  may  be  concealed.     Ex- 
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ternally,  iodoform  is  a  good  anodyne  application  to 
painful  surface  affections  of  all  kinds,  and  is  specific- 
ally healing,  especially  in  syphilitic  lesions  and  in  local 
tuberculous  affections.  Also  it  makes  an  excellent 
dressing  for  wound  surfaces,  and  is  accordingly  exti  n- 
sively  used  by  the  operating  surgeon.  It  may  be 
applied  dry  (finely  pulverized,  so  as  to  obviate  the 
mechanical  irritation  by  the  edges  of  the  crystals),  by 
dusting  from  a  dredger,  and  then  covering  the  dressed 
surface  with  cheese-cloth,  lint,  or  absorbent  cotton; 
or  an  iodoformized  gauze  may  be  used._  Such  gauze 
ma}  be  prepared  by  rubbing  powdered  iodoform  into 
the  meshes  of  the  material,  or  the  latter  may  be  soaked 
in  an  ethereal  solution  of  iodoform  which,  by  drying, 
leaves  a  fine  powder  of  the  drug  evenly  diffused 
through  the  texture  of  the  fabric.  Care  should  be 
taken  not  to  risk  poisoning  by  packing  considerable 
quantities  in  tightly  closed  wound  or  abscess  cavities. 
As  a  healing  dressing,  the  official  preparation  may  be 
used,  entitled  Unguentum  Iodoform*,  Iodoform  Oint- 
ment, which  consists  of  iodoform,  ten  per  cent.,  thor- 
oughly incorporated  with  lard.  In  the  local  treat- 
ment of  tuberculous  abscesses  a  ten  per  cent,  emulsion 
in  sterilized  oil  or  in  glycerin  has  been  much  used. 
These  same  emulsions  have  also  been  injected  into 
the  substance  of  tuberculous  glands  which  have  not 
undergone  suppuration.  To  mask  the  diffusive  and 
persistent  smell  of  iodoform,  the  addition  of  a  great 
many  substances  has  been  proposed,  of  which  sub- 
stances some,  such  as  the  Tonka  bean  and  the  more 
powerfully  odorous  of  the  volatile  oils,  simply  over- 
whelm the  smell  of  iodoform  with  their  own  odor,  and 
are  hence  unobjectionable.  A  bit  of  Tonka  bean  may 
be  kept  in  the  iodoform  bottle,  or  one  part  of  oil  of 
bergamot,  peppermint,  spearmint,  or  gaultheria  may 
be  added  to  twenty  parts  of  iodoform  (Hager).  Tan- 
nic acid  and  balsam  of  tolu,  two  substances  suggested 
for  the  present  purpose,  act  by  chemical  attack  upon 
the  iodoform,  and  hence  are  not  to  be  recommended. 
It  has  been  suggested  that  vinegar  will  remove  the 
odor  of  iodoform  from  the  hands. 

Related  Compounds. — Because  of  the  offensive 
smell  of  iodoform  and  the  occasional  poisoning  by 
the  medicine,  many  substitutes  have  been  sought  in 
related  compounds.  Of  these  the  following  deserve 
mention: 

Iodol,  tetraidopyrrol,  CJ4XH.  This  compound  is 
formed  by  the  action  of  iodine  on  pyrrol,  and  occurs  as 
a  yellowish-brown,  crystalline  powder,  without  taste 
or  smell,  insoluble  in  water,  but  soluble  in  alcohol  and, 
though  less  readily,  in  ether,  chloroform,  and  the  fixed 
oils.     It  contains  88.9  per  cent,  of  iodine. 

Iodol,  though  insoluble  in  water,  is  capable  of  absorp- 
t  ion  by  the  living  animal  tissues,  and  so  produces  consti- 
tutional effects  on  administration  by  the  mouth.  In 
experiments  on  animals  it  has  caused  emaciation  and 
albuminuria,  with  muscular  weakness  and  lowering  of 
temperature,  and,  finally,  death  from  fatty  degenera- 
tion of  the  kidneys  and  liver.  Constitutional  effects 
have  followed  also  the  local  use  of  the  compound  in 
surgery,  but,  owing  to  the  comparative  slowness  of 
absorption  of  iodol,  it  is  less  apt  to  produce  untoward 
effects  than  is  the  case  with  iodoform. 

Iodol  is  available  for  all  the  uses  of  iodoform.  It 
may  be  applied  locally  in  powder  or  in  alcoholic  solu- 
tion. A  collodion  preparation  of  iodol  may  be  made 
by  dissolving  one  part  of  iodol  and  five  of  guncotton 
in  ten  parts  of  ether. 

Iodol  has  bee°n  given  internally  in  diabetes  and  in 
tertiary  syphilis,  in  doses  of  from  gr.  ij.-iij.  (0.13-0.2). 

Losophan,  triiodometacresol,  C6HI3(OH)(CH3). 
This  substance,  a  compound  of  iodine  and  cresol, 
occurs  in  colorless  needles,  odorless,  insoluble  in 
water  and  nearly  so  in  alcohol,  but  freely  soluble  in 
ether,  chloroform,  and  the  fixed  oils.  The  crystals 
contain  78.39  parts  of  iodine  and  melt  at  121.5°  C. 
(250.5°  F.). 


I'nlike  iodoform,  losophan  does  not  yield  free  iodine 
on  Contact  with  Hie  animal  tissues,  and  so  cannot 
truly  substitute  iodoform  in  medical  practice.      I: 

been  used  as  a  local  antiseptic,  but  with  questionable 
advantage.  It  may  he  applied  ma  one- or  two-per- 
cent, solution  in  alcohol  and  water  (alcohol  1 
parts,  water  one  part),  or  in  anointment  of  from  on.  tr, 
ten  per  cent,  strength,  with  ha  i  ol  va  elim  oi  a  mix- 
ture of  vaseline  one  part,  and  lanolin  four  pai 

.Ye.  opht  n,  tetraiodophenolphthalein  << ', .H:lj.OH)j. 
< '0< ',  ll,( '().  This  compound,  behaving  as  an  ai 
occurs  as  an  impalpable,  pale  yellowish  powder,  odor- 
less and  tasteless,  insoluble  in  water  and  difficult] 
in  alcohol,  ether,  and  chloroform,  but  soluble  in  alka- 
lies, with  which  substances  it  combines  to  form  salts. 
Nosophen  contains  61.7  per  cent,  of  iodine. 

Like  losophan,  nosophen  does  not  yield  iodine  on 
contact  with  the  animal  tissues.  It  has  been  used, 
however,  for  the  purposes  of  iodoform,  and  is  unirri- 
tating  and  non-poisonous.  It  may  be  applied  freely 
in  its  powder  form. 

The  sodium  salt  of  nosophen  has  been  used  in  medi- 
cine under  the  name  of  antinosine.  This  salt  occurs 
as  a  dark  blue  amorphous  powder,  and  is  freely  soluble 
in  both  water  and  alcohol.  It  may  be  used  for  local 
antiseptic  purposes  in  solutions  varying  in  strength 
from  one  to  three  per  cent.,  which  solutions  are  with- 
out odor  or  taste. 

The  bismuth  salt  also  has  been  used  under  the  name 
of  eudoxine.  This  substance  is  a  reddish-yellow 
powder,  tasteless  and  odorless,  and  insoluble  in  water. 
It  is  decomposed  by  alkalies  with  the  formation  of 
antinosine.  It  has  been  given  internally,  for  gastro- 
intestinal derangements,  in  doses  of  from  gr.  ss.- 
viij.  (0.03-0.5),  and  is  assumed  to  undergo  con- 
version into  antinosine  by  the  action  of  the  alkalies 
in  the  intestinal  fluids. 

For  europhen,  see  article  under  its  own  title. 

Toxicology. — The  smallest  dose  known  to  have 
produced  toxic  symptoms  is  less  than  one  grain.  The 
smallest  fatal  dose  is  probably  about  forty-five  grains. 
Fatal  results  from  doses  of  one  dram  and  upward 
have  been  reported.  But,  on  the  other  hand,  a  case 
has  been  recorded  in  which  a  woman  took  two 
drams  of  iodoform  at  a  single  dose,  with  no  worse 
result  than  severe  headache,  griping  pains  in  the 
abdomen,  and  purging;  but  the  odor  and  taste  of  the 
drug  remained  for  several  days. 

It  must  be  borne  in  mind  (1)  that  many  toxic  effects 
may  have  been  due  to  impurities  in  the  drug;  (2) 
that  some  people  are  particularly  susceptible  to  iodo- 
form, and  many  cases  of  iodoform  poisoning  are  due  to 
idiosyncrasy;  (3)  that  iodoform  seems  particularly 
dangerous  in  wounds  and  injuries  of  the  breast,  axil- 
lary space,  and  chest  wall,  and  therefore  great  care 
should  be  taken  in  using  the  drug  in  these  regions. 

Symptoms. — The  cause  of  the  toxic  symptoms  is  the 
iodine.  Iodoform  (CHI3),  which  contains  more  than 
ninety-six  and  one-half  per  cent,  of  iodine,  is  decom- 
posed by  the  tissues  with  which  it  comes  in  contact, 
and  iodine  is  liberated.  This  free  iodine  promptly 
combines  with  the  albumin  of  the  tissues,  and  the 
result  is  an  unstable  albuminate  of  iodine,  which  passes 
into  the  circulation  and  thence  to  the  various  organs  of 
the  body. 

Cases  of  poisoning  by  iodoform  may  be  divided  into 
two  main  groups:  (1)  Local,  cutaneous,  or  eruptive. 
(2)  General  or  constitutional:  (a)  with  cerebral  symp- 
toms; (b)  with  coma. 

1.  Local,  Cutaneous,  or  Eruptive. — This  is  the  com- 
monest form  and  generally  follows  the  application  of 
iodoform  as  a  dressing.  There  is  a  dermatitis  of  an 
erythematous  type,  or  an  eczematous  eruption.  The 
part  is  swollen  and  is  covered  by  many  small  thick- 
walled  vesicles.  These  vesicles  become  confluent 
and  are  filled  with  a  serous  fluid  which  may  later  become 
tinged  with  blood.     The  epidermis  is  at  first  raised; 
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later  it  pools  off,  and  loaves  an  exposed  area  of  very 
sensitive  curium  bathed  in  a  serous  exudate. 

2.  General  or  Constitutional  (a)  with  Cerebral  Symp- 
toms.— This  may  uccur  some  time  after  the  applica- 
tion or  injection  of  the  iodoform,  or  almost  immedi- 
ately. The  symptoms  are  the  odor  of  iodoform  in  the 
breath;  yellow  discoloration  of  the  skin  and  conjunc- 
tiva'; increase  of  temperature;  pulse  small,  irregular, 
and  rapid  (up  to  100  or  180);  faintness,  vertigo,  severe 
headache,  thirst,  nausea,  vomiting,  gastrointestinal 
irritation,  muscular  twitchings;  the  patienl  becomes 
melancholic  and  has  delusions  of  persecution  and 
possibly  suicidal  tendencies,  hence  must  bo  carefully 
watched;  there  is  maniacal  excitement,  which  maj 
subside  on  removal  of  the  dressing.  "There  is 
nothing  specific  in  iodoform  mania;  it  may  occur  with 
the  first  dressing,  or  it  may  result  from  its  prolonged 
use;  it  gives  rise  to  restlessness,  to  sleeplessness,  to 
irritability  passing  into  mania,  and  the  mania  may 
rapidly  give  place  to  stupor  or  mental  weakness" 
(Savage,  in  Allbutt  and  Rolleston's  "System  of  Medi- 
cine," 1911,  vol.  viii.,  p.  909).  Barois  found  in  severe 
cases  that  the  symptoms  came  on  suddenly  and  early; 
first  mental  depression,  then  excitement. 

(6)  With  Coma. — This  is  the  most  severe  form. 
The  pulse  is.  rapid  and  feeble;  there  is  rigidity  of  the 
neck,  as  in  meningitis;  great  mental  confusion  with 
misplacing  of  words;  there  may  be  paralysis  of  the 
sphincters;  the  patient  becomes  emaciated,  lethargic, 
and  falls  into  a  state  of  coma  and  dies. 

Death  occurs  from  paralysis  of  the  heart.  Age 
increases  the  susceptibility  of  most  persons  to  the 
action  of  the  drug.  Tuberculous  and  cachectic 
patients  are  said  to  give  worse  results  than  others; 
but  probably  iodoform  is  more  often  administered  to 
these  patients  than  to  others. 

Pathology. — The  postmortem  findings  are  fatty 
degeneration  of  the  heart,  liver,  kidneys,  and  muscles; 
hyperemia  of  the  meninges  and  some  atheromatous 
lesions  of  the  arteries.  Barois  found  occasionally  a 
partial  infiltration  of  the  lungs,  with  degeneration  of 
the  alveolar  epithelium. 

The  prognosis  is  bad.  It  probably  depends  upon 
idiosyncrasy  as  well  as  dose. 

Prophylaxis. — Get  a  pure  preparation  of  the  drug; 
use  as  small  an  amount  as  possible;  remember  idio- 
syncrasy; be  particularly  cautious  in  wounds  of  the 
breast,  chest  walls,  and  axillary  space. 

Treatment. — In  every  case  stop  the  application  of 
further  iodoform;  then  keep  up  the  patient's  strength 
and  remove  as  much  as  possible  of  the  drug  with  water, 
a  warm  solution  of  starch,  oil  of  eucalyptus,  or  etcher 
and  cotton;  and  give  diuretics,  diaphoretics,  and  a  hot 
bath  to  hasten  elimination.  Apply  dressings  of  deci- 
normal  salt  solution,  snip  off  the  top  of  any  vesicles 
that  may  be  present,  so  that  the  solution  may  reach 
the  corium  underneath;  locally  apply  some  non-irri- 
tating alkaline  fluid  to  neutralize  the  nascent  iodine, 
and  thus  prevent  its  entering  into  combination  with 
the  albumins.  Give  stimulants,  and  to  increase  the 
alkalinity  of  the  blood  administer  potassium  acetate, 
potassium  bicarbonate,  or  potassium  bromide;  this 
latter  is  recommended,  and  may  be  administered  in  an 
initial  dose  of  gr.  xv.  in  §ij.  of  water,  followed  by 
gr.  x.  every  hour.  R.  J.  E.  Scott. 


Iodum. — Iodine  is  official  in  the  United  States 
Pharmacopoeia  as  Iodum,  Iodine.  It  is  described  as 
"heavy,  bluish-black,  dry  and  friable,  rhombic 
plates,  having  a  metallic  luster,  a  distinctive  odor, 
a  sharp  and  an  acrid  taste.  .  .  .  Iodine  imparts  a 
deep-brown  evanescing  stain  to  the  skin,  and  slowly 
destroys  vegetable  colors.  Soluble  in  about  5,000 
parts  of  water,  and  in  ten  parts  of  alcohol  at  25°  C. 
(77°  F.);  freely  soluble  in  ether,  chloroform,  or  carbon 
disulphide;  its  solution  in  alcohol  or  in  aqueous  solu- 
tion of  potassium  iodide  has  a  reddish  color;  its  solu- 


tion in  chloroform  or  carbon  disulphide  has  a  violet 
color"  (U.  S.  P.).  Iodine  volatilizes  slowly,  even 
at  ordinary  temperatures,  and,  upon  heating,  melts 
and  is  dissipated,  withoul  residue,  in  violet-colored 
fumes.     Wiih  starch  paste  it  produces  a  characteristic 

(lark   blue  color.       Ioilmr  must    be   kept    in  glaSS-Stop- 

pered  bottles,  in  a  cool  place.  The  commercial 
sources  of  iodine,  al  the  present  time-,  are  mainly  the 
native  linis  of  sodium  nitrate  in  South  America, 
where  sodium  iodatc  occurs  in  association  with  the 
nitrate  salt.  Some  iodine,  however,  is  still  prepared 
from  kelp — the  ashes  of  burnt  sea-weeds. 

Iodine,  like  its  chemical  congeners,  chlorine  and 
bromine,  has  an  affinity  for  hydrogen,  but  its  action, 
because  of  this  affinity,  in  decomposing  compounds 
containing  hydrogen  is  not  so  pronounced  as  in  the 
case  of  chlorine  or  of  bromine.  Probably,  mainly 
because  of  this  affinity  for  hydrogen,  vapor  of  iodine 
is  deodorant,  and  iodine  solutions  applied  directly 
to  foul  and  infectious  matter  prove  both  deodorant 
and  disinfectant.  Sternberg,  experimenting  with  the 
micrococcus  of  gonorrheal  pus,  found  iodine  to  be 
antiseptic  [i.e.  inhibiting  development)  in  solutions 
of  the  strength  of  one  part  to  four  thousand  (one- 
fortieth  per  cent.),  and  permanently  germicidal  in 
solutions  representing  one  part  to  500  (one-fifth 
per  cent.) — percentages  which,  as  compared  with  those 
of  other  so-called  antiseptics  similarly  studied,  show 
for  iodine  a  high  germicidal  potency.  As  regards 
the  effects  of  the  element  upon  the  living  animal  sys- 
tem, iodine  is  locally  irritant  and  oven  caustic;  and 
taken  into  the  stomach,  is  readily  absorbed  and  pro- 
duces constitutional  effects  similar  to  those  of  the 
alkaline  iodides.  (See  Iodides.)  Many  consider,  in- 
deed, that  the  greater  part  of  a  dose  uf  iodine  finds 
entrance  into  the  blood  in  the  condition  of  sodium 
iodide.  Others  hold  that  probably  some,  at  least,  of 
the  iodine  enters  into  combination  with  albumin,  and 
is  absorbed  in  the  state  of  the  compound  so  formed. 
The  local  effects  of  iodine,  which  medically  are  of  more 
importance  than  the  constitutional,  are  in  detail  as 
follows:  Applied  to  the  skin,  iodine  solutions  stain 
the  cuticle  a  yellowish-brown  and  excite  some  tingling, 
pricking,  or,  if  strong,  even  smarting.  The  stain 
tends  spontaneously  to  disappear,  and,  if  the  applica- 
tion has  not  been  too  strong,  some  desquamation  of 
the  epidermis  is  the  only  physiological  after-effect. 
If,  however,  a  strong  solution  is  used,  or  if  repeated 
applications  are  made  upon  the  same  spot,  the  skin 
may  inflame  and  blister,  with  the  production  of  a  very 
painful  sore,  or  may  even  be  destroyed.  In  all  cases 
the  healing  action  following  the  direct  effects  of  the 
iodine  is  rapid  and  kindly.  Upon  serous  membranes 
iodine  easily  induces  an  active  inflammation,  which, 
if  the  application  has  not  been  too  severe,  is  almost 
certainly  of  the  adhesive  character,  leading  to  perma- 
nent agglutination  of  the  opposing  surfaces.  Upon 
mucous  membranes,  also,  iodine  solutions  produce 
considerable  irritation,  and,  if  swallowed,  may  cause 
dangerous,  and  even  fatal,  irritant  poisoning.  But 
from  the  pronounced  color  and  taste  of  such  solutions, 
accidental  or  criminal  poisoning  is  unlikely,  and  iodine 
is  not  well  enough  known  as  a  poison  to  be  selected  for 
purpose  of  suicide.  In  case  of  poisoning,  substances 
containing  starch  should  freely  be  given  as  the  best 
antidote,  and  the  symptoms  treated  upon  general 
principles. 

An  important  question  is  the  possibility  of  absorp- 
tion of  iodine  from  localsurface  applications  of  its  solu- 
tions. That  it  can  be  absorbed  by  serous  surfaces  is 
beyond  doubt,  since  a  case  has  been  reported  in  which 
fatal  poisoning,  with  constitutional  symptoms,  followed 
an  injection  of  an  iodine  solution  into  an  ovarian  cyst. 
When  applied  to  the  unbroken  skin,  it  is  possible  that, 
if  the  solution  contain  also  an  alkaline  iodide  (by 
whose  presence  iodine  becomes  soluble  in  aqueous 
fluids),  a  little  iodine  may  be  absorbed;  but  if  a  simple 
alcoholic  solution  of  iodine  be  employed,  theoretical 
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considerations  are  certainly  against  the  probability  of 
absorption.  It  is  most  probable,  therefore,  that  what 
therapeutic  effects  follow  from  painting  the  skin  with 
tincture  of  iodine  occur  simply  as  reflexes  of  the  local 
irritation. 

The  cniist  itutional  effects  of  iodine  are  substantially 
similar  to  tho  e  of  the  alkaline  iodides.  The  main 
point  of  difference  is,  as  might  be  inferred,  that  iodine 
will  cause  more  gastrointestinal  irritation  than  will 
the  iodides.  The  alleged  occasional  atrophy  of  the 
breasts  or  of  the  testicles  following  prolonged  iodizing, 
in  the  ease  of  Swiss  critins,  is  also  more  commonly 
averred  of  administration  of  iodine  than  of  iodides. 
The  therapeutic  effects  of  constitutional  iodizing  are 
also  similar  in  kind  to  those  obtained  by  the  giving 
of  iodides  (see  Iodides);  but,  perhaps  more  from  habit 
than  from  anv  demonstrated  advantage,  iodine  is 
often  preferred"  to  iodides  for  the  treatment  of  scrofu- 
lous affections  and  of  goiter. 

Therapeutically,  iodine  is  a  possible  disinfectant  and 
deodorant  for  privies  and  drains,  but  unfortunately 
is  too  costly  for  any  use  requiring  considerable  quan- 
tities. An  alcoholic  solution  of  iodine  is  painted  on 
the  skin  prior  to  operations;  this  is  as  an  aseptic  pre- 
caution. It  is  also  used  as  an  antiseptic  in  wounds. 
Applied  to  the  skin,  solutions  of  iodine  may  be  used  to 
destroy  life  or  arrest  development  of  the  organisms  in 
parasitic  skin  disease,  such  as  ringworm,  although 
they  are  not  so  powerful  for  the  purpose  as  mercurials; 
to  set  up  healthy  action  in  sluggish  sores;  and,  painted 
in  repeated  coatings  over  the  sound  skin,  to  operate 
by  ordinary  counterirritation  for  the  allaying  of 
pains  or  for  the  resolution  of  engorgements,  reab.sorp- 
tion  of  hyperplasia,  or  abatement  of  chronic  and  slug- 
gish inflammations  in  underlying  parts.  For  the 
purposes  of  the  latter  general  category,  however, 
iodine  is  certainly  no  better  than  other  agents  of 
equal  irritant  power;  and  its  selection,  because  of  an 
assumed  specific  iodine  influence,  constitutionally,  is 
futile.  To  serous  surfaces  iodine  solutions  are  applied 
in  order  to  excite  adhesive  inflammation  for  the  pur- 
pose of  obliterating  a  serous  tract,  as,  for  instance,  in 
cases  of  hydrocele,  or  of  spina  bifida,  or  of  knee-joint 
effusion,  or  even  in  cases  of  pleurisy  with  effusion,  or 
of  empyema.  But  in  the  case  of  serous  cavities  of 
considerable  extent  and  importance,  iodine  injections, 
even  when  the  solutions  are  fairly  dilute,  are  risky, 
and  many  cases  are  on  record  of  undue  irritation,  of 
serious  constitutional  reaction,  and  even  of  death, 
following  such  procedures.  Internally,  iodine  is  given 
almost  exclusively  for  its  constitutional  effects,  namely, 
for  the  determining  of  healthier  nutritive  ways  in 
chronic  diseases  of  nutrition,  particularly  those  of  so- 
called  strumous  character,  and  in  goiter.  Because 
of  the  gastric  irritation  it  so  easily  excites,  iodine  is 
not  so  available  for  full  iodizing  as  are  the  alkaline 
iodides.  In  the  treatment  of  syphilis,  rheumatism, 
organic  affections  of  the  central  nervous  system,  etc. — 
conditions  calling  for  heavy  dosage — the  iodides  are 
nowadays  quite  generally,  and  quite  properly,  pre- 
ferred to  iodine. 

For  use,  iodine  may  be  dissolved  in  alcohol,  or,  by 
the  addition  of  potassium  iodide,  in  water  or  glycerin. 
"Morton's  solution,"  employed  by  Dr.  Morton,  of 
Glasgow,  and  others,  for  injection  in  cases  of  spina 
bifida,  consists  of  ten  grains  of  iodine  and  thirty  of 
potassium  iodide  to  an  ounce  of  glycerin.  Of  this, 
from  twenty-five  to  thirty  minims  have  been  injected 
into  the  sac  in  the  affection  in  question.  In  this  coun- 
try the  official  preparations  are  almost  exclusively 
employed,  and  are  as  follows: 

Tinctura  Iodi,  Tincture  of  Iodine.  This  prepara- 
tion is  a  simple  seven-per-cent.  alcoholic  solution  of 
iodine.  It  should  be  kept  in  well-stoppered  bottles. 
Tincture  of  iodine  is  a  dark-brown,  limpid  fluid,  of  a 
strong  odor  and  taste  of  iodine.  It  stains  skin  and 
fabrics  a  rusty  brown,  and  is  strong  enough  of  iodine 
to  blister  the"  skin  if  repeatedly  applied  to  the  same 
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area,  to  inflame  serous  surfaces,  and,  swallowed  clear, 
dangerously  to  irritate  the  gastrointestinal  tract. 
It  precipitates  with  water,  from  the  very  feeble  solu- 
bility of  iodine  in  that  fluid.  Because  of  this  fact  the 
tincture  is  not  eligible  for  internal  administration,  and 
its  use  is  limited  to  local  application.  For  the  treat- 
ment of  skin  disease,  or  for  counterirritation,  the 
I  met  lire  may  be  used  without  dilution,  lightly  painted 
upon  the  part  with  a  camel's-hair  brush.  If  the  skin 
be  not  too  sensitive  two  coats  may  be  laid  on,  the 
second  as  soon  as  the  first  has  dried — which  result 
happens  in  a  few  seconds,  from  the  speedy  evaporation 
of  the  alcohol.  Such  paintings  may  be  renewed  in 
the  course  of  two  or  three  days,  but  must  not  be  made 
too  often  over  the  same  area,  else  blistering  and  a  pain- 
ful sore  will  result.  For  injection  into  serous  cavities 
finet  ore  of  iodine  must  be  diluted,  the  degree  depend- 
ing upon  the  area  and  importance  of  the  tract  to  be 
affected,  but  ranging  from  twofold  to  tenfold.  The 
fluid  for  the  dilution  is  water,  to  which,  to  prevent  the 
precipitation  of  the  iodine,  potassium  iodide  must  be 
added  in  proportion  about  equal  to  sixteen  per  cent. 
of  the  quantity  of  tincture  taken  for  the  mixture.  In 
some  cases,  as  of  spina  bifida,  and  even  empyema, 
some  practitioners  have  injected  small  quantities 
(Ttlxxx.  to  Ix. — 2.0-4.0)  of  undiluted  tincture  of  iodine. 

Under  the  title  of  decolorized  or  colorless  tincture  of 
iodine,  preparations  are  made  in  various  ways,  in  all 
of  which  the  addition  of  water  of  ammonia  to  tincture 
of  iodine  is  an  essential  feature.  Such  preparations 
are  indeed  colorless,  but  they  are  no  longer  tinctures 
of  iodine  in  the  sense  of  containing  iodine  uneombined, 
since  most  of  the  iodine  in  these  solutions  exists  in 
combination  with  the  ammonia  as  ammonium  iodide. 
The  preparation  of  this  character  of  the  German 
Pharmacopceia  is  compounded  of  iodine,  sodium 
"hyposulphite,"  spirit  of  ammonia,  water,  and  alcohol. 
The  resulting  composition  is  complex,  but  the  essential 
ingredient  is  ammonium  iodide. 

Liquor  Iodi  Composiius,  Compound  Solution  of 
Iodine;  Lugol's  Solution.  This  preparation  is  a  joint 
aqueous  solution  of  iodine  and  potassium  iodide,  con- 
taining five  per  cent,  of  the  element  and  ten  of  the 
salt.  It  must  be  kept  in  glass-stoppered  bottles.  This 
solution  is  dark  colored  and  stains  like  the  tincture, 
but,  unlike  that  preparation,  does  not  precipitate  on 
admixture  of  aqueous  fluids.  It  is  intended  for  in- 
ternal taking,  and  is  indeed  the  only  preparation  of 
free  iodine  ordinarily  so  administered.  The  dose  is 
about  TTlv.  (0.3)  several  times  a  day,  largely  diluted 
with  water. 

Unguentum  Iodi,  Iodine  Ointment.  This  ointment 
consists  of  four  per  cent,  of  iodine  and  four  of  potas- 
sium iodide,  smoothly  incorporated  with  glycerin  and 
benzoinated  lard.  The  iodine  and  iodide  are  first 
rubbed  with  a  little  water,  whereby  the  iodine  is  more 
ready  to  mix  with  the  lard.  Iodine  ointment  should 
always  be  made  fresh  when  wanted,  since  it  suffers 
spontaneous  change  upon  keeping.  It  is  of  a  deep- 
brownish  color,  stains  the  skin  yellow,  and  exerts 
thereupon  a  moderate  iodine  effect. 

Edward  Curtis. 
R.  J.  E.  Scott. 


Ionic  Medication;  Ionic  Surgery. — The  Ion. — 
One  of  the  chief  uses  of  water  in  the  biology  of  living 
things  is  its  action  in  dissociating,  or  ionizing,  as  well 
as  dissolving,  the  salts  and  other  compounds  of  which 
living  tissues  are  composed,  and  with  which  they  are 
fed  by  anabolism  and  cleansed  of  waste  products  by 
catabolism.  Deprived  of  water  life  is  arrested  in  the 
tissues  as  it  is  in  the  deserts  of  the  earth's  surface.  For 
Arrhenius  has  shown  us  that  the  function  of  water  is 
not  merelv  that  of  a  solvent  of  tissues,  but  that  the 
solvent  action  on  all  substances  that  are  electrolytes 
is  accompanied  by  a  dissociation  of  some  of  the  mole- 
cules of  the  dissolved  substance  into  the  two  atoms,  or 
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groups  of  atoms  that,  electrically  united,  formed  the 
molecules,  the  dissociated  atoms  each  taking  one-half 
the  total  electric  quantity  that  had  been  absorbed  in 
maintaining  the  molecule  and  becoming  ions  with 
charges  of  opposite  sign. 

A  good  illustration  of  dissociation  is  a  pan  of  water 
in  which  a  little  sodium  chloride  lias  been  dissolved. 
It  has  been  found  that  a  considerable  proportion  of 
the  molecules  of  the  sodium  chloride  are  at  once  dis- 
sociated into  sodium  ions  and  chlorine  ions,  the  number 
of  molecules  dissociated  being  increased  by  the  dilu- 
tion of  the  solution.  If  we  pass  a  direct  electric  cur- 
rent through  the  solution  the  sodium  ions  will  move 
toward  the  cathode,  and  are  therefore  called  cations, 
and  the  chlorine  ions  toward  the  anode,  and  are  called 
anions. 

Now  the  important  fact  should  be  stated  here,  that 
an  atom  in  the  ionic  state,  or  with  its  electric  charge, 
does  not  possess  the  qualities  of  an  atom  as  long  as  it 
retains  its  charge.  The  sodium  ion  exhibits  none  of 
the  qualities  of  sodium,  nor  the  chlorine  ion  that 
of  chlorine,  until  they  give  up  their  charges  on  reach- 
ing the  opposite  pole  or  on  passing  through  chemical 
interchanges  in  the  electrolyte.  Ions  are  considered 
to  be  in  continual  motion.  Moreover,  the  greater 
number  of  the  molecules  in  solution  in  the  fluids  of  the 
body  are  dissociated  into  ions.  The  phosphates  of  the 
blood,  for  instance,  are  in  the  form  of  the  phosphate 
ion  and  the  ion  of  the  base.  Sodium  chloride  exists 
as  sodium  cations  and  chlorine  anions,  and  so  on. 
This  ionic  state  of  the  dissociated  molecules  of  the 
inorganic  salts  in  solution,  as  well  as,  to  a  lesser  extent, 
the  organic  salts,  is  essential  to  all  chemical  action 
within  the  body  as  well  as  outside,  and  is  therefore  a 
necessary  part  of  all  physiological  and  pathological 
phenomena.  It  should  also  be  understood  that  electric 
currents  are  conveyed  through  liquids  and  solutions  by 
the  ions  alone.  Pure  distilled  water  contains  no  ions 
and  will  not  conduct  electricity.  Rain  water,  and 
particularly  well  waters,  contain  sufficient  dissolved 
impurities  dissociated  by  the  water  to  become  rea- 
sonably good  conductors.  Alcohol  has  no  ions,  hence 
will  not  conduct  currents.  Sugar  in  solution  in  pure 
water  will  also  fail  to  conduct  electricity,  having  no 


Action  of  Electric  Currents  on  the  Ions  of  Body 
Fluids. — From  the  above-mentioned  facts  it  is  evi- 
dent that  the  human  body  is  a  microcosm  of  ionic 
activities  in  life,  and  also  during  dissolution  after 
death,  with  innumerable  ions  vibrating  back  and  forth, 
each  engaged  in  the  chemical  actions  determined  by 
the  cellular  heredity  and  neuron  control  of  its  par- 
ticular environment.  An  illustration  of  these  multi- 
tudinous activities  may  be  given  by  comparing  the 
body  to  a  great  city  and  the  ions  to  its  citizens,  all 
engaged  in  the  many  pursuits  that  go  to  make  up  the 
life  of  a  metropolis. 

When  an  electric  current  is  caused  to  traverse  the 
fluid  and  semi-fluid  tissues  of  the  body  all  these  activi- 
ties in  its  path  are  accentuated  or  retarded  by  the 
direction  of  the  current  in  proportion  to  the  current 
passing.  No  adequate  analogue  can  be  given  of  such 
an  action  on  the  inhabitants  of  a  city,  but  it  may  be 
imagined  as  either  psychic  or  material.  The  degree 
of  disturbance  in  a  given  portion  of  the  body  is  deter- 
mined by  the  strength  of  the  lines  of  current  flow 
through  that  portion,  and  as  the  body  electrolyte  is, 
save  for  its  bony  or  horny  constituents,  grossly  a 
homogeneous  conductor,  the  lines  of  flow  branch  fan- 
like to  all  parts  of  the  body  from  their  entrance  at  the 
cathode  and  converge  in  like  manner  at  the  anode, 
the  amount  of  current  conveyed  by  each  line  of  flow 
being  inversely  proportional  to  its  length.  That  is,  if 
the  distance  between  the  poles  in  a  straight  line 
through  the  body  is  one-third  as  long  as  that  around 
one-half  the  surface  of  the  body  beneath  the  skin, 
three  times  as  much  current  will  pass  a  central  point 


in  the  middle  of  the  body  as  will  past  :i  point  near  t  he 
surface  midway  between  the  poles. 

Polar  Action  of  Body  Inns.  Such  a  current  will  set 
all  the  ions  of  the  electrolyte  in  motion  in  a  definite 
direction,  the  anions  toward  the  anode  and  the  cations 
toward  the  cathode,  each  at  a  speed  peculiar  to  itself 
and  also  determined  by  the  potential  of  current  flow 
in  its  immediate  vicinity.  The  speed  is  of  course 
greatest  where  I  he  lines  converge  at  each  pole  because, 

in  broad  conductors,  the  current  flow  is  there  concen- 
trated. On  reaching  the  poles  the  ions  give  up  their 
charges  and  revert  to  free  atoms  or  groups  of  atoms, 

attacking  the  material  of  the  electrode  or  ot  her  atoms 

of  the  electrolyte  according  to  the  laws  of  the  usual 
chemical  reactions.  Such,  briefly  stated,  are  the 
phenomena  of  electrolysis,  for  decomposition  of  the 

electrolyte  necessarily  occurs  at  the  poles.  These 
polar  react  ions  of  the  body  electrolyte  are  made  use  of 
in  ionic  surgery,  both  as  a  destructive  agency  of  ab- 
normal growths  and  hypertrophies  and  as  a  means  of 
diffusing  into  malignant  growths  the  destructive  ions 
produced  in  the  ionization  of  metals  employed  as 
electrodes. 

Inter-polar  Action,  of  Body  Ions. — Electrothera- 
peutists  have  heretofore  supposed  that  direct  currents 
produce  no  action  in  the  body  tissues  at  points  suffi- 
ciently removed  from  the  poles  to  eliminate  the  polar 
action.  The  latter  as  just  stated,  is  most  definite 
and  readily  appreciated  by  the  senses,  and  is  due, 
as  we  now  know,  to  the  reversion  of  the  ions  to  free 
atoms.  But  the  more  recent  teachings  of  dissocia- 
tion normally  present  in  body  fluids,  and  our  knowl- 
edge of  the  forced  motion  given  to  these  body  ions 
by  direct  currents,  opens  up  a  new  field  of  research 
into  possible  effects  of  this  forced  speed  and  artificial 
direction  of  the  ions  in  the  interpolar  regions,  and 
the  possible  actions  of  such  changes  of  the  normal 
chemical  activities  on  metabolism. 

The  Addition  of  Ions  to  the  Bodt  bt  Electric 
Currents. — The  first  studies  in  ionization,  then  called 
cataphoresis  because  the  cations  of  metals  were  alone 
employed  (the  word  cataphoresis  being  now  mainly 
restricted  to  the  flow  of  water  physically  propelled 
from  the  anode  to  the  cathode),  was  made  in  the  early 
90's  by  Georges  Gautier,  of  France,  and  later  by 
William  James  Morton  and  Margaret  A.  Cleaves,  of 
America,  followed  in  1S95  by  the  writer's  first  publi- 
cation on  massive  surgical  ionization  of  malignant 
growths.1  Comprehensive  and  clear  views  of  the 
subject  date  from  the  admirable  papers  and  monograph 
of  Leduc,  of  France,  from  1900  to  1903,  seconded  by 
H.  Lewis  Jones,  of  England,  in  a  valuable  monograph 
issued  in  1913.  All  the  early  studies,  except  the 
writer's,  should  be  understood  as  referring  to  the  local 
medicinal  or  surgical  action  of  ions  rather  than  the 
general  medicinal  action,  for  ions  of  the  heavy  metals, 
usually  copper  and  zinc,  were  driven  in  for  purely 
local  effects,  unless  the  action  of  cocaine  ions  for  local 
anesthesia  should  be  considered  as  medicinal.  The 
first  diffusion  of  ions  for  medicinal  purposes  of  a  con- 
stitutional nature  was  inspired  by  Edison  about  the 
time  of  Morton's  work,  the  ions  of  lithium  being  dif- 
fused into  gouty  joints  with  good  results. 

Three  important  questions  arise  in  connection  with 
the  driving  into  the  body  of  ions  foreign  to  it : 

1.  Substances  are  driven  in  as  simple  ions,  such  as 
the  charged  atom  of  a  metal,  and  also  as  a  molecule 
ionized,  such  as  the  base  of  the  salt  cocaine  hydro- 
chlorate;  the  molecule  cocaine  going  in  as  an  actual 
cocaine  cation  from  the  positive  pole,  while  if  the  same 
salt  were  placed  in  solution  under  the  negative  elec- 
trode chlorine  and  hydrogen  would  be  driven  in  and  the 
cocaine  precipitated  backward  on  the  negative  plate. 
The  same  thing  is  true  in  the  case  of  sodium  salicylate, 
except  that  the  salicylic  ion  is  an  anion  and  is  driven 
in  from  the  negative  pole. 

2.  The  amount  driven  in  depends  on  the  current 
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strength  and  the  time  of  application,  and  may  be 
calculated  for  the  coulomb  (an  ampere  per  second)  for 
any  substance  by  multiplying  its  combining  weight 
by  0.01.  This  gives  the  amount  driven  in  by  an  am- 
pere  per  second.  Dividing  the  figure  thus  obtained 
by  1,000  gives  the  amount  driven  by  a  milliampere 
per  second.  Multiplying  the  last  figure  by  60 
will,  of  course,  give  us  the  practical  figure  of  the 
amount  driven  in  by  each  milliampere  per  minute 
of  application. 

3.  The  depth  of  penetration  of  the  ions  depends  on 
several  factors,  and  is  best  determined  by  act  ual  experi- 
ment. The  factors  are:  the  ionic  speed  of  elements 
and  molecules,  which  differs  with  each  and  is  greatest 
in  simple  ions  of  single  elements,  particularly  hydro- 
gen,  and  least  in  complex  ions,  for  each  atom  of  the 
complex  ion  takes  a  separate  charge  and  therefore  re- 
quires more  current  to  be  driven  to  the  same  depth  as 
single  ions;  and  the  fact  that  metal  ions  penetrate  but 
little  as  ions  because  of  their  tendency  to  form  insoluble 
compounds  with  the  phosphoric  acid  of  the  plasma  and 
the  albumin  of  the  tissue  cells. 

The  Diffusion  of  Ions  for  Local  Effects. — The  bulk  of 
ionization  work  so  far  done  has  been  the  employment 
of  certain  metallic  ions  for  their  local  antiseptic  act  ton, 
particularly  zinc,  copper,  mercury,  and  silver  ions. 
Each  of  these  ions  is  driven  in  from  the  anode,  and 
since  a  peculiarity  of  their  action,  as  contrasted  with 
thai  of  medicinal  substances  merely  applied  to  the 
surface,  is  that  the  ionization  process  drives  the 
microbicidal  ions  into  the  interior  of  the  affected  cells 
instead  of  merely  on  or  between  them,  reaching  and 
killing  endocellular  organisms  by  chemical  union  with 
the  albumin  and  salts  <>f  which  they  are  composed,  the 
method  is  of  great  value  in  a  variety  of  local  disorders 
of  an  infective  character,  such  as  chronic  ulcers, 
eczematous  patches,  ringworm,  alopecia,  multiple 
warts,  etc. 

The  method  of  ionization  of  broad  surface  lesions 
of  this  character  is  by  placing  on  the  surface  to  be 
treated  a  thick  pad  of  absorbent  cotton  saturated  with 
a  two  to  five  per  cent,  solution  containing  the  ion  to 
be  used  (sulphate  of  zinc  will  furnish  the  zinc  ion, 
sulphate  of  copper  the  copper  ion,  and  so  on,  the 
sulphuric  ion  going  backward  to  the  metal  of  the  elec- 
trode, while  the  metallic  ion  is  driven  in);  a  conduct- 
ing plate  of  the  metal  of  the  ion  or  of  carbon  with 
fine  conducting  wire  attached  is  placed  over  the  pad 
and  held  in  place  with  strips  of  adhesive  plaster.  The 
wire  attached  to  the  plate  being  connected  with  the 
anodic  binding  post,  and  with  a  large  dispersing  pad 
beneath  a  plate  connected  with  the  cathode  on  some 
distant  part  of  the  body,  a  current  of  two  to  four  milli- 
amperes  per  square  centimeter  of  active  pad  surface 
is  gradually  turned  on  and  maintained  for  five  to 
fifteen  minutes  according  to  the  severity  of  the 
lesion.  The  application  may  be  repeated  at  proper 
intervals  until  the  desired  effect  is  obtained. 

The  penetration  of  ions  from  solutions  with  these 
weak  currents  is  not  great  in  the  five  to  fifteen  minutes 
advised,  but  the  method  is  strikingly  effective  in  all 
superficial  ulcerations  depending  on  infective  agencies, 
and  doubtless  acts  by  raising  the  opsonic  resistance 
of  the  part  as  well  as  by  killing  intracellular  organisms. 

In  sinuses,  whether  tuberculous  or  not,  lupus, 
small  skin  keratoses,  and  small  skin  epitheliomas, 
trachoma,  fistula  and  fissure  in  ano,  hemorrhoids, 
boils,  carbuncles,  and  individual  warts  the  best  form 
of  application  is  by  insertion  of  a  needle  of  the  metal 
to  be  ionized,  preferably  zinc,  directly  into  the  nodule, 
sometimes  with  a  small  drop  of  cocaine  solution  at  the 
point  of  puncture  so  that  cocaine  ions  will  penetrate 
simultaneously.  In  the  case  of  sinuses  and  fistulas 
the  electrode  takes  the  shape  of  a  blunt  probe  of  zinc, 
and  in  these  cases  it  will  be  found  desirable  to  add  the 
effect  of  the  mercury  ion  by  amalgamating  the  zinc 
probe  with  quicksilver.  The  current  strength  may 
vary  from  one  to  twenty  milliamperes  in  accordance 
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with  the  sensitiveness  of  the  patient.  A  single  ap- 
plication of  sufficient  duration  will  destroy  the  small 
neoplasms  mentioned,  but  sinuses  usually  require 
repeated  fifteen-minute  applications  until  healed  from 
the  bottom. 

A  valuable  ion  of  recent  introduction  is  the  mag- 
nesium ion,  driven  in  as  a  cation  from  the  positive 
pole  from  a  five  per  cent,  solution  of  magnesium  sul- 
phate. The  essential  germ  of  warts  seems  to  be 
killed  by  it  readily,  the  warts  disappearing  in  about 
two  weeks.  The  arsenic  ion  may  be  driven  in  as  an 
anion  from  the  cathode  by  using  a  solution  of  arsenite 
of  potassium,  or  as  a  cation  in  the  surgical  diffusion 
of  the  metal  arsenicum  in  the  treatment  of  inoperable 
carcinoma. 

The  Diffusion  of  Ions  for  Regional  and  Constitu- 
tional Effects. — The  diffusion  of  medicinal  ions  for 
local  effects  has  been  considered.  In  these  instances 
the  ions  were  diffused  directly  into  the  cells  and  fluids 
of  diseased  tissues  from  solutions  or  electrodes  in 
direct  contact  with  the  structures,  the  ions  being 
made  to  penetrate  to  an  extent  appreciable  to  the  eye 
or  touch  of  the  operator.  The  dosage  of  current,  area 
of  diffusion,  and  time  of  application  are  thus  subject  to 
more  or  less  immediate  control  from  the  immediate 
effects  produced. 

Possibly  of  equal  value  in  medicine  is  the  diffusion 
of  ions  into  a  more  or  less  circumscribed  region  the 
seat  of  disease,  such  as  a  joint,  an  inflamed  nerve  or 
ovary  or  other  inflamed  organ,  in  each  instance  the 
diseased  region  being  overlaid  by.  healthy  skin  and 
other  structures.  Here  it  is  necessary  to  cause  the 
ions  to  traverse  the  skin  without  undue  irritation, 
hence  the  pad  containing  the  solution  must  be  as 
large  as  the  region  treated,  of  considerable  and  equable 
thickness,  well  supplied  with  the  solution,  and  covered 
with  thin  metal  as  diffusing  surface  such  as  tin  foil, 
that  will  readily  conform  to  the  surface  in  action  and 
remain  equidistant  from  all  portions  of  the  skin  sur- 
face. A  fine  conducting  wire  (No.  32)  is  readily  at- 
tached to  the  foil  by  a  bared  end  being  held  fast  on 
its  outer  surface  with  adhesive  plaster,  the  whole 
being  held  in  place  with  a  few  turns  of  bandage. 

Though  it  would  be  better  to  have  this  metal  plate 
made  of  the  metal  forming  the  ion,  or  else  some  re- 
fractory substance  such  as  carbon,  platinum,  or  gold, 
the  tin  foil  will  answer  if  the  absorbent  cotton  pad 
is  thick  enough  to  absorb  the  tin  and  lead  ions  itself 
during  an  application  sufficiently  strong  and  long 
enough  to  drive  the  medicinal  ions  before  them  into  the 
body.  A  new  pad  and  solution  should  be  used  at  the 
next  application  as  the  old  one  would  contain  the  tin 
and  lead  ions  of  the  previous  application. 

The  duration  of  these  regional  diffusions  should 
be  not  less  than  fifteen  to  twenty  minutes.  With  a 
thick  pad,  and  the  current  may  be  of  many  milli- 
amperes, considering  the  large  size  of  the  equally 
conducting  surface  of  application. 

An  important  physical  fact  in  connection  with 
regional  diffusion  is  the  slowness  with  which  the  ions 
reaching  the  diseased  structures  are  carried  further 
by  the  lymphatic  and  vascular  circulation,  thus  giving 
greater  duration  to  the  remedial  effect  than  any  other 
mode  of  treatment. 

The  salicylic  ion,  diffused  as  an  anion  by  the  cathode 
from  a  two  to  five  per  cent,  solution  of  sodium  salicylate 
has  been  largely  employed  in  Europe  in  gout,  rheu- 
matic conditions,  perineuritis,  and  neuralgia,  and 
locally  in  the  treatment  of  pruritus.  In  trigeminal 
neuralgia  quinine  ions  have  been  diffused  as  cations 
with  marked  benefit.  In  the  septic  joint  affections 
the  salicylic  ion  has  been  employed  in  large  doses 
with  marked  benefit  after  the  source  of  the  infection 
has  been  removed.  Prolonged  application  with  large 
electrodes  is  necessary.  Lewis  Jones  prefers  this 
ion  to  other  treatment  in  facial  paralysis. 

Students  of  ionization  under  the  leadership  of 
Leduc  are  much  impressed  with  the  sclerolytic  effect 
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of  chlorine  anions,  which  are  necessarily  diffused 
when  a  .sodium  chloride  solution  is  placed  under  the 
cathode.  In  such  an  application  chlorine  ions  and 
the  hydroxyl  ions  accompanying  them  .seem  to  cause 
an  absorption  of  redundant  scar  tissue,  an  effect  which 
Desfosses  and  Martinet  attribute  in  part  to  the  de- 
calcifying action  occurring  at  the  negative  pole. 
The  combined  effects  have  been  made  use  of  to  soften 
scars,  ankylosed  joints,  Dupuytren's  contractions, 
to  reduce  keloid-like  redundancies,  remove  corneal 
opacities,  etc. 

Iodine  ions,  diffused  as  anions  from  solutions  of  the 
iodides,  are  somewhat  irritating  to  the  skin,  but  have 
been  used  in  goiter,  and  particularly  in  the  various 
forms  of  fibrositis,  in  the  latter  replacing  chlorine. 

Major  Ionic  Surgery. — The  employment  of  zinc 
ions,  or  zinc  and  mercury  ions,  with  current  suf- 
ficiently strong  to  cause  the  immediate  surgical  de- 
struction of  malignant  growths  was  original  with  the 
writer  of  this  article,  the  first  effort  having  been  made 
in  1S93  with  monograph  publication  in  1910. 2  The 
purpose  of  the  method  is  the  application  of  the  prin- 
ciples enunciated  in  preceding  paragraphs  on  a  scale 
of  sufficient  magnitude  to  infiltrate  all  the  cells  of  a 
still  local  carcinoma  or  sarcoma  with  ions  of  zinc 
and  mercury,  or  of  zinc  alone,  up  to  and  just  beyond 
their  actual  peripheries.  Under  general  anesthesia 
or  efficient  local  anesthesia  this  may  be  done  in  the 
largest  neoplasms  in  from  twenty  to  forty  minutes  with 
an  adequate  current  strength.  The  latter  varies  from 
100  to  2,500  millia.mperes  according  to  the  size  of  the 
growth.  The  whitened,  sterile  slough  thus  produced 
separates  spontaneously  in  from  seven  to  twenty-one 
days,  leaving  a  healthy  wound  to  cicatrize  under  emol- 
lient dressings  of  dilute  zinc  oxide  ointment. 

The  chief  risk  to  the  life  of  the  patient  in  the  more 
serious  growths  destroyed  in  this  manner  is  due  to  the 
possibility  of  secondary  hemorrhage  on  separation  of 
the  slough  when  the  growth  is  supplied  with  large 
vessels.  In  the  small  percentage  of  cases  in  which  this 
occurs  the  hemorrhage  may  be  controlled  by  compresses 
saturated  with  carbolized  Monsell's  solution  of  the 
perchloride  of  iron,  the  compresses  being  left  in  place 
until  closure  of  the  vessel  has  occurred. 

The  principal  advantage  of  this  procedure  over  the 
ordinary  operations  of  excision  and  amputation  are: 
its  bloodlessness;  the  fact  that  all  germs  specific  to  the 
neoplasm  are  killed  in  situ  and  cannot  therefore  be 
reimplanted  by  accident  in  the  edges  of  the  wound  as 
may  occur  in  the  ordinary  operation;  that  all  edges 
are  sealed,  thus  cutting  off  inward  migration  of  dis- 
eased cells  and  lessening  pain,  by  reason  of  sealed 
nerve  fibers;  that  it  permits  growths  to  be  attacked 
successfully  through  themselves  outward,  reaching 
the  peripheries  from  within  the  growth,  thus  conserv- 
ing overlying  and  contiguous  structures  and  lessening 
unnecessary  mutilation;  and  that  growths  within 
cavities  may  be  thus  destroyed  by  a  force  carried 
through  small  natural  openings  by  means  of  insulated 
electrodes. 

An  advantage  of  the  method,  as  compared  with 
effective  radium  and  Rontgen  ray  destructions  of 
cancer,  is  that  the  slough  produced  is  practically  out- 
side the  body  of  the  patient,  being  walled  off  by  sealed 
absorbents,  hence  the  sloughing  period  is  unattended 
by  dangerous  absorption  of  debris. 

As  developed  during  the  twenty-one  years  of  the 
writer's  employment  of  the  method  it  may  be  divided 
into  two  procedures,  the  unipolar  and  the  bipolar 
methods,  the  latter  being  the  more  recent  and  efficient 
technique  when  it  can  be  employed. 

The  Unipolar  Operation. — This  method  is  an  am- 
plification of  the  minor  application  with  active  anodic 
electrodes  of  zinc  needles,  or  zinc  needles  amalgamated 
with  mercury,  inserted  in  the  peripheries  of  the  growth 
in  such  manner  that  the  ions  will  infiltrate  the  whole  of 
it  and  extend  a  little  beyond,  the  cathodic  pad  being 
beneath  the  patient's  back  and  increased  to  as  large  a 
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size  as  possible.  Pads  of  kaolin  clay  covered  with 
linen  and  thoroughly  moistened  with  warm  water  are 
best  for  the  latter  purpose.     I  ndei  general  or  efficient 

local  anr-t  hesia  I  he  elect  rode;  are  insi  rted  and  a  cur- 
rent  of  MOO  to   .">()(>  inilliamperes  is  turned   on    without 

shuck  ami  maintained  until  the  ions  produced  by 
the  ionization  of  the  zinc  needles  have  thoroughly  in- 
filtrated and  w  hitened  t  he  growth. 

This  unipolar  technique  has  the  disadvantage  of 
producing  a  tetanizing  effect  on  underlying  nervous 
and  muscular  structures,  and  is  therefore  contraindi- 
cated  in  such  situations  as  the  mammary  gland,  the 
neck .  and  the  heai  I 

The  Bipolar  Opt  ration.  In  this  operation,  which  is 
now  1 1 peration  of  choice  whenever  the  growth  pre- 
sents sufficient  bulk  to  .separate  the  poles  properly,  the 
zinc  electrodes  are  inserted  as  in  the  unipolar  opera- 
tion, but  1  he  negative  pad  is  replaced  by  an  electrode 
attached  to  this  pole  thai  is  placed  on  or  inserted 
within  the  center  of  the  growth.  As  the  circuit  is 
purely  local  to  the  part  no  limit  need  be  placed  on  the 
strength  of  the  current,  and  large  growths  may  be 
infiltrated  with  the  ions  and  tinned  white,  sterile,  and 
soft  to  the  touch   in    from    thirty   to  forty   minutes,   a 

sufficient  number  of  active  electrodes  being  empli 
to  include  the  whole  periphery  in  the  effect   w  ithout 
delay. 

Of  300  malignant  growths  treated  by  these  methods 
by  the  writer  between  July  31,  1*93  and  December  -il , 
1913,  129  remain  apparently  cured  alter  periods  vary- 
ing from  seventeen  years  to  one  year,  or  43  per  cent. 
The  total  mortality  of  the  ionic  operations  performed 
was  eleven,  or  3  6  per  cent. 

The  percentage  of  operable  cases  cured  was  93.5. 
and  that  of  inoperable  cases  (or  those  in  which  excision 
had  failed,  or  was  impossible)  20.2  per  cenl 

<;.  Betton  Massey. 
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Ions. — The  organic  salts  are  spoken  of  as  electro- 
lytes, that  is  they  are  conductors  of  electrical  currents. 
If  copper  suphate  is  dissolved  in  water  in  a  platinum 
dish  and  an  electric  current  is  passed  through  the  solu- 
tion, using  the  platinum  dish  as  the  negative  electrode 
and  inserting  the  positive  electrode  in  the  solution,  it 
will  soon  be  evident  that  there  is  no  longer  a  blue  solu- 
tion of  copper  in  the  dish.  On  the  other  hand  in- 
spection will  show  that  there  is  a  thin  red  layer  of 
copper  on  the  dish.  Reversing  the  current  causes  the 
copper  to  leave  the  dish  and  deposit  upon  the  electrode 
inserted  in  the  water.  This  experiment  shows  the 
ability  of  the  copper  to  travel  from  one  electrode  to  the 
other  and  it  is  by  this  wandering  that  the  electricity 
is  carried.  The  copper  sulphate  is  dissociated  into 
two  parts — two  ions — copper  carrying  a  positive 
charge  which  goes  to  the  negative  pole  or  cathode, 
hence  called  the.  cation,  and  »S04  earning  a  negative 
charge  wanders  to  the  anode  and  is  hence  designated 
as  the  anion.  When  a  substance  such  as  sodium 
chloride  is  dissolved  in  water  the  same  process  takes 
place  to  a  certain  extent — the  more  dilute  the  solution, 
the  greater  the  dissociation.  It  is  only  in  an  ionized 
state  that  chemical  reacting  can  occur.  The  acids  owe 
their  character  to  the  hydrogen  ion,  alkalies  owe 
theirs  to  the  OH  ion.  F.  P.  Underbill. 


Ipecacuanha. — Ipecac.  The  dried  root  of  Cephae- 
lis  Ipecacuanha  (Brot.),  A.  Richard.  [Uragoga 
Ipecacuanha  (Brotero)  Baillon  (Rio  Ipecac),  or  of 
C.    acuminata     Karsten     (Carthagena     Ipecac)    ffam. 

Rubiacca*)],  yielding,  when  assayed  by  the  I  .  S.  P. 
process,  not  less  than  1 .75  per  cent,  of  ipecac  alkaloids. 
The  U.  S.  P.  now  permits  the  presence,  attached  to 
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the  root,  of  a  portion  of  the  stem  base  not  exceeding 
7.5  centimeters  in  length.  It  has  been  proposed  to 
change  this  by  allowing  ten  per  cent,  of  stem  to  be 
present.  It  is  also  proposed  to  increase  the  require- 
ment of  alkaloid  to  two  per  cent.  The  name  of  this 
drug,  which  is  adopted  into  most  European  languages, 
is  borrowed  from  the  South  American  Indians,  by  whom 
it  is  used  to  designate,  not  only  this,  but  several  other 
emetic  roots.  Poaya  is  another  Bazilian  name,  also 
rather  loosely  applied  to  other  roots  besides  the  one 
under  consideration.  "Ipecac"  is  a  natural  and  con- 
venient abbreviation. 

The  plants  from  which  this  drug  is  obtained  are 
low,  semi-gregarious  shrubs,  growing  in  the  deep 
tropical  woods  of  Brazil,  with  partly  creeping  stems 
and  thickened  annulated  roots. 

The  roots,  several  in  number,  are  long,  tortuous, 
simple  or  slightly  branching,  white  and  filiform  when 
young,  but  at  maturity  thickened  to  three  or  four 
times  the  diameter  of  their  woody  columns  by  the 
accumulation  of  starch-bearing  tissue  in  the  bark. 
This  thickening  occurs  in  crowded,  narrow,  irregular, 
and  generally  incomplete,  transverse  rings,  separated 
by  deep,  also  incomplete,  circular  constrictions,  and 
is  greatest  in  the  middle  portion  of  the  root,  which 
tapers  toward  each  end,  especially  the  lower.  The 
woody  column  does  not  take  part  in  either  the  rings 
or  furrows  of  the  bark.  The  stems  of  Cephaelis  are  of 
soft  woody,  sometimes  almost  herbaceous,  texture; 
rounded,  smooth,  creeping,  and  rooting  below;  ascend- 
ing, square,  pubescent,  and  green  above,  with  well- 
marked  nodes  and  leaf  scars.  It  is  this  lower,  rounded 
portion,  lying  shaded  and  for  the  most  part  covered 
by  forest  debris,  which  has  practically  the  same  com- 
position and  properties  as  the  root,  and  which  might 
be,  and  commonly  is,  used  with  it.  The  upper  por- 
tions of  the  stem  are  very  deficient  in  alkaloid  and 
should  not  be  included.  The  remaining  portions  of 
the  plant  are  well  illustrated  in  the  accompanying  cut, 
which,  however,  does  not  show  the  prostrate  habit 
of  the  basal  portion  of  the  stem. 

Habitat. — The  district  of  Matto  Grosso,  in  western 
Brazil,  is  the  principal  source  of  Rio  ipecac;  but  the 
plant  grows  also  in  the  adjoining  parts  of  that  country 
as  well  as  of  Bolivia.  The  ipecac  plant  has  been  long 
cultivated  as  an  object  of  interest  in  botanical  gardens, 
especially  in  that  at  Edinburgh.  Mr.  McNab  made 
the  important  discovery  that  it  could  be  propagated  by 
minute  fragments  of  its  roots,  or  even  of  its  leaf  stalks. 
By  means  of  this  plan  a  large  number  of  plants  has 
been  obtained  and  sent  to  India  and  elsewhere  for 
experiments  in  regard  to  its  practical  cultivation;  so 
far,  however,  because  of  the  slowness  of  its  growth 
and  the  smallness  and  consequent  expensiveness  of 
the  yield,  its  culture  has  not  been  commercially  suc- 
cessful, and  we  are  still  obliged  to  rely  upon  its  native 
country  for  our  supply.  It  is  collected  by  the  Indians 
in  Brazil  throughout  the  year,  but  mostly  during  the 
wet  season,  when  the  ground  is  soft,  by  simply  grasp- 
ing the  stems  in  one  hand  and  prying  out  the  roots 
with  a  pointed  stick  held  in  the  other.  The  gravel  is 
then  shaken  out  and  the  roots  are  dried  in  the  air. 
When  dry,  they  are  sifted  and  sorted  and  packed  in 
serons  (bales  made  of  hide)  for  transportation.  It  is 
mostly  bought  up  by  traveling  traders,  and  suffers 
much  exposure  during  their  journeys,  so  that  much  of 
it  reaches  us  in  a  mouldy  and  damaged  condition. 
Ten  or  twelve  pounds  per  day  is  said  to  be  a  good 
average  collection.  Ipecac  collection  is  exceedingly 
irritating  to  the  hands,  especially  the  finger  ends,  as 
well  as  to  other  parts  of  the  body,  and  is  hence  very 
objectionable  to  the  laborers.  The  modern  high 
price  for  rubber  having  afforded  a  profitable  opening, 
its  collection  is  preferred,  and  the  price  of  ipecac  has 
on  this  account  very  greatly  advanced.  Very  little 
is  known  about  the  occurrence  of  the  Carthagena 
variety. 


History. — The  following  paragraph  is  condensed 
from  Fliickiger  and  Hanbury.  A  doubtful  reference 
to  ipecac  is  made  in  an  old  treatise  upon  Brazil, 
published  by  Purchas  in  1625.  Piso  and  Marcgraf 
(1648)  described  it,  and  stated  that  it  was  in  common 
use  in  Brazil.  It  was  first  carried  to  Europe  in  1672, 
and  its  usefulness  established  by  Helvetius  about 
1686,  who  kept  its  identity  a  profound  secret  until 
he  received  from  Louis  XIV.  a  handsome  price  for 
publishing  it  to  the  world  in  1688.  This  early  use 
of  ipecac  was  not  as  an  emetic,  but  in  the  treatment  of 
dysentery,  which  is  still  its  principal  employment  in 
tropical  countries. 

Official  Description. — In  pieces  of  indefinite 
length,  rarely  exceeding  fifteen  centimeters  (six  inches), 
and  three  to  six  millimeters  (one-eighth  to  one-fourth 
inch)  thick,  curved  and  sharply  tortuous,  almost  free 
from  rootlets;  surface  red-brown  or  brown,  occasion- 
ally blackish-brown,  rarely  gray-brown,  closely  annu- 
lated and  usually  exhibiting  transverse  fissures 
through  the  back,  their  sides  vertical;  fracture  short, 
the  very  thick,  easily  separable  bark  grayish,  usually 
resinous,  the  thin  wood  yellowish-white,  without 
vessels;  odor  very  slight,  peculiar;  taste  bitter  and 
nauseous,  somewhat  acrid. 

When  very  thick,  of  a  dull  gray  color,  with  thin, 
merging  annulate  and  with  many  starch  grains  ex- 
ceeding 12  or  14  /j  it  is  from  Cephaelis  acuminata 
Karst. 

When  ipecac  is  sound  and  free  from  mouldiness,  its 
quality  is  proportionate  to  the  thickness  of  the  bark 
and  the  thinness  of  the  ligneous  portion. 

The  bark  of  ipecac  consists  entirely  of  thin-walled, 
polyhedral  cells  scarcely  longer  than  broad,  and  pretty 
well  filled  with  clustered  and  faceted  starch  grains, 
solitary  grains  rarely  reaching  a  diameter  of  12  or  14  /i.. 
Liber  wanting.  All  the  medicinal  activity  of  the  drug 
resides  in  the  bark,  the  wood  being  worthless  and  nearly 
tasteless. 

Adulterants  and  Substitutes. — The  adulterants 
of  and  substitutes  for  ipecac  have  been  so  numerous 
and  important  that  works  have  been  written  upon  the 
subject. 

Composition. — The  medicinally  unimportant  con- 
stituents of  ipecac  are  a  large  amount  of  starch  and 
calcium  oxalate,  and  small  amounts  of  pectin,  sugar, 
and  resin.  The  important  constituents  are  ipecacu- 
anhic  acid  and  the  alkaloids,  namely,  cephaeline, 
emetine,  and  a  third  not  yet  studied,  the  three  alkaloids 
together  existing  to  the  extent  of  about  two  per  cent. 
Of  this  total,  the  emetine  constitutes  about  three- 
fourths,  the  cephaeline  about  one-fourth,  in  Rio 
Ipecac,  this  ratio  being  often  reversed  in  the  Cartha- 
genic  variety,  which  contains  a  larger  total  of  alkaloid, 
the  third  being  in  very  small  amount.  The  physio- 
logical and  therapeutical  importance  of  the  ipecacu- 
anhie  acid  and  of  the  third  alkaloid  is  not  known, 
but  there  are  special  reasons  why  it  is  in  great  need 
of  investigation,  especially  that  of  the  former  sub- 
stance. There  is  nothing  in  the  action  of  either 
emetine  or  cephaeline  to  explain  the  repute  of  ipecac 
in  the  treatment  of  dysentery,  a  repute  so  strong  and 
general  as  to  demand  recognition.  This  effect 
appears  to  be  secured,  moreover,  after  the  removal  of 
the  alkaloids,  and  it  would  appear  that  it  must  be  due 
to  the  bitter  acid,  which  is  in  reality  a  glucoside. 
Cephaeline  (C14H19NO2)  is  separated  from 
Emetine  (CitHi8(CH3)N02)  by  the  use  of  an  aque- 
ous solution  of  caustic  alkali,  the  emetine  being  taken 
up  from  it  by  ether. 

Action. — Ipecac  (and  still  more  the  alkaloid)  is  a 
moderate  local  irritant,  producing  smarting,  redness, 
and,  if  a  long-continued  application  is  made  to  the  skin, 
finally  troublesome  pustulation.  The  powder  of 
either,  inhaled,  produces  sneezing,  stinging,  and  in- 
creased secretion  from  the   nostrils   and   deeper  air 
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passages;  in  susceptible  persons  a  severe  coryza  may 
be  simulated.  In  experiments  upon  animals,  diar- 
rhea, with  bloody  discharges  and  inflamed  intestinal 
mucous  membranes,  has  followed  large  doses.  It  is 
thus  evident  that  local  stimulation,  or  irritation  at 
least,  forms  a  very  characteristic  part  of  the  action 
of  ipecac.  This  is  also  seen  in  the  pain  and  inflam- 
mation, frequently  abscess,  at  the  point  of  hypo- 
dermic injection,  on  account  of  which  this  mode 
of  use  is  not  available.  As  to  the  systemic  effects 
when  thus  introduced  into  the  circulation,  it  is  to  be 
noted  that  in  fatal  cases  severe  inflammation  of  the 
lining  of  the  stomach  and  intestine  has  frequently  been 
observed,  all  the  indications  being  that  it  has  resulted 
from  excretion  of  the  alkaloids  into  these  organs. 
Irritation  of  the  pulmonary  tissue,  which  is  often 
severe,  is  apparently  due  to  a  similar  excretion  there. 
The  emetic  action  of  the  drug,  as  well  as  the  salivation 
and  nasal  discharge,  could  thus  be  readily  explained 
on  the  ground  of  local  irritation.  When  the  alka- 
loid is  taken,  it  is  distinctly  noted  that  there  are 
two  periods  of  gastric  disturbance,  one  following  the 
other  at  an  interval  of  about  thirty  minutes.  It 
has  been  thought  that  this  second  attack  was  due 
to  central  action,  after  the  alkaloid  had  become 
absorbed;  but  it  is  at  least  possible  that  it  follows  its 
re-entrance  into  the  stomach  upon  excretion  from  the 
circulation.  Whether  the  emesis  of  ipecac  is  purely 
a  local  effect  or  partly  of  central  origin,  is  the  most 
important  question  concerning  it.  It  is  notable  that 
the  disturbance  of  emetine  is  less  than  that  of  ceph- 
aeline,  of  which  latter  emetine  is  a  methyl  compound; 
and  we  know  that  methyl  compounds  are  often  less 
energetic  irritants,  or  are  even  sedatives,  to  the  centers. 
This  would  seem  to  indicate  central  activity.  This 
question  is  not  of  practical  importance,  as  the  general 
effects  of  the  drug  are  clear  and  evident.  When  taken 
into  the  stomach,  there  is  salivation  and  perhaps 
coryza,  followed  by  nausea,  and  accompanied  by 
some  diuresis  and  considerable  diaphoresis.  If  free 
vomiting  occurs,  these  effects  will  quickly  pass  away; 
but  if  not,  they  will  be  prolonged,  and  with  one  or 
more  exacerbations.  In  the  latter  case,  too,  there  is 
more  apt  to  be  a  laxative  or  even  a  purging  effect,  as 
is  also  the  case  after  hypodermic  injections.  The 
respiratory  mucous  membrane  generally  shares  in  the 
increased  secretion.  Ipecac  is  therefore  a  nauseating 
expectorant  and  an  emetic,  with  a  cathartic  tendency. 
Its  emetic  action  is  characterized  by  its  slowness.  If 
cephaeline  is  given,  the  nausea  and  salivation  arc 
more  marked;  if  emetine,  the  nasal  secretion  is  more 
in  evidence.  Very  large  doses  are  poisonous,  the 
symptoms  being  those  of  emetico-cathartic  irritants, 
but  with  great  depression,  which  appears  almost  cer- 
tainly due  in  part  to  central  action.  A  cholagogue 
action  is  distinct.  This  cannot  be  explained  on  the 
theory  of  mechanical  pressure  upon  the  gall  bladder 
from  the  retching,  because  it  will  occur  when  this  is 
not  present. 

Use. — The  expectorant  and  emetic  uses  of  ipecac 
follow  clearly  from  its  action  as  above  described,  but 
not  its  antidysenteric.  As  an  emetic  it  is  not  suitable 
for  use  in  poisoning,  as  it  is  not  prompt  enough,  and 
is  too  apt  to  be  irritating.  This  action  is,  however, 
often  of  great  value  when  we  wish  to  carry  its  relaxing 
effect  to  the  extreme,  as  in  acute  bronchitis.  Very 
small  doses  of  ipecac  will  often  exert  an  anti-emetic 
action,  and  will  also  promote  appetite  and  digestion. 
The  chief  use  of  the  drug  is,  however,  as  an  expecto- 
rant, in  which  it  both  increases  the  secretion  and  stimu- 
lates its  removal,  yet  acts  as  a  sedative  or  anodyne 
when  there  is  annoying  cough  without  much  secretion. 
This  action  is  quite  prolonged,  and  the  effect  is  easily 
maintained  by  repeated  small  closes.  The  diaphoretic 
action  is  an  important  accompanying  factor.  As  an 
antidysenteric,  ipecac  is  better  adapted  to  the  stom- 
achs of  savages  than  to  those  of  most  civilized  persons, 


for  the  doses  are  so  large  (a  dram  or  more)  that  the 
treatment  is  heroic.  De-emet  inized  ipecacifi  for  this 
reason  preferred,  bu1  it  lias  been  claimed  that  it  I 
efficiency.  The  mode  of  action  is  nut  known.  It  is 
not  impossible  t  ha1  in  the  true  dysentery  ol  t  lie  tropics, 
in  which  cases  it  is  far  the  more  efficient,  it  acts  as  a 
specific  rectal  antiseptic,  as  it  is  known  to  have  anti- 
septic powers. 

The  preparations  are  numerous.  The  drug  is  very 
largely  employed  in  the  powdered  form.  As  an  ex- 
pectorant, the  ■!"  e  is  gr.  ss.  to  i.  (0.03-0.06),  as  an 
emetic  gr.  xv.  to  xxx.  (1 .0-2.0),  as  an  antidysenteric 
gr.  lx.  to  xc.  (4.0-6.0),  or  a  full  emetic  dose  followed 
by  fifteen-grain  (gram)  doses.  The  official  fluid  ex- 
tract i.s  given  in  corresponding  doses  Of  cubic  centi- 
meters or  minims.  The  seven  arid  one-half-per-cent. 
syrup  and  the  ten-per-cent.  wine  are  to  be  adjusted, 
in  proportion  to  their  strength,  for  the  same  require- 
ments. The  tincture  of  ipecac  and  opium,  containing 
ten  per  cent,  of  each,  is  user  I  when  a  specially  sedative 
expectorant  effect  is  desired,  but  not  when  we  specially 
desire  the  clearing  of  the  air  passages.  In  the  prepa- 
ration of  the  last  three  the  fluid  extract  of  ipecac  is 
employed.  The  same  statement  concerning  selection 
applies  to  the  powder  of  ipecac  and  opium  '  i 
powder),  having  the  same  strength.  The  official 
troches  contain,  each,  gr.  \  of  ipecac,  and  the  troches 
of  morphine  and  ipecac,  each  gr.  j1,,  of  morphine  and 
gr.  -fa  of  ipecac. 

The  rectal  injection  of  ipecac  for  the  treatment  of 
chronic  constipation  has  been  tried,  and  if  would  seem" 
that  further  experiments  in  such  use  are  desirable. 

Henry   II.    Rr/SBY. 


Ipecac,  North  American. — Falsi:  Ipecac,  Indian 
Physic,  Bowman's  Root. — The  roots  of  I'orteranlhus 
trifoliatus  (L.)  Britton,  (Gilleuia  trifoliata  Moench), 
and  P.  stipulatus  (Muhl.)  Britton,  (G.  stipulacea,  Nutt.J 
(fam.  Rosacea).  These  are  pretty  perennial  herbs, 
with  clustered,  erect,  or  ascending  stems,  resembling 
the  Geums,  deeply  three-parted  leaves  and  white 
flowers.  The  former  grows  west  to  Missouri  and 
south  to  Georgia;  the  second  somewhat  farther  south 
and  southwest.  The  roots  grow  from  a  hard,  woody, 
and  knotty  crown  about  an  inch  in  diameter.  They 
are  numerous,  much  and  very  crookedly  twisted, 
knotty,  and  interlacing,  especially  the  second  species. 
The  roots  are  annulate  and  transversely  fissured  and  of 
a  deep  reddish  color,  thus  giving  them  an  appearance 
very  similar  to  that  of  ipecac,  which  they  have  been 
used  to  substitute  and  adulterate.  The  bark  is  brittle, 
like  that  of  ipecac,  but  the  wood  is  thicker  and  much 
tougher,  and  has  conspicuous  slender  medullary  rays, 
which  extend  slightly  into  the  bark.  Strangely 
enough,  the  drug  possesses  properties  similar  to  those 
of  ipecac.  It  was  highly  prized  by  the  aborigines  as 
a  mild  emetic  and  nauseating  expectorant,  purgative 
also  in  larger  doses,  and  was  much  used  by  the  settlers. 
It  is  still  employed  to  a  considerable  extent,  and  some- 
what by  physicians.  The  emetic  property  appears 
to  reside  in  the  peculiar  neutral  substance  gillenin, 
which  is  extracted  as  a  white  powder,  soluble  in  wafer 
and  alcohol.  It  is  probably  a  glucosidal  mixture. 
"Gillenin"  of  commerce  is  a  resinous  extract,  contain- 
ing the  other,  and  is  given  in  doses  of  gr.  iv.  to  vi. 
(0.25-0.4).  The  dose  of  gillenia  is  gr.  xv.  to  xxx. 
(1.0-2.0).  Henry  H.  Rusby. 


Iris. — Blue  Flag.  The  rhizome  and  roots  of  Iris 
versicolor  L.  (fam.  Iridacece).  This  is  a  very  common 
swamp  plant  of  eastern  North  America,  erect,  about 
two  or  three  feet  high,  with  sword-shaped,  equitant 
leaves  and  handsome  blue  flowers,  marked  in  the  cen- 
ter with  white  and  yellow  stripes. 

Rhizome  of  horizontal  growth,  branched,  the 
branches  five  to  ten  centimeters   (two  to  four  inches) 
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long  and  one  to  two  centimeters  (two-fifth  to  four-fifth 
inches)  thick,  cylindrical  in  the  lower  half,  thence  be- 
coming vertically  Battened  toward  the  crown,  where 
it  is  terminated  by  a  circular  scar;  dark  brown, wrink- 
led, annulate  with  the  leaf  bases;  fracture  short,  purp- 
lish; roots  long,  slender,  simple,  crowded  near  the 
flattened  cud;  odor  peculiar;  taste  pungent,  acrid, 
and  nauseous. 

This  drug  was  in  use  by  the  aborigines,  and  has  been 
employed  to  a  moderate  extent  by  physicians  for  many 
years.  The  uncertainty  and  harshness  of  its  action 
have,  however,  prevented  its  becoming  a  favorite. 
An  acrid  resin,  fixed  oil,  tannin,  gum,  starch,  etc.,  are 
given  as  its  constituents. 

It  belongs  to  the  resinous  class  of  cathartics.  Winn 
quite  fresh,  it  is  an  irritant  emetico-cathartic,  easily 
acting  as  a  poison  in  overdoses.  Upon  drying  and 
keeping,  these  harsh  actions  are  continuously  ameli- 
orated, and  after  a  year  or  more  it  becomes  a  reliable 
purgative,  not  excessively  harsh  if  given  properly 
diluted  and  with  the  drug  well  distributed  through  the 
excipient.  It  then  ranks  with  jalap,  leptandra,  and 
similar  drugs. 

Dose  of  the  powder,  from  gr.  viii.  to  gr.  xxiv.  (0.5- 
1.5).  An  extract  {Extract um  Iridii  dose  gr.  i.  to  iij., 
and  a  fluid  extract  {Extraclum  Iri<li*  Fluidum),  dose 
TH  x.  to  xxx.,  were  official  when  this  drug  was  recog- 
nized in  the  V.  S.  P.  A  precipitated  extract,  "Irisin" 
or  "Iridin,"  is  in  rather  common  use. 

Henry  II.  Rusby. 


Iris,  Diseases  of  the. — The  iris  is  a  specialized 
part  of  the  uveal  tract,  which  includes  also  the  ciliary 
body  and  choroid.  A  disease  process  affecting  any 
one  of  these  three  intimately  related  structures  is 
extremely  likely  to  involve  the  rest  of  the  tract  in 
greater  or  lesser  degree.  The  parts  of  the  eye  directly 
concerned  in  the  process  of  vision  are  the  recipient 
element,  the  retina,  and  the  transparent  media — the 
cornea,  aqueous  humor,  lens,  and  vitreous — through 
which  the  light  is  transmitted  to  its  destination. 
Whatever  destroys  the  integrity  of  the  uveal  tract  is 
likely  to  affect  the  nutrition  of  the  retina  or  of  ths 
transparent  media;  and  any  inflammation  of  the 
uveal  tract,  including  inflammation  of  the  iris,  ie 
likely  to  interfere  with  the  transparency  of  either 
cornea,  lens  or  vitreous,  or  of  all  three. 

The  anatomic  continuity  of  the  iris  with  the  ciliary 
body,  and  of  this  with  the  choroid,  recalls  the  fact  that 
all  three  have  in  the  main  the  same  embryonic  origin, 
viz.,  from  the  encircling  mesoblast.  They  form  the 
vascular  and  nutritive  tunic  of  the  eye.  Just  as  the 
choroid  is  lined  within  by  the  pars  optica  retinse,  so 
the  same  epiblastic  layer  of  the  primitive  eye  is  con- 
tinued on  to  the  ciliary  body  as  the  pars  ciliaris  retinae, 
and  on  to  the  iris  as  the  epithelium  which  forms  its 
posterior  layer.  The  remainder  of  the  iris  is  meso- 
blastic  in  character. 

From  before  backward  the  iris  consists  of  the  fol- 
lowing layers:  (1)  the  anterior  stroma  layer,  (2) 
the  vascular  layer,  (3)  the  smooth  muscle  layer, 
including  the  dilatator  and  sphincter  pupillse,  and  (4) 
the  pigment  epithelium  of  the  iris.  The  anterior 
stroma  layer  is  poor  in  fibers  and  rich  in  protoplasm. 
The  principal  elements  of  the  vascular  layer  are  the 
t  \v<  i  anastomosing  circles,  known  as  the  circulus  arterio- 
sus major  and  circulus  arteriosus  minor,  the  one 
lying  toward  the  periphery  of  the  iris,  and  the  other 
near  its  pupillary  border.  The  blood  supply  of  the 
iris  is  derived  from  the  long  posterior  and  the  anterior 
ciliary  arteries.  The  fibers  of  the  dilatator  muscle 
are  sparsely  scattered  near  the  pigment  layer.  The 
sphincter  pupillae  is  a  denser  mass  of  muscular  tissue 
lying  close  to  the  pupillary  margin. 

The  surface  of  the  normal  iris  presents  a  number  of 
irregularities,  due  to  unequal  massing  of  the  minute 
blood-vessels.     The     depressions     thus    formed    are 
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spoken  of  as  crypts,  and  after  severe  or  long-continued 
inflammation,  or  alter  prolonged  increase  of  intra- 
ocular tension,  tend  to  become  blurred  and  to 
their  characteristic  sharpness.  The  root  of  the  iris 
is  in  close  relationship  with  the  ciliary  muscle,  the 
angle  of  the  anterior  chamber,  the  ligamentum  pec- 
tination, the  canal  of  Schlemm,  and  the  sclerocorneal 
junction  (see  Fig.  3538).  At  the  pupillary  margin 
the  iris  lies  normally  in  contact  with  the  anti  I  ioi  cap- 
sule of  the  crystalline  lens.  The  nerve  supply  of  the 
iris  is  derived  from  the  ciliary  branches  of  the  lenticu- 
lar ganglion,  and  from  the  long  ciliary  nerves  from  the 
nasal  branch  of  the  ophthalmic  division  of  the  fifth 
nerve. 


Fig.  3538. — Normal  Angle  of  Anterior  Chamber.     (From  Parsons.) 

The  Aqueous  Hoior. — The  iris  separates  the  aque- 
ous humor  of  the  posterior  from  that  of  the  anterior 
chamber.  There  is  reason  to  believe  that  the  intra- 
ocular fluid,  especially  the  aqueous  humor,  is  renewed 
by  secretion  from  the  epithelium  on  the  posterior 
surface  of  the  ciliary  body,  and  in  less  degree  of  the 
iris.  The  aqueous  humor  is  removed  from  the  eye 
almost  entirely  through  the  peculiar  system  of  drain- 
age channels  at  the  angle  of  the  anterior  chamber. 
This  system  is  composed  of  the  spaces  of  Fontana  in 
the  ligamentum  pectinatum,  of  the  specialized  venous 
channel  known  as  the  canal  of  Schlemm,  which  con- 
sists merely  of  a  space  lined  with  endothelium,  and 
of  a  group  of  veins  with  which  this  canal  is  in  close 
relationship.  The  ligamentum  pectinatum  is  covered 
with  endothelium,  continuous  with  that  which  extends 
over  the  posterior  surface  of  the  cornea. 

The  secretion  of  the  aqueous  normally  balances  its 
excretion  from  the  eye,  the  amount  produced  being 
probably  regulated  by  the  relation  between  the  tension 
in  the  intraocular  capillary  vessels  and  that  existing 
within  the  eye  itself.  The  aqueous  humor  ordinarily 
contains  only  a  trace  of  albumin,  together  with  about 
one  per  cent,  of  salts  (chiefly  sodium  chloride)  and 
organic  substances.  The  so-called  "secondary  aque- 
ous" which  rapidly  collects  after  any  form  of  trauma- 
tism by  which  the  primary  aqueous  is  allowed  to 
escape  from  the  anterior  chamber,  is  much  richer  in 
albumin,  and  also  contains  various  protective  bodies 
which  are  absent  from  the  normal  aqueous.  The 
same  is  true  of  the  aqueous  which  is  secreted  in  inflam- 
matory conditions  involving  the  uveal  tract  or  cornea; 
and  during  such  inflammations  the  aqueous  also  fre- 
quently contains  a  considerable  number  of  leucocytes. 
The  composition  of  the  aqueous  humor  is  also  altered 
in  case  of  hemorrhage  into  the  anterior  chamber  from 
the  iris  or  ciliary  body,  or  in  the  event  of  extensive 
hemorrhage  from  the  posterior  structures  of  the  eye. 
In  some  inflammatory  conditions  a  mass  of  fibrin,  in 
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which  are  enmeshed  white  blood  corpuscles,  accumu- 
lates at  the  bottom  of  the  anterior  chamber.  This 
mass  is  commonly  spoken  of  as  hypopyon,  although  it 
usually  contains  no  bacteria,  and  is  seldom  of  fluid 
consistency. 

The  depth  of  the  anterior  chamber  is  pathologically 
reduced  in  some  cases  of  glaucoma,  in  the  presence  of 
rapid  swelling  of  the  lens,  and  in  cases  of  adhesion  of 
the  iris  to  thecornea.  (See  Fig.  353!!.)  It  is  increased 
when  the  lens  is  absent  or  displaced,  and  in  anterior 
staphyloma. 


Fig.  3539. — Peripheral    Anterior  Synechia.     Secondary  glaucoma 
from  detached  retina  following  a  blow.      (From  Parsons.) 

Color  of  the  Ibis. — The  color  of  the  iris  determines 
whether  the  individual  is  spoken  of  as  having  blue, 
gray,  green,  or  brown  eyes  as  the  case  may  be.  The 
color  at  birth  is  almost  invariably  blue.  This  depends 
upon  the  fact  that  at  birth  the  stroma  of  the  iris  con- 
tains little  or  no  pigment,  but  gradually  becomes 
pigmented  to  a  greater  or  lesser  extent  during  child- 
hood and  adolescence.  The  color  of  the  blue  or  gray 
eye  depends  upon  the  pigment  epithelium  of  the  iris, 
and  the  dark  brown  eye  is  one  whose  iris  stroma  con- 
tains a  great  deal  of  pigment.  The  intermediate 
shades  represent  varying  degrees  of  pigmentation  of 
the  stroma,  the  color  of  the  stroma  being  blended  with 
the  blue  tint  which  arises  from  the  pigment  epithelium. 
The  pigment  deposits  in  the  stroma  often  present 
marked  irregularity,  even  in  the  same  eye.  Cases  of 
inequality  as  between  the  two  eyes,  one  eye  being 
blue  and  the  other  brown,  are  not  infrequent.  The 
condition  is  known  as  heterochromia  iridis,  and  usually 
occurs  in  .the  child  of  parents  one  of  whom  had  blue 
and  the  other  brown  eyes.  The  color  of  the  iris  be- 
comes more  or  less  green  in  iritis,  and  a  rusty  brown 
in  some  cases  of  long-continued  residence  of  a  frag- 
ment of  iron  within  the  eye.  In  some  cases  of  hetero- 
chromia the  blue  eye  seems  especially  liable  to  the 
development  of  cataract. 

Congenital  Defects  and  Anomalies  of  the  Inis. — 
Anomalies  of  color  of  the  iris,  including  heterochro- 
mia, have  just  been  mentioned.  Absence  of  the  iris, 
aniridia,  although  apparently  complete,  is  never  ab- 
solutely so,  a  rudimentary  stump  of  iris  being  always 
present,  although  hidden  from  view  behind  the  opaque 
sclera  at  the  angle  of  the  anterior  chamber.  These 
eyes  are  very  liable  to  glaucoma,  possibly  by  reason 
of  adhesion  of  the  stump  to  the  periphery  of  the  cornea, 
with  obstruction  to  the  outflow  of  aqueous.  The 
condition  is  usually  bilateral,  and  is  commonly  accom- 
panied by  nystagmus,  and  also  frequently  by  anterior 
and  posterior  polar  or  lamellar  cataract.     Congenital 


coloboma  of  the  iris  is  usually  a  ociated  with  a  di 
in  the  suspensory  ligament  of  the  lens,  a  com  pond- 
ing coloboma  of  the  lens  margin,  and  a  coloboma  of  the 
choroid;  the  e  defect*  all  appearing  at  the  lower,  or 
lower-inner  aspect  of  the  eyeball,  and  being  probi 
due  to  failure  of  normal  closure  of  the  secondary  optic 
vesicle  at  the  site  of  intrusion  of  the  invaginating 

mesoblast.  As  regards  the  iris  the  coloboma  may  vary 
from  a  mere  notch  to  a  defect  extending  to  the  root 
of  the  iris  (see  Fig.  3540).  The  pupil  is  thus  render  d 
pear-shaped.  The  pillars  of  the  coloboma  are  some- 
times bridged  by  a  strand  of  iris  stroma  '  ee  Fig.  3541). 
According   to    Kruckmann    traces   of    the  sphincter 


Flo.   3540. — Coloboma    of    the 
Iris.      (After    Seggel.) 


I  [q  3541. — Bridged  Coloboma. 

(After  Saemisrh  ) 


muscle  are  always  to  be  found  all  the  way  along  the 
margin  of  the  coloboma.  Polycoria.  No  instance  has 
been  recorded  in  which  more  t  han  one  pupillary  open- 
ing was  surrounded  by  a  sphincter  muscle1.  But  iti 
rare  cases  there  exist,  in  addition  to  the  normal  pupil- 
lary opening,  accessory  gaps  in  the  iris  tissue,  com- 
monly located  close  to  the  pupillary  border,  but  sepa 
rated  by  it  from  the  true  pupil. 

Persistent  Pupillary  Membrane. — During  a  large 
part  of  fetal  life  the  anterior  surface  of  the  lens  is 
covered  by  a  nutrient  layer  of  vascular  mesoblastic 
tissue,  the  anterior  fibrovascular  sheath  of  the  lens, 
from  which  the  stroma  of  the  iris  is  in  part  differen- 
tiated. This  membrane  normally  disappears  before 
birth,  but  in  a  considerable  percentage  of  normal  i 
some  trace  of  it  persists  throughout  life.  Such  remains 
take  a  great  variety  of  forms,  from  mere  dots  of  pig- 
mented tissue  on  the  anterior  surface  of  the  lens  to  a 
complicated  network  lying  across  the  pupil  (see 
Fig.  3542).  Almost  invariably  such  remains  as  are 
attached  to  the  iris  arise  from  the  lesser  arterial  circle, 
and  this  feature  is  of  importance  in  diagnosing  per- 
sistent pupillary  membrane  from  acquired  adhesions. 
The  threads  or  bands  of  tissue 
have  the  same  color  and  gen- 
eral structure  as  the  stroma  of 
the  iris.  It  is  rare  to  find  the 
vision  impaired  by  the  pres- 
ence of  a  persistent  pupillary 
membrane,  and  treatment  is 
unnecessary.  In  a  few  in- 
stances adhesion  of  the  mem- 
brane to  the  cornea  has  been 
reported. 

Congenital  Ectropium  Uvea;. 
— The  posterior  layer,  or  pig- 
ment epithelium,  does  not  in 
man  normally  extend  on  to 
the  anterior  surface  of  the  iris,  although  such  an 
extension  is  present  in  horses  in  the  form  of  the  so- 
called  "corpus  nigrum"  at  the  upper  margin  of  the 
pupil.  Slight  extension  on  to  the  anterior  surface 
may,  however,  be  seen  exceptionally  in  the  human 
subject.  This  is  known  as  congenital  uveal  ectropion, 
and  is  to  be  distinguished  from  acquired  ectropion, 
which  is  sometimes  seen  in  atrophic  conditions  of  the 
iris  following  inflammation  or  glaucoma. 

The  Pupil. — Function  of  the  Iris. — The  function  of  the 
iris  is  essentially  to  regulate  the  amount  of  light  which 

reaches  the  retina,  although  incidentally  it  also  serves 
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Fig.  3542.  —  Pers 

Pupillary        Membrane. 
(After  von  Hippel.) 


Iris,  Diseases  of 
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to  diminish  the  amount  of  spherical  aberration  due 
to  the  passage  of  rays  of  light  through  the  periphery 
of  the  lens.  In  the  albino  eye  the  protection  afforded 
by  the  iris  is  almost  nil,  hence  the  extreme  sensitive- 
ness of  these  eyes  to  bright  light.  When  the  normally 
pigmented  eye  is  exposed  to  strong  light  the  retinal 
.stimulation  results  in  excitation  of  a  reflex  arc  whose 
objective  is  contraction  of  the  pupillary  sphincter, 
with  simultaneous  relaxation  of  the  dilatator  pupillffi. 
When  the  light  entering  the  eye  is  of  feeble  quality, 
the  sphincter  muscle  relaxes  and  the  dilatator  muscle 
is  stimulated  to  contraction.  The  sphincter  is  con- 
trolled by  the  third  or  motor  oculi  nerve,  and  the 
dilatator  by  fibers  from  the  superior  portion  of  the 
cervical  sympathetic.  Contraction  of  both  pupils 
normally  follows  promptly  upon  stimulation  of  either 
retina. 

Appearance  of  the  Pupil  in  Youth  and  Age. — The 
often  noted  bright  eye  of  youth  and  the  "dull  eye" 
of  age  have  a  physical  explanation.  The  color  of 
the  pupil  depends  upon  the  relative  transparency 
of  the  crystalline  lens.  The  lens  is  never  absolutely 
transparent;  that  is  to  say  some  rays  of  light  falling 
upon  it  are  reflected  instead  of  passing  through  to 
the  ocular  fundus.  These  reflected  rays  may  be 
studied  by  illuminating  the  dilated  pupil  very  ob- 
liquely from  one  side,  and  observing  it  at  a  similar 
angle  from  the  other  side.  A  faint  grayish  reflex 
from  the  anterior  surface  of  the  lens  will  be  seen. 
In  later  years  this  reflection  is  very  much  more  notice- 
able, being  often  quite  pronounced  without  dilatation 
of  the  pupil  and  without  any  care  as  to  the  use  of 
oblique  illumination.  In  fact  it  is  often  so  striking 
as  to  be  mistaken  by  careless  observers  for  cataract , 
although  the  patient's  vision  may  be  perfectly  normal 
and  the  surgeon  may  experience  no  difficulty  in  see- 
ing the  details  of  the  fundus. 

Mydriasis  and  Miosis. — Since  the  range  of  dilata- 
tion and  contraction  of  the  pupil  depends  largely 
upon  the  elasticity  of  the  iris  stroma,  which  consists 
largely  of  a  network  of  blood-vessels,  the  pupil  of 
old  age,  with  its  thicker  and  more  rigid  blood-vessel 
walls,  is  usually  not  merely  narrower,  but  also  less 
variable  in  size,  than  that  of  early  life.  In  inflam- 
matory conditions  of  the  iris,  and  also  to  a  lesser  extent 
of  the  cornea,  the  pupil  is  usually  reduced  in  diameter; 
an  important  point  in  diagnosing  these  conditions 
from  glaucoma,  in  which  the  pupil  is  almost  always 
dilated.  Certain  drugs  have  the  power  of  dilating 
the  pupil,  probably  by  at  the  same  time  paralyzing 
the  nerve  endings  which  control  the  sphincter  iridis 
muscle,  and  stimulating  those  which  produce  con- 
traction of  the  dilatator  iridis.  These  drugs  are 
atropine  (generally  used  in  from  §  to  2  per  cent, 
solution),  scopolamine  (tV  to  ^  per  cent,  solution), 
and  homatropine  (§  to  3  per  cent,  solution).  The 
duration  of  the  influence  of  these  drugs  is  greatest 
in  the  case  of  atropine  (ten  to  fourteen  days  in 
the  healthy  eye),  less  in  that  of  scopolamine  (about 
five  days)  and  least  for  homatropine  (two  days).  All 
three  also  paralyze  the  accommodation,  through  the 
ciliary  muscle,  for  similar  lengths  of  time.  Cocaine 
has  also  a  fairly  marked  mydriatic  action,  and  to  a 
lesser  degree  produces  a  weakening  of  accommodation. 
For  diagnostic  purposes,  mydriasis  may  be  produced 
by  euphthalmin,  a  weak  solution  of  homatropine,  or 
cocaine.  The  two  drugs  commonly  applied  as 
miotics,  that  is  to  contract  the  pupil,  are  eserine 
(used  in  from  J  to  1  per  cent,  strength)  and  pilo- 
carpine (i  to  2  per  cent.).  The  action  of  eserine 
is  decidedly  more  persistent  and  more  reliable  than 
that  of  pilocarpine,  although  where  adequate  the 
latter  is  to  be  preferred  on  account  of  being  less 
distressing  to  the  patient. 

Anomalies  of  the  Pupil. — Most  of  the  anomalies 
of  the  pupil  have  been  mentioned  above  under 
congenital  anomalies  of  the  iris.  Anisocoria  is  an 
inequality  of  the  pupils,  and  may  be  congenital  or 
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may  be  secondary  to  disease  in  the  eye  or  in  the  optic 

tracts  and  centers,  or  to  traumatism  (affecting  the 
pupil  which  is  relatively  dilated).  Various  anomalies 
of  relationship  as  between  the  dilatation  and  eon- 
traction  of  the  pupil,  the  movements  of  the  eyeball, 
and  the  elevation  of  the  upper  lid,  have  been  reported, 
but  their  foundations  are  not  well  established.  Some 
of  them  probably  depend  on  congenital  anomalies 
of  interassociation  of  the  cerebral  nuclei. 

Corectopia  is  displacement  of  the  pupil  from  its 
normal  position,  usually  associated  with  subluxation 
of  the  lens.  The  normal  position  of  the  pupil  is 
not  usually  quite  concentric  with  the  cornea,  but 
falls  very  slightly  to  the  nasal  side. 

Significance  of  Abnormal  Pupillary  Reactions. — The 
normal  pupil  contracts  to  light  and  with  accommo- 
dation and  convergence.  (It  should  always  be 
remembered  that  the  contraction  to  light  is  very  much 
more  pronounced  when  the  light  falls  upon  the  macu- 
lar region  than  when  the  periphery  of  the  retina 
is  chieflj-  affected.)  In  paretic  dementia  and  tabes 
dorsalis  the  pupil  reacts  to  accommodation  but  not 
to  light  (Argyll-Robertson  pupil).  The  contraction 
of  one  pupil  upon  directing  the  light  through  the  other 
pupil  is  known  as  the  consensual  light  reaction.  It 
is  sometimes  present  when  the  eye  illuminated  is 
blind,  but  this  can  only  occur  when  the  lesion  causing 
blindness  lies  behind  or  central  to  the  corpora  quad- 
rigemina.  In  cases  of  complete  blindness  due  to 
lesions  between  the  corpora  quadrigemina  and  the 
eye,  or  in  the  eye  itself,  the  consensual  light  reflex 
of  the  other  eye  is  always  lost.  The  course  taken 
by  the  visual  impulse  is  from  the  retina  through 
the  corpora  quadrigemina  to  the  visual  centers  in  the 
occipital  lobes.  Because  of  the  fact  that  one-half  of 
each  optic  tract  goes  to  the  retina  of  the  right  eye, 
and  the  other  half  to  the  retina  of  the  left  eye  (the 
decussation  occurring  in  the  optic  chiasm),  a  complete 
unilateral  lesion  behind  the  optic  chiasm  causes 
hemianopsia,  or  blindness  of  the  same  side  of  each 
retina.  If  in  such  case  the  pupil  reacts  to  light  thrown 
upon  any  part  of  the  retina,  the  lesion  must  lie  pos- 
terior to  the  corpora  quadrigemina.  If  on  the  other 
hand  the  lesion  is  between  the  corpora  quadrigemina 
and  the  chiasm,  the  pupil  will  react  freely  to  light 
thrown  on  the  seeing  half,  but  not  to  light  falling 
only  upon  the  blind  half  of  the  retina.  But  for  this 
test  to  be  reliable,  the  light  in  the  second  instance 
should  be  very  carefully  excluded  from  the  seeing  half 
of  the  retina. 

A  pupil  which  is  suddenly  exposed  to  strong  light 
frequently  shows  several  slight  oscillations  in  size 
after  the  first  strong  contraction.  When  this  oscilla- 
tion is  abnormally  pronounced  in  amplitude  the 
condition  is  spoken  of  as  hippus.  Persistent  con- 
traction of  the  pupil  may  be  due  to  the  use  of  a 
miotic,  or  to  adhesions  of  the  iris  to  the  lens  capsule. 
Failure  to  contract  may  be  due  to  use  of  a  mydriatic, 
to  glaucoma,  to  adhesions,  to  loss  of  function  of  the 
retina  or  optic  tracts,  or  to  lesion  of  the  motor  path 
from  the  pupillary  center  to  the  iris.  The  pupil 
sometimes  remains  permanently  dilated  after  con- 
tusion of  the  eyeball,  perhaps  as  the  result  of  injury 
to  the  nerve  filaments  supplying  the  sphincter  muscle. 
Temporary  paralysis  of  accommodation  and  of  the 
pupillary  sphincter  sometimes  occurs  after  diphtheria. 
Sluggish  pupillary  reactions  to  light,  or  inequality  of 
the  pupils,  may  be  due  to  syphilis  or  other  destruc- 
tive processes  involving  the  central  nervous  system. 
Ophthalmoplegia  interna  is  a  paralysis  of  accommoda- 
tion and  of  the  pupillary  sphincter,  due  to  a  lesion 
of  the  nucleus  of  the  third  nerve.  Pupillary  con- 
traction and  accommodation  may  also  be  involved 
with  the  extrinsic  ocular  muscles  in  paralysis  arising 
from  lesions  of  the  motor  oculi. 

The  light  reaction  of  each  eye  separately  is  best 
tested  by  directing  the  patient  to  look  toward  a 
fairly  strong  light  source,  covering  both  eyes  with  the 
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surgeon's  hands,  and  then  after  a  few  seconds  uncover- 
ing the  eye  which  is  to  be  examined.  To  test  the 
reaction  to  accommodation  and  convergence,  the 
patient  should  look  alternately  at  a  distant  object 
and  at  a  pencil  or  other  small  object  held  within  a 
few  inches  of  his  eyes.  Besides  the  reactions  to 
light  and  accommodation,  the  following  may  be 
mentioned:  The  pupils  dilate  under  the  influence 
of  strong  emotion,  but  contract  under  the  influence 
of  pain,  such  as  that  produced  by  pinching  the  skin. 
Haab  has  described  a  " cerebral  cortex  reflex"  of  the 
pupil.  This  is  produced  by  illuminating  the  eye 
obliquely  from  a  single  source  in  a  room  which  is 
otherwise  dark,  requiring  the  patient  to  look  directly 
ahead  into  the  darkness,  but  without  any  effort  of 
attention,  and  then  requesting  him  to  fix  his  attention 
on  the  light  but  without  looking  toward  it.  When 
this  is  done  the  pupil  contracts. 

Iridodonesis  is  a  tremulousness  of  the  iris,  either 
general  or  local,  due  to  withdrawal  of  the  support 
normally  afforded  by  the  crystalline  lens.  The  whole 
iris  is  affected  in  aphakia,  as  after  cataract  extraction, 
and  a  part  only  of  the  iris  in  cases  of  subluxation  of 
the  lens,  the  tremor  being  noticeable  on  the  side 
opposite  to  the  direction  in  which  the  lens  is  dislocated. 

Injuries  to  the  Iris. — From  Contusion  of  the  Eyeball. 
— Injuries  of  the  iris  from  contusion  of  the  eyeball  are 
fairly  frequent.  Rupture  of  the.  pupillary  border  may  ap- 
pear as  a  minute  notching  which  is  only  visible  when 
the  pupil  is  dilated,  or  in  rare  instances  may  extend  al- 
most to  the  ciliary  border  of  the  iris.  The  sphinc- 
ter is  sometimes  torn  at  several  points.  Unless  the 
tear  is  very  minute  there  is  hemorrhage  into  the 
anterior  chamber.  Iridodialysis  is  a  separation  of 
the  root  of  the  iris  from  the  ciliary  body,  or  at  least 
a  tangential  rupture  of  the  iris  near  its  junction  with  the 
ciliary  body.  If  minute,  the  hemorrhage  which  results 
may  fill  the  gap,  and  becoming  organized  bridge  over 
the  defect  in  the  iris.  But  true  reformation  of  the  iris 
tissue  does  not  occur.  An  iridodialysis  is  manifested 
by  the  appearance  at  the  periphery  of  the  iris  of  a  dark 
line,  which  by  transmitted  light  (with  the  ophthalmo- 
scope or  by  transillumination)  may  have  the  same  red 
appearance  as  the  pupil.  At  the  same  time  the  pupil 
becomes  flattened  on  the  side  toward  the  dialysis. 
The  passage  of  light  through  a  large  iridodialysis 
may  prove  a  permanent  source  of  annoyance  to  the 
patient.  Traumatic  mydriasis,  or  more  or  less  per- 
sistent dilatation  of  the  pupil  following  contusion, 
has  been  mentioned  under  Mydriasis. 

Wounds  of  the  Iris  with  Penetrating  Wounds  of  the  Eye- 
ball.— An  aseptic  wound  of  the  iris,  such  as  is  made  in 
the  operation  of  iridectomy,  heals  without  the  forma- 
tion of  granulation  tissue  along  the  margins  of  the  cut, 
the  non-irritating  quality  of  the  aqueous  humor  prob- 
ably protecting  the  iris  from  the  changes  which  com- 
monly follow  wounds  in  other  parts  of  the  body.  In 
accidental  penetrating  wounds  involving  the  iris, 
the  injury  is  seldom  confined  to  that  part  of  the  uveal 
tract,  but  in  most  instances  extends  into  the  ciliary 
bod}'.  The  iris  itself  is  apt  to  be  torn,  and  to  prolapse 
through  the  corneal  wound,  and  at  times  undergoes 
partial  or  complete  avulsion  from  its  attachment 
within  the  eyeball.  If  the  torn  iris  is  found  prolapsed 
through  the  corneal  wound,  it  is  usually  proper  to 
excise  the  prolapsed  portion.  The  eye  must,  of  course, 
be  thoroughly  cocainized.  Gentle  traction  (provided 
the  wound  is  recent)  is  made  upon  the  iris  with 
forceps,  and  the  hernial  tissue  cut  off  flush  with  the 
corneal  surface.  Injuries  of  this  kind  are  always 
ollowed  by  adhesion  of  the  iris  to  the  wound  margins 
of  the  cornea,  the  remainder  of  the  iris  being  stretched 
toward  the  area  of  attachment  to  the  corneal  scar. 
Lacerating  wounds  of  the  iris  are  often  followed  by 
infection  which  in  time  involves  the  whole  eyeball;  and 
where  this  does  not  occur,  participation  of  the  ciliary 
body  in  the  injury  renders  the  prognosis  grave  by 


reason  of  the  risk  of  sympathetic  inflammation  arising 
in  the  second  eye.  When;  a  patient  has  lost  the  sight 
of  one  eye  from  a  wound  of  this  character,  and  will 
subsequently  live  beyond  the  reach  of  expert  attention, 
it  is  often  well  to  urge  immediate  enucleation  of  the 
injured  eye  as  a  prophylactic  measure.  An  attempt 
to  save  the  eyeball  should  be  conditional  upon  the 
patient  clearly  understanding  the  risk  involved.  In 
every  case  of  penetrating  injury  the  eye  should  be 
brought  as  soon  as  possible  completely  under  the  in- 
fluence of  atropine.  Even  where  infection  does  not 
arise,  such  eyes  frequently  continue  to  have  pain  until 
a  one  per  cent,  solution  of  atropine  has  been  instilled 
for  twenty-four  hours  or  so  at  the  rate  of  three  or 
four  instillations  per  diem.  An  occlusive  bandage  is 
usually  necessary  during  at  least  the  first  two  or  three 
days.  But  when  the  corneal  wound  has  once  closed 
the  eye  is  likely  to  progress  more  favorably  if  left 
uncovered,  although  a  deep-smoked  or  amber  glass 
will  have  to  be  worn  in  bright  light.  Displacements 
of  the  iris  occur  in  severe  injuries.  The  iris  may  be 
folded  back  upon  the  ciliary  processes,  in  which  case 
there  is  usually  also  a  dislocation  of  the  lens.  Or  the 
iris  may  be  completely  separated  from  its  insertion, 
but  still  lie  within  the  eyeball. 

Foreign  bodies  may  become  lodged  in  or  upon  the 
iris.  When  the  particle  is  of  steel  or  iron,  it  may  be 
dislodged  by  he  help  of  the  giant  or  hand  magnet. 
Or  it  may  be  possible  to  remove  a  foreign  body  by 
means  of  forceps  inserted  through  a  small  incision 
at  the  periphery  of  the  anterior  chamber.  Or  in 
some  cases  it  may  become  necessary  to  excise  the 
portion  of  the  iris  in  which  the  foreign  body  is 
embedded. 

Hyperemia  of  the  Iris. — Some  text-books  devote 
special  description  to  hyperemia  of  the  iris  as  distinct 
from  inflammation. 

Hyperemia  of  the  iris  is  a  preliminary  to  all  inflam- 
matory conditions  of  the  iris,  and  occurs  incidentally 
in  a  number  of  disturbances  in  other  parts  of  the  eye, 
such  as  conjunctiva],  corneal,  scleral,  ciliary,  and 
choroidal  affections,  including  trauma.  Its  recogni- 
tion is  therefore  usually  of  little  importance  as  sepa- 
rate from  the  diagnosis  and  treatment  of  these  condi- 
tions. An  iris  whose  blood-vessels  are  dilated  beyond 
the  normal  tends  to  showr  a  slight  change  in  color, 
blue  irides  acquiring  a  greenish  tinge,  and  brown 
irides  deepening  in  tone.  The  pupil  may  be  slightly 
contracted,  may  be  sluggish  in  its  reactions,  and  may 
respond  less  readily  than  usual  to  the  action  of  a 
miotic.  Such  changes,  if  marked,  may  suggest  the 
use  of  atropine  in  addition  to  the  measures  which  are 
otherwise  employed  for  the  general  ocular  condition. 

Iritis. — General  Considerations. — The  difficulties  of 
classification  are  well  illustrated  in  dealing  with  inflam- 
mations of  the  iris  and  of  other  parts  of  the  uveal  tract. 
The  iris  is  merely  a  specialized  portion  of  this  general 
coat  of  the  eyeball,  of  common  embryologic  origin 
with  the  ciliary  body  and  choroid,  nourished  largely 
from  the  same  system  of  blood-vessels,  and  con- 
trolled by  nerve  endings  whose  relationship  with 
those  of  the  other  parts  of  the  uveal  tract  is  of  the  most 
intimate  possible  character.  It  is  not,  therefore,  sur- 
prising that  a  fine  distinction  cannot  usually  be  drawn 
between  iritis  and  cyclitis  and  the  combination  of  both 
known  as  iridocyclitis,  nor  that  any  disease  of  the 
choroid  or  ciliary  body  is  apt  to  be  reflected  upon  the 
iris,  and  vice  versa.  The  iris  is  further  liable  to 
involvement  in  various  diseases  of  the  cornea  and 
sclera,  and  to  a  less  extent  of  the  conjunctiva.  The 
serious  consequences  of  iris  inflammations  as  regards 
vision  depend  upon  the  opacities  of  the  ocular  media 
which  usually  accompany  them,  upon  the  changes 
which  may  simultaneously  or  secondarily  occur  in  the 
choroid  and  retina,  and  upon  the  tendency  to  glau- 
coma which  sometimes  follows  iritis. 

Causes   of  Iritis. — Among   disturbances   of   super- 
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ficial  structures,  tin-  two  conditions  which  must 
frequently  give  rise  toa  more  or  less  .severe secondary 
iritis  are  serpent  corneal  ulcer  and  interstitial  keratitis. 
Conjunct  i\  it  is  due  to  streptococcus  or  pneumococcus 
is  sometimes  complicated  by  iritis,  the  toxins  pro- 
duced by  these  organisms  appearing  to  be  especially 
capable  of  reaching  the  aqueous  through  the  intact 
cornea.  From  the  sclera  tuberculous,  syphilitic, 
and  so-called  gouty  inflammations  may  extend  to 
the  iris.  The  occurrence  of  iritis  as  secondary  to 
various  forms  of  choroiditis  and  cyclitis  has  been 
mentioned.  Among  the  primary  inflammations  of 
the  iris,  syphilis  plays  by  far  the  most  important 
part,  the  proportion  being  variously  placed  at  from 
50  to  75  per  cent.  A  very  large  group  of  cases  belongs 
to  the  class  formerly  described  as  of  rheumatic  origin, 
but  really  having  nothing  to  do  with  rheumatism 
properly  so  called.  With  greater  refinement  in 
methods  of  diagnosis  these  cases  will  probably  be 
gradually  shown  to  depend  upon  hitherto  unrecog- 
nized toxemias  or  bacteriemias  from  widely  differ- 
ent sources,  among  which  may  be  included  intestinal 
stagnation,  diseases  of  the  nasal  accessory  sinuses, 
diseases  of  the  lymph  structures  in  the  throat,  and 
diseases  of  the  teeth.  A  good  deal  has  already  been 
written  pointing  to  the  connection  of  pyorrhea  and 
other  dental  affections  with  obscure  disease  of  the 
uveal  tract.  As  further  causes  of  primary  iritis  may 
be  mentioned  gonorrhea,  tuberculosis,  diabetes,  exan- 
thematous  disease,  herpes,  and  trauma.  In  sym- 
pathetic ophthalmia  the  iris  is  involved  in  the  general 
plastic  uveitis.  Persistent  eyestrain  is  probably  a 
predisposing  factor  in  the  causation  of  iritis,  as  in 
other  ocular  affections. 

Pathology  of  Iritis. — The  tissue  changes  in  iritis 
naturally  vary  to  some  extent  with  the  underlying 
cause.  Although  the  classification  of  iritis  into  serous, 
fibrinous  or  plastic,  and  suppurative  is  largely  of  an 
artificial  character,  it  represents  a  variation  in  the 
character  of  the  exudation  produced.  In  the  first 
variety,  when  well  marked,  cellular  exudation  is  very 
slight  in  amount,  and  the  amount  of  fibrin  thrown  out 
is  also  minimum.  In  the  plastic  or  fibrinous  form, 
wfiile  pus  cells  may  not  be  numerous,  fibrin  is  abun- 
dantly produced,  and  adhesions  are  therefore  par- 
ticularly likely  to  occur.  In  the  suppurative  form 
there  is  also  a  good  deal  of  fibrin,  but  its  significance 
is  overshadowed  by  the  marked  tendency  to  accumula- 
tion of  polymorphonuclear  leucocytes  or  pus  cells, 
often  mixed  with  large  numbers  of  bacteria.  In  all 
forms  the  blood-vessels  of  the  iris  are  engorged  and 
the  stroma  swollen,   and  there  is  an  infiltration  of 


Fie.  3543. — Seclusio  Pupillce.     (After  Priestley  Smith.) 

the  tissues  with  small  round  cells.  These  last  may  be 
the  only  cellular  exudate  present.  In  some  forms  of 
iritis,  such  as  the  tubercular  or  syphilitic,  the  small 
round  cells  have  a  decided  tendency  to  accumulate 
so  as  to  form  nodules,  and  the  other  cell  clusters  typical 
of  tuberculoma  and  syphiloma  tend  to  occur.  In 
tubercle  and  gumma  necrosis  is  of  course  likely  and 
especially  in  tuberculosis.  The  fibrinous  exudates 
thrown  out  in  iritis  may  permanently  damage  the 
eye  by  the  formation  of  posterior  synechia?,  as  fibrin- 
ous adhesions  between  the  pupillary  margin  and  the 
lens  capsule  are  called;  by  the  formation  of  a  mem- 
brane which  adheres  to  the  lens  and  obstructs  the 


pa    age  of  light  through  tin-  pupil;  orbj  a  combina- 
tion of  both  effects,  the  pupil  being  closed  to 
passage  of  light  and  the  pupillary  margin  of  the  iris 
at  the  same  time  completely  bound  down  to  thi 
(see  Figs.  3543  and  3544).     The  existence  of  an  opai 
inflammatory  membrane  is  known  as  occlusion  of  the 


Fig.  3544. — Occlusio  Pupilbe.     (After  Priestley  Smith.) 

pupil,  and  complete  adhesion  of  the  sphincter  margin  of 
the  pupil  as  seclusion  of  the  pupil.  The  latter  is  likely 
to  favor  a  tendency  to  recurring  attacks  of  inflamma- 
tion, the  final  outcome  of  which,  if  not  arrested,  is 
glaucoma  and  blindness.  In  such  cases  the  whole 
iris  is  ballooned  forward  by  pressure  of  the  aqueous 
within  the  posterior  chamber;  its  normal  flow  into 
the  anterior  chamber  being  of  course  obstructed. 
This  ballooning  is  also  known  as  iris  bombes  (Fig.  3545). 
Organization  also  occurs  in  the  exudate  in  the  iris 
stroma,  and  subsequent  contraction  of  this  new 
connective  tissue  may  cause  obliteration  of  the 
blood-vessels    of  the  iris,  with  resulting  atrophy  of 


Fig.  3545. — Iris  Bombe.  Very  extensive  peripheral  anterior 
synechia;  posterior  synechia  with  seclusio  pupilUe;  inflammatory 
pupillary  membrane  with  occlusio  pupilhe.     (From   Parsons.) 

the  tissues  normally  present.  Atrophy  and  contrac- 
tion of  the  iris  stroma  following  inflammation  may  pro- 
duce the  condition  known  as  acquired  ectropium  uveas 
(see  Fig.  3546).  As  in  any  other  engorged  part, 
minute  hemorrhages  into  an  inflamed  iris  frequently 
occur. 

Si/mptoms  of  Iritis. — The  leading  symptoms  of 
iritis  are  pain,  pericorneal  injection,  hyperemia, 
discoloration,  and  blurring  of  the  surface  details  of 
the  iris,  contraction  and  sluggish  reactions  of  the 
pupil,  adhesions  of  the  iris  to  the  lens  capsule,  cellular 
deposits  on  the  posterior  surface  of  the  cornea,  or  in 
the  anterior  chamber,  visual  disturbance,  and  varia- 
tions in  intraocular  pressure. 

Pain    may    at    times    be  almost  or  even    entirely 
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absent,  but  is  usually  marked,  and  may  bo  of  the 
utmost  severity,  making  it  impossible  for  the  patient 
to  sleep  without  the  use  of  opiates.  When  severe 
the  pain  radiates  over  the  forehead,  temple,  and  cheek. 
Pericorneal  injection  may  be  practically  absent  in 
some  cases  of  tuberculous  iritis,  as  well  as  in  some 


Fig.  3546. — Ectropion  of  Uveal  Pigment,  and  also  of  Sphincter 
Iridis. 

cases  of  so-called  creeping  or  slow  iritis,  where  the 
remaining  symptoms  are  at  times  very  slight.  Peri- 
corneal injection  is  distinguished  from  a  general 
congestion  of  the  bulbar  conjunctiva  by  being  pro- 
nounced next  to  the  cornea  and  fading  toward  the 
equator  of  the  eyeball,  and  also  by  having  a  purplish 
tinge  which  is  contrasted  with  the  brighter  red  of 
conjunctival  hyperemia. 

The  changes  in  color  and  appearance  of  the  iris  are 
due  to  swelling  of  the  iris  stroma  and  engorgement 
of  its  blood-vessels.  A  blue  iris  tends  to  assume  a 
greenish  tint.  The  increase  in  volume  of  the  iris 
also  plays  some  part  in  the  contraction  of  the  pupil, 
although  this  is  probably  due  mainly  to  an  increased 
irritability  of  the  nerve  endings. 

In  slowly  developed  cases  of  iritis,  without  marked 
inflammatory  reaction,  the  diagnosis  may  not  be 
finally  determined  until  an  attempt  has  been  made  to 
dilate  the  pupil  with  atropine  or  some  other  mydriatic. 
When  this  is  done  such  cases  will  usually  be  found  to 
show  distinct  adhesions  of  the  iris  to  the  lens  capsule, 
manifested  by  the  pulling  away  of  those  parts  of  the 
iris  which  are  not  firmly  attached,  and  the  resulting 
irregular  contour  of  the  pupil. 

The  punctate  deposits  observed  on  the  posterior 
surface  of  the  cornea  in  iridocyclitis  consist  of  col- 
lections of  small  round  cells.  Some  of  these  are  apt 
to  be  invisible  without  the  use  of  a  magnifying  loupe, 
while  others  may  be  readily  seen  with  the  naked  eye 
at  some  little  distance  from  the  patient.  These 
deposits  tend  to  arrange  themselves  in  the  form  of  a 
triangle  lying  somewhat  below  the  center  of  the  cornea. 
They  are  usually  absorbed  after  the  inflammation  has 
subsided,  but  if  very  extensive  may  become  more  or 
less  organized,  and  persist  as  permanent  opacities, 
particularly  evident  toward  the  limbus  below,  and 
nourished  by  blood-vessels  from  the  conjunctiva. 

The  mixture  of  fibrin  and  leucocytes  commonly 
known  as  hypopyon,  and  seen  as  an  apparent  accumu- 
lation of  pus  at  the  lower  part  of  the  anterior  cham- 
ber, is  derived  from  the  blood-vessels  of  the  iris,  is 
usually  of  semi-solid  consistency,  and  not  infrequently 
is  entirely  free  from  bacteria. 

The  earlier  stages  of  an  attack  of  iritis  or  iridocy- 
clitis are  sometimes  accompanied  by  marked  rise  in 


the  intraocular  tension,  usually  of  rather  short  dura- 
tion, and  perhaps  due  to  blocking  of  the  angle  of  the 
anterior  chamber  by  the  cellular  and  albuminous 
exudates  abnormally  present  in  the  aqueous  humor. 
In  the  later  stages  of  any  form  of  uveitis,  unless  special 
conditions  have  favored  the  development  of  secondary 
glaucoma,  it  is  more  common  to  find  the  ocular  tension 
below   normal. 

Diagnosis. — In  the  treatment  of  a  case  of  iritis, 
valuable  time  is  frequently  lost  by  mistaking  the  case 
for  one  of  conjunctivitis.  It  should  be  remembered 
that  in  the  latter  disease  the  vision  is  very  seldom 
decidedly  affected;  that  the  pupil  reactions  do  not 
differ  appreciably  from  those  of  the  normal  eye;  that 
the  hyperemia  of  conjunctivitis  is  most  marked  at 
the  periphery,  diminishing  toward  the  cornea;  that 
discharge  is  usually  abundant  in  conjunctivitis  and 
scanty  in  iritis;  and  that  the  pain  in  conjunctivitis  is 
commonly  of  a  burning  and  scratching  character, 
and  does  not  have  the  qualities  of  a  neuralgia  extend- 
ing to  the  supraorbital,  temporal,  arid  facial  regions. 
In  phlyctenular  conjunctivitis  t lie  presence  of  the 
characteristic  leashes  of  blood-vessels  should  avoid 
confusion.  In  keratitis,  careful  use  of  oblique  illumi- 
nation and  of  the  ophthalmoscope  will  usually  de- 
termine some  distinct  focus  of  corneal  infiltration,  and 
the  changes  in  the  iris  itself  are  absent. 

More  fatal  than  the  confusion  of  iritis  with  conjunc- 
tivitis is  the  diagnosis  of  glaucoma  as  iritis.  The  chief 
points  of  distinction  between  these  two  conditions  are 
(1)  that  the  pupil  in  an  untreated  iritis  is  contracted, 
in  glaucoma  almost  always  dilated;  (2)  that  the  minute 
deposits  on  Descemet's  membrane  are  not  present  in 
glaucoma,  although  there  may  be  marked  haziness 
of  the  cornea;  and  (3)  that  the  tension  in  inflammatory 
glaucoma  is  always  decidedly  increased.  In  cases  of 
serous  iridocyclitis,  in  which  some  doubt  as  to  diagnosis 
from  glaucoma  may  exist,  it  should  be  remembered 
that  the  presence  of  even  small  vitreous  opacities  is 
distinct  evidence  in  favor  of  a  uveal  inflammation. 

Varieties  of  Iritis. — The  distinction  between  serous, 
fibrinous,  and  suppurative  iritis  has  been  considered 
under  Pathology.  Serous  iritis  probably  always  oc- 
curs in  combination  with  cyclitis,  so  that  the  process 
is  best  considered  as  a  serous  iridocyclitis.  Such  dis- 
turbances usually  run  a  more  or  less  chronic  and  in- 
sidious course.  On  examination  with  the  naked  eye 
and  by  ordinary  light  the  only  change  visible  may  be  a 
slight  pericorneal  injection,  although  even  this  may 


"i^Hwstn?* 


Fig.  3517. — Serous  Iritis.     (Xoyes.) 

be  absent.  With  the  magnifying  loupe,  and  by 
oblique  illumination,  it  may  be  possible  to  discover 
fine  deposits  on  the  posterior  surface  of  the  cornea 
(see  Fig.  3547)  and  also  at  times  some  dilated  blood- 
vessels on  the  surface  of  the  iris.  The  more  the  dis- 
turbance of  the  ciliary  body  predominates  over  that 
of  the  iris,  the  less  likely  is  the  pupil  to  become  notice- 
ably contracted. 

In  fibrinous  iritis,  early  instillation  of  a  mydriatic 
will  usually  break  up  the  new-formed  fibrinous 
adhesions  between  the  iris  and  lens.  But  if  the  process 
has  gone  on  long  enough  for  the  fibrin  to  have 
been  replaced  by  new  connective  tissue  it  may  be 
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impossible  to  accomplish  much  or  any  separation  of 
the  adhesions.  Yet  a  pupillary  membrane  or  "cica- 
trix" which  has  apparently  produced  complete  occlu- 
sion of  the  pupil  with  almost  complete  permanent  loss 
of  vision,  may  subsequently  stretch  so  considerably 
at  its  attachment  to  the  iris  as  to  allow  of  recovery  of  an 
important  fraction  of  normal  visual  acuity. 

Serous  and  fibrinous  iritis  and  iridocyclitis  are 
found  particularly  in  the  class  of  cases  formerly  at- 
tributed to  the  gouty  or  rheumatic  diathesis,  that  is 
to  say  of  obscure  endotoxic  origin;  and  also  in  cases 
of  chronic  gonococcic  infection,  and  during  or  after 
various  infectious  diseases,  such  as  influenza,  typhoid 
fever,  and  pneumonia.  The  so-called  gouty  and  rheu- 
matic iritis,  as  well  as  that  due  to  the  gonococcus  or 
its  toxins,  are  especially  subject  to  relapses  and  re- 
currences. In  a  few  cases  recorded,  the  patient  had 
suffered  many  years  earlier  from  a  gonorrheal  ure- 
thritis from  which  he  had  to  all  appearances  entirely 
recovered  long  ago.  Yet  there  had  been  numerous 
attacks,  usually  bilateral  and  more  or  less  alternating 
between  the  two  eyes,  of  a  subacute  form  of  iritis 
with  some  adhesions,  moderate  disturbance  of  vision, 
and  fairly  prompt  recovery  under  atropine.  Tardy 
examination  of  the  secretion  from  the  prostate  or 
seminal  vesicles,  obtained  by  special  methods,  revealed 
the  presence  of  active  gonococci,  and  treatment  with 
antigonococeic  vaccine  resulted  in  permanent  relief 
from  the  attacks  of  iritis. 

Syphilitic  Iritis. — The  proportion  of  all  cases  of 
iritis  in  which  the  underlying  cause  was  syphilis  has 
been  variously  estimated  at  from  thirty  to  seventy- 
five  per  cent.  According  to  different  writers,  the 
percentage  of  syphilitic  subjects  who  develop  an 
iritis  at  some  time  during  the  course  of  the  general 
disease  is  placed  at  from  0.42  to  5.37.  Generally 
speaking,  the  shorter  the  interval  which  has  elapsed 
since  the  primary  infection,  the  more  likely  the 
syphilitic  reaction  in  the  iris  is  to  be  accompanied  by 
marked  edema  and  abundant  fibrin  formation;  while 
the  longer  the  interval  since  the  primary  sore,  the  more 
pronounced  becomes  the  tendency  to  cellular  and 
nodular  changes.  The  mildest  manifestation  of 
syphilis  in  the  iris  is  an  injection  of  the  superficial 
vessels  during  the  earlier  eruptive  stage  of  the  disease. 
The  most  frequent  form  of  syphilitic  iritis  is  char- 
acterized, in  addition  to  general  edema  and  fibrinous 
deposits,  by  decided  swelling  in  the  sphincter  region. 
Such  swelling  and  especially  limited  foci  along  the 
sphincter  margin,  should  always  arouse  suspicion  of 
syphilis  ("Krtickmann).  The  individual  nodules  pro- 
trude laterally  into  the  pupillary  area,  and  forward 
into  the  anterior  chamber,  that  is  to  say  they  are 
distinctly  papular  in  structure.  These  earlier  syphi- 
litic lesions  have  a  decidedly  reddish  color  due  to 
the  marked  hyperemia  accompanying  them,  whereas 
the  later  lesions  of  the  disease  have  a  grayer  or  more 
yellowish  appearance.  In  somewhat  rare  instances 
the  syphilitic  focus  lies  in  the  more  peripheral  parts 
of  the  iris,  and  in  this  event  the  ciliary  body  is  always 
involved,  and  the  nodules  tend  to  group  themselves 
in  one  sector  of  the  iris.  The  farther  from  the  pupil- 
lary border,  the  larger  the  nodules  tend  to  be. 

The  serofibrinous  form  of  syphilitic  iritis  occurs  most 
frequently  in  the  third  stage  of  the  disease,  and  is 
probably  always  a  part  of  a  general  uveal  inflamma- 
tion, ft  may  be  due  to  either  congenital  or  acquired 
syphilis.  When  congenital  it  occurs  between  the  ages 
of  five  and  thirty-five  years.  Gummatous  iritis  is 
always  a  tertiary  lesion,  and  may  be  due  to  either 
congenital  or  acquired  syphilis.  As  a  manifestation 
of  the  latter  it  is  not  ordinarily  encountered  before 
adult  life.  It  more  commonly  affects  the  ciliary  than 
the  pupillary  border  of  the  iris,  is  monocular,  and 
appears  as  a  rapid  growth  first  noticeable  within  a 
few  days  of  the  onset  of  the  general  ocular  symptoms. 
The  pain  is  often  mild,  although  sometimes  very 
severe. 


The  duration  of  any  syphilitic  lesion  of  the  iris 
depends,  of  course,  upon  the  length  of  time  which 
elapses  before  the  patient  is  brought  successfully 
under  the  action  of  antisvphilitic  remedies.  On  sub- 
sidence of  gumma  a  scar,  sometimes  of  quite  consider- 
able size,  is  left  in  the  iris. 

Tuberculous  Iritis. — In  those  cases  of  tuberculous 
inflammation  of  the  iris  which  appear  as  fibrinous  in 
character,  tubercles  are  present  but  are  so  minute  and 
lie  so  deeply  in  the  stroma  as  to  be  clinically  imper- 
ceptible. In  those  cases  in  which  close  observation 
under  magnification  discloses  the  presence  of  tubercles, 
these  are  still  usually  very  minute,  and  are  commonly 
irregularly  disseminated  over  the  whole  of  the  anterior 
aspect  of  the  iris,  arising  as  they  do  principally  in 
the  coats  of  the  lesser  arteries,  and  occasionally  in 
the  capillaries  of  the  sphincter  region.  There  is  but 
little  difference  in  size  between  the  various  nodules. 
If  the  process  continues,  the  separate  nodules  more  or 
less  completely  coalesce.  In  some  instances  tuber- 
culosis of  the  iris  occurs  as  a  larger,  solitary  tubercle 


Fig.  3548. — Tuberculous  Iritis.  Iris  thickened  by  granu- 
lomatous infiltration — Tuberculous  interstitial  keratitis.  (From 
Parsons.) 

appearing  at  the  angle  of  the  anterior  chamber,  simu- 
lating other  neoplasms  just  as  a  gumma  does,  but 
distinguished  from  gumma  in  having  an  uneven  sur- 
face. If  not  limited  by  treatment  or  spontaneous 
cure,  this  form  of  tubercle  fills  the  anterior  chamber 
and  finally  breaks  through  the  cornea.  (See  Fig. 
3548.) 

Tuberculosis  of  the  iris  occurs  most  frequently  with 
tuberculosis  of  the  lymph  glands,  especially  those  of 
the  mediastinum  and  mesentery;  less  frequently  with 
pulmonary  tuberculosis;  and  practically  never  in  asso- 
ciation with  joint  tuberculosis.  The  ophthalmoreac- 
tion should  be  avoided  in  patients  with  ocular  in- 
flammation, as  it  occasionally  gives  rise  to  a  danger- 
ous reaction.  Where  tuberculosis  of  the  eye  is  sus- 
pected the  subcutaneous  test  is  to  be  preferred. 

Tubercle  of  the  iris  usually  occurs  in  childhood  or 
youth,  and  seldom  after  the  age  of  twenty-five  years. 
It  may  be  mistaken  for  syphilis  or  for  sarcoma  of  the 
iris.  But  tuberculoma  is  paler  than  sarcoma,  and  the 
diagnosis  may  be  further  established  by  the  presence 
of  tuberculous  foci  elsewhere,  by  failure  of  the  disease 
to  respond  to  antisvphilitic  measures,  and  by  use  of 
the  tuberculin  test. 

Suppurative  iritis  may  arise  with  or  without  the 
actual  presence  of  bacteria  in  the  iris  or  in  the  pus. 
(Some  writers  prefer  to  speak  of  pus  only  when  bac- 
teria are  actually  present.)  In  many  cases  of  corneal 
ulcer  the  iris  is  secondarily  involved  and  pus  accumu- 
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lates  in  the  lower  part  of  the  anterior  chamber,  with- 
out any  bacteria  being  present  in  the  interior  of  the 
eye.  The  pyogenic  organisms  directly  responsible 
for  many  cases  of  iritis  may  arise  from  the  blood  stream 
or  by  way  of  perforating  injury.  Non-perforating 
injury  of  the  eyeball  may  at  times  cause  a  suppurative 
iritis  directly  due  to  microorganisms  which  were 
previously  circulating  in  the  blood,  but  which  after  t  he 
injury  find  here  a  locus  minoris  resistentiae.  The 
bacteria  most  frequently  responsible  for  endogenous 
iritis  are  the  staphylococcus,  streptococcus,  and 
pneumococcus. 

Otlur  Special  Varieties  of  Iritis. — A  distinct  herpes 
iridis  has  been  described  by  Machek  as  occurring  in 
the  course  of  herpes  zoster  frontalis.  There  was  pain, 
and  the  succeeding  hyperemia  and  inflammation  were 
accompanied  by  a  plastic  exudation,  with  localized 
swelling  of  the  iris  tissue.  The  swollen  parts  subse- 
quently underwent  necrosis,  with  hemorrhage  from 
the  broken-down  blood-vessels,  and  later  cicatriza- 
tion. The  disease  ran  a  course  of  about  three  months' 
duration.  Sympathetic  iritis  is,  of  course,  usually 
a  part  of  a  general  uveitis,  but  has  occasionally  been 
described  as  a  fairly  distinct  manifestation  of  sym- 
pathetic disturbance.  Iritis  nodosa  is  practically  the 
same  condition  as  has  been  described  under  Conjunc- 
tivitis nodosa;  the  hairs  of  the  woolly  bear,  or  Bom- 
byx  rubri,  having  passed  through  the  cornea  to  lodge 
in  the  iris.  Diabetic  iritis  is  usually  a  staphylococcic 
infection,  probably  due  to  circulation  of  the  bacteria 
in  the  blood  of  a  patient  whose  general  and  local  re- 
sistance have  been  greatly  lowered  by  the  systemic 
disease.  Slow  or  creeping  iritis  is,  as  its  name  implies, 
a  form  of  iritis  of  very  insidious  onset  and  of  more  or 
less  prolonged  duration,  some  cases  lasting  for  many 
months.  The  cause  is  usually  very  obscure,  treat- 
ment of  but  little  use,  and  the  outcome  dubious. 

Treatment  of  Iritis. — In  a  large  proportion  of  cases, 
iritis  calls  for  both  constitutional  and  local  treatment. 
In  syphilitic  iritis  antisyphilitic  therapy  is  of  course 
indicated,  either  in  the  form  of  mercury,  with  or  with- 
out iodide,  or  of  salvarsan  or  "606."  Although  the 
results  obtained  in  syphilitic  eye  disease  with  Ehrlich's 
preparation  have  varied  from  almost  miraculous  suc- 
cess to  complete  failure,  it  may  be  said  that  salvar- 
san finds  one  of  its  most  satisfactory  spheres  of  use- 
fulness in  the  several  forms  of  luetic  iritis.  Painful 
eyes  whose  pupils  have  obstinately  refused  to  dilate 
under  the  combined  influence  of  mercury  internally 
and  atropine  locally  often  show  very  rapid  improve- 
ment, with  prompt  dilatation  of  the  pupil,  within  a 
short  time  after  the  administration  of  a  sufficient 
dose  of  "  606, "  and  often  within  a  few  days  the  patient 
is  to  outward  appearance  almost  entirely  well.  Where 
mercury  is  used  the  most  dependable  method  of  in- 
troduction is  probably  by  inunction;  the  patient  or 
nurse  being  carefully  instructed  as  to  the  exact  method 
of  rubbing  in  the  ointment.  It  is  doubtful  whether 
the  association  of  iodide  with  the  mercury  is  of  very 
great  benefit  in  most  cases  of  iritis. 

If  a  tuberculous  etiology  has  once  been  made  out, 
the  use  of  tuberculin  is  indicated,  beginning  with  very 
minute  doses  and  gradually  increasing.  Most  writers 
prefer  to  keep  just  below  the  dosage  which  produces  a 
distinct  reaction,  but  a  few  have  favored  the  produc- 
tion of  a  mild  reaction  in  the  eve  itself,  although  after 
such  a  reaction  the  interval  before  the  next  dose  is 
given  should  be  prolonged,  and  it  is  well  not  at  once 
to  increase  the  amount  given.  All  the  general  meas- 
ures for  the  treatment  of  tuberculosis  are  likely  to 
benefit  a  tuberculous  iritis,  although  if  the  patient  is 
out  of  doors  some  kind  of  protective  glasses,  such  as 
London  smoke,  amber,  euphos,  or  Fieuzal,  will  be 
necessary. 

In  every  case  of  iritis  in  which  the  symptoms  are  at 
all  severe  or  do  not  respond  readily  to  treatment,  a 
cause  of  reflex  or  toxic  irritation  should  be  sought  for 
in  various  parts  of  the  bod}-,  including  particularly 


the  large  bowel  (intestinal  stasis/,  the  mouth  (for  the 
presence  of  pyorrhea  alveolaris,  decayed  teeth,  root 
abscesses,  etc.),  the  throat  (for  diseased  lymphoid 
tissue),  the  nose  (for  interference  with  drainage-,  or 
actual  disease,  of  the  accessory  sinuses),  and  the  genito- 
urinary tract  (for  old  gonorrhea);  anil  an  attempt 
should  be  made  to  correct  any  disease  thus  found  which 
may  be  deemed  likely  to  influence  the  eye.  While 
bearing  in  mind  the  importance  of  sufficient  rest  and 
of  relief  from  excessive  work  and  nerve  tension,  the 
patient  should  be  encouraged  to  spend  plenty  of  time 
out  of  doors  and  to  take  a  reasonable  amount  of  out- 
door exercise;  proper  regard  being  had  to  the  avoidance 
of  the  glare  of  the  sun  and  sky  in  the  brighter  hours 
of  the  day.      Careful  attention  should  be  paid  to  diet. 

In  the  class  of  patients  commonly  spoken  of  as 
rheumatic  or  gouty  the  salicylates  often  seem  to  be  of 
material  benefit,  although  tins  is  possibly  due  rather 
to  analgesic  and  diaphoretic  action  than  to  any  specific 
influence  on  the  disease.  Intensive  treatment  with 
sodium  salicylate,  to  the  extent  of  as  much  as  one 
grain  to  every  pound  of  the  patient's  body  weight 
during  a  period  of  twenty-four  hours,  has  been  highly 
praised  by  some  authors  for  severe  and  painful  cases 
of  iritis.  The  patient  must,  of  course,  be  kept  at  rest 
while  such  heroic  treatment  is  administered. 

As  regards  local  treatment,  the  use  of  atropine  has 
first  place.  A  solution  of  the  sulphate,  usually  of  one 
per  cent,  strength,  should  be  employed  as  often  as 
may  be  necessary  to  thoroughly  dilate  the  pupil  and 
keep  it  well  dilated,  if  this  is  possible;  in  most  cases 
not  less  than  three  times  daily.  It  is  well  to  remember 
that  a  single  drop  w-ell  introduced  and  not  immediately 
squeezed  out  by  the  patient  is  just  as  effective  as 
larger  quantities.  Stale  solutions  of  atropine  some- 
times cause  an  eruption  on  the  skin  of  the  face  around 
the  eye.  Where  necessary,  small  amounts  of  solid 
atropine  may  be  placed  upon  the  scleral  conjunctiva 
in  order  to  produce  a  more  powerful  effect,  or  a  stronger 
solution  may  be  used.  In  some  cases  of  iritis  it  is 
necessary  to  be  cautious  in  the  use  of  atropine  on 
account  of  a  tendency  to  increased  tension  of  the  eye- 
ball; and  wherever  such  a  tendency  exists  the  tension 
should  be  measured  at  intervals  with  the  Schiotz 
tonometer. 

Next  to  the  instillation  of  atropine,  the  most  bene- 
ficial local  measure  for  the  relief  of  pain  is  the  appli- 
cation of  heat.  This  is  ordinarily  to  be  used  in  the 
form  of  hot  water  compresses,  kept  up  for  from  five 
to  fifteen  minutes  every  hour  or  two.  In  hospital 
practice  the  nurse  should  be  carefully  instructed  that 
to  obtain  results  the  water  must  be  kept  just  as  hot  as 
the  patient  can  bear.  Sometimes  a  small  hot-water 
bag  may  be  kept  applied  outside  a  wet  compress. 
Considerable  relief  from  pain  is  sometimes  afforded 
by  the  occasional  use  of  dionin,  either  solid  or  in  solu- 
tion of  from  two  per  cent,  upward.  This  drug  itself 
causes  temporarily  a  fair  amount  of  pain,  redness,  and 
edema.  The  use  of  natural  or  artificial  leeches, 
applied  to  the  temple,  is  often  productive  of  at  least 
temporary  relief  from  pain. 

Subconjunctival  injections  of  common  salt  in  solu- 
tions of  various  strength,  as  well  as  of  dionin  and 
compounds  of  mercury,  have  also  been  recommended 
for  severe  cases  of  iritis,  but  the  reaction  produced 
by  them  is  severe  and  often  alarming,  and  there  has 
been  some  dispute  as  to  the  advisability  of  their 
employment.  Finally,  a  patient  who  has  suffered 
from  iritis  should,  when  the  attack  subsides,  be 
carefully  tested  as  to  the  existence  of  refractive  error, 
and  the  proper  correction  given,  since  eyestrain 
must  be  regarded  as  one  of  the  causes  leading  to  iris 
inflammations. 

Iridectomy  has  frequently  been  advised  as  a  part 
of  the  treatment  of  obstinate  cases  of  chronic  iritis. 
In  many  cases  its  use  is  of  questionable  advantage, 
and  in  poorly  selected  cases  the  patient's  condition  is 
changed  for  the  worse  by  the  operation.     But  in  cases 
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in  which  there  is  :i  decided  tendency  to  secondary 
glaucoma,  and  particularly  where  the  anterior  and 
posterior  chambers  are  completely  separated  by  exclu- 
sion of  the  pupil,  with  a  marked  tendency  to  iris  bomb6 
or  ballooning  forward  of  the  iris,  iridectomy  is  some- 
times the  one  thing  needed  to  save  the  eye  and  vision  and 
prevent  further  relapses.  If  the  tension  of  the  eye  is 
subnormal  the  operation  is  decidedly  contraindicated, 
and  in  cases  where  the  operation  seems  advisable  it 
should  be  clone  if  possible  during  a  quiet  interval 
between  attacks.  In  cases  of  occlusion  of  the  pupil, 
iridectomy  is  sometimes  done  to  provide  an  artificial 
pupil,  through  which  a  fair  measure  of  vision  may  under 
otherwise  favorable  circumstances  be  obtained. 

The  operation  of  iridectomy  is  usually  performed 
through  an  incision  made  near  the  sclerocorneal 
junction  with  a  broadly  lance-shaped  knife  (lance 
keratome),  although  the  incision  may  be  made  with  a 
Graefe  cataract  knife.  After  penetrating  the  eye 
the  blade  is  carried  forward  toward  the  center  of  the 
anterior  chamber,  and  parallel  with  the  surface  of  the 
iris.  Through  the  opening  thus  made  the  iris  is 
seized  near  its  pupillary  margin  with  iris  forceps, 
drawn  outside  the  wound,  and  the  piece  excised  with 
iris  scissors.  The  operation  may  be  done  under  co- 
caine as  in  the  combined  operation  for  cataract  ex- 
traction. If  done  for  optical  purposes,  only  a  small 
piece  of  iris  should  be  excised. 

Tumors  op  the  Iris. — Sarcoma  of  the  iris  is  rarer  than 
sarcoma  of  any  other  part  of  the  uveal  tract.  Almost 
invariably  it  calls  for  enucleation  of  the  eyeball, 
although  occasionally  small  sarcoma  of  the  iris  has 
been  treated  by  excision  of  the  sector  of  the  iris  upon 
which  the  tumor  was  situated.  The  diagnosis  is 
usually  not  difficult,  although  there  is  some  danger  of 
confusion  with  syphiloma  and  tuberculoma,  and  also 
with  congenital  pigment  masses  (melanomata)  or 
moles  of  the  iris.  Moles  at  times,  as  elsewhere  in  the 
body,  take  on  a  rapid  and  intensely  malignant  growth, 
with  pronounced  tendency  to  metastases. 

Cysts  of  the  iris  may  be  of  congenital  origin,  or  may 
arise  from  injury,  either  accidental  or  operative.  If 
traumatic  they  are  due  either  to  closure  of  a  crypt  of 
the  iris,  with  accumulation  of  fluid,  or  to  transplanta- 
tion of  epithelium  from  the  cornea  or  scleral  conjunc- 
tiva.    Some  cysts  called  of  the  iris  are  not  really  so, 


Flo.  3549. — Cyst    of    Iris    Following     Implantation    of    Eyelash 
(From  Treacher  Collins.) 


but  merely  lie  in  contact  with  the  iris.  Cysts  may  lie 
destroyed  by  excision  of  their  walls.  They  cause 
disturbance  of  vision  by  mechanical  interference  and 
sometimes  give  rise  to  inflammatory  reaction.  (See 
Fig.  3549.) 

Primary  carcinoma  of  the  iris  has  been  described, 
but  is  of  extreme  rarity. 

William  H.  Crisp. 

Irish  Moss. — See  Chondrus. 

Iron. — See  Ferritin. 
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Irondale  Springs.     Preston  County,  West  Virginia. 
Post-office. — Independence. 

Access. — Via  Baltimore  and  Ohio  Railroad  to 
ll.'inlman's  Siding,  one  and  one-half  miles  west  of 
Independence,  thence  by  the  Iron  Valley  Railroad 
three  and  one-half  miles  to  the  springs. 

The  Irondale  Springs  occupy  a  very  attractive 
location  about  1,200  feet  above  the  sea-level,  but 
the  place  is  not  at  present  used  as  a  resort.  The  water 
is  bottled  and  used  commercially.  The  following  is  a 
recent  analysis  by  Fraser  and  Company: 

Hypothetical  Form  of  Combination. 


Ammonium  chloride 

Potassium  chloride 

Potassium  Bulphate 

Sodium  sulphate 

Magnesium  sulphate 

Calcium  sulphate 

Sodium  nitrate 

Sodium    nitrite 

Calcium  bicarbonate 

Calcium  silicate 

Iron  oxide  and  alumina.  .  . 
Mangano-manganic  oxide. 

Silica 

Total 


This  water,  as  shown  by  the  analysis,  is  exception- 
ally rich  in  manganese,  besides  containing  a  large 
amount  of  alum.  It  is  said  to  possess  tonic  and 
diuretic  properties.  It  is  also  sedative  to  the  gastric 
mucous  membrane,  and  acts  well  in  the  nausea  and 
vomiting  of  pregnancy,  and  has  been  found  useful 
in  chronic  diarrhea.  In  Bright's  disease  and  in  ane- 
mia and  chlorosis  it  has  seemed  to  possess  value.  It 
is  a  clear,  soft,  odorless,  palatable  drinking  water, 
bottled  and  largely  distributed  under  the  name  of 
Manacea.  Emma  E.  Walker. 


Irradiation  is  the  diffusion  or,  as  one  might  say, 
"the  overflowing"  of  the  nerve  impulse  over  the 
boundaries  of  the  pathway  within  which  it  usually 
travels. 

If  a  local  cardiac  condition  gives  rise  to  pain  not 
only  in  the  region  of  the  heart  but  also  in  the  arm,  the 
latter  pain  is  an  irradiated  one,  belonging  as  it  does 
to  quite  another  territory  than  that  supplied  by  the 
nerves  of  the  heart.  This  irradiation  of  visceral 
pains  into  cutaneous  areas  follows  definite  laws  which 
have  been  laid  down  by  Head  in  his  classical  researches 
on  this  subject. 

But  a  pain  may  irradiate  not  only  from  a  visceral 
or  sympathetic  to  a  cutaneous  or  other  cerebrospinal 
nerve  territory;  it  may  also  irradiate  from  one  nerve 
to  the  other  or  from  one  branch  of  a  nerve  to  the  other 
within  the  cerebrospinal  system.  For  instance,  pain 
arising  from  a  partial  lesion  of  the  second  branch  of 
the  fifth  nerve  (toothache)  may  spread  not  only  over 
the  entire  second  branch,  but  even  over  the  third 
branch  of  that  nerve.  A  pain  may  also  irradiate  from 
one  side  to  a  (usually  symmetrical)  point  on  the  other 
side  of  the  body. 

While  it  has  thus  been  customary  to  apply  the 
term  irradiation  to  conscious  sensory  impressions, 
which  need  not  necessarily  be  painful,  there  is  no 
reason  why  it  should  not  be  applied  to  motor  and  reflex 
innervation  as  well,  the  physiological  process  and  its 
anatomical  basis  being  probably  the  same.  For  in- 
stance if  tapping  of  the  patellar  tendon  which  normally 
causes  a  contraction  only  of  the  quadriceps  muscle 
of  the  same  side,  produces  also  muscular  contractions 
in  the  other  lower  extremity,  as  is  the  case  in  many 
organic  cerebral  and  particularly  spinal  lesions,  we 
certainly  have  the  right  to  speak  of  it  as  irradiation. 


REFERENCE  HANDBOOK  OK  THE   MEDICAL  SCIENCES 


Irritability 


Similarly  the  associated  movements  often  accom- 
panying motor  acts,  for  instance,  movements  of  the 
jaw  accompanying  the  act  of  cutting  with  scissors  or 
of  cracking  nuts,  should  also  be  classed  under  the 
heading  of  irradiation. 

The  small  space  allotted  to  this  article  does  not 
allow  us  to  enter  on  the  mechanism  of  irradiation 
further  than  to  say  that  it  must  take  place  at  the 
points  of  passage  from  one  neuron  to  another,  the 
multiplicity  of  connections  of  each  neuron  giving  a 
wide  range  of  possibilities  in  this  direction,  especially 
if  it  is  considered  that  in  every  case  a  chain  of  at  leasl 
two  neurons  must  be  passed  before  the  stimulus 
reaches  its  final  destiny.       B.  Onup  (Ontfrowicz). 

Literature. 
Henry  Head:  Die  Sensibilitaetsstoerungen  der  Haut  bei  Visceral- 
crkrankungen.  Translated  by  Dr.  Wm.  Seiffer,  Berlin,  LS98, 
Yerlag  von  August  Hirschwald.  Also  articles  in  Brain,  vol.  xvi., 
part  i.,  1893;  vol.  xvii.,  part  iii..  1S94;  vol.  xix.,  part  ii.,  1896; 
and  vol.  xxiv.,  1901. 


Irritability. — Irritability  may  be  defined  as  the 
quality  possessed  by  living  tissues,  animal  as  well  as 
vegetable,  of  reacting  toward  stimuli*  with  manifest 
dynamic  changes,  or,  as  Verworn  puts  it,  with  changes 
of  the  vital  processes.  The  nature  of  these  changes  in 
the  case  of  the  nerve  protoplasm  has  been  made  a 
subject  of  special  study  by  A.  F.  Mathews,  the  result 
of  whose  researches  was  published  in  the  Neio  York 
Sun.  He  concludes  that  "nerve  protoplasm"  is 
stimulated  (i.e.  excited)  by  the  passage  of  colloidal 
particles  from  a  condition  of  solution  to  that  of  gelat- 
ination.  The  irritability  of  a  nerve  is  diminished 
whenever  the  solution  of  the  colloids  is  rendered  more 
permanent.  It  increases  as  the  nerve  approaches  the 
state  of  gelatination.  These  changes  may  become 
apparent  directly  or  indirectly,  in  the  form  of  muscu- 
lar contraction,  glandular  function,  sensory  percep- 
tion, ameboid  movements,  flagellate  movements,  or 
streaming  of  protoplasm,  or  in  other  ways. 

The  dynamic  changes  produced  by  the  stimulation 
may  manifest  themselves  in  the  stimulated  tissue  it- 
self or  be  inferred  indirectly  by  the  effects  upon  other 
tissue.  Forexample,  the  dynamic  alterations  wrought 
by  stimulation  of  a  motor  nerve  may  find  an  indirect 
expression  in  the  form  of  a  muscular  contraction;  but 
their  presence  in  the  nerve  may  be  demonstrated  also 
directly  by  the  so-called  "current  of  action"  or  "nega- 
tive variation,"  produced  in  the  nerve  by  the  stimu- 
lation, and  demonstrable  with  a  galvanometer. 

This  latter  direct  method  is  the  more  accurate  one, 
giving  a  truer  measure  of  the  irritability  of  the  stimu- 
lated tissue.  A  study  of  the  action  of  curare  convinc- 
ingly demonstrates  the  truth  of  this  statement.  Cu- 
rare acts  on  the  motor  nerve  endings  in  such  manner 
as  to  abolish  the  faculty  of  transmission  of  the  nerve 
impulse  from  nerve  to  striated  muscle.  Stimulation 
of  the  nerve  remains,  therefore,  without  effect  on  the 
muscle,  but  the  muscle  continues  to  respond  promptly 
to  direct  stimulation.  That  the  nerve  too  retains  its 
irritability  is  shown  by  the  fact  that  its  stimulation, 
be  such  of  a  mechanical  or  chemical  or  electric  or 
other  nature,  gives  rise  to  a  "current  of  action" 
demonstrable  by  a  galvanometer. 

In  a  case  of  slight  curare  poisoning  the  faculty  of 
transmission  of  the  impulse  from  nerve  to  muscle  is 
not  entirely  abolished,  but  only  impeded  more  or  less 
according  to  the  severity  of  the  poisoning,  so  that 
strong  stimulation  of  the  nerve  will  produce  only  a 
slight  muscular  contraction.  Nevertheless  the  irrita- 
bility of  the  nerve  remains  unimpaired,  as  shown  by 
the  "current  of  action."  Consequently  if  in  this  case 
we  were  to  measure  the  degree  of  irritability  of  the 
nerve  by  the  effect  of  its  stimulation  on  muscle,  we 
should  clearly  come  to  a  wrong  conclusion. 

However,  the  method  of  direct  measurement  of  the 

•  A  deBnition  of  stimulus  is  given  in  a  later  section  of  this  article. 


irritability  of  a  tissue  is  often  practically  not  feasible, 

and  we  then  have   to  resort   to  the  imlircrt  method  in 

spite  of  its  fallacies. 

The  degree  of  irritability  of  a  tissue  is  expressed  by 
the    inverse   proportion    between   the   strength   of  the 

stimulus  and  the  demonstrable  or  manifest  dynamic 
change    produced.        It    may    be    expressed   by   the 

formula:  /  =       in  which  /   denotes  irritability   while 
St 

the  denominator  St  represents  the  stimulus,  and  the 
numerator  D  the  demonstrable  dynamic  change  pro- 
duced by  it.     (Verworn.) 

In    many    cases    the    disproportion    between    the 

strength  of  the  stimulus  and  the  amount  of  demon- 
strable dynamic  changes 
wrought  by  it  is  very  great, 
the  amount  of  energy  evolved 
by  the  stimulation  being 
often  ten  times  or  even  hun- 
dreds of  times  greater  than 
the  amount  of  energy  repre- 
sented in  or  spent  by  the 
stimulus  itself. 

Verworn  gives  the   follow- 


Fig.  3550. — Mechanical  Contrivance  for 
Demonstrating  the  Disproportion  between 
Stimulus  and  Effect  of  Stimulus.  (From 
Verworn.)      For  details  see  the  text. 


ing    interesting   instance 
in  substantiation  of  this 
statement:     "A    nerve- 
muscle     preparation    is 
suspended    on    a    myo- 
graph,   the     muscle     is 
loaded      with    a 
weight     of     100 
grams     and     its 
nerve  is  laid  over 
a  glass  plate  sup- 
ported bv  a  stand 
(Fig.    "3550). 
Upon  the  nerve 
rests    a  small 


aluminum  pan  having  a  sharp  keel  on  the  lower  side, 
and  into  this  a  weight  of  10  grams  falls  from  a  height 
of  about  10  centimeters.  At  the  moment  of  stimu- 
lation the  muscle  contracts  and  raises  the  100  grams 
about  1  centimeter.  Here  the  quantity  of  energy  that 
corresponds  to  the  work  of  the  muscle  is  approxi- 
mately ten  times  greater  than  the  quantity  of  energy 
that  has  operated  as  a  stimulus  upon  the  muscle." 

A  very  striking  parallel  fact  from  the  inorganic 
world  is'  familiar:  The  spark  from  a  small  battery 
which,  applied  to  the  human  body  gives  a  hardly 
noticeable  sensation,  is  sufficient  to  blow  up  a  whole 
house  if  applied  to  a  definite  quantity  of  nitroglycerin 
in  the  proper  manner. 

In  accordance  with  the  law  of  the  preservation  of 
energy  this  disproportion  must  be  explained,  not  by 
the  addition  of  energy  not  before  existent,  but  by  the 
transformation  of  one  form  of  energy  into  another 
form — for  instance,  of  chemical  energy  into  physical 
energv. 

However,  while  in  the  instance  of  the  spark  ex- 
ploding the  nitroglycerin,  the  produced  effect  is  to  a 
great  degree  independent  of  the  size  of  the  "stimulus," 
inasmuch  as  a  small  spark  applied  to  a  certain  quan- 
tity of  nitroglycerin  will  produce  no  less  explosive 
effect  than  a  large  flame  applied  to  the  same  quantity, 
this  does  not  hold  true  or  at  least  is  not  the  rule  for  the 
phenomena  of  irritability  in  animal  and  vegetable  life. 
Here — and  this  is  especially  true  for  the  nervous  and 
muscular  systems — very  frequently  the  manifest 
dynamic  change  produced  by  a  stimulus  increases 
with  the  size  of  the  latter,  but  only  up  to  a  certain 
point;  beyond  that  point  it  rapidly  diminishes  and  the 
stimulus  then  rapidly  reaches  that  size  which  causes 
death  of  the  tissue. 

The  attempt  to  establish  the  exact  ratio  between 
intensity  of  stimulus  and  degree  of  response  has  been 
made  by  Weber,  Fechner,  and  others. 
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According  to  Weber's  law  the  amount  of  cutaneous 
pressure  necessary  to  produce  perceptible  increase  of 
sensation  always  bears  the  same  ratio  to  the  amount 
of  the  stimulus  already  applied. 

Fechner  found  that  the  sensation  increases  in  in- 
tensity in  arithmetical  progression,  whereas  the  in- 
tensity of  the  stimulus  increases  in  geometrical 
progression,  this  relation  being  expressed  in  Fechner's 
law,  which  states  that  "the  intensity  of  sensation 
varies  with  the  logarithm  of  the  intensity  of  the 
stimulus." 

More  and  more  evidence,  says  Verworn,  has  ac- 
cumulated, however,  to  the  effect  that  the  Weber- 
Fechner  law  cannot  be  formulated  into  a  general  mathe- 
matical law,  fixing  the  relations  of  the  stimulus  and 
the  intensity  of  the  response. 

For  a  great  number  of  "living  systems"  Verworn 
finds  that  with  the  increase  of  the  intensity  of  stimu- 
lation the  response  at  first  increases  rapidly  and  later 
more  and  more  slowly. 

In  several  forms  of  living  substance  every  stimulus 
which  acts  at  all,  always  produces  a  maximal  response. 
This  relationship,  called  the  "all  or  none  law"  (Bow- 
diteh,  Verworn)  has  been  stated  by  Bowditch  to  exist 
for  the  frog's  heart,  by  McWilliams  for  the  mamma- 
lian heart,  by  Gotch  for  the  constituent  fibers  of  a 
nerve,  by  Keith  Lucas  for  the  single  cross-striated 
fiber  of  the  skeletal  muscle,  by  Veszi  for  the  strych- 
ninized  spinal  cord.  This  law  may  prove  to  be  of 
more  generalized  application. 

That  in  case  of  stimulation  of  a  nerve,  strong  stim- 
uli produce  stronger  effects  than  weak  ones,  Gotch 
explains  by  pointing  out  that  with  increasing  intensity 
of  the  stimulus  a  greater  and  greater  number  of  fibers 
of  the  nerve  are  stimulated,  and  Keith  Lucas  makes  the 
same  explanation  for  the  effect  of  direct  stimulation 
of  skeletal  muscle  and  Veszi  for  that  of  the  strychnine- 
poisoned  ganglion  cells  of  the  posterior  horn  of  the 
spinal  cord. 

Here  a  definition  of  the  term  stimulus  is  in  order. 
In  harmony  with  the  definition  of  irritability,  a  stimu- 
lus may  be  defined  as  any  agency  which  is  capable  of 
producing  manifest  or  demonstrable  changes  of  dynam- 
ics in  the  tissue  on  which  it  acts;  changes  that  may 
be  directly  demonstrable  in  the  stimulated  tissue 
itself  or  indirectly  by  the  effects  on  some  other  tissue, 
as  has  already  been  explained  in  the  case  of  nerve  and 
muscle. 

This  definition  comes  very  near  that  of  Verworn,* 
who  distinguishes  the  vital  phenomena  as  spontaneous 
phenomena — when  all  the  external  conditions  remain 
unchanged,  and  phenomena  of  stimulation — when 
other  influences  act  upon  them,  and  who  accordingly 
defines  a  stimulus  as  every  change  of  the  external 
agencies  that  act  upon  an  organism.  This  definition 
has  been  slightly  modified  by  us  in  view  of  the  fact 
that,  as  Verworn  himself  remarks,  a  strict  dividing  line 
between  spontaneous  phenomena  and  phenomena  of 
stimulation  cannot  be  drawn.  Wherein  our  definition 
corresponds  with  that  of  Verworn,  however,  is  that 
both  depressive  as  well  as  exciting  agencies  are  included 
in  the  definition  of  stimuli,  and  this  is  perfectly  appro- 
priate if  one  considers  that  in  many  cases  it  is  very 
difficult,  if  not  next,  to  impossible,  to  state  whether 
the  effect  of  the  stimulation  is  depressive  or  exciting. 
In  this  connection  the  existence  of  inhibitory  nerve  fi- 
bers and  nerves  should  be  called  to  mind,  the  excita- 
tion of  which  produces  a  depressive  instead  of  exciting 
effect  on  the  tissue  (muscular,  glandular,  etc.),  which 
it  innervates,  and  yet  the  agency  which  thus  acts  on 
said  nerve  or  nerve  fibers  must  be  called  a  stimulus. 

As  to  the  kinds  of  agencies  that  may  act  as  stimuli, 

*  Verworn,  in  his  recent  extensive  monograph  bearing  the  title 
"Irritability"  (New  Haven,  1913),  defines  stimuli  as  alterations 
in  the  external  conditions  and  irritability  of  living  substance  as 
the  capability  to  respond  to  stimuli  by  changes  of  the  vital  proc- 
esses, a  definition  very  similar  to  the  one  given  by  him  previously, 
as  quoted  above. 


such  are  very  numerous  and  may  be,  according  to 
Verworn,  classified  into  chemical,  mechanical  (includ- 
ing sound  vibrations),  thermic,  photic,  and  electrical. 

Another  distinction  to  be  made  is  between  the  ex- 
citing and  the  depressing  effects  of  a  stimulus,  by  which 
is  meant  the  increase  or  diminution  respectively  of  the 
activity  or  function  of  the  stimulated  t  issue.  Almo  I 
every  kind  of  .stimulus  probably  may  have  either  effect , 
according  to  the  intensity,  duration,  and  other  attri- 
butes of  the  stimulus. 

Nature  of  the  l'hi  niinii  na  nf  Excitation  and  Depres- 
sion.— In  discussing  the  nature  of  the  phenomena  of 
excitation  and  depression  Verworn  points  out  the 
importance  which  oxydative  processes  play  in  the 
phenomena  of  excitation  and  lack  of  oxygen  in  the 
phenomena  of  depression.  He  also  accentuates  the 
role  of  oxydative  decomposition  as  the  chief  source  of 
energy  production.  Whereas  the  stimuli  which  pro- 
duce an  exciting  effect  may  be  of  very  different  kind, 
they  all  invariably  increase  the  oxydative  disintegra- 
tion of  the  living  system  on  which  they  act.  The  de- 
pressing stimuli  on  the  contrary,  while  also  of  various 
kind,  have  in  common  a  lessening  of  the  processes  of 
oxydative  disintegration  owing  to  a  relative  or  abso- 
lute deficiency  in  oxygen.  • 

In  the  measure  in  which  the  amount  of  oxygen 
available  for  the  oxydative  disintegration  attendant 
upon  excitation  becomes  diminished,  irritability  de- 
creases, that  is,  depression  takes  place.  In  the  same 
degree  in  which  oxydative  disintegration  becomes 
less,  anoxydative  breaking  down  products  are  accumu- 
lated. Their  accumulation  likewise  plays  a  part  in 
the  production  of  depression. 

Every  excitation  is  followed  by  a  period  during 
which  irritability  is  lessened  and  which  is  called  the 
refractory  period.  By  the  metabolic  self-regulation, 
in  accordance  with  the  principle  of  chemical  equilib- 
rium the  original  metabolic  equilibrium  is  restored 
after  each  excitation,  but  if  the  processes  of  disintegra- 
tion and  self-regulation  are  delayed  either  by  want  of 
substance  necessary  for  breaking  down,  particularly 
a  lack  of  available  oxygen,  or  by  accumulation  of 
decomposition  substances,  the  refractory  period  is 
prolonged  and  the  responses  to  every  further  stimula- 
tion decreased,  that  is,  the  system  is  fatigued. 

Fatigue  is  therefore  a  typical  state  of  depression 
based  in  part  on  relative  deficiency  of  available  oxygen, 
or  a  true  asphyxia. 

In  Narcosis  a  suppression  of  oxydative  processes 
occurs  in  the  living  substance  acted  upon  by  the 
narcotic,  and  Verworn  formulates  the  following 
hypothesis  on  the  manner  of  this  suppression: 

"The  narcotics  obstruct  either  by  absorption  or  by 
loose  chemical  combination  the  oxygen  carriers  of  the 
cell  and  render  them  incapable  to  actuate  the  mo- 
lecular oxygen.  In  consequence  oxydation  of  the 
oxydable  substances  cannot  take  place  and  disinte- 
gration occurs  of  an  anoxydative  form.  The  cell 
asphyxiates. 

These  oxygen  carriers  are,  according  to  the  theory 
of  Mansfield  and  others,  represented  by  the  lipoids 
of  the  cells  and  the  narcotics  by  their  accumulation 
in  the  lipoids  bring  about  asphyxiation  bj-  obstructing 
_  the  transmission  of  the  oxygen  from  the  outer  medium 
through  the  surface  layer  of  the  lipoid  into  the 
protoplasm.  This  conception  harmonizes  well  with 
the  observations  made  by  Meyer  and  Overton,  that 
the  depressing  effect  of  a  narcotic  is  the  greater  the 
larger  is  the  coefficient  between  substances  of  a  fatty 
nature  and  water,  or  in  other  words,  that  those 
narcotics  produce  the  strongest  effects  which  are 
most  readily  soluble  in  substances  of  a  fatty  nature 
(such  as  the  lipoids  are)  but  not  so  in  water. 

"While  thus,"  says  Verworn,  "suppression  of 
oxydation  has  been  shown  to  be  the  moving  factor 
in  the  depression  produced  by  narcotics,  there  are 
oxydation  suppressing  substances,  which  are  not  nar- 
cotics as  they  do  not  follow  the  Meyer-Overton  law, 
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Fig.  3551. 


Actinospherium 
b. 


above  mentioned,  and  it  is  likewise  certain  that  de- 
pressing substances  will  be  found,  the  depressing 
effects  of  which  will  not  have  their  point  of  attack 
in  the  oxygen  exchange  but  will  be  shown  to  exist  in 
other  constituents  of  the  metabolic  chain. 

Kinds  of  Stimuli  and  Responsiveness  to  Them. 
— The  responsiveness  to  all  kinds  of  stimuli  can  be 
traced  down  to  the  lowest  forms  of  life  in  the  animal 
scale  and  as  seen  also  in  plants.  As  an  instance  of 
the  irritability  of  certain  plants  to  mechanical 
ctimuli,  one  may  mention  that  of  Mimosa  pudica, 
the  leaves  of  which  fold  together  when  the  plant  is 
shaken;  or,  again,  electrical  currents  have  been  seen 
to  increase  granular  stream- 
ings in  protoplasm  of  plants, 
such  as  Nitella  and  Trades- 
cantia  (quoted  from  Ver- 
worn). 

No  less  interesting  is  the 
narcosis  of  plants  as  observed 
by  Claude  Bernard,  who 
found  that  under  the  influ- 
ence of  chloroform  certain 
Algae  (spirogyra)  cease  to 
evolve  oxygen,  certain  Dia- 
tomese  cease  to  secrete,  and 
growth  and  division  of  plant 
seeds  become  arrested;  while 
Mimosa  pudica,  when  under 
the  influence  of  ether,  en- 
tirely closes  its  above-men- 
tioned responsiveness  to  me- 
chanical stimulation. 

The  effect  of  mechanical 
stimulation  on  bacteria  was 

shown  by  Horvath  (confirmed  by  Meltzer),  who  ob- 
served not  only  inhibition  of  growth  but  even  death 
and  granular  disintegration  of  these  microorganisms 
as  the  result  of  regular  vibrations. 

That  bacteria  too  may  be  excited  by  light  is  shown 
in  the  Bacterium  photometricum,  the  flagellum  of 
which  moves  under  exposure  to  light,  but  ceases  to 
move  when  the  amount  or  intensity  of  light  diminishes 
beyond  a  certain  level. 

In  amebae  and  ameba-like  rhizopods  responsive- 
ness to  all  kinds  of  stimuli — chemical,  mechanical, 
thermic,  photic,  and  electric — has  been  seen  by 
Engelmann,  Max  Schultze,  Kiihne,  Verworn,  and 
others.  _  (See  Fig.  3551.) 

The  ciliary  and  flagellar  motion  or  infusoria  too  has 
been  found  to  be  influenced  by  all  the  above  kinds 
of  stimuli  in  the  direction  of  acceleration  as  well  as 
that  of  retardation.  Narcotics,  such  as  ether  and 
chloroform,  retard  this  movement  (Engelmann);  high 
temperatures  up  to  a  certain  point  accelerate  and 
low  temperatures  retard  it. 

An  adaptability  of  ameba-like  organisms  to  stimuli 
of  all  classes,  brought  about  by  gradually  increasing 
the  amount  of  stimulation,  has  been  demonstrated 
by  Engelmann.  This  author  noticed  particularly 
that  Actinospherium,  a  rhizopod,  if  placed  in  salt 
solutions  of  gradually  increasing  strength,  could 
finally  be  made  to  extend  its  pseudopodia  in  solutions 
of  such  concentration  as  would  have  made  it  con- 
tract immediately  to  a  ball  and  eventually  would  have 
produced  death,  had  it  been  brought  into  them 
directly. 

A  parallel  phenomenon  in  higher  animals  is  observed 
in  the  adaptability  of  the  organism  to  such  poisons 
as  morphine  and  the  like. 

However,  this  adaptability  is  by  no  means  the  rule, 
since  in  the  case  of  the  rectal  and  vesical  sphincters, 
for  instance,  as  Verworn  points  out,  the  response  con- 
tinues the  same  in  spite  of  the  prolonged  stimulation 
to  which  they  are  subject. 

In  the  course  of  evolution  of  the  animal  series  the 
use  of  organs  or  tissues  for  particular  purposes  leads 


to  such  a  differentiation  that  each  organ  or  tissue  be- 
comes excitable  particularly  by  a  definite  kind  of 
stimulus.  An  instance  of  this  is  the  retina,  the  ex- 
quisite responsiveness  of  which  to  photic  stimuli 
makes  it  adapted  for  the  purpose  of  vision.  This  is, 
however,  not  due  solely  to  the  photic  responsiveness 
of  the  retina,  but  is  greatly  furthered  by  the  refractive 
apparatus  of  the  eye  and  the  arrangement  of  the 
retinal  elements,  which  make  it  possible  to  concen- 
trate, differentiate,  and  isolate  the  stimulations  in 
the  most  perfect  manner  for  the  particular  purpose  of 
vision. 

Moreover,    experiences    with    the     Rontgen     rays 
have  convinced  us  that  even  in  the  highly  differen- 


under  Chemical   Stimulation.      (From    Verworn.)      a,    Unstimulated; 
slightly  stimulated;    c,  strongly  stimulated. 

tiated  organism  of  man  the  retina  is  not  the  only 
tissue  that  can  be  stimulated  by  light.  The  deep 
trophic  cutaneous  disturbances  following  long  ex- 
posures to  this  kind  of  light  bear  out  this  statement; 
and  similarly,  sound  vibrations,  although  finding  a 
particularly  responsive  recipient  in  the  peculiarly 
constructed  auditory  apparatus  of  the  labyrinth, 
evidently  also  have  some  effect  on  other  tissues. 

The  irritability  par  excellence  of  nerve  tissue  is 
shown  among  other  things  by  comparison  with  that  of 
amebae,  since  nerve  fibers  are  'put  into  activity  by 
extremely  feeble  galvanic  currents,  while  amebae  de- 
mand much  stronger  currents  for  this  effect. 

Relation  of  Irritability  and  Conductivity. — The  irri- 
tability and  conductivity  of  a  living  substance  or 
system  are  inseparably  linked  to  each  other.  For 
Rhizopods,  Verworn  demonstrated  that  the  conduc- 
tion of  excitation  takes  place  with  a  decrement  of 
intensity  and  rapidity,  becoming  larger  with  the 
distance  from  the  point  of  stimulation  until  the  wave 
of  excitation  is  obliterated,  whereas  his  manifold 
observations  on  the  medullated  nerve  showed  that  the 
latter  under  normal  conditions  conducts  excitation 
without  a  perceptible  decrement  of  the  intensity. 

These  great  differences  in  the  conductivity  of  ex- 
citation are  conditioned  by  variations  in  the  degree 
of  irritability,  and  the  three  factors — irritability,  in- 
tensity, and  velocity  of  the  progress  of  the  wave  of 
excitation  are  inseparable,  as  is  the  existence  of  the 
"all  or  none  law"  found  valid  for  the  normal  nerve, 
in  which  the  weakest,  as  well  as  the  strongest  stimuli 
produce  excitations  of  equal  intensity. 

Finer  Mechanism  of  Conductivity. — The  progression 
of  excitation  from  cross-section  to  cross-section  in  a 
living  system  is  according  to  Verworn  brought  about 
by  decomposition  of  the  molecules  in  one  region  acting 
as  a  stimulus  and  producing  a  disintegration  of  the 
molecules  in  another  (meaning  adjoining)  region,  etc. 
It  can  in  many  respects  be  compared  with  the  burn- 
ing of  a  fuse,  but  since  in  the  case  of  the  excitation  of 
living  substance  the  production  of  heat,  which  in  the 
fuse  plays  such    an   important   r61e,  is  very  small. 
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"It  seems  easier  to  assign  the  role  of  mediator  of  dis- 
integration not  to  heat  but  to  electricity." 

Verworn  considers  the  numerous  combinations  and 

speculations  of  Bethe  and  Apathy  concerning  the 
part  taken  by  the  neurofibrillar  in  the  process  of 
conduct  ion  as  untenable  and  he  forms  the  theory  thai 
the  reticulated  substance  is  the  seat  of  the  electric 
discharge  which  in  turn  gives  the  impact  to  the  break- 
ing down  of  new  molecules  and  with  this  to  the 
occurrence  of  new  potential  differences  and  so  on; 
consequently  the  disintegration  is  extended  further 
and  further  through  the  connected  masses  of  the 
protoplasmic  framework. 

Threshold  and  Threshold  Value  of  Stimulation. — 
Very  feeble  stimuli  cause  no  visible  or  demonstrable 
effects  on  the  stimulated  or  other  tissues.  By  gradu- 
ally increasing  the  intensity  of  the  stimulus  a  point  is 
finally  reached  when  its  effect-  becomes  just  perceptible 
or  demonstrable.  This  point  is  called  the  threshold 
of  stimulation  and  the  intensity  of  the  stimulus  pro- 
ducing this  minimal  effect  is  called  the  threshold  value 
of  stimulation.  Or  one  speaks  of  "threshold  stimulus." 
When  the  intensity  of  the  stimulus  is  further  increased 
until  a  point  of  maximal  response  is  reached,  the 
.stimulus  just  sufficiently  strong  to  produce  this 
maximal  response  is  called  maximal  stimulus,  whi 
all  intensities  between  the  threshold  and  the  maximal 
stimulus  are  called  submaximal  stimuli,  and  intensities 
above  the  "maximal  stimulus"  are  termed  "supra- 
maximal stimuli."  (How  to  harmonize  these  defini- 
tions with  the  "all  or  none  law"  has  been  indicated 
in  preceding  paragraphs  of  this  article.)  This 
threshold  value  is  not  an  immutable  entity  but  de- 
pendent on  the  demonstrable  effect  that  is  expected, 
as  well  as  on  other  factors. 

For  instance,  the  threshold  value  for  a  stimulation 
of  the  planta  pedis  might  be  that  degree  of  stroking 
which  is  sufficient  to  produce  a  plantar  reflex;  or  it 
might  be  that  degree  of  stroking  which  just  suffices  to 
give  a  conscious  tactile  impression.  The  first  would 
be  the  threshold  value  of  reflex,  the  other  the  threshold 
value  of  conscious  perception  for  the  tactile  stimulus. 

Fur  a  motor  nerve  the  threshold  value  of  stimula- 
tion is  usually  measured  by  the  intensity  of  the 
stimulus  required  to  produce  a  minimal  contraction 
of  the  muscle  supplied  by  it ;  but  we  have  seen  in  the 
instance  of  curare  poisoning,  which,  by  a  paralysis 
of  the  endings  of  a  motor  nerve,  prevents  or  impedes 
the  transmission  of  the  impulse  from  nerve  to  striated 
muscle,  that  the  degree  of  muscular  contraction  does 
not  give  us  any  true  measure  of  the  irritability  of  the 
nerve  and  consequently  not  of  the  threshold  value  of 
stimulation  of  the  nerve. 

Another  factor  influencing  the  threshold  value  is 
the  amount  of  "charging"  existing  in  a  given  nerve 
or  nerve-cell  group  previous  to  the  stimulation.  If, 
for  instance,  a  cell  group  from  which  a  motor  nerve 
takes  its  origin  is  acted  upon  from  some  source  or 
other  by  a  temporary  nerve  impulse  or  by  a  continuous 
stream  of  nerve  impulses  (tonus)  just  weak  enough 
not  to  produce  a  muscular  contraction,  then  a  very 
small  amount  of  additional  stimulation,  whether  such 
is  a  voluntary  nerve  impulse,  a  sensory  stimulation 
acting  by  way  of  reflex,  or  an  external  direct  stimulus, 
would  suffice  to  transform  the  latent  into  potent 
energy  and  thus  to  cross  the  threshold  of  stimulation. 

On  the  other  hand  the  nerve  impulses  acting  on  a 
given  cell  group  at  the  moment  of  an  intended  stimu- 
lation may  be  antagonistic  to  the  latter  and  thus  in- 
crease its  threshold  value  in  a  corresponding  degree. 
B.  Ontjf  (Onttfbowicz). 
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Ischl  is  one  of  the  mosl  frequented  spas  of  Austria, 
being  often  visited  by  the  Emperor  and  main  oi  the 
nobility.  It  is  situated  in  the  center  of  tin-  "  Salz- 
kammergut."  in  a  beautiful  Alpine  valley,  at  the  point 
where  the  little  river  Traun  empties  into  the  Ischl. 
Its  elevation  is  about  1500  feet  above  the  level 
of  the  sea.  It  possesses  a  mild,  moist  climate,  the 
average  temperature  from  May  to  the  end  of  Sep- 
tember being61°  F.  Showers  are  very  frequent  during 
the  early  part  of  the  summer,  but  the  sandy  soil 
absorbs  the  water  quickly,  so  thai  the  walking  is 
seldom  rendered  unpleasant.  In  the  neighborhood  of 
the  salt  works  the  atmosphere  is  very  similar  to  that  of 
the  seashore. 

The  salt  hills  of  Ischl  and  Hal  1st  ad  t  contain  natural 
salt  veins,  consisting  of  saliferous  clay  mixed  with  gyp- 
sum, resting  upon  limestone  seamed  with  marl  and 
clay.  Pure  water  is  conveyed  hither  in  pipes,  becomes 
saturated  with  the  salts,  and  the  brine  then  flows  into 
the  salt  houses  in  Ischl  and  Ebensee.  The  following  is 
the  composition  of  the  brines  coming  from  the  Ischler 
and  Hallstadter  hills,  calculated  in  parts  per  1,000: 


Hallstadter 

brine. 


[echler 

brim.-. 


Sodium  chloride 

Magnesium  chloride 
Magnesium  bromide 
nm  Bulphate . 
Sodium  Bulphate 
Calcium  sulpha  u 

Total  solids 


255  -'''. 
4  'it 
I),  ID 
4 .  02 
3.25 
3.40 


.'71    63 


236.13 

0.93 
0.06 
0  .  09 
3.84 

:;   st 


245.49 


The  baths  are  preparer!  by  mixing  these  two  brines  in 
the  proportion  of  one-third  Ischl  and  two-thirds  Hall- 
stadt,  to  which  is  often  added  a  decoction  of  pine 
needles.  There  are  also  facilities  for  mud  baths  and 
for  inhalations  of  salt  spray. 

There  are  also  several  mineral  springs  at  Ischl.  The 
following  is  their  composition,  computed  in  parts  per 
1,000: 


Schwefel- 
quelle. 


Calcium  carbonate. 
Magnesium  carbonate. 

Calcium  sulphate 

Potassium  sulphate. . .  . 

Sodium  sulphate 

Magnesium  chloride. 


0.092 


0.459 
0.024 
4.125 
0.732 
Sodium  chloride 1 7 .  005 


Total  solids 22.437 


Klebels- 
berg- 
quelle. 


Maria- 
Louisen- 
quelle. 


0.015 
0.011 
0.244 
0.108 
0.274 
0.406 
5.118 


r.  dm, 


0.197 
0.010 
0.078 


0.071 
0.098 
5.580 


6.034 


In  the  sulphur  spring  (Schwefelquelle)  there  is  a  con- 
siderable amount  of  free  sulphureted  hydrogen  gas. 

In  addition  to  its  being  a  fashionable  watering-place, 
Ischl  enjoys  a  well-deserved  reputation  as  a  health 
resort.  The  climate  and  the  waters  combine  to  render 
it  admirably  adapted  for  the  treatment  of  nervous  and 
irritable  individuals,  and  of  those  debilitated  by  dis- 
ease, dissipation,  or  too  rapid  growth.  Children 
suffering  from  scrofulous  troubles  are  often  much 
benefited  by  a  visit  to  the  place.  Inhalations  of  the 
brine  spray  are  used  in  the  treatment  of  chronic 
catarrhal  affections  of  the  air  passages,  and  many  fe- 
male disorders  are  relieved  by  brine  baths. 

The  accommodations  are  of  the  usual  good  charac- 
ter found  at  frequented  spas. 

The  beautiful  situation  and  the  mild,  equable,  sooth- 
ing climate,  and  innumerable  charming  excursions 
round  about,  all  conspire  to  render  Ischl  a  delightful 
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spot  for  a  longer  or  shorter  visit  in  the  season,  which 
lasts  from  July  to  the  end  of  September. 

It  is  an  excellent  resort  for  an  "after-cure."  Besides 
the  diseases  above  mentioned,  there  may  be  added 
neuralgia,  anemia,  and  rheumatoid  arthritis,  which 
are  said  to  improve  from  a  residence  here.  It  is  still 
'  an  expensive  and  fashionable  resort,  but  the  accommo- 
dations are  said  to  be  excellent.  There  is  a  fine  Kur- 
haus,  two  bath  houses,  where  brine,  sulphur,  and  pine 
baths,  and  brine  vapor  baths  are  given.  The  "milk 
and  whey  cure"  is  also  another  resource  of  the  place. 
The  number  of  inhabitants  is  about  7,(100,  and  there 
are  nearly  6,000  visitors. 

The  shortest  route  from  England  is  via  Cologne  to 
Munich,  thence  via  Salzburg  to  Ischl.  It  is  1,048  miles 
distant  from  Paris. 

Although  he  visited  it  many  years  ago,  the  writer 
still  vividly  remembers  the  beautifully  shaded  avenue 
which  is  one  of  the  features  of  the  place. 

Edward  O.  Otis. 

Isinglass.' — See  Ichthyocolla. 

Isolation. — This  may  be  defined  as  the  separation 
of  a  patient  with  a  communicable  disease  from  other 
individuals.  There  are  different  degrees  to  which  the 
principle  of  isolation  can  be  carried  out.  In  the 
strictest  sense  isolation  means  the  absolute  segrega- 
tion of  the  patient  in  a  separate  room.  In  most 
hospitals  for  contagious  diseases  the  purpose  of  iso- 
lation is  supposed  to  be  fulfilled  by  keeping  patients 
affected  with  the  same  disease  in  the  same  ward. 
Within  recent  years  there  has  been  a  tendency  to 
discount  the  importance  of  the  aerial  conveyance  of 
infection,  and  to  regard  physical  contact  and  the  effect 
of  droplets  coughed  out  by  the  patient  or  of  discharges 
from  various  cavities  of  the  body  as  the  main  factors 
in  the  spread  of  communicable  disease.  In  spite  of 
the  widespread  establishment  of  isolation  hospitals 
and  the  enforced  isolation  of  patients  in  their  own 
homes,  there  has  not  been  a  commensurate  diminu- 
tion in  the  prevalence  of  contagious  diseases.  The 
partial  failure  of  isolation  is  to  be  attributed  to  the 
fact  that  healthy  individuals  may,  as  bacteria  carriers, 
impart  a  communicable  disease  to  other  individuals 
more  susceptible  than  themselves;  and  also  to  the 
fact  that,  as  in  the  case  of  measles,  the  infected  indi- 
vidual is  not  isolated  until  he  may  havo  already  im- 
parted the  disease  to  others.  There  is  a  growing  belief 
that  in  the  prevailing  or  common  types  of  infectious 
disease,  isolation  is  carried  too  far  and  that  less  rig- 
orous methods  would  be  equally  as  effective.  Charles 
V.  Chapin,  for  many  years  Health  Officer  of  Provi- 
dence, Rhode  Island,  has  made  an  extensive  study  of 
this  subject  and  finds  that  the  fewer  the  infected 
persons  in  any  community  or  institution  the  more 
likely  is  isolation  to  be  successful;  that  the  effective- 
ness of  isolation  varies  inversely  as  the  number  of 
missed  cases  and  carriers;  that  hospitalization  in 
such  diseases  as  scarlet  fever  and  diphtheria  cannot 
be  expected  to  exterminate  them;  and  that  the  isola- 
tion of  school  children  should  be  more  strict  than  that 
of  adults.  Isolation  should  be  stringent  in  the  case 
of  smallpox,  and  in  the  case  of  such  rare  diseases  as 
plague,  leprosy,  and  cholera.  Recent  investigations 
have  shown  that  the  infectivity  of  measles  is  greatest 
during  the  height  of  the  catarrhal  symptoms,  and  the 
experience  of  English  hospitals  has  demonstrated 
that  there  is  no  danger  of  contagion  from  the  des- 
quamated skin  in  scarlet  fever.  In  Providence, 
Rhode  Island,  the  scarlet-fever  patient  is  released 
from  the  hospital  in  four  or  five  weeks  if  there  is 
no  nasal  or  aural  discharge,  and  no  heed  is  paid  to 
desquamation. 

The  question  of  the  nature  and  degree  of  isolation 
in  hospitals  is  an  important  one.  The  "cubicle" 
system  of  bed  isolation  is  the  one  best  adapted  for  the 
prevention  of  cross-infection.     In  hospitals  constructed 
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on  the  pavilion  plan  in  which  cases  of  the  same 
infectious  disease  are  treated  in  the  same  ward,  it  is 
necessary  to  maintain  a  distance  of  not  less  than 
twelve  feet  between  each  bed  in  order  to  minimize 
tin-  chances  of  contact    and  of  droplet  infection    from 

one  patient  to  another.  Even  with  this  provision 
the  isolation  is  not  ideal,  for  as  is  pointed  out  by 
11.  franklin  Parsons,  "there  is  reason  to  believe  that 
in  infectious  diseases  the  primary  infection  is  liable 
to  have  accompanying  or  supervening  upon  it  other 
secondary  or  septic  infections,  to  which  latter  the 
severity  of  the  resulting  illness  and  the  occurrence  of 
complications  are  largely  due;  that  these  secondary 
infections  may  be  different  even  where  the  primary 

infection  is  the  same;  and  that  therefore  every  patient 
suffering  from  an  acute  infectious  disease  should  be 
regarded  as  requiring  to  be  isolated — more  or  less 
completely  according  to  the  nature  and  stage  of  the 
disease — not  only  from  healthy  susceptible  persons 
and  from  persons  suffering  from  illness  due  to  other 
infections,  but  also  from  other  cases  which  are  classi- 
fied as  being  of  the  same  infectious  disease." 

Considerable  attention  is  now  being  paid  to  the 
"cubicle"  or  "compartment"  system  of  isolation. 
There  are  three  different  types  of  this,  according  to  t  he 
degree  of  aerial  separation  between  the  compartments: 
(1)  Each  compartment  is  completely  separated  from 
every  other  and  is  separately  entered  from  the  open  air 
under  a  veranda,  as  at  the  Walthamstow  Hospital, 
England.  (2)  Each  compartment  is  separated  from 
every  other  by  a  partition  reaching  to  the  ceiling,  but 
the  compartments  are  all  entered  from  one  corridor,  as 
in  the  Pasteur  Hospital,  Paris.  (3)  The  compartments 
are  all  entered  from  one  corridor  and  are  separate  from 
one  another  only  by  partitions  not  reaching  to  the  ceil- 
ing. These  partially  separated  cubicles  are  unsuited 
for  the  treatment  of  smallpox,  chickenpox,  measles 
during  the  acute  stage  of  the  disease,  and  septic  scarlet 
fever,  but  it  is  believed  that  scarlet  fever  not  of  a 
septic  type,  diphtheria,  measles  in  the  posteruptive 
stage,  whooping  cough,  mumps,  influenza,  and  typhoid 
fever  can  be  treated  in  such  a  cubicle  without  much 
risk  to  other  patients  in  the  ward. 

Alexander  Spingarn. 
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Isospora. — Cytospermium.  I.  bigeminum  isasporo- 
zoan  parasite  that  lives  in  the  intestinal  villi  of 
dogs  and  cats.  It  is  believed  to  occur  in  man  some- 
times.    See  Protozoa.  A.  S.  P. 

Itch-mite. — See  Arachnidce. 

Ivy. — English,  Black,  Creeping,  or  Common  Ivy. 
Hedera.  The  herbage  and  fruit  of  Hedera  Helix  L. 
(H.  poetica  Salisb.,  farm,  Araliaceai).  The  gum  resin 
exuded  by  the  stem  is  also  used. 

This  well-know'n  and  highly  ornamental  evergreen 
is  native  of  Europe  and  temperate  Asia,  and  is  culti- 
vated in  all  countries  having  a  suitable  climate.  The 
leaves  are  stoutly  petioled,  from  three  to  six  inches 
long,  and  mostly  of  greater  breadth,  entire  or  pal- 
mately  three-  to  five-lobed,  rounded  or  cordate  at  the 
base,  acute  at  the  summit,  smooth,  very  dark  green, 
very  thick  and  coriaceous,  somewhat  aromatic  and  of 
an  astringent  and  disagreeably  bitter  taste.  The 
poisonous  fruits  are  in  long-peduncled,  panicled  umbels 
and  are  five-pyrenate  berries,  smooth,  black,  and  in- 
ternally mealy.  Thej-  have  a  terebinthinate  odor 
when  bruised  and  a  pungent,  somewhat  sour,  tere- 
binthinate taste.  The  leaves  contain  a  little  volatile 
oil,  tannin,  and  the  glucoside  helixin,  which  yields 
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helixigenin.  The  fruit  contains  a  bitter-sweet  rosin 
in  the  pulp,  and  several  specific  principles  in  the  seeds, 
namelj  hederic  acid  (CicILcOi)  and  hederotannic  acid. 
A  bit i<  r   body,   hederin,   has  been   reported,   but   its 

nature  is  unknown.  It  has  been  claimed  that  it  is 
identical  u  it  h  t  he  hederotannic  acid,  but  this  appears 
unlikely.  The  emetieocathartic  and  poisonous  prop- 
erties have  been  proven  by  Joanin  to  reside  in  the 
hederin. 

Ivy  leaves  have  been  used,  bruised  into  a  poultice- 
like mass  and  in  other  forms,  as  a  parasiticide  and  a 
stimulating  application  to  cutaneous  ulcers  and  erup- 
tions. They  are  also  used  internally  in  doses  of  gr. 
xv. -xxx.,  in  various  diseases  and  wholly  unscientifically. 
The  fruits  are  emetieocathartic  and  are  doubtless 
effective  as  a  nauseating  diaphoretic,  and  have  thus 
been  used  in  febrile  states.  The  gum  resin  is  used  as 
an  astringent  internally,  and  externally  for  the  same 
purposes  as  the  leaves.  Henry  H.  Rusby. 

Ivy,  Poison. — See  Rhus  toxicodendron. 

Ixodes. — Cynorhaestes.  Crotonus.  A  genus  of 
ticks,  Ixodinos,  without  eyes ;  with  long  palpi  hollowed 
on  the  internal  surface;  tarsi  without  terminal  spurs; 
pre-anal  groove  open  posteriorly.  /.  ricinus  is  the 
castor-oil  tick  and  is  found  on  man,  sheep,  goats, 
horses,  cattle,  dogs,  cats,  rabbits,  bats,  birds,  etc.;  it 
carries  Babesia  bigemina,  the  cause  of  Texas  fever. 
See  Arachnida.  A.   S.   P. 


Ixodida'. — A  family  of  ticks  which  includes  most 
of  the  known  species.  There  is  a  dorsal  scutum  and  a 
terminal  capitulum;  the  digit  of  the  mandible  has 
two  apophyses;  the  palpi  are  free.  There  are  two 
sub-families:  (1)  Rhipicephalince  in  which  the  palpi 
are  not  longer  than  broad  and  the  anterior  portion  of 
the  body  is  emarginate,  and  (2)  Ixodina  ,  with  palpi 
longer  than  broad,  rostrum  long,  anterior  portion  of 
bodv  straight  or  emarginate.     See  Arachnida. 

A.  S.  P. 


Ixodinte. — A  subfamily  of  ticks  in  which  the  palpi 
are  longer  than  broad;  rostrum  long;  anterior  portion 
of  body  straight  or  emarginate.  The  genera  in- 
cluded are:  Ixodes,  Euixodes,  Esckatocephalus,  Cera- 
tixodes,  Avonomma,  Amblyomma,  and  Hyalomma. 
See  Arachnida.  A.  S.  P. 


Ixodoidea. — The  order  of  Arthropods  which  in- 
cludes the  ticks.  These  animals  are  of  importance 
in  medicine  not  only  on  account  of  their  unpleasant 
bites,  but  also  because  they  spread  diseases — Texas 
fever,  African  tick  fever,  Tsutsugamushi  disease, 
spotted  or  mountain  fever,  etc.  They  are  parasitic 
on  mammals,  birds,  and  reptiles,  but  are  not  strictly 
confined  to  one  host.  There  are  two  families,  the 
Argasida;,  chiefly  on  birds,  and  the  Ixodida,  or  true 
ticks.     See  Arachnida.  A.  S.   P. 


Jaborandi. —  See  Pilocarpus. 


Jaboulay,  Mathieu. — One  of  the  most  brilliant 
surgeons  of  the  Lyons  school  was  born  at  Saint- 
Genis-Laval,  July  3,  1860,  and  received  his  medical 
education  ;it  the  Faeulte  de  Medecine  of  Lyons.  In 
1881  he  was  appointed  hospital  interne  and  in  18S6 
was  made  head  of  the  department  of  anatomy  at  the 
university.  Ten  years  later  he  was  appointed 
surgeon  to  the  hospitals  and  in  1902  became  professor 
of  clinical  surgery  at  the  university  in  succession  to 
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Oilier,  lately  deceased.     He  was  killed  in  a  railway 
accident   on   November  4,   1913. 

Jaboulay  was  a  man  of  great  learning  and  originality, 
a  most  skilful  surgeon,  and  a  successful  teacher. 
Among  the  subjects  of  his  special  study  were  exo- 
thyropexy  for  goiter,  division  of  the  sympathetic  for 
exophthalmic  goiter,  vascular  anastomosis,  inconti- 
nence of  urine,  perforating  lesions  of  the  gastro- 
enteric tract,  and  cancer.  Among  the  most  important 
of  his  writings  were  a  collection  of  papers  on  "Surgery 
of  the  Great  Sympathetic  and  Thyroid  Body"  (1900] 
and  Surgery  of  the  Nervous  Centers,  Viscera,  and 
Limbs  (1902);  worthy  of  special  mention  also  were 
articles  on  the  "Microbe  of  Acute  Osteomyelitis" 
(1885)  and  "Relations  of  the  Optic  Nerves  with  the 
Central  Nervous  Systems."  T.  L.  S. 


Jaccoud,  Sigismond. — Born  at  Geneva,  Switzer- 
land, November  29,  1830,  of  poor  parents,  he  was 
early  thrown  on  his  own  resources,  and  supported 
himself  during  his  medical  studies  by  playing  the 
violin  in  an  orchestra  of  one  of  the  Paris  theaters  and 
giving  lessons  on  this  instrument  of  which  he  was  an 
accomplished  master.  He  received  an  appointment 
as  hospital  intern  in  1859  and  obtained  his  doctorate 
from  the  Paris  Faculty  in  1860,  his  graduation  thesis 
being  on  the  pathogenesis  of  albuminuria.  In  1862 
he  won  through  competitive  examination  an  appoint- 
ment as  physician  to  the  hospitals  and  became  a 
professor  agrege  in  the  Faculty  de  Medecine  in  1863 
and  full  professor  in  1876.     He  died  in  April,  1913. 

Jaccoud  was  a  man  of  profound  erudition,  a  dili- 
gent student  gifted  with  a  remarkable  memory,  and 
an  acute  observer.  Among  his  notable  contributions 
to  medical  literature  were:  "  Paralysie  et  l'ataxie  du 
mouvement"  (1864),  Lecons  cliniques  de  la  Charite  " 
(1863),  "Traite  de  pathologie  interne"  (1871), 
"Legons  cliniques  de  Lariboisiere "  (1873),  and  the' 
great  "  Dictionnaire  de  medecine  et  de  chirurgie" 
(1879-1886).  T.  L.  S. 


Jackson,  James. — Born  in  Newburyport,  Mass., 
on  October  3,  1777.  He  was  graduated  from  Harvard 
University  in  1796,  and  received  his  medical  degree 
from  the  same  University  in  1809.  In  1812  he  was 
appointed  Professor  of  the  Theory  and  Practice  of 
Medicine  in  the  Medical  School  of  Harvard  Uni- 
versity, which  position  he  held  for  twenty-four  years. 
In  1S17  he  began  service  as  First  Physician  of  the 
Massachusetts  General  Hospital,  in  which  capacity 
he  served  until  1837.  He  was  elected  President  of 
the  Massachusetts  Medical  Society  for  several  suc- 
cessive terms.     He  died  on  August  27,  1867. 

Among  his  most  important  writings  are  his  "Letters 
to  a  Young  Physician,"  which  were  written  to  his 
son,  then  just  entering  upon  the  practice  of  medicine. 

E.  L.  J. 


Jackson,  Robert. — Native  of  Stockton,  County 
of  Durham,  England.  He  was  employed  for  many 
years  (during  the  latter  part  of  the  eighteenth 
century)  as  a  surgeon  in  the  British  Army,  much  of 
his  time  being  spent  in  the  West  Indies.  In  this  way 
he  gained  considerable  experience  in  the  treatment  of 
those  maladies  to  which  Europeans  are  liable  during  a 
residence  in  hot  climates;  and,  in  fact,  for  many  years 
after  his  first  book  on  tropical  diseases  was  published, 
no  other  writer  appears  to  have  furnished  equally 
valuable  information.  As  long  ago  as  1808  he  wrote 
a  treatise  on  the  employment  of  affusions  of  cold  water 
on  the  surface  of  the  body  in  the  treatment  of  fever — 
a  practice  which  was  destined  to  be  revived  with 
great  success  by  the  Germans  sixty  or  seventy  years 
later.  The  following  are  the  titles  of  a  few  of  his 
more    important    published    writings:     "A    Treatise 
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on  the  Fevers  of  Jamaica,  with  some  Observal  ions  on 
the  intermittent  Fevers  of  America;  and  an  Appendix 
containing  some  Hintsonthe  Means  of  Preserving  tin- 
Health  of  Soldiers  in  Hot  Climates,"  London,  1791; 
"An  Exposition  of  the  Prad  ice  of  Affusing  ( 'old  Water 
on  the  Surface  of  the  Body  for  the  Cure  of  Fever;  to 
which  are  added  Remarks  on  the  Effects  of  Cold 
Drink  and  of  Gestation  in  the  Open  Air,  in  certain 
Conditions  of  Disease,"  Edinburgh,  lxos;  and 
"Sketch  of  the  History  and  Cure  of  Contagious 
Fevers,"    London,    1819.  A.  H.  B. 


Jacksonville. — The  city  of  Jacksonville,  the  larg- 
est in  Florida,  is  situated  about  twenty-five  miles 
from  the  mouth  of  the  St.  John's  River,  on  its  left 
bank.  It  contains  57,609  inhabitants,  which  are 
largely  added  to  during  the  winter  months  by  tran- 
sient visitors  and  invalids  seeking  a  mild  and  salubrious 
climate.  The  city  is  well  laid  out  with  wide  and  well- 
shaded  streets  and  parks,  and  offers  all  the  advantages 
to  be  expected  from  a  city  of  this  size:  good  public 
schools,  a  library,  opera  house,  public  halls,  and 
churches  of  various  denominations.  There  is  a  good 
water  supply  from  artesian  wells,  and  a  system  of 
sewerage  introduced  under  the  direction  of  the  late 
Colonel  Waring.  The  death  rate  is  low.  There  are 
good  shell  roads  leading  out  of  the  city  which  afford 
good  driving,  automobiling,  and  cycling.  The  various 
excursions  on  the  river  are  also  attractive. 

If  one  desires  to  spend  the  winter  in  a  city  in  a  mild 
and  sunny  climate,  Jacksonville  offers  many  advan- 
tages. There  are  excellent  and  abundant  accommo- 
dations of  all  kinds,  from  the  hotel  of  500  guests 
to  a  variety  of  smaller  boarding-  and  lodging-houses. 
Unfurnished  cottages  can  also  be  obtained.  The 
winter  climate  is  mild  and  equable,  and  of  medium 
moisture. 

The  following  table  gives  the  climatic  data  for  the 
five  winter  months — November  to  March  inclusive. 


Climate    of   Jacksonville 

Fla. 

Latitude,    30 

°    20'; 

LONGI- 

tude,  81°  30'.     Period  of  Obse 

rvation,  Twelve  Years. 

4-2 

> 

i     o 

n  e 

0) 

Janu- 
ary. 

>< 

Temperature — 

Average  or  normal. . 

61.7° 

55.8° 

55.8° 

58.1° 

62.7° 

69.2° 

Average  daily  range 

15.6 

17.0 

16.7 

16.4 

17.4 

Mean  of  warmest.. . 

70.9 

66.4 

64.9 

68 . 5 

73.6 

Mean  of  coldest 

55.3 

49.4 

48.2 

52.1 

56.2 

Highest  or  maximum 

84.0 

81.0 

80.0 

83.0 

88.0 

Lowest  or  minimum 

30.0 

19.0 

24.0 

32.0 

31.0 

Humidity — 

Average  relative.. .  . 

74 . 8  <"< 

7:;  7\ 

71  ie 

7n  a<a 

65    1' 

'-   il'. 

Precipitation — 

Average  in  inches.... 

2.95 

2.89 

3.28 

3    15 

3.  13 

54.68 

Wind- 

Prevailing  direction 

N.  E 

N.  E. 

N.  E. 

N.  E. 

S.  W. 

N.  E. 

Average   hourly   ve- 

locity in  miles 

6.5 

6.0 

5.8 

6.9 

7.9 

6.7 

Weather- 

Average     number 

9.8 

10.2 

9.0 

9.7 

12.7 

123.2 

Average  number  fair 

days 

11.1 

12.0 

12.8 

10.4 

13.0 

156.7 

Average     number 

clear  and  fair  days 

20.9 

22.2 

21.8 

20.1 

25.7 

279.9 

Edward  O.  Otis. 


Jacobi,  Mary  Putnam. — Born  in  London,  Au- 
gust 31,  1842.  She  came  to  New  York,  and  in  1861 
entered  the  Woman's  Medical  College  of  Pennsylva- 
nia, at  Philadelphia.     Before  undertaking  the  study 


of  medicine  she  had  received  her  degree  as  Doctor  of 
Pharmacy   in   New    York.     After  her  graduation   in 

medicine  she  served  for  one  year  as  interne  in  the 
New  England  Hospital  for  Women  and  Children  at 
Boston,  and  practised  for  two  years  in  New  York 
City.  In  1866  she  went,  to  Paris  and  became  a  pupil 
at   the    Ecole    de    M6decine,    being    the    lirst    woman 

ever  admitted  to  this  school.  She  was,  however,  not 
the  first  woman  graduate,  as  Dr.  Elizabeth  Garrett 

Anderson  of  London,  who  entered  the  same  school 
later  but  took  a  shorter  course,  was  graduated  in 
L870.  Dr.  Putnam  was  graduated  in  1N7I.  receiving 
second  prize  for  her  thesis.  She  returned  to  New 
Y'ork  where  she  again  began  to  practise  and  in  time 
became  one  of  the  most  famous  and  best  beloved 
women  physicians  in  the  United  States.  She  was 
the  first  woman  to  become  a  member  of  the  New  York 
Academy  of  Medicine  and  Hie  first  woman  ever  sent  as 
a  delegate  to  the  Medical  Society  of  the  State  of 
New  York.  She  became  a  professor  in  the  Woman's 
Medical  College  of  the  New  York  Infirmary,  which 
post  she  held  for  ten  years.  Later  she  was  appointed 
professor  in  the  New  York  Post-Graduate  Medical 
School  and  Hospital;  physician  to  the  Out-Patient 
Department  of  the  Mt.  Sinai  Hospital,  and  Attending 
Physician  at  St.  Mark's  Hospital.  In  1873  she  was 
married  to  Dr.  Abraham  Jacobi  of  New  York  City. 
In  1874  she  founded  and  was  elected  first  president 
of  the  Association  for  the  Advancement  of  the 
Medical  Education  of  Women.  In  1894  she  became 
an  ardent  supporter  of  the  ballot  for  women  and  de- 
livered a  memorable  speech  on  this  subject  at  Albany, 
N.  Y.     She  died  in  New  Y'ork  on  June  10,  1906. 

Dr.  Jacobi's  contributions  to  medical  and  general 
literature  were  many  and  varied.  During  her  years  of 
study  in  Paris  she  was  a  regular  correspondent  of  the 
Medical  Record.  In  1876  she  won  the  Boylston  prize 
at  Harvard  for  an  essay  entitled  "The  Question  of 
Rest  for  Women  During  Menstruation."  She  wrote 
the  medical  chapter  in  "Woman's  Work  in  America,'' 
published  in  1891,  and  was  a  contributor  to  the  first 
edition  of  this  Handbook.  Her  writings  cover  a  list 
of  over  forty  titles  published  in  the  various  periodicals 
and  encyclopedic  text-books.  "The  Value  of  Life" 
was  written  by  her  in  answer  to  Matlock's  article 
"Is  Life  Worth  Living?"  E.  L.  J. 


Jacobson,  Julius. — Born  in  Koenigsberg,  Prussia, 
on  Aug.  18,  1828.  He  received  his  doctor's  degree 
in  1853,  from  the  University  of  his  native  city.  In 
1854  he  visited  Berlin  for  the  purpose  of  perfecting 
himself  as  an  ophthalmologist,  and  with  this  object 
in  view  he  followed  the  teaching  of  Albrecht  von 
Grsefe.  Thus  was  begun  a  friendship  which  termi- 
nated only  with  the  latter's  death.  He  settled  in  his 
native  city  as  an  eye  specialist,  and  also  to  some  ex- 
tent as  a  general  practitioner.  In  1861  he  was  elected 
Professor  Extraordinary,  and  soon  afterwardhe  began 
in  earnest  a  struggle  to  obtain  for  ophthalmology  an 
absolutely  independent  position  in  the  universities 
of  the  Kingdom  of  Prussia — a  struggle  which  he 
kept  up  without  remission  until  the  victory  was  finally 
won  in  1869.  In  1873  he  was  elected  full  Professor 
of  Ophthalmology,  and  in  1S77  he  had  the  satisfac- 
tion of  inaugurating  in  Koenigsberg  the  newly  con- 
structed and  admirably  equipped  University  Clinic 
for  Eye  Diseases.     He  died  on  Sept.  14,  1889. 

Jacobson  deserves  great  credit  for  having  won  for 
ophthalmology  the  independent  position  in  the  Uni- 
versity curriculum  which  this  specialty  has  now  en- 
joyed in  Prussia  for  over  forty  years.  '  He  is  also  to 
be  remembered  for  the  important  contributions  which 
he  made  to  our  knowledge  of  glaucoma  and  to  the 
technique  of  the  operation  for  the  cure  of  cataract. 
His  first  paper  on  the  latter  subject  was  published  in 
1863  and  is  entitled:  "Ein  neues  und  gefahrloses 
Operations- verfahren  zur  Heilung  des  grauen  Staares;" 
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and  the  second  one  n ppi-arcd  in  1888,  under  the  till. 
"Extraction    mit    der    Kapsel."     Finally,    ophthal- 
mology is  indebted  to  him  for  having  discovered   the 
surgical  method  of  treating  trachoma  and  for  having 
developed  the  operation  for  trichiasis. 

Of  Jacobson's  other  contribu l  ions  to  medical  litera- 
ture we  may  here  mention  only  the  following: 
"Albrecht  von  Graefe's  Verdienste  um  die  neuere 
Ophthalmologic,"  1885;  "Beziehungen  der  Veran- 
derungen  und  Krankheiten  des  Seehorgans  zu  Allge- 
meinleiden  und  Organerkrankungen,"  1885;  and 
"Beitrage  zur  Pathologic  des  Auges,"  Inns. 

A.   II.   B. 


von  Jaeger,  Eduard. — Born  in  Vienna,  Austria 
in  1818.  At  an  early  period  of  his  career  he  devoted 
himself  to  the  study  of  ophthalmology.  In  1854 
he  was  made  a  Dozent  of  this  department  of  medical 
science  in  the  University  of  his  native  city,  and  some- 
what later  he  was  given  permission  to  conduct  a 
private  clinic  for  eye  diseases  in  the  Allgemeines 
Krankenhaus;  the  faculty  permitting  him  at  the  same 
time  to  use  the  title  of  "Professor."  It  was  only  in 
1883,  after  his  famous  contemporary,  von  Arlt,  had 
resigned  his  position  in  the  faculty,  that  von  Jaeger 
was  made  a  full  Professor  of  Ophthalmology.  He  died 
July  5,  1884. 

von  Jaeger,-  according  to  Pagel  (Biographisches 
Lexikon),  made  several  valuable  contributions  to  the 
science  of  ophthalmology.  The  most  brilliant  of 
these  relate  to  the  history  of  ophthalmoscopy,  von 
Jaeger  having  devoted  the  greater  part  of  his  lifetime 
to  the  development  of  this  new  method  of  investigat- 
ing the  eye.  It  was  he,  for  example,  who  first  dem- 
onstrated how  the  ophthalmoscope,  as  intimated  by 
Helmholtz,  may  be  used  in  everyday  practice  in  de- 
termining the  exact  state  of  the  refraction  of  the 
eye.  Finally,  he  deserves  special  credit  for  having 
given  to  the  profession  a  very  practical  collection  of 
tests  for  determining  the  acuteness  of  vision. 

A.   H.   B. 


Jalap. — The  tuberous  root  of  Exogonium  purga 
(Wend.)  Benth.  (Ipomoea  F.  Hayne;  I,  Jalapa 
Schiede  and  Deppes — fam.  Convolvulacece,  yielding, 
when  assayed  by  the  U.  S.  P.  process,  not  less  than 
eight  per  cent,  of  total  resin. 

This  is  a  perennial,  herbaceous  twiner  with  numer- 
ous slender,  twisted  and  furrowed,  moderately  branched 
stems,  arising  from  ovoid,  pear-shaped,  or  subspher- 
ical  tubers,  these  often  clustered  or  tangled  together 
by  roots  and  rhizomes.  The  flower  is  merely  a  large, 
handsome,  rose-colored  "morning  glory."  It  is  a 
native  of  Eastern  and  Central  Mexico,  from  one  town 
of  which  it  has  received  its  name  (Jalapa).  Jalap 
was  known  and  brought  to  Europe  as  early  as  the 
beginning  of  the  sixteenth  century,  if  not  before.  Its 
botanical  source  was  demonstrated  first  in  the  early 
part  of  this  century,  by  Dr.  Coxe,  of  Philadelphia. 

The  collection  of  jalap  is  carried  on  without  much 
regard  to  season.  The  tubercles  are  dug  up  and  dried 
by  artificial  heat,  the  smaller  ones  entire,  the  larger 
scored  (usually  lengthwise),  or  split  or  sliced.  The 
heat  employed  is  often  sufficient  to  break  the  starch 
granules,  and  so,  when  dry,  the  texture  is  often  horny, 
on  account  of  the  hardened  starch  mucilage,  irre- 
spectively of  the  amount  of  resin  contained.  The 
cultivation  of  jalap  is  in  its  infancy. 

Description. — The  jalap  tubercles  are  in  part  de- 
scribed above;  the  Pharmacopceial  description  is  as 
follows:  "Napiform,  pvriform,  or  oblong,  varying  in 
size;  the  larger  roots  incised,  more  or  less  wrinkled, 
dark  brown,  with  lighter-colored  spots,  and  short, 
transverse  ridges;  hard,  compact,  internally  pale 
grayish-brown,  with  numerous  concentric  circles  com- 
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posed  of  small  resin  cells;  fracture  resinous,  not  fibrous; 
odor  slight,  but  peculiar,  smoky  and  sweetish;  taste 
su  eetish  and  acrid. 

"On  exhausting  KKJ  parts  of  jalap  with  alcohol, 
concentrating  the  tincture  to  forty  parts,  and  pouring 
it  into  water,  a  precipitate  of  resin  should  be  obtained, 
which,  when  washed  with  water  and  dried,  should 
weigh  not  loss  than  8  parts,  not  over  1|  of  them  solu- 
ble in  ether." 

Cultivation  is  an  important  factor,  as  under  it 
twenty  per  cent,  of  resin  has  been  produced.  The 
dried  tubercles  of  the  market  have  shrunken  and 
shriveled  considerably  and  are  usually  much  more 
aente  than  represented  in  the  above  cut  of  living  roots. 

Composition. — Jalap  contains  a  large  amount  of 
sugar  and  of  starch,  substances  which  contribute  to  its 
taste  and  texture,  but  have  no  further  value.  Its 
active  principle  is  a  composite  resin,  the  quantity  of 
which  determines  the  value  of  the  article.  This  crude 
substance  consists  of  two  resins,  both  of  which  are 
soluble  in  alcohol,  but  only  one  of  which  (the  less 
considerable)  is  also  soluble  in  ether;  the  insoluble 
portion  is  called  convolvulin.  It  is  regarded  as  a 
glucoside.  Merck  gives  the  formula  as  C3iH60Ou  and 
the  dose  as  gr.  i.-iij.  It  is  only  partly  soluble  in 
water.  It  is  converted  by  alkalies  into  con  vol  vu- 
linic  acid,  which  is  active  in  three  times  the  dose  of 
the  convolvulin.  The  jalapin  is  also  active,  and  is  the 
principal  constituent  of  scammony.  The  crude  resin 
of  jalap  is  official  {Resina  Jalapa,  U.  S.  P.),  and  in 
common  use. 

Action  and  Use. — Jalap  is  one  of  a  considerable 
number  of  active  cathartics  whose  energy  either  lies  in 
their  resinous  contents  or  is  at  present  inseparable 
from  them.  Of  these,  however,  it  is  one  of  the  mildest 
and  most  uniform,  and  probably,  in  consequence,  one 
of  the  most  frequently  employed.  In  full  doses  it 
produces  free  hydragogue  catharsis,  with  more  or  less, 
but  generally  not  excessive,  nausea  and  griping. 

It  has  been  traditionally  used  as  an  adjuvant  to 
calomel.  Of  its  action  upon  other  organs  than  the 
stomach  and  bowels  but  little  can  be  said.  It  is 
doubtful  whether  much  of  it  is  absorbed.  It  will  not 
act    if    injected    hypodermic-ally. 

Administration. — Powdered  jalap  is  frequentlv 
given,  and  contains  so  little  woody  tissue  that  it  is  a 
very  good  form.  Dose,  gr.  xv.-xx.  (1.0-1.3);  as  a 
drastic  purgative  sometimes  twice  as  much.  The 
resin  is  about  five  or  six  times  as  active  as  the  crude 
powder.  The  compound  powder  of  jalap  (Pulvis 
Jalapa?  Compositus)  is  frequently  of  use  in  anasarca, 
when  a  combined  effect  upon  the  kidneys  and  intes- 
tines is  desired.  It  consists  of  jalap,  thirty-five  parts, 
and  cream  of  tartar,  sixty-five.  Dose,  a  gram  or  so 
twice  a  day.  There  is  also  an  official  alcoholic  extract, 
the  dose  of  which  is  gr.  ij.-viij  (0.12-0.5). 

Henry  H.  Rusby. 


Jamaica. — Jamaica,  a  British  colony,  is  an  island 
in  the  Caribbean  Sea,  lving  between  17°  43'  and  18°  32' 
North  Latitude,  and  76°  11'  and  78°  20' 50"  West 
Longitude.  It  is  about  ninety  mDes  south  of  Cuba, 
nearly  5,000  miles  from  Southampton,  and  a  little 
more  than  1,400  miles  from  New  York.  It  is  144 
miles  in  length  and  from  twenty-one  and  a  half  to 
forty-nine  miles  in  width  and  has  an  area  of  7,207 
square  miles.  The  surface  of  the  island  is  crumpled 
up  into  a  central  mountain  range  with  numerous 
outlying  spurs.  The  highest  points  of  this  range, 
contrary  to  the  rule,  are  in  the  eastern  portion, 
whence  the  surface  slopes  irregularly  toward  the  west, 
where  the  only  level  parts  of  any  extent  are  found. 
There  is  one  principal  range,  called  the  Blue  Moun- 
tains, running  east  and  west  through  the  center  of  the 
island,  and  from  this  secondary  ridges  run  north  and 
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south,  themselves  giving  o(T  other  and  shorter  .spurs 
in  a  direction  parallel  to  the  central  range.  The 
highest  point  is  Blue  Mountain  Peak  which  rises  to  an 
elevation  of  7,300  feet;  Catherine's  Peak  has  an  alti- 
tude of  over  5,000  feet;  and  there  arc  several  others, 
varying  in  height  from  4,000  to  5,000  feet.  The  island 
is  in  general  well  watered,  the  abundance  of  rivers  and 
springs  in  most  parts  giving  plausibility  to  the  gener- 
ally accepted  interpretation  of  the  name,  Jamaica, 
which  is  believed  to  have  signified  in  the  aboriginal 
tongue  the  "Isle  of  Springs,"  or  the  "Land  of  Wood 
and  Water." 

It  is  difficult,  in  a  brief  article  of  this  nature,  to 
describe  satisfactorily  the  climate  of  Jamaica,  as, 
owing  to  the  diversity  of  elevation  and  other  causes, 
it  varies  greatly  in  different  parts  of  the  island;  in 
some  parts  it  is  hot,  in  others  temperate  and  even  cool; 
in  some  it  is  dry,  in  others  the  rainfall  is  very  great; 
and  indeed  the  only  characteristic  common  to  all  the 
varying  climates  of  Jamaica  is  equability.  Thus, 
at  the  sea-coast  the  average  temperature  is  78° 
F.  (the  extreme  range  for  the  entire  year  being  only  35° 
F.),  while  on  the  mountains  at  an  elevation  of  be- 
tween 4,000  and  7,000  feet  the  mercury  ranges  from 
40°  to  74°  F.,  occasionally  falling,  on  the  summit  of  the 
highest  peak  and  in  midwinter,  even  to  the  freezing- 
point. 

Meteorological    Data   for   Points    of   Different 
Elevation  in  the  Island  of  Jamaica  for  1899.* 

Hope  Garden,  Elevation  GOO  Feet. 
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Stony  Hill  Reformatory,  Elevation  1,400  Feet. 
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'  Through  the  kindness  of  Prof.  W.  H.  Pickering,  of  the  Harvard 
College  Observatory,  I  have  obtained  the  Jamaica  weather  report 
for  1899  from  which  the  following  meteorological  data  have  been 
compiled  for  points  of  various  elevation  in  the  island;  and  to  this 
are  also  added  the  maximum  and  minimum  temperatures  of  Man- 
deville,  observed  by  Professor  Pickering  during  his  nine  months' 
residence  there. — E.  O.  O. 
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Hill  Gardens,  4,907  Feet. 
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Blue  Mountain  Peak,  7.423  Feet  High. 


Time  of  observation. 
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February  1st,  11:30  a.m. 

March  lat 

April  1st,  11:30  a.m 

June  1st,  10:30  a.m 

June  30th,  11:15  a.m 

July  31st,  11   a.m 

August  31st,  10   a.m 

October  2d,  1  p.m 

November  1st,  noon 

November  30th,    11:30  a.m 
December  31st,  11:45  a.m.. 
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The  most  striking  peculiarity  of  the  climate  of  Jamaica 
is  its  variety  combined  with  equability.  A  ride  of  a 
few  miles  into  the  hills  will  bring  one  from  the  torrid 
zone  to  the  temperate — from  an  average  temperature 
of  nearly  80°  F.  to  one  of  65°  or  70°  F.  But  whatever 
district  one  may  select,  whether  a  warm  or  a  cool  one, 
he  will  find  the  temperature  very  nearly  constant,  the 
extreme  range  for  any  one  month  being  seldom  over 
25°  F.,  while  that  for  the  entire  year  at  Kingston  is  but 
35°  F.,  and  in  some  parts  of  the  island  the  excursions 
of  the  mercury  are  even  more  restricted  than  this. 
The  humidity  in  every  part  of  the  island  is  compara- 
tively high,  but  varies  considerably  in  different  locali- 
ties. Jamaica,  indeed,  enjoys  all  the  advantages,  in 
respect  to  uniformity  of  temperature,  of  island 
climates  in  general,  while  the  differences  in  elevation 
and  in  exposure  to,  or  protection  from,  the  prevailing 
trade  winds  give  to  it  the  pleasing  diversity,  as  regards 
temperature,  humidity,  and  rainfall,  of  the  most 
temperate  of  continental  climates. 

There  is,  as  a  rule,  less  rain  in  Kingston  than  in  most 
of  the  other  parts  of  the  island,  the  trade  winds  being 
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drained  of  their  moisture  by  the  mountains  to  the 
north  and  east  of  the  city.  The  heaviest  precipitation 
occurs  in  the  Parish  of  Portland,  which  forms  the 
northeastern  extremity  of  the  island.  There  are  two 
principal  rainy  seasons,  namely,  in  May  and  October, 
but  there  is  usually  more  or  less  rain  all  through  the 
summer  months;  in  the  winter  season  in  the  neigh- 
borhood of  Kingston  the  precipitation  is  very  light. 
The  rain  usually  comes  in  heavy  showers  of  only  a 
few  hours'  duration,  and  the  days  during  which  the 
sun  does  not  shine  at  all  are  very  rare.  It  is  always 
possible  to  tell  when  rain  is  coming,  as  it  can  be  seen, 
quite  a  while  before  its  arrival,  advancing  from  the 
mountains,  thus  giving  one  ample  time  to  get  under 
cover  before  the  downpour  begins.  This  is  fortunate 
for  the  visitor,  as  a  wetting  is  one  of  the  three  things 
that  an  unacclimated  person  in  the  tropics  must  avoid, 
the  other  two  being  exposure  to  the  direct  rays  of  the 
noon-day  sun  and  tu  t  he  cool  night  air.  The  annual 
average  rainfall  for  the  island  is  66.3  inches,  and  for 
Kingston  32.6  inches.  In  some  places  in  the  northeast 
it  exceeds  200  inches. 

The  population  of  Jamaica  is  estimated  at  806,690. 
The  capital  and  chief  city  is  Kingston,  the  largest 
and  most  important  as  well  as  the  healthiest  seaport 
town  of  the  British  West  Indies.  It  is  a  city  of  50,000 
or  more  inhabitants,  situated  on  gently  sloping  ground 
on  the  shores  of  a  large  land-locked  harbor.  The 
land  on  which  the  city  lies  is  a  gravel  bed,  and  as  it 
has  a  slope  to  the  sea  of  about  ninety  feet  to  the  mile 
the  natural  drainage  is  excellent.  The  water  supply 
is  drawn  from  two  rivers  at  a  distance  of  several  miles 
from  the  city,  and,  as  regards  freedom  from  con- 
tamination, is  above  reproach.  In  1907  Jamaica  was 
visited  by  an  earthquake  which  greatly  damaged 
Kingston,  and  in  1903  by  a  hurricane,  the  first  de- 
structive one  in  200  years. 

The  Myrtle  Bank  Hotel,  pleasantly  situated  on  the 
shore  of  the  bay  near  the  outskirts  of  the  city,  affords 
excellent  accommodation  for  visitors,  and  there  are 
also  several  other  hotels  and  a  number  of  boarding- 
houses  where  one  may  live  modestly  and  at  moderate 
expense.  Another  well-built  hotel,  having  accom- 
modation for  150  to  200  guests,  is  at  Constant  Spring, 
six  miles  from  Kingston,  near  the  foot  of  the  moun- 
tains which  enclose  in  the  form  of  an  amphitheater 
the  Liguanea  plain.  The  hotel  lies  at  an  elevation 
of  500  feet  above  Kingston,  and  from  it  is  had  a  fine 
view  of  the  harbor  and  Caribbean  Sea  beyond.  The 
temperature  here  is  uniformly  ten  to  twelve  degrees 
lower  than  that  of  the  city.  Other  comfortable  hotels 
are  found  in  Santiago  de  la  Vega,  usually  called  Spanish 
Town,  which  was  formerly  the  capital  of  the  island,  and 
at  Moneague,  a  charming  spot  in  the  Parish  of  St.  Ann, 
on  the  northern  slope  of  the  central  mountain  range. 
Mandeville,  a  beautiful  little  place  in  the  hills,  cele- 
brated for  its  delicious  oranges,  is  a  favorite  resort  for 
Jamaicans  from  Kingston  and  other  coast  towns  who 
may  feel  the  want  of  a  change  of  air  and  scene.  There 
are  a  hotel  and  several  boarding-houses  here,  but 
intending  visitors  must  take  the  precaution  to  apply 
in  advance  if  they  would  be  sure  of  being  well  suited. 
Among  the  coast  towns  on  the  north  side  of  the  island, 
Lucea,  St.  Ann's  Bay,  and  Montego  Bay  are  the 
most  important  from  the  point  of  view  of  the  tourist 
and  the  invalid.  In  these  and  the  other  towns  of 
the  island  visitors  may  find  accommodation  at  various 
boarding-  and  lodging-houses  about  which,  however, 
it  would  be  wise  to  inquire  before  making  a  selection, 
as  they  are  of  varying  degrees  of  excellence  and  the 
reverse.  At  Port  Antonio  the  headquarters  on  the 
island  of  the  United  Fruit  Co.,  is  an  excellent  hotel,  the 
"Tichfield." 

At  Port  Henderson,  on  the  southern  shore  of  the 
island,  at  the  entrance  to  Kingston  harbor,  there  is  a 
saline-calcic  spring  which  is  said  to  possess  tonic 
properties  of  no  mean  order  and  is  much  resorted 
to  as  a  bath  bv  convalescents  and  others  from  the  ' 


neighboring  districts.  There  is  also  a  good  beach  for 
sea-bathing.  There  are  several  buildings  here  in  good 
order,    but    the    accommodations    are    not    extensive. 

The  place  can   readily   be   reached,   however,   by  a 
steam   launch   from   Kingston    in   forty-five  mini] 
No  analysis  of  the  water  of  the  spring  has  ever  been 
published. 

The  diseases  for  the  climatic  treatment  of  which 
Jamaica  is  well  suited  are  bronchitis,  catarrhal  affec- 
tions of  the  respiratory  passages,  Bright'e  disease, 
rheumatism,  various  forms  of  dyspepsia,  and  nervous 
prostration.  All  parts  of  the  island  are  naturally  not 
suitable  for  the  treatment  of  all  these  affections,  but 
for  each  one  a  locality  exists  where  the  patient  can  find 
the  climate  especially  adapted  to  the  necessities  of  his 
particular  disease.  Respiratory  affections  especially 
do  well  in  this  mild  and  equable  climate,  as  may  be 
judged  from  the  records  of  one  of  the  life  insurance 
companies  doing  business  on  the  island,  which  show 
that  the  company  lost  but  one  life  from  diseases  of  the 
respiratory  organs  (bronchitis)  during  a  period  of 
thirty-five  years.  Patients  suffering  from  these 
troubles  are  relieved  in  almost  any  part  of  the  island, 
although  there  is  even  here  a  choice,  as  cases  with 
scanty  expectoration  are  most  benefited  in  those  dis- 
tricts where  the  atmosphere  is  most  laden  with  mois- 
ture, while  those  in  which  there  is  free  or  even  profuse 
secretion  are  more  quickly  relieved  in  the  neighborhood 
of  Kingston  and  other  parts  where  the  humidity  of  the 
air  is  at  a  minimum.  Patients  with  nervous  prostra- 
tion receive  more  benefit  from  a  stay  near  the  seashore 
than  they  do  in  the  uplands,  and  the  same  is  in  a 
measure  true  of  dyspeptics,  especially  of  those  in  whom 
the  gastric  trouble  is  partly  nervous  in  its  origin. 
Sufferers  from  Bright's  disease  do  well,  as  a  rule,  in  all 
parts  of  the  island,  except  possibly  in  the  most  ele- 
vated regions,  where  in  the  winter  months  the  ther- 
mometer is  apt  to  fall  a  little  too  low  after  the  sun 
goes  down,  and  where,  especially  on  the  northern  slope, 
there  is  at  times  rather  too  much  rain  to  be  agreeable. 
The  same  remarks  apply  also  in  the  case  of  rheumatic 
patients,  but  the  latter  would  do  well  to  take  a  course 
of  the  waters  at  one  of  the  numerous  mineral  springs, 
of  which  a  few  words  may  be  said  in  closing  this 
article.  The  climate  of  the  Santa  Cruz  mountains  is 
said  to  be  favorable  for  those  suffering  from  tuber- 
cular and  rheumatic  affections. 

There  are  several  medicinal  springs  in  Jamaica, 
some  thermal  and  others  cold,  which  possess  thera- 
peutic properties  of  no  little  value,  and  which  are 
deserving  of  more  careful  study  by  balneologists  than 
they  have  hitherto  received.  The  most  important  of 
these,  or  at  least  the  best  known  and  the  only  ones  at 
which  passable  accommodations  for  visitors  are  as  yet 
provided,  are  the  Bath  of  St.  Thomas  the  Apostle, 
about  a  mile  from  the  town  of  Bath,  in  the  Parish  of 
St.  Thomas,  the  Jamaica  Spa,  at  SHver  Hill,  in  St. 
Andrew's  Parish,  and  the  Milk  River  Bath  at  Vere, 
in  the  Parish  of  Clarendon.  The  first  of  these  is  a 
thermal  sulphur,  the  second  a  chalybeate,  and  the 
third  a  thermal  saline  water.  All  of  these  springs 
are  quite  easily  accessible  from  Kingston. 

The  limits  of  this  article  will  not  permit  of  a  detailed 
description  of  each  of  these  springs.  The  waters  of 
one  or  the  other  of  them  are  of  value,  taken  internally 
and  applied  in  the  form  of  baths,  in  the  treatment  of 
gout,  rheumatism,  chronic  bronchitis,  catarrhal  con- 
ditions of  the  stomach  and  intestines,  constipation 
from  abdominal  plethora,  hepatic  and  other  conges- 
tions of  the  abdominal  viscera,  amenorrhea,  anemia 
and  chlorosis,  various  forms  of  skin  diseases,  tertiary 
syphilitic  lesions,  and  chronic  malarial  affections. 
The  Government  has  made  grants  from  time  to  time 
for  the  improvement  and  care  of  the  buildings  at 
these  baths,  but  there  is  yet  much  to  be  desired  in 
the  matter  of  cuisine,  bathing  facilities,  attendance, 
and  other  things  that  contribute  to  the  comfort  and 
entertainment  of  the  invalid.     In  the  absence  of  these 
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desiderata  they  still  possess  the  great  advantage 
that  they  may  be  visited  in  the  winter  season, 
when  the  more  pretentious  and  better  equipped  spas 
in  Europe  and  the  United  States  are  closed.  The 
island  is  generally  healthy  and  yellow  fever  is  a  rare 
occurrence. 

There  are  several  lines  of  steamers  running  between 
Jamaica  and  New  York,  Boston,  Philadelphia,  Balti- 
more, Newport  News,  and  Halifax,  the  voyage  from 
New  York  being  made  in  from  four  to  six  days.  The 
steamers  of  the  United  Fruit  Company  running 
from  Boston,  New  York,  and  Philadelphia  have 
excellent  accommodations. 

There  is  usually  no  lack  of  amusements  in  Kings- 
ton in  the  way  of  horse  races,  yachting,  tennis  and 
cricket  matches,  etc.,  and  there  is  also  a  theatre 
where  performances  and  concerts  are  given  occasion- 
ally during  the  winter.  The  roads  throughout  the 
island  are  up  to  the  best  English  standard  and  the 
facilities  for  riding  and  driving  and  motoring  are 
unsurpassed.  A  railroad  runs  from  Kingston  in  a 
northwesterly  direction  to  Montego  Bay,  with  a 
branch  line  to  Anatto  Bay  and  Port  Antonio,  towns 
on  the  north  shore.,  and  a  spur  to  Ewarton.  Com- 
munication with  the  coast  towns  is  had  also  by 
steamers  which  sail  around  the  island  once  a 
week,  leaving  Kingston  every  Tuesday.  There  is  fre- 
quent mail  communication  with  the  United  States  and 
Canada,  and  the  island  is  also  connected  with  this 
country  by  cable.  Churches  of  all  the  leading  denom- 
inations are  found  nearly  everywhere,  and  in  most 
of  the  larger  towns  are  well-appointed  clubs,  libraries, 
and  social  organizations  of  various  sorts. 

The  best  months  in  which  to  visit  Jamaica  are 
November  to  April  inclusive,  as  these  are  the  coolest 
and  dryest  of  the  year,  but  one  accustomed  to  the 
fierce  summer  heats  of  our  Northern  cities  would 
find  a  grateful  change  in  the  hills  of  Jamaica  even 
in  midsummer. 

Much  valuable  information  concerning  Jamaica 
as  a  health  resort  may  be  obtained  from  a  work  on 
"The  Climate  of  Jamaica,"  bv  the  Hon.  J.  C.  Phil- 
lippo,  M.  D.,  published  by  T.  &  A.  Churchill,  London; 
from  "The  Handbook  of  Jamaica,"  published  an- 
nually in  London  and  Kingston,  and  from  various 
good  guide  books  recently  published. 

Jamaica  is  one  of  the  most  beautiful  islands  of  the 
West  Indies  as  to  both  the  variety  and  charm  of  its 
scenery  and  the  luxuriance  of  its  vegetation;  oranges, 
coffee,  the  cocoanut,  bananas,  sugar-cane,  and  a  vari- 
ety of  other  tropical  fruits  grow  luxuriantly  here. 
The  cultivation  and  exportation  of  bananas  is  now  a 
great  industry.  The  roads,  as  has  been  noted  above, 
are  hard  and  white  and  kept  in  good  repair  by  the 
Government,  so  that  one  can  traverse  the  island  com- 
fortably either  by  carriage,  or  automobile.  Whether 
one  skirts  the  shore  with  its  irregular  windings, 
or  seeks  the  mountainous  region  of  the  interior, 
he  will  meet  not  only  with  a  greater  variety 
of  climate  than  is  found  in  any  other  of  the  West 
India  islands  but  an  infinite  variety  of  attrac- 
tive scenery.  The  excellence  of  the  steamers  of  the 
United  Fruit  Company  and  their  swiftness  have  made 
an  excursion  to  this  island  very  popular  during  the 
winter  and  spring  months.  The  usual  passage  from 
New  York  or  Boston  occupies  from  four  to  five 
days.  Thomas  Lathrop  Stedman. 

Revised  by  Edward'  O.  Otis. 


Jambul. — This  is  the  local  name  applied  to  the 
bark  and  seeds  of  Eugenia  Jambolana  Lamarck,  a  tree 
belonging  to  the  natural  order  Myrtacese.  It  is  in- 
digenous to  tropical  Asia  and  the  neighboring  islands, 
where  it  grows  to  a  large  size  and  bears  a  crop  of 
edible  fruit.  It  was  brought  to  the  notice  of  English 
physicians  in  India  in  1883  as  a  remedy  for  diabetes 
and    for    several    years    was    extensively    employed. 


Numerous  favorable  reports  of  its  use  were  published, 

but  it  has  fallen  into  disuse  and  its  employment  is 
now  obsolete.  If  is  highly  esteemed  in  India,  by  tin- 
native   physicians   as   a   valuable  remedy   in   stomach 

anil  intestinal  diseases.  liEAi'MnVT   Small. 


Janeway,   Edward   Gamaliel. — Born   in    Middle- 
sex County,   New    Jersey,  on    Aug.    21,    1841.     He 

studied    medicine   at    the    College   of     Physicians    and 

Surgeons,  New  York  City,  and  received  his  doctor's 
degree  from  thai  institution  in  lSlil.  In  1866  he  was 
appointed  Curator  to  Bellevue  Hospital,  a  position 

which  he  held  until  1N7'2,  when  lie  was  made  a  Visiting 
Physician  to  the  hospital.  In  the  latter  year  he  was 
appointed     Professor    of    Pathological    Anatomy   in 


f 
Fig.  3552. — Edward  Gamaliel  Janeway. 

Bellevue  Hospital  Medical  College,  and,  in  addition, 
Lecturer  on  Materia  Medica,  Therapeutics,  and  Clin- 
ical Medicine.  In  18S1  he  became  Professor  of  Dis- 
eases of  the  Mind  and  Nervous  System  in  the  same 
school.  In  1886,  upon  the  death  of  Dr.  Austin  Flint, 
Sr.,  he  succeeded  him  as  Professor  of  the  Principles 
and  Practice  of  Medicine  and  Clinical  Medicine. 
After  the  University  and  Bellevue  Hospital  Medical 
Colleges  had  been  united,  he  continued  to  hold  this 
position  up  to  the  time  of  his  resignation  in  1907. 
From  1875  to  1881  he  was  a  Commissioner  in  the 
Health  Department  of  New  York  City,  and  in  1892, 
when  the  city  was  threatened  with  an  invasion  of 
Asiatic  cholera,  he  was  a  member  of  the  Advisory 
Committee  of  the  New  Y'ork  Chamber  of  Commerce. 
He  died  Feb.  10,  1911. 

Dr.  Janeway  was  exceptionally  well  equipped  for 
the  attainment  of  the  best  kind  of  professional  suc- 
cess. To  begin  with,  he  was  pre-eminently  truthful, 
and  whatever  he  undertook  he  carried  out  in  a  serious 
and  persistent  manner,  thus  conveying  the  impression 
that  he  was  a  man  to  be  trusted  in  great  responsibilities 
To  these  fundamental  characteristics  there  should  be 
added  the  facts  that  the  best  of  opportunities  for  gain- 
ing a  thorough  knowledge  of  the  diseases  which  afflict 
the  human  body  were  placed  within  his  grasp,  and 
that  he  knew  well  how  to  make  the  most  of  these 
opportunities.  Thus,  in  time,  he  came  to  be  one  of 
the  very  best  diagnosticians  in  New  York,  and  withal 
a  therapeutist  of  excellent  efficiency.  The  great  popu- 
larity which  he  eventually  gained  among  his  pro- 
fessional brethren,  and  which  made  him  one  of  the 
leading  consultants,  not  merely  in  the  city  in  which 
he  resided,  but  also  throughout  a  wide  outlying  terri- 
tory, could  not  have  been  acquired  if  he  had  not 
possessed  two  other  very  important  mental  charac- 
teristics— a  judicial  type  of  mind  and  a  courteous 
manner  of  dealing  with  those  whose  opinions  differed 
from  his.  A.   H.   B. 
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Janin,  Jean. — Born  at  Carcasonne,  France,  June 
12,  1731.  His  medical  studies  were  prosecuted  ;it 
Montpellier,  and  he  settled  a1  Colmette,  near  Nimes. 
He  soon  acquired  a  lucrative  practice;  but,  feeling 
the  need  of  broadening  his  knowledge  of  medicine,  he 
resumed  his  studies  at  Avignon.  It  was  at  this  time 
(between  1740  and  1750)  that  he  first  began  to  take 
a  special  interest  in  diseases  of  the  eyes,  and  it  was  not 
a  long  time  before  he  had  the  opportunity  to  operate 
for  cataract  upon  an  ecclesiastic  who  had  come  from 
Lyons  to  consult  him.  The  operation  proved  to  be 
an  entire  success,  and  from  that  time  public  attention 
was  riveted  upon  him  as  an  eye  surgeon.  Other  people 
living  in  Lyons  sent  for  him,  and  he  was  again  suc- 
cessful in  his  operations  upon  these  new  patients. 
Being  urged  to  settle  in  that  city,  he  decided  that  he 
would  take  this  step,  but  not  until  after  he  had  passed 
a  certain  length  of  time  in  Paris  under  the  instruction 
of  the  best  specialists  in  that  metropolis.  From  17(i7 
to  the  time  of  his  death  (in  1799)  Janin  lived  in  Lyons. 
In  1787  he  received  a  title  of  nobility,  under  the  name 
of    "Combe    Blanche." 

The  Dictionnaire  Historique  de  la  MeVlecine  ranks 
Janin  as  one  of  the  most  distinguished  oculists  of  the 
eighteenth  century.  Probably  the  most  important 
one  of  his  published  writings  is  that  entitled:  "  Mem- 
oires  et  observations  anatomiques,  physiologiques  et 
physiques  sur  l'oeil  et  sur  les  maladies  qui  affectent 
cet  organe,  avec  un  precis  des  operations  et  des 
remedes  qu'on  doit  pratiquer  pour  les  guerir," 
Lyon  et  Paris,  1772.  A.  H.  B. 

Japanese    River     Fever. — Synonyms:    Tsutsuga- 
mushi;   Shima   Island    Disease;   Kedani    (hair-lou 
Disease;  Aka  mushi  (red  insect)  Disease;  Tochu-bio 
and  Shasitsu  in  different  localities. 

Japanese  river  fever  is  an  acute,  febrile,  endemic 
disease  produced  by  the  bite  of  a  red  mite  (harvest 
mite),  Trombidium  akamushi  Brumpt  1910  which 
becomes  very  numerous  about  July  following  the 
overflow  of  certain  rivers  in  the  Island  of  Nippon, 
in  Japan. 

The  history  of  the  disease  dates  back  at  least  a 
thousand  years  when  it  was  described  in  Chinese 
writings  under  the  name  of  "Shashitsu"  according 
to  Ashburn  and  Craig.  The  Chinese  thought  it  to 
be  due  to  the  bite  of  an  insect  which  attacked  certain 
persons  who  entered  certain  regions  after  an  overflow 
during  the  summer.  These  authors  give  an  excellent 
account  of  the  disease  in  1908,  with  a  comparison  of 
it  with  Rockv  Mountain  Spotted  Fever  of  the  United 
States. 

The  distribution  seems  to  be  confined  to  certain 
regions  only  of  the  Akita  district  drained  by  the 
Omogawa  and  Minasegawa  rivers;  and  the  Nugata 
district,  drained  by  the  Shinanogawa,  Akagawa, 
Uwonumagawa  rivers.  The  mite,  the  bite  of  which 
causes  the  disease,  is  sometimes  transported  with 
corn,  hemp,  and  other  field  crops  and  may  be  a  source 
of  infection  occurring  outside  of  the  district  in  which 
it  is  endemic. 

Etiology. — That  the  specific  organism,  either 
bacterial  or  more  likely  protozoan,  which  causes  the 
disease,  is  inoculated  into  man  by  the  bite  of  the  larva 
of  Trombidium  seems  to  be  established.  The  same 
species  of  mites  in  other  regions  are  not  capable  of 
producing  the  infection.  They  may  be  found  in 
large  numbers  on  the  inner  surfaces  of  the  ears  of  field 
mice  in  the  infected  district  during  the  summer. 
These  mice  are  said  to  be  immune  but  this  view  is 
doubted  by  others.  It  is  quite  possible  that  they  do 
possess  a  considerable  degree  of  immunity  which 
makes  it  possible  for  them  to  serve  as  host  for  the 
infectious  agent. 

Monkeys  have  been  successfully  inoculated  by 
Miyajima  with  blood  from  a  person  suffering  from  the 
disease. 
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Ogata  claims   to  have  found   a  Plasmodium   in   the 
blood  of  several  patients,  and  that  guinea-pigs  and 
mice  can  be  successfully   inoculated.      His  work 
not  been  confirmed  and  in  fact   Miyajima  considers 
these  animals  immune. 

Though  it  is  much  more  prevalent  among  the 
poorer  laboring  class  this  is  quite  likely  because  only 
this  class  will  go  into  the  known  infected  districts. 
Some  of  these  have  practically  been  abandoned  be- 
cause of  the  great  risk  necessary  to  be  taken  by  the 
laborers  in  harvesting  the  crops. 

Symptoms. — The  disease  begins  with  a  chill  fol- 
lowed promptly  by  fever  ranging  from  103°  F.  to  105° 
F.  in  most  instances.  Sometimes  it  may  run  lower. 
This  symptom  is  continuous  for  about  fourteen  days 
when  it  begins  to  remit  considerably  and  goes  off  by 
lysis  by  the  twenty-first  day,  in  most  cases.  At  the 
first  there  is  severe  frontal  headache  and  complaint 
of  weakness,  but  the  pulse  rate  ranges  between  80 
and  100.  Later  it  gets  a  little  more  rapid  as  the 
patient  gets  weaker.  Most  of  the  constitutional 
symptoms  are  those  that  accompany  other  acute 
infectious  diseases  of  equal  severity. 

The  patient  complains  early  of  pain  in  certain  of 
his  lymphatic  glands,  usually  the  axillary  or  inguinal. 
Upon  examination  they  are  found  enlarged,  tender, 
but  movable.  This  is  said  to  be  true  in  contrast  to 
the  swelling  of  the  periglandular  tissues  in  bubonic 
plague.  The  lesion  at  the  site  of  the  bite,  usually 
around  the  genitals  or  axilla;  which  is  drained  by  the 
gland  or  glands  involved  is  a  vesicle  two  to  four  milli- 
meters in  diameter  or  more  frequently  at  the  time  the 
patient  is  seen  for  the  first  time  it  consists  of  brown 
or  black  necrotic  skin  surrounded  by  dull  red  areola. 
There  may  be  only  one  or  several  lesions.  The 
necrotic  skin  is  separated  from  the  living  tissue  and 
thrown  off  in  about  two  weeks,  leaving  a  punched- 
out  ulcer. 

At  the  end  of  about  the  fifth  day  a  macular  erup- 
tion appears  on  the  body  more  pronounced  on  the 
face  and  less  marked  on  the  arms  and  legs.  The 
macules  are  two  to  five  millimeters  in  diameter  and 
sometimes  become  confluent.  The  eruption  begins 
to  fade  in  about  a  week;  there  is  no  noticeable 
desquamation. 

Early  in  the  disease  there  is  increased  flow  of  tears. 
and  secretion  from  the  nose,  throat,  and  bronchi  which 
later  give  rise  to  rales  usually  throughout  the  disease. 
Injection  of  the  conjunctivae  is  marked  at  the  time 
of  appearance  of  the  eruption. 

Hyperesthesia  and  photophobia  are  usually  promi- 
nent symptoms.  In  the  young  and  in  those  attacked 
for  the  second  or  third  time  the  symptoms  are  much 
milder.  In  the  mildest  cases  the  local  lesion  accom- 
panied by  glandular  enlargement  may  be  accom- 
panied by  mild  constitutional  symptoms  only  and 
recovery  occurs  in  a  few  days.  In  the  severest  cases 
death  results  usually  during  the  second  week  from  the 
hyperpyrexia,  pulmonary  complications  or  cardiac 
failure. 

Prognosis. — The  mortality  is  given  as  about  thirty 
per  cent,  by  Castellani  and  Chalmers,  1913,  in  an 
excellent  description  of  the  disease.  It  is  much  worse 
in  the  aged  with  their  first  attack. 

Diagnosis. — The  differential  diagnosis  is  to  be 
made  between  this  disease  and  ordinary  infected 
wounds  accompanied  by  lymphadenitis  and  from 
bubonic  plague.  In  most  simple  adenitis  the  primary 
lesion  will  usually  be  recognized  and  it  is  different 
from  the  lesion  in  the  River  Fever  with  its  character- 
istic necrotic  center.  Gland  puncture  with  micro- 
scopic examination  of  the  juice  for  the  characteristic 
bipolar  staining,  egg-shaped  B.  pestis,  in  plague 
is  negative  in  this  disease.  It  is  to  be  differentiated 
from  typhus  by  the  characteristic  lesion  and  the 
absence  of  petechial  eruption. 
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Pathology. — Castellan i  and  Chalmers,  1913,  de- 
scribe the  pathology  in  addition  to  the  local  lesion  as 
follows:  "The  spleen  is  enlarged  and  softened;  the 
lung  is  edematous  and  congested  and  the  bronchial 
mucosa  is  often  slightly  swollen  and  reddened  and 
the  kidneys  are  inflamed.  We  are  not  acquainted 
with  any  description  of  the  histology  of  the  organs." 

Treatment. — There  is  no  specific  treatment  though 
quinine  is  usually  given.  General  measures  as  indi- 
cated are  to  be  employed.  The  coal-tar  preparations 
are  said  to  be  poorly  borne. 

Applications  of  oil  of  eucalyptus  or  balsam  of 
Peru  on  arms  and  legs  and  in  the  groins  and  axilla' 
are  thought  to  keep  off  the  mites.  C.  C.  Bask. 

Jasmine,  Yellow. — See Gelsemium. 

Jaundice. — Synonyms:    Icterus;     Morbus    regius. 

Jaundice  is  a  syndrome  and  not  a  disease,  a  condition 
marked  by  increase  of  bile  pigment  in  the  blood  serum 
and  by  staining  of  the  skin,  conjunctiva?,  and  urine. 
Gilbert  has  shown  that  the  serum  normally  contains 
bile  pigment,  in  the  proportion  of  1  to  30,000  according 
to  his  investigations;  Hymans,  Bergh,  and  Snapper 
(Berlin  klin.  Woch.,  1914,  Nos.  24  and  2.5)  have  con- 
firmed the  bile  content  of  normal  scrum  but  they  place 
the  threshold  of  elimination  by  the  kidney  at  1  in 
60,000.  Up  to  a  certain  concentration  of  bile  pigment 
in  the  serum  there  is  no  staining  of  the  tissues.  Since 
the  first  formulation  of  theories  of  Frerichs  and  Kuehne 
there  has  been  interminable  discussion  of  what  may 
be  termed  the  pathological  physiology  of  jaundice. 
The  liver  was  long  regarded  as  a  separator  rather  than 
a  producer  of  bile  pigment;  given  a  cause  of  blood 
destruction,  bilirubin  could  be  formed  in  the  blood 
stream  or  in  tissues;  the  hepatic  cell  might  prove 
unequal  to  the  demands  of  elimination  or  its  function 
be  suppressed  and  jaundice  resulted.  Of  late  years 
there  has  been  practical  unanimity  in  abandoning  such 
a  view,  and  the  paramount  importance  of  the  liver 
cell  in  the  manufacture  of  bile  pigments  has  seemed 
unquestioned.  The  experiments  of  Kunde  and  Mole- 
schott  with  cold-blooded  animals,  of  Stern  with 
pigeons,  of  Naunyn  and  Minkowski  with  geese  and 
ducks  seemed  to  show  conclusively  that  it  is  the  liver 
cell  above  all  that  is  concerned  in  the  elaboration  of 
bilirubin  from  hemoglobin.  The  theory  of  hemato- 
genous jaundice  was  practically  abandoned  and  all 
jaundice  was  regarded  as  of  liver  origin. 

It  is  true  that  small  amounts  of  bilirubin  may  be 
found  in  other  places  than  in  the  liver,  pigment  has 
been  found  in  apoplectic  foci,  blood  extravasations, 
and  hemorrhagic  infarcts  in  the  form  of  hematoidin 
crystals  which  are  indentical  with  bilirubin.  Loewit, 
in  frogs,  showed  that  leucocytes  could  take  up  frag- 
ments of  red  cells  and  elaborate  them  in  different 
tissues  to  granules  of  bile  pigment.  Naunyn  and 
Minkowski,  in  the  course  of  their  experiments  with 
hemolytic  poisons  in  geese  and  ducks  demonstrated 
leucocytes  in  the  liver  containing  fragments  of  red 
corpuscles  and  granules  of  bile  pigment.  In  hemor- 
rhagic effusions  bile  pigment,  may  be  demonstrated 
in  large  amount  and  it  may  be  formed  in  considerable 
quantities  in  experimental  hemorrhagic  lesions. 
Normally  in  dogs  bile  pigment  is  not  found  in  the 
blood  serum  while  it  is  present  normally  in  consider- 
able quantities  in  the  serum  of  horses.  Its  presence 
physiologically  in  the  serum  of  man  is  against  the 
theory  that  icterus  always  arises  from  the  activity  of 
the  liver  cells  and  from  bile  stasis.  The  w-ork  of 
Whipple  and  Hooper  (Jour.  Exper.  Med.,  vol.  xvii.,  p. 
597)  has  raised  further  doubt  of  the  present  belief 
that  all  bile  pigment  is  derived  solely  from  the  hemo- 
globin of  the  erythrocytes  and  that  the  transformation 
occurs  only  through  agency  of  the  liver  cells.  Their 
experiments  have  shown  that  there  may  be  rapid 
change  of  hemoglobin  to  bile  pigment  in  the  circulation 


outside  the  liver,  possibly  by  endothelial  cells  or  by 
cells  of  bone  marrow   or  muscles. 

Practically,  however,  almost  every  icterus  is  an 
icterus  from  absorption  of  bile  from  the  liver.  It  is 
possible  under  certain  conditions  that  functionally 
disordered  liver  cells  may  allow  passage  of  bile  directly 
into  the  lymphatics  or  blood-vessels  of  Hie  liver 
instead  of  into  the  bile  capillaries.  This  is  the  so- 
called  parapedesis  of  bile  i  Minkowski),  diffusion 
icterus  (Liebermeister),  paracholia  (E.  Pick).  It 
seems    probable    that     the    mechanism    of    absorption 

may  be  different  in  different  cases  of  jaundice  termed 

obstructive  or  mechanical  or  "ascending"  jaundice. 
The  liver  cells  are  continuous  with  the  walls  of  the 
bile  capillaries,  and  Kuppfer  has  demonstrated 
prolongations  of  the  capillaries  even  within  the  liver 
cell.  With  stasis  in  the  small  duets  the  pressure  of 
bile  secretion  (not  more  than  200  millimeters  of  water) 
is  readily  overcome  and  bile  passes  from  the  inter- 
cellular duct  to  the  lymphatic  vessels  near  the  bile 
capillaries,  thence  to  the  large  lymphatics,  thoracic 
duct,  and  to  the  blood  stream.  It  is  possible  under 
certain  conditions  that  functionally  disordered  liver 
cells  may  send  bile  to  the  blood  capillaries  and  not  to 
the  bile  ducts,  or  may  allow  passage  of  bile  from  the 
ducts  back  to  the  blood-vessels  and  not  to  the  lymph- 
atics. Recent  experiments  have  furnished  proof  of 
this  passage  of  bile  to  the  blood-vessels  and  shown 
that  a  fistula  of  the  thoracic  duct  does  not  prevent 
jaundice. 

The  investigations  of  Charcot,  Legg,  Hunter,  Banti, 
Eppinger,  Stadelmann,  and  others  have  broadened 
our  views  of  mechanical  jaundice.  Under  the  in- 
fluence of  increased  hemolysis  from  toxic  or  infectious 
cause,  excess  of  hemoglobin  is  brought  to  the  liver  and 
elaborated  into  bile.  There  is  increase  in  quantity  of 
bile,  but  particularly  an  increase  in  viscidity  and  pig- 
ments, a  polyeholia  and  particularly  a  pleiochromia. 
This  thick,  viscid  bile  leads  to  stasis  in  the  small  bile 
channels,  to  irritation  and  swelling  of  the  mucosa,  to 
obstruction  and  to  icterus  by  absorption;  again  an 
icterus  of  obstruction,  but  a  descending  rather  than  an 
ascending  icterus.  Even  without  increased  amount  of 
viscidity  of  bile,  the  eliminated  poisons  in  course  of  an 
intoxication  or  infection  may  lead  to  catarrh  of  the 
bile  terminals,  to  swelling  with  mechanical  blocking 
and  absorption.  Though  all  cases  of  jaundice  may 
be  classed  as  obstructive,  the  following  classification 
somewhat  modified  from  Hunter  is  a  convenient  one 
for  descriptive  purposes. 

I.  Obstructive  Jaundice. — Causes  acting  from 
within  or  without  the  bile  ducts.  The  obstruction  is 
obviously  mechanical  and  independent  of  changes  in 
the  blood  or  bile.  The  following  is  substantially  the 
table  of  Murchison: 

A.  Obstruction  by  Foreign  Bodies  within  the  Duct. 

1.  Gallstones,  inspissated  bile,  blood  clot. 

2.  Foreign  bodies  from  the  intestines. 

3.  Parasites — hydatids,  distomata,  lumbricoids. 

B.  Obstruction  by  Catarrhal  Swelling  of  Large  ar 
Small  Ducts. 

C.  Obstruction  by  Stricture  or  Obliteration  of  Duets. 
1.  Congenital  deficiency  or  stricture  of  ducts. 

'  2.  Stricture  from  perihepatitis,  from  ulcer  of  the 
duodenum,  from  ulcers  or  scars  in  the    bile 
ducts. 
3.  Spasmodic  stricture  ("icterus  psychicus). 

D.  Obstruction  by  Tumors  at  the  Papilla  or  of  the  Bile 
Ducts. 

Fibroma,  lipoma,  gumma,  papilloma,  xanthoma, 
sarcoma,  carcinoma. 

E.  Obstruction  by  Pressure  from  without. 

1 .  Tumors  of  the  liver. 

2.  Tumors  of  the  gall-bladder. 

3.  Enlarged  glands  in  the  fissure  of  the  liver. 

4.  Tumors  of  the  stomach  or  duodenum. 

5.  Tumors  of  the  pancreas. 
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6.  Tumors  of  the  kidney. 

7.  Floating  kidney. 

8.  Omental  tumors. 

it.  Retroperitoneal  tumors. 

10.  Aneurysms  of  abdominal  aorta,  hepatic  artery. 

11.  Fecal  tumors,  especially  of  the  hepatic  flexure. 

12.  Pregnant  uterus,  tumors  of  the  uterus. 

13.  Ovarian  tumors. 

II.  Toxemic  Jaundice. — Jaundice  dependent  on 
changes  in  the  blood  and  bile;  the  end  cause  is  obstruc- 
tion dependent  on  increased  viscidity  of  bile  or  on 
catarrhal  swelling  of  the  bile  ducts.  This  is  the  group 
formerly  called  hematogenous.  Hunter  classifies  causes 
as  follows: 

1.  Definite  Poisons. — Phosphorus,  arsenic,  tolu- 
ylendiamin,  snake  venom,  chloroform,  chloral,  benzol, 
anilin  compounds. 

2.  Poisons  of  Infectious  Fevers. — Yellow  fever, 
malaria,  pyemia,  typhus,  typhoid,  relapsing  fever, 
scarlatina,  pneumonia. 

3.  Special  Icterogenic  Poisons. — These  are  of  prob- 
able infective  nature.  Various  names  have  been 
given  to  the  jaundice,  as  epidemic,  infectious,  febrile, 
malignant,  septic,  Weil's  disease,  icterus  typhosus, 
icterus  gravis,  acute  yellow  atrophy  of  the  liver. 

III.  Hemolytic  Icterus. — Under  this  heading  may 
be  grouped  chronic  family  jaundice,  congenital  and 
acquired,  the  chronic  infective  jaundice  of  Hayem, 
the  simple  family  cholemia  of  Gilbert,  the  various 
forms  of  hemolytic  icterus  with  splenomegaly  of  Banti, 
Chauffard.  and  others.  Clinically  there  are  transition 
cases  between  hemolytic  icterus  and  biliary  cirrhosis 
and  between  hemolytic  icterus  and  pernicious  anemia. 
The  role  of  the  spleen  in  the  hemolysis  which  is  a 
chief  feature  of  the  varied  groups  has  been  emphasized 
in  recent  years  from  many  laboratories  and  clinics. 
Splenomegaly  is  the  rule.  In  some  instances  the  jaun- 
dice may  be  definitely  hematogenous,  the  degradation 
of  hemoglobin  occurring  elsewhere  than  in  the  liver. 
Chronic  hemolytic  icterus  is  of  varying  and  usually 
of  slight  degree.  Bile  is  absent  from  the  urine  but  is 
present  in  increased  amount  in  the  blood  serum. 
Urobilin  is  present  in  the  urine  and  usually  present  in 
increased  amounts  in  the  stools.  There  may  be 
moderate  or  grave  anemia,  frequently  there  is  ab- 
normal fragility  of  the  erythrocytes,  microcytosis,  and 
great  increase  in  the  number  of  erythrocytes  with 
basophilic  granulations. 

Symptoms.  I.  Obstructive  Jaundice. — 1.  Staining  of 
the  tissues  is  most  striking  and  is  due  to  bilirubin. 
Connective  tissue  has  particular  affinity  for  the  pig- 
ment. The  conjunctivae  usually  show  the  earliest 
tinge;  the  color  is  well  seen  in  the  mucous  membrane 
of  the  hard  palate,  especially  on  pressure;  color  of  the 
skin  varies  from  sulphur,  lemon,  or  saffron  hue  in 
slight  cases  to  greenish,  bronze,  or  even  greenish 
black  in  chronic  cases  with  complete  obstruction. 
The  pigmentation  is  most  marked  over  the  forehead, 
temples,  scalp,  upper  extremities,  and  thorax.  The 
pigment  lies  in  granular  masses  in  the  deepest  layers 
of  the  rete  Malpighii,  and  may  persist  ten  or  twenty 
days  after  it  has  disappeared  from  the  blood.  The 
cornea,  peripheral  nerves,  cartilage,  hair,  and  teeth 
usually  escape  stain;  the  brain  is  not  colored,  except 
in  the  new-born;  the  fetus  may  be  lightly  jaundiced. 
Langmead  and  Thursfield  have  found  the  teeth 
stained  green  in  infants  with  long-continued  jaundice. 
2.  Nearly  all  secretions  show  presence  of  bilirubin. 
It  can  be  demonstrated  in  the  urine,  sweat,  exudates, 
amniotic  fluid,  and  pus;  it  is  inconstant  in  the  milk, 
rarely  present  in  the  sputum  except  in  pneumonia, 
has  been  demonstrated  exceptionally  in  saliva,  but 
is  not  found  in  the  tears.  The  urine  is  usually  dark 
yellow  or  brown,  sometimes  reddish  or  greenish.  The 
fi  >:i  in  is  yellow,  immersed  filter  paper  is  stained  yellow, 
anil   the   presence   of   bilirubin    can   be   shown   by   a 
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number  of  tests.  In  the  Smith-Rosin  test,  '■'•  c.c.  of  a 
solution  of  tincture  of  iodine  diluted  ten  times  with 
alcohol  is  added  to  10  c.c.  of  urine;  a  green  ring  forms 
at  the  zone  of  contact.  Gmelin's  test  ;  Fuming  nitric 
acid  is  poured  beneath  a  layer  of  urine  in  a  conical 
glass;  a  play  of  colors  occurs  at  the  zone  of  contact — 
yellow,  green,  blue,  violet,  to  red;  the  green  color  is 
most,  characteristic.  The  Schwerdtfeger-Huppert  and 
(lluzinski  tests  are  equally  delicate  but  less  con- 
venient. If  the  serum  contains  only  slight  quantities 
of  bile  pigments,  the  urine  may  contain  only  urobilin 
and  no  bilirubin.  The  urine  is  yellowish  red  and  only 
rarely  brownish  red.  Urobilin  occurs  in  small 
quantity  in  normal  urine,  occurs  in  the  feces  as  ster- 
cobilin,  may  occur  alone  in  the  urine  in  slight  jaundice, 
at  the  beginning  or  end  of  severe  jaundice,  usually 
disappears  from  the  urine  when  bile  is  totally  shut  off 
from  the  intestine.  It  is  a  reduction  product  of 
bilirubin  or  hemoglobin,  and  reduction  may  occur 
either  in  the  intestine  or  in  the  tissues.  There  is  no 
true  urobilin  icterus;  the  staining  of  the  skin  is  always 
by  bilirubin.  To  test  for  urobilin,  water  is  poured 
carefully  over  the  urine  in  a  test-tube;  urobilin  diffuses 
more  rapidly  than  bilirubin,  and  may  be  recognized 
with  the  spectroscope  (Hayem).  Fluorescence  may 
be  shown  by  the  method  of  Schlesinger — adding  to 
the  urine  an  equal  bulk  of  ten  per  cent,  alcoholic  zinc 
acetate  solution  and  filtering.  The  following  table 
of  Quincke,  little  modified  from  that  of  Hayem  and 
Tissier,  shows  the  shifting  relations  of  the  bile  pig- 
ments in  urine,  feces,  and  skin  in  the  course  of  ordi- 
nary obstructive  jaundice: 


Skin. 

Serum.                       Urine. 

Feces. 

1.  Very  slight 

yellow 

2.  Light 

yellow 

3.  Yellow 

4.  Deeply 

yellow 

Bilirubin  0 
Bilirubin   -f- 
Bilirubin   -f- 
Bilirubin   + 

;  Bilirubin  0 
I  Urobilin  0  or  little 
J  Bilirubin  — 
I  Urobilin   + 
f  Bilirubin  + 
I  Urobilin  + 
r  Bilirubin  -f 
Urobilin  +  or  0 

Normal  color. 
\  Colored. 
}  Pale. 
'  Clay  color. 

Besides  bilirubin  and  urobilin  the  urine  contains 
bile  acids  and  at  times  nucleo-albumin  and  albumin. 
Bile-stained  cells  and  hyaline  and  finely  granular  casts 
are  found  in  all  jaundice  urines. 

3.  Pruritus  is  frequent,  and  in  marked  jaundice  may 
be  severe  and  tormenting.  It  is  an  intoxication  symp- 
tom, and  largely  modified  by  individual  peculiarity;  it 
may  precede  the  jaundice,  and  in  fact  be  present  for 
long  periods  without  jaundice,  as  in  hepatic  cirrhosis; 
but  as  a  rule  it  is  not  intense  save  in  complete  and  long- 
standing obstruction.  It  may  cease  when  bile  re- 
appears in  the  stools,  though  the  skin  still  remains 
colored.  Urticaria,  eczema,  fissures,  and  boils  occur 
as  a  result  of  scratching.  Xanthoma,  xanthelasma,  or 
vitiligoidea  is  a  peculiar  condition  characterized  by 
formation  of  yellowish  flat  patches  or  tubercles;  the 
flat  variety  occurs  on  the  eyelids,  the  tubercular 
form  elsewhere  on  the  skin  or  in  the  viscera.  The 
association  with  icterus  is  not  a  necessary  one. 
Sweating  is  frequent  and  may  be  confined  to  the  back 
or  abdomen.  Telangiectases  may  develop  in  chronic 
cases  in  the  skin  and  occasionally  in  the  mucous  mem- 
brane of  the  tongue  and  lips.  Clubbing  of  the  nails 
has  been  occasionally  observed,  and  periosteal  nodes 
may  form. 

4.  The  color  of  the  feces  may  be  modified.  In  total 
obstruction  the  stools  may  be  pasty  and  more  or  less 
grayish  white  or  clay  colored.  The  color  is  due  partly 
to  absence  of  modified  bile  pigment,  and  partly  to  the 
large  amount  of  undigested  fat;  according  to  F. 
Mueller,  from  fifty-five  to  seventy-five  per  cent,  of  fat 
goes  to  waste  when  bile  is  wholly  shut  off  from  the 
intestines,  instead  of  normally  from  seven  to  ten  per 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


I.UIM'li.  i- 


cent.  With  partial  obstruction  (lie  stools  arc  nunc 
colored;  return  of  color  may  be  the  first  sign  of  relief 
from  total  obstruction.  Formerly  much  stress  was 
laid  on  the  antiseptic  properties  of  bile,  but  we  now 
know  that  the  bile  has  little  influence  on  bacterial 
growth  and  controls  but  little  the  odor  of  the  feces. 

5.  Slow  pulse  is  a  common  symptom,  especially  of 
catarrhal  jaundice.  It  is  difficult  to  understand  the 
experience  of  Mackenzie  who  states  thai  he  has  never 
seen  bradycardia  with  jaundice.  The  phenomenon  is 
variously  attributed  to  action  of  bile  acids  on  the  vagus, 
heart  muscle,  or  intracardial  ganglia;  irritation  of  the 
vagus  is  the  most  probable  cause,  for  Wintrend  has 
demonstrated  a  rise  from  40  to  120  after  atropine 
injection.  Later,  in  a  chronic  jaundice,  an  originally 
slow  pulse  may  rise  to  normal  or  increased  rate. 
King  and  Stewart  have  shown  experimentally  that 
the  bile  pigments  and  not  the  bile  acids  are  the  cause 
of  the  bradycardia. 

6.  Disturbances  of  vision  are  rare — xanthopsia, 
hemeralopia,  nyctalopia. 

7.  Digestive  disorders  are  common  but  equivocal. 
The  usual  complaints  are  of  anorexia,  bitter  taste  in 
the  mouth,  distaste  for  meats  or  fats,  flatulence,  con- 
stipation, or  occasional  diarrhea. 

8.  Nervous  symptoms  are  of  many  kinds.  Physical 
and  psychical  weakness,  depression,  irritability  are 
present  in  mild  cases;  with  persistent  jaundice  severe 
disturbances  may  occur.  The  general  condition 
grows  worse,  a  typhoid  state  develops,  dulness  and 
stupor  deepen  into  coma  that  proves  fatal,  coma 
alternates  with  states  of  excitement  and  delirium,  or 
general  convulsions  of  indefinite  nature  end  the  scene. 
The  symptoms  directly  suggest  intoxication,  and  the 
condition  has  long  borne  the  name  of  cholemia.  The 
name  is  not  a  good  one,  as  the  same  group  of  symptoms 
may  terminate  a  cirrhosis  of  which  jaundice  forms  no 
part.  It  is  an  autointoxication  of  complex  kind,  as 
shown  by  the  variety  and  inconstancy  of  the  symp- 
toms. The  term  hepatic  intoxication,  proposed  by 
Quincke,  should  supersede  cholemia. 

9.  Hemorrhage.  The  presence  of  bile  constituents 
slows  coagulation  of  the  blood,  and  in  long-continued 
icterus,  instead  of  the  normal  time  of  three  and  a  half 
to  four  minutes,  coagulation  may  be  delayed  to  eleven 
or  twelve  minutes  (Osier).  The  tendency  to  bleeding 
is  shown  in  spontaneous  hemorrhages — purpura,  sug- 
gillations,  more  rarely  bleeding  from  mucous  mem- 
branes, or  by  profuse  and  fatal  hemorrhage  after 
operations.  It  is  well  known  that  surgeons  operate 
with  dread  in  cases  of  long-standing  jaundice.  Mayo 
Robson  would  refer  the  tendency  to  bleed  in  chronic 
jaundice  to  involvement  of  the  pancreas.  In  some 
cases  the  formation  of  fibrinogen  is  at  fault. 

II.  Toxemic  Jaundice. — In  this  form  obstruction 
depends  upon  increased  viscidity  of  bile,  due  to  blood 
changes  or  to  catarrh  of  small  bile  ducts;  no  obvious 
obstruction  is  to  be  found  in  large  ducts.  Bile  is 
never  absent  from  the  feces;  in  fact,  the  stools  may 
be  very  dark  from  excess  of  bile  (polycholia).  The 
bile  acids  are  not  constant  in  the  urine,  but  this  is  of 
no  clinical  importance.  Coloring  of  the  skin  is  usually 
less  deep,  constitutional  disturbances  are  as  a  rule 
decidedly  more  marked;  the  jaundice  seems  often 
merely  a  symptom  of  a  general  infection.  All  the 
cases  of  this  group  present  about  the  same  clinical 
picture;  differences  in  the  symptoms  and  course  are 
due  to  the  variety  and  especially  to  the  intensity  of  the 
intoxication.  There  may  be  gradations  from  an 
apparently  simple  epidemic  catarrhal  jaundice  to  the 
syndrome  of  malignant  jaundice  or  Weil's  disease,  or 
to  the  severest  type  of  icterus  gravis  or  acute  yellow 
atrophy. 

Morbid  Anatomy  and  Course. — The  pathological 
findings  of  icterus  vary  widely  with  the  causes;  they 
are  sufficiently  discussed  in  connection  with  sympto- 
matology or  in  the  sections  dealing  with  the  special 


diseases.     The  course  and  prognosis  vary  also  with 

the  cause;  in  general,  prognosis   is   less   good  when 

obstructive  jaundice  has  lasted  three  or  four  months; 

after  eight  to  twelve  nn mi  hs  liability  to  hemorrhage  or 
to  sudden  severe  nervous  symptoms  renders  tin- out- 
look unfavorable.  Budd,  however,  cites  recovery 
after  four  years;  Murchisoii,  Barth.  and  Bismer  report 
a  favorable  termination  alter  six  years'  duration; 
l.egendre,  (iailliard.  and  Di'bove  mention  cases  of 
complete  obstruction  of  twelve,  twenty,  twenty-five 
years'  standing  without  much  general  disturbance! 

Varieties  of  Jaundice. —  I.  Icterus  Neonatorum. 

Jaundice  of  the  new-born  may  be  (a)  severe, due  In  con- 
genital stricture  or  absence  of  the  bile  ducts,  to 
syphilis,  or  to  sepsis;  this  form  rapidly  proves  fatal; 
(6)  mild  or  physiological.  This  occurs  in  one-third  or 
two-thirds  of  all  infants  born  in  hospital,  and  in  a 
somewhat  smaller  per  cent,  of  private  cases.  It  is 
more  frequent  in  boys,  in  premature  infants,  in  cases 
in  which  chloroform  was  used,  or  in  cases  attended 
with  marked  congestion.  The  jaundice  appears  on 
the  second  or  third  day,  is  most  marked  in  the  face 
and  upper  part  of  the  body,  as  a  rule  is  not  deep,  the 
conjunctivae  are  stained  only  in  severe  cases,  there  is 
little  or  no  general  disturbance,  the  color  fades  in 
from  a  few  days  to  three  or  four  weeks.  The  urine,  as 
a  rule,  is  of  normal  yellow  color  and  contains  no  soluble 
bile  pigment;  it  frequently  shows  traces  of  albumin, 
and  the  sediment  may  show  bile-stained  kidney 
epithelium  or  cells  enclosing  granules  or  crystals  of 
bilirubin.  Bilirubin  is  held  in  the  kidney  in  the  form 
of  infarcts.  There  is  no  urobilinuria;  the  feces  are 
of  normal  yellow  color.  Pathogenesis  is  obscure. 
The  benign  character  shows  the  practical  physiological 
nature  of  the  process;  it  may  depend  in  part  on  the 
increased  blood  destruction  and  consequent  polycholia 
of  the  first  days  after  birth,  in  part  on  the  slow  ex- 
cretion of  bile  by  the  kidney  (infarct  formation),  in 
part  on  lack  of  bile  reduction  in  the  intestine.  More 
probable  is  the  explanation  of  Franck  and  Quincke 
that  the  icterus  depends  on  increased  bile  absorption 
from  the  intestines;  the  meconium  contains  bilirubin, 
bile  secretion  is  increased  with  ingestion  of  the  first 
food,  bile  is  consequently  absorbed  in  quantity  into 
the  portal  blood,  and  in  the  first  few  days  patency  of 
the  ductus  venosus  Arantii  allows  the  bile  constituents 
to  enter  in  part  the  vena  cava  and  so  reach  the 
general  blood  stream  without  passing  the  liver. 

2.  Icterus  after  Hemorrhages. — Definite  icterus  has 
been  observed  after  blood  extravasations  and  internal 
hemorrhages.  The  staining  appears  in  from  three  to 
ten  days  after  the  hemorrhage,  is  of  slight  degree,  and 
fades  in  a  few  days  or  weeks.  Urobilinuria  accom- 
panies and,  in  fact,  precedes  the  jaundice;  it  is  ex- 
tremely rare  to  find  bilirubin  in  the  urine.  Elabora- 
tion of  the  bile  pigment  probably  does  not  take  place 
locally;  hematoidin  crystals  may  form,  but  this  is  a 
slow  process  and  the  crystals  show  little  tendency  to 
solution.  More  probable  is  the  solution  of  hemo- 
globin in  situ  and  its  transformation  into  bilirubin  in 
the  liver;  the  jaundice  is  hepatogenous,  an  icterus 
pleiochromicus.  With  small  extravasations  no  jaun- 
dice occurs,  only  urobilinuria. 

3.  Inanition  Icterus. — Slight  staining  of  the  con- 
junctivae or  skin  may  occur  in  inanition  or  starvation. 
Trendelenburg  observed  a  case  with  slight  bilirubin- 
uria.  It  is  a  common  event  to  find  bile  in  the  urine 
of  fasting  dogs — the  absorption  occurs  within  the  liver. 

4.  Icterus  Syphiliticus. — This  is  the  icterus  syphil- 
iticus precox.  It  occurs  in  the  secondary  stage,  is 
not  frequent,  occurs  oftener  in  women  (Fournier). 
The  cases  show  generally  severe  secondary  symptoms, 
eruptions,  and  marked  glandular  enlargements 
(Werner).  It  is  a  mechanical  jaundice  and  due  to 
swelling  of  the  glands  in  the  portal  fissure  (Lan- 
cereaux).  In  one  case  Quincke  observed  ascites  and 
splenic  tumor  coming  and  going  with  the  jaundice. 
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5.  Icterus  psyclricus,  Icterus  spaslicus,  Icterus  ex 
emotione. — In  the  minds  of  the  laity  the  emotions  play 
a  large  part  in  liver  pathology.  The  only  cases  of 
jaundice  that  can  be  ascribed  to  nerve  influence  are 
(hose  which  occur  within  a  few  hours  or  even  minutes 
after  a  sudden  nerve  shock,  as  fright,  anger,  fear. 
There  are  two  classes  of  such  cases:  1.  Jaundice  coming 
on  immediately  after  severe  shock;  in  all  literature 
examples  of  this  class  are  extremely  rare;  two  cases  of 
Villeneuve  (1818)  are  cited  by  Murchison.  2. 
Jaundice  occurring  a  few  hours  after  great  nerve  shock 
or  strain.  This  is  comparatively  common;  the 
jaundice  is  light  and  of  short  duration;  in  a  few  cases 
acute  yellow  atrophy  has  followed.  Various  explana- 
tions have  been  advanced — polyeholia,  lowered  portal 
pressure  (Frerichs).  The  most  probable  explanation 
is  that  of  spasmodic  contraction  of  the  bile  ducts  with 
increased  back  pressure  and  quick  absorption. 

Herbert  C.  Moffitt. 

Jaundice,  Acute  Infectious. — See  )Veil's  Disease. 

Java),  Louis  Emile. — Born  in  Paris,  France,  May 
5,  1839.  He  received  his  doctor's  degree  in  1S68. 
In  1878  he  was  made  Director  of  the  Laboratory  of 
Ophthalmology  of  the  Ecole  des  Hautes  Etudes,  in 
Paris.  The  majority  of  his  published  writings,  which 
deal  almost  exclusively  with  physiological  optics,  will 
be  found  in  the  Annates  d'oculistique.  Javal's 
ophthalmometer  is  a  well-known  instrument.  He  died 
in  1907.  A.   H.  B. 


Jaws,  Injuries  and  Diseases  of  the. — Because 
of  the  necessary  brevity  of  this  article  it  is  to  be 
understood  at  the  outset  that  many  details  are  omitted 
and  that  all  wound  treatment,  whether  operative  or 
not,  is  to  be  conducted  according  to  modern  aseptic 
and  antiseptic  surgery  so  far  as  possible. 

Injuries  and  Diseases  of  the  Upper  Jaw. — In 
dealing  with  the  upper  jaw  it  must  be  borne  in  mind 
that:  (1)  Its  periosteum  is  not  osteogenetic;  (2) 
because  of  its  extreme  vascularity  reparation  after 
injury  is  wonderfully  active  and  complete;  (3) 
it  contains  the  largest  of  the  accessory  nasal  sinuses, 
the  antrum  of  Highmore.  This  cavity  is  situated 
in  the  body  of  the  bone,  and  is  lined  with  mucous 
membrane  continuous  with  that  of  the  nasal  cavity 
through  a  small  orifice  opening  into  the  middle  meatus. 

Fractures  of  the  L'pper  Jaw. — Because  of  its  thin 
walls  and  the  manner  in  which  it  is  hollowed  out  it 
is  readily  fractured  when  traumatized,  but  owing 
to  its  position,  protected  on  all  sides  by  its  outlying 
processes  of  bone — the  malar  bone  externally  and  the 
nasal  bones  internally — fracture  is  not  a  very  fre- 
quent accident.  Almost  invariably,  fracture  of  this 
bone  is  associated  with  fracture  of  the  more  prominent 
bones  of  the  face  with  which  it  is  articulated.  Direct 
violence,  such  as  blows  upon  the  face,  falls  from  great 
heights,  etc.,  is  usually  the  cause  of  the  fracture. 
However,  it  can  be  caused  by  a  blow  upon  the  head 
when  the  chin  is  fixed;  or  a  blow  upon  the  chin  may 
cause  a  fracture  of  this  bone  while  the  lower  jaw 
escapes. 

The  fracture  may  be  of  the  penetrating  variety, 
consisting  of  a  small  opening  into  the  antrum  made  by 
a  sharp-pointed  instrument,  which  may  enter  by  way 
of  the  orbit,  the  palate,  the  nostril,  or  the  anterior 
wall  of  the  cavity.  Such  wounds,  as  a  rule,  heal 
rapidly  and  require  but  little  attention  on  the  part 
of  the  surgeon. 

Fracture  may  involve  any  part  of  the  bone — the 
nasal,  palatal,  alveolar  process,  or  the  body  of  the 
bone. 

As  the  result  of  falls  upon  the  face  from  great- 
heights,  the  fracture,  in  a  few  recorded  cases,  has  been 
vertical  in  the  median  line,  constituting  a  diastasis 
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or  separation  of  the  two  superior  maxillary  boi 
Comminuted    fractures,    attended    with    the    n 

frightful  deformity,  as  the  result  of  gunshot  wounds, 
are  occasionally  mel  with.  When  the  alveolar 
process  is  separated  from  the  body  of  the  bom  there 
is  usually  marked  displacement. 

The  anterior  wall  of  the  antrum  of  Highmore  is 
sometimes  crushed  in  by  fragments  of  'he  malar 
bone  driven  down  upon  it  by  the  force  of  blows. 
In  such  cases  impaction  is  the  rule,  the  discomfort  is 
no  greater  than  that  following  a  simple  contusion, 
and  the  deformity  is  often  masked  by  the  swelling. 
The  soft  parts  overlying  the  bone  are  nearly  always 
extensively  involved.  Hemorrhage  from  wound*  of 
branches  of  the  external  carotid  artery  is  occasionally 
very  profuse — sometimes  requiring  the  application  of 
the  actual  cautery  to  the  bleeding  point  or  even  liga- 
tion of  the  external  carotid  artery. 

When  a  fracture  of  the  nasal  process  of  the  superior 
maxilla  is  complicated  with  a  fracture  of  the  nasal 
bones  in  which  the  mucous  membrane  of  the  nose  has 
been  more  or  less  lacerated,  extensive  emphysema 
of  the  face  may  take  place. 

If  the  line  of  fracture  runs  through  the  infra- 
orbital foramen,  causing  contusion  or  laceration  of 
the  infraorbital  nerve,  temporary  sensory  paralysis 
of  the  parts  supplied  by  that  nerve  may  ensue. 

Obstruction  of  the  lacrymal  duct,  with  a  constant 
overflow  of  tears  upon  the  cheek,  may  follow  fracture 
of  the  upper  jaw. 

Signs  and  Symptoms. — In  the  majority  of  cases  rec- 
ognition of  fracture  of  the  upper  jaw  is  not  difficult. 
Deep-seated  pain,  increase  of  saliva,  hemorrhage  from 
the  mouth  or  nose,  and  the  special  signs  of  fracture, 
viz.,  crepitus,  preternatural  mobility,  and  deformity, 
are  all  present  in  greater  or  lesser  degree.  The  ac- 
cessible position  of  every  part  of  the  bone  makes  it 
usually  an  easy  matter  to  detect  a  fracture  of  the 
maxilla. 

Treatment. — In  the  treatment  of  fractures  of  the 
upper  jaw  the  indications  are  to  replace,  by  manipu- 
lation, the  fragments  as  accurately  as  possible,  and 
by  suitable  appliances,  to  render  them  immovable. 
Pressing  the  lower  jaw  firmly  against  the  upper  with  a 
Barton  bandage  will  in  most  cases  suffice. 

If  the  tendency  to  displacement  is  great,  as  in 
fractures  of  the  alveolus,  it  may  be  necessary  to  wire 
the  teeth  of  opposing  fragments  together,  or  to  adjust 
an  interdental  splint.  If  wire  is  used  it  is  best  to 
include  several  teeth  on  either  side  of  the  line  of  frac- 
ture, otherwise  the  teeth  become  loose  and  the  wiring 
does  only  harm. 

If  the  malar  bone  is  driven  into  the  upper  jaw  we 
can  reduce  the  deformity:  (1)  By  introducing  a  blunt 
instrument  through  the"  mouth  under  the  zygomatic 
process  and  by  pressure  elevating  the  fragment.  (2) 
Following  themethod  of  Erdmann  we  can  reduce  the 
deformity  by  using  bullet  forceps,  placing  one  prong 
just  back  of  "the  orbital  ring  and  the  other  through  the 
cheek  just  below  the  prominence  of  the  malar  bone. 
By  making  extension  with  the  instrument  the  de- 
formity is  usually  easily  reduced.  (3)  Should  these 
methods  fail  then  it  may  become  necessary  to  enter 
the  antrum,  preferably  by  chiselling  or  trephining  an 
opening  through  the  canine  fossa,  and  with  a  blunt 
instrument  or  the  finger  elevate  the  depressed  bone 
and  immobilize  it  by  packing  the  cavity  with  gauze. 
The  packing  can  be  removed  on  the  fourth  or  fifth 
day. 

When  any  fracture  of  the  superior  maxilla  is  com- 
minuted and  compound,  great  care  should  be  taken 
to  preserve  every  fragment,  however  loosely  attached, 
as  the  experience  of  a  great  many  surgeons  has  shown 
that  such  fragments  unite  very  readily.  Another 
point  to  be  observed  in  the  treatment  of  fractures  of 
the  upper  jaw  is  not  to  extract  loosened  teeth,  since, 
in  addition  to  the  fact  that  they  most  frequently 
become  firm  again,  their  extraction  is  attended  with 
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some  danger  of  removing  fragments  of  bone  thai  might 
have  been  preserved. 

Inflammation. — This  usually  manifests  itself  in  the 
form  of  an  acute  or  chronic  periostitis. 

Acote  Periostitis. —  Mechanical  injury,  mercury, 
phosphorus,  the  exanthematous  fevers,  and  the 
diathetic  diseases,  e.  g.  syphilis,  rheumatism,  gout,  and 
tuberculosis,  all  predispose  to  this  affection.  The 
commonest  predisposing  cause,  however,  is  the  irrita- 
tion set  up  by  carious  teeth.  It  is  needless  to  say  that 
some  form  of  microorganism  is  the  exciting  cause. 

Signs  and  Symptoms. — Severe  pain  of  a  throbbing, 
tensive  character,  aggravated  at  night,  exquisite 
tenderness  when  the  tooth  is  pressed  into  the  socket, 
as  in  mastication;  swelling  of  the  cheek,  often  so  great 
as  to  distort  the  features.  Later  suppuration  takes 
place,  pus  forms,  and  there  is  a  rise  of  temperature 
which  continues  until  the  pus  escapes. 

Treatment. — In  order  to  avert  suppuration  the 
treatment  should  be  prompt  and  active.  All  decayed 
teeth  should  be  at  once  removed  as  the  most  probable 
cause  of  the  mischief.  Saline  cathartics  should  be 
exhibited,  local  depletion  by  means  of  free  incisions, 
together  with  hot  antiseptic  fomentations,  should 
be  employed.  In  order  to  prevent  recurrence  local 
and  constitutional  treatment  should  be  instituted. 

Chronic  Periostitis  (Pyorrhea  Alveolaris). — 
This  may  arise  from  repeated  attacks  of  the  acute 
form,  though  it  oftener  occurs  as  the  result  of  some 
constitutional  disease  which  by  lowering  the  vitality 
invites  bacterial  infection. 

Signs  and  Symptoms. — These  are  often  of  the  acute 
type  somewhat  modified.  Sometimes  it  is  absolutely 
painless,  in  which  cases  it  is  discovered  only  by  acci- 
dent. Pressure  on  the  swollen  gums  may  cause 
pus  to  escape  from  around  the  necks  of  the  teeth.  Of 
late  pyorrhea  alveolaris  has  received  much  attention 
because  of  the  fact  that  it  seems  to  be  an  etiological 
factor  in  certain  constitutional  diseases  and  infections, 
e.g.  chronic  arthritic  rheumatism,  gout,  high  blood 
pressure  and  its  sequela1,  and  grave  anemia. 

Syphilitic  periostitis  differs  from  ordinary  chronic 
periostitis  in  that  there  is  a  marked  tendency  to  the 
development  of  gummata  and  nodes.  The  former 
often  break  down  and  discharge  their  caseous  contents, 
while  the  latter  may  lead  to  eburnification  of  the  bone. 

Treatment. — Local  treatment  of  the  most  thorough 
type  should  be  undertaken  by  a  competent  dentist 
before  the  disease  leads  to  falling  of  the  teeth  and 
absorption  of  the  alveolar  process.  The  constitutional 
treatment  should  be  symptomatic. 

Alveolar  Abscess. — The  immediate  effect  of  in- 
flammation at  the  root  of  a  tooth,  may  be  superficial 
or  deep.  When  superficial  it  is  commonly  known  as 
gumboil,  which  is  recognized  as  a  puffy  swelling  of  the 
gums,  globular  in  form,  usually  small  in  volume,  but 
often  exquisitely  tender  and  painful.  This  form  of 
abscess,  after  a  brief  period,  ruptures  spontaneously 
or  upon  slight  pressure  with  the  finger,  and  recovery 
speedily  ensues. 

The  deep  alveolar  abscess,  which  more  directly 
results  from  diseased  teeth,  commences  in  the  sub- 
stance of  the  bone.  The  abscess  cavity,  at  first  very 
small,  rapidly  increases  in  size,  the  alveolar  process 
becoming  carious  and  undergoing  absorption.  The 
pus  may  find  an  outlet  for  itself  by  the  side  of  a  tooth, 
or,  if  resistance  in  that  direction  is  too  great,  the  al- 
veolar process  may  be  perforated  and  the  pus  then  bur- 
rows beneath  the  mucous  membrane.  Occasionally 
pus  burrows  beneath  the  periosteum  of  the  palate, 
afterward  pointing  in  the  roof  of  the  mouth. 

Treatment. — The  treatment  is  free  incision  and 
extraction  of  the  peccant  tooth.  This  should  be  done 
early,  as  delay  may  lead  to  extensive  necrosis,  or  to 
the  formation  of  a  long  sinus,  most  difficult  to  heal. 


Empyema  of  the  Maxillary  Sinus. — While  the  irri- 
tation set  up  by  diseased  teeth,  especially  the  molar 
teeth,  often  produces  this  condition,  the  consensus  of 
opinion  among  leading  specialists  of  to-day,  is  that  the 

origin  of  the  trouble  ran  usually  be  traced  to  the-  nose 
or  some  of  its  accessory  .sinuses.  And  the  fad  that 
the  frontal,  ethmoidal,  and  sphenoidal  sinuses  are  so 
often  the  seat  of  suppural  ton  is  a  point  in  favor  of  this 
view,  since  none  of  them  are  touched  by  teeth. 

Any  condition  in  the  nose  interfering  with  efficient 
drainage  through  the  natural  ostium  will  naturally 
tend  to  bring  on  this  trouble,  hence  it  is  found  that 
acute  or  chronic  rhinit  is,  influenza,  a  deflected  septum, 
and  disease  of  the  middle  turbinate  bone  are  impor- 
tant etiological  factors.  It  occurs  often  in  the  course 
of  pneumonia  and  those  suffering  from  tuberculosis 
seem  somewhat  prone  to  the  disease  though  tubercu- 
losis of  the  lining  membrane  of  the  antrum  is  rare. 
Aerobic  and  anaerobic  bacteria  are  both  found  in  the 
secretion,  the  former  usually  in  those  cases  which  can 
be  traced  to  the  nose  or  accessory  sinuses,  the  latter  in 
cases  where  the  trouble  results  from  carious  teeth. 

Diagnosis. — In  acute  cases  the  history  usually 
points  to  a  recent  nasal  infection,  such  as  acute 
rhinitis,  influenza,  involvement  of  the  frontal  sinus, 
or  prolonged  suffering  with  decayed  teeth.  The 
patient  complains  of  severe  pain  in  the  head,  face, 
and  teeth  on  the  side  involved  and  there  may  be  some 
swelling  of  the  face,  or,  if  a  tooth  is  the  cause  of  the 
trouble,  the  gums  may  be  swollen  and  tender.  Oc- 
casionally the  pain  lessens  temporarily  after  a  large 
quantity  of  pns  is  forcibly  blown  from  the  nose. 
Examination  of  the  nose  will  show  an  accumulation 
of  pus  in  the  middle  meatus  which  recurs  after  swab- 
bing the  part,  especially  if  the  patient  lies  down  or 
forcibly  blows  the  nose.  In  the  chronic  cases  diagnosis 
is  often  very  difficult  because  the  symptoms  point 
almost  as  much  to  the  frontal  as  to  the  maxillary 
sinus.  Since  both  of  these  cavities  drain  into  the  mid- 
dle meatus,  simple  intranasal  examination  is  of  little 
value.  Here  transillumination  and  the  Rontgen  ray 
may  help  clear  up  the  diagnosis,  or  by  irrigating  both 
of  these  sinuses  we  may  locate  the  disease.  However, 
one  of  the  best  and  easiest  methods  is  to  aspirate  the 
maxillary  sinus  through  the  middle  or  inferior  meatus 
of  the  nose.  If  pus  is  found  then  treatment  must  be 
directed  here.  In  those  chronic  cases  when  there  exists 
no  means  of  escape  for  the  pus  and  it  accumulates 
in  the  cavity,  the  bone  becomes  expanded,  the  cheek 
is  pushed  forward,  and  the  walls  of  the  antrum  be- 
come so  thinned  by  absorption,  that  when  pressed 
upon  a  peculiar  crackling  sensation  is  felt.  The 
bone  may  be  expanded  upon  any  or  all  of  its  surfaces, 
orbital,  buccal,  palatal,  or  nasal.  In  several  recorded 
cases  the  pressure  upward  has  caused  exophthal- 
mos with  permanent  amaurosis.  Lacrymation,  bleph- 
arospasm, transient  amblyopia  are  also  sometimes 
produced. 

Treatment. — The  acute  form  is  best  handled  con- 
servatively. An  initial  close  of  calomel  followed  by 
salts,  anodynes  for  the  pain,  continuous  hot  applica- 
tions locally  and  an  expectorant  mixture  internally 
to  liquefy  the  tenacious  secretion.  Hexameth- 
ylenamine  should  also  be  given  in  rather  large  doses 
because  of  its  antiseptic  action.  It  is  hardly  neces- 
sary to  mention  the  importance  of  locating  and  re- 
moving the   cause. 

The  chronic  form  requires  a  more  radical  treatment. 
Irrigation  of  the  antrum  through  the  natural  opening 
may  bring  about  a  cure,  but  since  the  opening  into 
the  nose  is  higher  than  the  antral  floor,  efficient 
drainage  is  impossible  and  attempts  to  cure  the  dis- 
ease in  this  way  are  often  futile.  The  most  impor- 
tant indication  is  to  secure  thorough  drainage.  This 
can  be  done  by  entering  the  antrum  through  the 
socket  of  an  extracted  tooth,  through  the  bone  above 
the  alveolar  process,  or  through  an  opening  in  the  lat- 
eral  wall   of  the    nasal  cavity.     The  latter  method 
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usually  answers  all  requirements  and  will  often  bring 
about  a  cure  in  five  or  six  weeks.  Under  local 
anesthesia,  the  mucous  membrane  of  the  inferior 
meatus  is  incised  and  an  opening  through  the  thin 
bone  made  with  a  knife,  this  opening  is  then  enlarged 
with  a  special  saw  and  the  excess  of  mucous  mem- 
brane cut  away.  Drainage  through  this  opening  is 
efficient  and  daily  irrigations  with  antiseptic  solutions 
arc  easily  and  painlessly  conducted. 

If  it  is  impossible  to  perform  the  above  operation 
because  of  extreme  narrowness  of  the  nasal  cavity, 
then  it  may  be  necessary  to  resort  to  one  of  the  so- 
called  external  operations.  One  of  the  best  of  these 
is  the  Caldwell-Luc  in  which  the  lateral  wall  of  the 
inferior  meatus  is  opened  after  the  antrum  is  entered 
through  an  opening  in  the  bone  above  the  alveolar 
process.  The  main  advantage  of  this  operation  is 
that  the  antrum  can  be  well  examined  and  its  walls 
curetted  if  necessary  at  the  time  of  operation.  After 
making  the  opening  into  the  nose  and  inserting  gauze 
packing  in  the  antrum  with  an  end  protruding 
through  tl\e  nasal  opening,  the  buccal  opening  is  closed 
with  sutures.  The  diet  for  several  days  must  be 
liquid  in  order  to  minimize  the  danger  of  infection  of 
the  buccal  wound. 

Cystic  Disease  of  the  Antrum. — In  this  disease  the 
antrum  becomes  distended  by  a  dark-colored,  glairy, 
and  in  some  instances  gelatinous  fluid,  which  fre- 
quently contains  cholesterine  in  considerable  quantity. 
The  old  name  applied  to  the  disease  was  hydrops 
antri,  or  dropsy  of  the  antrum,  and  it  was  supposed  to 
depend  upon  the  retention  of  the  natural  secretion 
of  the  mucous  membrane  lining  the  sinus,  the  escape 
of  which  had  been  prevented  by  the  closure  of  the 
opening  between  the  antrum  and  the  nose;  but  modern 
research  has  shown  that  such  a  view  was  not  correct. 
The  cysts  most  likely  depend  upon  cyStic  degeneration 
of  the  glandular  follicles  thickly  aggregated  over  the 
mucous  membrane  lining  the  cavity. 

Signs  and  Symptoms. — The  disease  is  of  painless 
growth   and  the   expansion   of   the  bone   is   gradual. 
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Fig.  3553. — Cystic  Tumor  ol  Antrum.     (Erichsen.) 

In  course  of  time  it  leads  to  marked  deformity — the 
cheek  becomes  prominent  and  round,  the  eye  pro- 
trudes from  the  orbit,  the  nose  is  pushed  to  the 
opposite  side,  the  nostril  becomes  occluded,  and  the 
palate  is  depressed,  often  to  such  an  extent  as  seri- 
ously to  embarrass  deglutition.  The  enlargement  pre- 
sents itself  as  a  rounded  tumor,  soft  and  elastic  at 
some  portions  of  its  surface,  hard  and  resisting  at 
others.  Pressure  upon  the  swelling  often  elicits  the 
peculiar  egg-shell  crackling  characteristic  of  those 
conditions  in  which  the  bone  is  greatly  expanded 
and  thinned.  The  general  appearance  of  the  disease 
closely  resembles  that  of  solid  tumors  of  the  upper 
jaw,  which  fact  has  caused  surgeons,  in  a  number 
of  instances,   to    excise    the    entire    upper    jaw    un- 


necessarily.     In  all  doubtful  cases  of  swelling  Of  the 

upper  jaw,  therefore,  exploratory  punctures  should 
be  made  before  resort  is  had  to  the  more  serious 
operation  of  excision. 

Treatment. — Acting  upon  the  false  belief  that  the 
enlargement  consisted  of  the  pent-up  secretion  of  the 
antral  mucous  membrane,  surgeons  formerly  at- 
tempted to  reestablish  the  normal  opening  between 
the  sinus  and  the  nasal  cavity,  but  naturally  such 
a  procedure  never  met   with   success. 

The  proper  treatment  consists  in  the  evacuation  of 
the  contents  of  the  cyst  by  means  of  free  incisions, 
and  the  establishment  of  efficient  drainage  until  the 
tendency  to  recurrence  no  longer  exists.  This  may 
be  easily  accomplished  by  incising  the  most  prominent 
part  of  the  tumor,  usually  beneath  the  cheek,  evacu- 
ating the  contents  through  the  opening,  and  dilat- 
ing the  passage  thoroughly  with  the  finger.  If  the 
cyst  is  large,  a  portion  of  the  bone  or  of  the  cyst  wall 
should  be  cut  away.  The  cavity  should  be  thoroughly 
washed  out,  several  times  daily,  with  some  stimu- 
lating antiseptic  solution  until  all  discharge  ceases. 
The  deformity  occasioned  by  the  distention  of  the  bone 
will  eventually  entirely  disappear. 

Polypus  op  the  Antrum. — This  form  of  morbid 
growth  in  the  antrum  is  rare,  though  a  polypoid 
degeneration  of  the  antral  mucous  membrane  is  often 
tin-  result  of  an  empyema  of  the  maxillary  sinus. 
Like  polypus  of  the  nasal  cavity,  to  which  it  is  similar 
in  pathology,  it  takes  its  origin  from  the  mucous 
membrane,  and  may  be  either  fibrous  or  myxomatous, 
most   frequently   the   latter. 

When  small  its  presence  is  unsuspected,  and  it  is 
only  after  it  has  attained  considerable  dimensions  and 
has,  by  its  size,  led  to  absorption  of  the  thin  inter- 
nal wall  of  the  antrum  and  protruded  into  the  nostril, 
that  the  real  nature  of  the  disease  is  manifested. 

Until  this  growth  reaches  large  dimensions,  sur- 
gical interference  is  rarely  called  for.  Thorough  re- 
moval, by  opening  up  the  anterior  wall  of  the  antrum, 
or  through  the  nose  if  possible,  is  the  proper  method  of 
treatment.  In  operating  it  should  be  remembered 
that  polypus  is  often  the  starting-point  of  a  carcinoma 
and  removal  should  therefore  be  complete. 

Lipoma. — Fatty  tumors  of  the  jaw  are  very  rare, 
only  a  few  cases  having  been  reported. 

Fibroma. — Fibrous  tumors  of  the  upper  jaw  may 
be  either  endosteal  or  periosteal  in  origin,  and  may 
occupy  the  antrum  of  Highmore  or  grow  from  the 
alveolar  process,  the  latter  variety  being  known  as 
fibrous  epulis.  In  structure,  fibromata  are  similar 
to  fibrous  tumors  in  other  parts  of  the  body,  and  are 
liable  to  the  same  kinds  of  degenerative  changes. 

The  upper  jaw  is  not  so  often  the  seat  of  endosteal 
or  central  fibromata  as  the  lower. 

Frequently  these  growths  contain  spicula  of  bone 
or  nodules  of  cartilage,  either  of  which  may  be  present 
in  large  quantity. 

Etiology. — Aside  from  the  fact  that  some  cases  are 
known  to  follow  a  trauma  or  to  develop  after  long- 
continued  irritation  from  decayed  teeth  nothing  is 
known  of  their  origin.  Though  some  think  tiny. 
like  the  odontomata,  arise  as  the  result  of  perverted 
tooth  development,  there  is  practically  nothing  to 
substantiate  their  claims. 

Diagnosis. — Fibromata  usually  occur  in  adolescence 
and  young  adult  life,  seldom  after  the  age  of  forty. 
Their  growth  is  slow  but  sometimes  they  reach  enor- 
mous dimensions.  When  originating  within  the  an- 
trum, a  fibroma  may  extend  in  every  direction,  the 
bony  walls  undergoing  absorption,  give  way  before 
it,  allowing  processes  of  the  tumor  to  extend  into  the 
mouth,  nasal  cavity  and  the  orbit,  giving  rise  to  the 
most  hideous  deformity.  Such  tumors  are  apt  to  be 
considered  malignant  unless  a  microscopical  examina- 
tion is  made,  even  though  we  take  into  consideration 
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its  slow  and  painless  growth,  the  lack  of  adhesions  to 
surrounding  tissues  and  the  non-involvement  of  the 
lymph  nodes. 

Treatment. — When  the  tumor  is  located  within  the 
antrum  and  is  of  moderate  size,  it  may  be  possible  to 
enucleate  it  from  within  the  mouth  without  dis- 
figurement of  the  face.  This  may  be  accomplished 
by  dissecting  the  cheek  from  the  bone  and  entering 
the  antrum  through  its  anterior  wall.  If  situated 
elsewhere,  the  tumor  including  some  of  the  adjacent 
bone  and  periosteum  must  be  removed  as  conserva- 
tively as  possible.  If,  however,  t  he  growl  h  is  large  and 
has  in  a  measure  substituted  itself  for  the  upper  jaw, 
nothing  less  than  complete  excision  of  the  bone  will 
suffice. 

Epulis. — This  tumor  may  be  a  pure  fibroma  or  it 
may  be  sarcomatous  in  nature.  Scudder  writes: 
"An  epulis  is  a  border-line  tumor:  it  lies  midway  be- 
tween inflammation,  on  the  one  hand,  and  a  neopiasm, 
on  the  other.  When  looked  upon  as  a  neoplasm,  it  is 
still  a  border-line  lesion  between  the  benign  and  the 
malignant  connective-tissue  tumors."  It  grows 
from  the  periosteum  of  the  alveolar  process  close  to  the 
junction  of  the  gum  with  the  teeth,  between  the  teeth, 
or  even  from  a  tooth  socket  after  pain  has  led  to  the 
extraction  of  the  tooth.  It  grows  slowly  and  usually 
painlessly,  and  seldom  reaches  a  large  size,  though  a 
few  cases  have  been  reported  in  which  such  out- 
growths have  attained  sufficient  volume  to  cause 
considerable  deformity.  Often  adjacent  teeth  become 
loosened  and  eventually  drop  out. 

Etiology. — It  occurs  oftener  in  women,  and  usually 
after  the  age  of  thirty.     Irritation  from  decayed  teeth 


Fio.  3554. — Giant-cell  Epulis  of  Right  Lower  Jaw;  Painless 
growth  three  years  in  man  aged  50  years.  The  last  two  molars 
were  lost  after  the  appearance  of  the  tumor.  (Bloodgood,  Am. 
Practice  of  Surgery.) 

seems  to  be  an  etiological  factor.  Since  trauma 
occasionally  causes  the  growth  to  increase  rapidly,  this 
too  might  be  considered  as  one  of  the  causes.  Preg- 
nant women  are  attacked  oftener  than  others. 

Signs  and  Symptoms. — Examination  discloses  a 
small,  more  or  less  immovable,  hard  tumor  which  has 
existed  for  some  time,  growing  from  the  alveolar 
periosteum.  If  it  is  of  the  fibrous  type,  the  mucous 
membrane  is  but  slightly  injected,  it  is  hard  to  the  touch 
and  there  is  seldom  any  ulceration.  If  on  the  other 
hand  it  is  sarcomatous  in  nature,  the  mucous  mem- 


brane  is  bright    red    in   color,   perhaps   ulcerated,   the 

tumor  is  soft  .'iinl  bleeds  easily  upon  examination. 

Diagnosis.  The  differentiation  of  this  form  of 
tumor  from   pure  sarcoma  and  from   carcinoma    is 

made    by     its    slow     growth     alio,     relatively     painless 

development,  and  from  carcinoma  especially  by  the 

age  of  the  patient  and  lack  of  glandular  involvement. 
The  acute  onset,  severe  pain,  and  presence  of  pus  in 
alveolar  abscess  make  its  exclusion  easy,  while  the 
absence  of  one  or  more  teeth  and  fluid  (in  aspiration 
are  aids  in  preventing  confusion  with  the  odontomata. 
As  with  all  other  tumors,  however,  the  microscope  is 
the  best  and  surest   means  of  diagnosis. 

Treatment.  —If  microscopic  examinat  ion  at  t  he  time 
of  operation  shows  the  tumor  to  be  a  pure  fibroma, 
thorough  removal  of  the  tumor  and  underlying  peri- 
osteum, followed  by  cauterization  of  the  base  will  be 
sufficient.  If  however  giant  cells  are  present,  if  the 
tumor  has  shown  any  signs  of  malignancy,  nothing 
short  of  resection  of  the  tumor-bearing  segment  of  the 
alveolar  process  will  suffice  to  prevent  recurrence. 

Chondroma. — Tumors  composed  of  pure  hyaline 
cartilage  in  the  upper  jaw  are  extremely  rare.  Usu- 
ally the  neoplasm  contains  fibrous,  osseous,  or  sarco- 
matous tissue  cells.  If  these  tumors  grow  from  the 
surface  of  the  bone  they  are  called  ecchondromata,  if 
from  within  the  bone,  enchondromata.  Chondromata 
may  reach  immense  size.  Like  the  fibromata,  their 
growth  is  usually  very  slow  but  those  containing 
sarcomatous  tissue  differ  from  the  fibromata  in  that 
they  grow  rapidly  and  have  a  tendency  to  recur.  In 
fact  many  cases  have  been  reported  in  which  repeated 
operations  were  necessary,  the  tumors  seeming  to 
become  more  malignant  with  each  recurrence.  It  is 
this  tendency  to  recur  that  has  lead  to  the  classifica- 
tion of  chondromata  into  the  benign  and  the  malignant. 

Treatment. — The  treatment  of  chondromata  should 
be  the  same  as  that  for  fibromata,  except  that  the 
surgeon  should  be  even  more  careful  to  go  wide  of  the 
capsule  which  is  usually  present,  in  order  to  guard 
against  recurrence. 

Osteoma. — Osteomata  are  more  frequently  met 
with  in  the  lower  than  in  the  upper  jaw.  This  form 
of  tumor  in  its  structure  possesses  all  the  character- 
istics of  true  bone.  It  may  be  cancellous  in  structure, 
enclosed  in  a  thin  casing  of  compact  bone,  or  of  denser 
consistence,  hard  and  compact  throughout  like  ivory. 
They  occur  very  often  at  the  age  of  puberty. 

Hyperostosis  is  a  disease  of  the  jaw  which  consists 
of  a  diffused  hypertrophy  of  the  bone,  with  frequently 
total  obliteration  of  the  antrum.  Partial  hyperostosis 
may  take  place  in  the  alveolar  process  as  the  result  of 
irritation  proceeding  from  a  misplaced  or  diseased 
tooth. 

Osteomata  of  the  upper  jaw  have  been  known  to 
become  loose  in  their  attachments,  and  finally  to 
become  spontaneously  detached. 

It  is  not  an  easy  matter  to  differentiate  an  osteoma 
from  a  chondroma,  or  even  from  a  fibroma,  but  its 
slow  growth,  extreme  hardness,  and  irregular,  nodu- 
lated, or  tuberous  surface  will  be  of  service  in  making 
a  diagnosis. 

Treatment. — Osseous  tumors  of  the  upper  jaw 
should  be  removed  with  the  part  of  the  bone  from 
which  they  grow,  or  if  large  and  the  source  of  great 
deformity,  the  entire  jaw  should  be  excised. 

Sarcoma. — Sarcomata  are  tumors  of  connective- 
tissue  origin,  made  up  chiefly  of  embryonic  cells. 
Here  as  elsewhere,  they  are  essentially  malignant 
in  nature,  being  almost  certain  to  recur  after  removal, 
and  in  their  growth  infiltrating  adjacent  tissues.  The 
sarcomata  are  very  vascular  and  grow  rapidly,  often 
reaching  immense  volume.  They  occur  oftener  in  the 
lower  jaw.  They  are  histologically  divided  into  three 
classes,  namely,  the  spindle-celled,  the  round-celled, 
and  the  giant-celled. 
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Clinically  they  are  classified  according  to  origin  into 
periosteal  and  medullary.  There  are  often  several 
types  of  connective  tissue  present  in  the  same  tumor, 
hence  a  further  classification  into  osteo-,  fibro-, 
chondro-,  myxo-,  angeio-,  lympho-,  and  melano- 
sarcomata.  The  spindle-celled  type  is  most  frequently 
found  in  the  antrum.  It  closely  resembles  the  fibroma 
macroscopically.  The  medullary  sarcoma  is  oftener 
made  up  chiefly  of  giant  cells.  The  periosteal  sar- 
coma may  contain  any  type  of  cells  though,  as  a  rule, 
the  spindle  and  round  cells  predominate.  Should 
giant   cells   only   be  present,   together   with   a  large 


Fig.  3555. — Inoperable  Sarcoma  of  the  Upper  Jaw  in  a  Man 
Aged  50  Years.     (Bloodgood,  Am.  Practice  of  Surgery.) 

amount  of  fibrous  tissue,  then  in  all  probability  the 
tumor  should  be  classed  as  a  sarcomatous  epulis 
rather  than  a  pure  sarcoma. 

Etiology. — Trauma  seems  to  be  the  most  important 
single  etiological  factor,  here  as  elsewhere  a  definite 
relationship  between  sarcoma  and  trauma  having 
been  shown  by  Coley  and  others.  A  history  of  dental 
caries,  toothache,  or  extraction  of  teeth  is  often  given 
by  the  patient,  but  in  such  eases  it  is  manifestly  im- 
possible to  differentiate  cause  and  effect. 

Sarcoma  seldom  occurs  after  the  age  of  fifty,  and 
though  in  other  parts  of  the  body  it  occurs  oftener  in 
childhood  and  adolescence,  in  the  upper  jaw  sarcoma 
is  very  unusual  in  children. 

Diagnosis. — When  the  tumor,  whether  periosteal  or 
medullary,  grows  into  the  antrum  it  pursues  the  same 
course  as  other  solid  tumors  of  that  cavity,  causing 
enlargement  of  the  bone,  bulging  of  the  cheek,  parch- 
ment-like crackling  on  palpation,  etc.,  but  differs 
from  them  in  that  it  grows  more  rapidly,  is  more  prone 
to  ulcerate  and  cause  empyema,  and  is  more  vascular 
so  that  hemorrhage  from  the  nose  is  commoner  than 
with  non-malignant  neoplasms.  Pain  may  or  may 
not  be  present. 

If  the  growth  is  situated  on  the  alveolar  process,  the 
extreme  vascularity  as  manifested  by  the  injected 
mucous  membrane,  the  softness,  and  tendency  to 
bleed  on  slight  trauma  may  put  the  surgeon  on  his 
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guard.  But  since  sarcomata  sometimes  grow  slowly, 
since  slow  growth  is  not  always  a  sign  of  benignancy, 
and  since  fibrous,  osseous,  or  other  connective  tissues 
may  predominate  to  such  an  extent  as  to  mask  the 
malignancy  of  the  growth,  the  microscope  alone  should 
decide  I  he  diagnosis. 

Treatment. — No  matter  how  thoroughly  sarcomata 
of  the  upper  jaw  are  removed,  their  malignancy  is 
manifested  by  the  fact  that  in  the  majority  of  cases 
they  recur.  Recurrence  is  local  rather  than  by 
metastases.  Often  the  small,  slowly  growing  tumor 
will  recur  with  an  awful  malignancy,  while  the  larger, 
more  rapidly  growing  tumor,  if  thoroughly  removed 
will  not  return.  This  fact  alone  should  lead  the  sur- 
geon to  be  sure  of  his  diagnosis  in  operating  on  even 
the  most  innocent-looking  tumor  of  the  jaw  and  if  the 
microscopic  diagnosis  at  the  time  of  operation  pro- 
nounces the  tumor  malignant,  then  nothing  short  of  a 
radical  operation,  even  removal  of  the  entire  upper 
jaw  if  necessary,  will  suffice. 

If  the  case  has  progressed  so  far  that  operative 
removal  is  impossible,  then  the  surgeon  can  try  liga- 
1  ii  hi  of  the  external  carotids,  injections  of  Coley's 
fluid,  radium,  the  Rontgen  rays,  and  large  doses  of 
some  of  the  arsenical  preparations,  such  as  sodium 
cacodylate  or  salvarsan.  Da  Costa  reports  a  case  of 
Keen's  in  which  the  eye,  half  the  superior  maxilla,  the 
orbital  plate,  and  the  walls  of  the  frontal  sinus  were 
removed,  the  dura  exposed  and  the  wide  gap  filled 
with  a  flap  of  tissue  from  the  scalp.  This  patient 
lived  for  three  years.  This  case  alone  shows  that  the 
surgeon  should  use  careful  judgment  before  pronounc- 
ing any  case  inoperable. 


Fig.  3556 — Carcinoma  of  the  Antrum  Secondary  to  Nasal  Polypi, 
in  a  Man  of  41  Years.      (Bloodgood,  Am. -Practice  of  Surgery.) 

Carcinoma. — There  are  twp  distinct  varieties  of 
carcinoma  of  the  upper  jaw,  the  squamous,  which 
grows  from  the  gums  or  the  mucous  membrane  cover- 
ing the  alveolar  or  palatal  processes  of  the  superior 
maxilla;  and  the  columnar,  which  always  commences 
in  the  nasal  cavity  or  the  antrum.  These  tumors 
never  start  in  the  bone  itself  but  only  involve  that 
structure  by  extension. 

The  squamous-celled  carcinoma  usually  commences 
as  a  small  ragged  ulcer  of  the  gums  or  palate.  As  the 
ulcerative  process  extends,  the  bone  gives  way  before 
it  and  the  antrum  is  involved.  This  cavity  soon 
becomes  filled  with  the  carcinomatous  deposit  and  the 
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surrounding  tissues  are  rapidly  infiltrated.  The 
antrum  becomes  overdistended  with  the  mass,  1  he 
walls  yield.  Hie  cheek  bulges,  the  nostril  is  occluded, 
the  orbital  plate  is  encroached  upon,  and  the  eye 
protrudes.  The  skin  over  the  tumor  is  stretched  and 
eventually  becomes  livid,  breaks  down  and  an  irregu- 
lar ulcer  is  formed  through  which  protrudes  a  fungous 
mass,  from  the  surface  of  which  a  fetid,  thin,  muco- 
purulent fluid  is  constantly  discharged.  Profuse 
hemorrhages  from  such  an  ulcer  or  from  the  nose  are 
not  infrequent.  Such  in  general  is  the  local  progress 
of  the  disease,  whether  it  commences  in  the  antrum 
itself  or  on  the  gums  or  alveolar  mucous  membrane 
and  later  involves  that  cavity.  If,  however,  it  com- 
mences in  the  antrum  an  empyema  is  sometimes  its 
first  manifestation. 

Etiology. — The  history  often  points  to  some  form  of 
chronic  irritation  rather  than  a  single  trauma,  there- 
fore carious  teeth  and  chronic  ulcers  are  often  im- 
portant etiological  factors.  Men  are  attacked  oftener 
than  women  and  those  past  forty  oftener  than  younger 
individuals. 

Diagnosis. — The  rapid  growth  and  infiltration  of 
adjacent  tissues,  the  tendency  to  early  ulceration  and 
hemorrhages  exhibited  by  these  tumors  even  more  so 
than  by  sarcomata  enable  the  surgeon  to  differentiate 
them  from  tumors  benign  in  character.  While  the 
secondary  involvement  of  the  lymphatic  glands  is  an 
aid  in  differentiating  these  tumors  from  the  sarcomata, 
nothing  short  of  a  thorough  microscopical  examination 
is  exact.  Such  an  examination  should  always  be  made 
because  the  prognosis  in  these  tumors  is  even  more 
gloomy  than  with  the  sarcomata. 

Treatment. — The  treatment  should  be  practically 
the  same  as  that  for  the  sarcomata  only  more  radical 
in  that  the  submaxillary  gland  should  be  excised  and 
the  cervical  lymph  glands  should  be  removed  by  a 
thorough  dissection.  The  time  of  removal  must  be 
decided  by  the  nature  of  the  case. 

In  inoperable  cases,  however,  Coley's  fluid  and  the 
arsenical  preparations  are  of  absolutely  no  value. 

Operations  upon  the  Upper  Jaw. — The  nature  of  the 
operation  is  determined  by  the  character  and  extent  of 
the  morbid  growth,  and  often  by  the  report  of  the 
pathologist  at  the  time  of  operation.  If  the  tumor 
is  innocent,  care  should  be  taken  to  disfigure  the  face 
as  little  as  possible,  and  to  sacrifice  no  more  of  the 
bone  than  is  absolutely  necessary. 

Very  often,  when  the  tumor  is  small  and  confined  to 
a  limited  portion  of  the  bone,  it  may  be  removed  from 
within  the  mouth  after  dissecting  up  the  cheek  from 
its  attachments. 

If  it  is  impossible  to  effect  this  by  reason  of  its 
position  and  attachments,  a  tumor  of  considerable 
size  may  be  sufficiently  exposed,  by  means  of  an 
incision  through  the  lip  in  the  median  line,  carried 
into  the  nostril  of  the  affected  side  alongside  the 
septum  nasi,  and  the  cheek  with  the  corresponding 
ala  nasi  is  then  dissected  from  the  bone.  When  the 
growth  is  confined  to  the  antrum — a  polypus,  for 
example — it  may  be  reached  and  removed  by  means 
of  this  incision  through  the  anterior  wall  of  the 
antrum,  or  from  within  the  mouth  through  the  palatal 
process,  without  external  incision. 

When  the  growth  is  of  great  size,  or  when  it  belongs 
to  the  malignant  class  of  tumors,  nothing  less  than 
excision  of  the  entire  upper  jaw  should  be  undertaken. 

S.  D.  Gross  gives  the  credit  of  the  first  removal  of 
the  upper  jaw  to  Dr.  Jameson,  of  Baltimore,  Md.,  who 
successfully  performed  the  operation  in  1S20;  but  the 
honor  is  by  other  writers  given  to  Gensoul,  of  Lyons, 
whose  case  occurred  in  1S27.  Lizars,  Liston,  Byrne, 
Mott,  Dupuytren,  Heath,  and  many  other  pioneers  in 
surgery  have  repeatedly  extirpated  the  upper  jaw 
successfully,  but  the  established  position  of  the  operation 
is,  in  great  measure,  due  to  important  modifications 
suggested  by  Sir  William  Ferguson. 


The  special  instruments  required  I'm- excision  of  the 

Upper  jaw  are  strong  angular  bone  forceps,  toolh  and 

lion  forceps,  a  small  st  rong  saw  ,  a  wire  saw,  chisel  and 
mallet,  periosteal  elevator,  Paquelin  cautery,  and  gag. 

Preparation  of  the  Patient.-  -In  addition  to  the  usual 
aseptic  preparation  of  the  operative  field,  it  is  wise  to 
have  the  teeth  put  in  good  condition,  though  extrac- 
tion of  teeth  from  the  affected  jaw  is  not  necessary  or 
advisable.  The  mouth  should  be  cleansed  at  regular 
intervals  with  some  mild  antiseptic  solution  and  the 
nose  should  be  sprayed.  While  such  preparation  may 
have  a  favorable  influence  on  wound  healing,  il  must 
be  remembered  thai  one  of  the  greatest  dangers  of  the 
operation  is  aspirat  ion  pneumonia  due  to  the  accumu- 
lation of  blood  in  the  pharynx  during  the  anesthesia 
and  that  infection  of  the  wound  itself  is  seldom  of  any 
consequence.  Realizing  this,  Kronlein,  instead  of 
using  the  anesthetic  to  the  surgical  stage,  uses  mor- 
phine gr.  \-\  before  the  operation  and  only  a 
few  whiffs  of  ether  during  the  operation,  with  sur- 
prisingly good  results.  This  method  combined  with 
a  thorough  local  anesthetization  might  be  satisfactory 
in  some  selected  cases. 

Ether  and  the  semi-recumbent  posture,  the  Trendel- 
enburg position,  Rose's  position,  and  whiskey  to  the 
point  of  insensibility,  have  all  been  tried  and  have 
all  proven  more  or  less  unsatisfactory.  The  anesthe- 
tist is  in  the  way  if  ether  is  used  with  a  mask  and  blood 
flows  into  the  pharynx  in  spite  of  plugging  the  pos- 
terior nares  and  very  rapid  work  on  the  part  of  the 
operator.  Crile  introduced  the  method  of  giving 
ether  vapor  through  tubes  passing  through  the  nose 
into  the  pharynx.  This  method,  which  is  safe,  is 
probably  the  most  satisfactory  method  yet  devised, 
since  it  enables  the  surgeon  to  keep  blood  from  enter- 
ing the  pharynx  and  trachea  by  packing  with  gauze 
around  the  tubes.  Another  advantage  is  the  fact 
that  the  anesthetist  is  not  in  the  operative  field. 

Rectal  anesthesia  and  the  intravenous  method  of 
anesthesia  have  not  been  sufficiently  developed  for 
general  use.  If  perfected,  however,  they  will  prob- 
ably be  used  a  great  deal  in  this  operation. 

If  Crile's  method  of  anesthesia  is  to  be  used,  then, 
after  anesthetizing  the  patient  in  the  usual  way,  the 
tubes  are  passed  into  the  pharynx  through  the  nostrils 
and  connected  by  means  of  a  Y  connection  to  another 
tube  leading  to  the  vaporizer.  Gauze  is  packed  above 
the  ends  of  the  tubes  in  the  pharynx  in  such  a  way  as 
not  to  interfere  with  a  free  flow  of  the  ether  vapor. 
Packing  should  also  be  placed  around  the  tubes  in  the 
posterior  nares. 

The  Operation. — An  incision  is  commenced  at  the 
inner  canthus  of  the  eye  on  the  affected  side  and  is 
carried  vertically  downward  until  it  reaches  the  ala 
nasi,  it  is  then  curved  around  this  and  continued  in- 
ward as  far  as  the  median  line;  a  second  incision, 
which  is  slightly  curved  with  the  convexity  down- 
ward, is  then  made  from  a  point  over  the  most  promi- 
nent part  of  the  malar  bone  to  the  commencement 
of  the  first   incision. 

Hemorrhage  can  be  largely  controlled  by  an  assist- 
ant whose  duty  it  is  to  control  by  digital  pressure 
both  facial  arteries  where  they  cross  the  mandible. 
The  angular,  lateral  nasal,  and  septal  arteries  are 
divided  and  should  be  caught  in  hemostats.  Through 
the  horizontal  limb  of  the  incision  the  periosteum 
covering  the  orbital  plate  of  the  superior  maxilla  should 
be  raised  from  the  bone  as  far  back  as  the  spheno- 
maxillary fissure  while  the  contents  of  the  orbital 
cavity  are  elevated  and  protected  by  a  spatula.  Now 
the  triangular  flap  of  tissue  between  the  two  incisions 
should  be  dissected  up  from  the  bone  as  rapidly  as 
possible.  In  doing  this  the  infraorbital  artery  and 
nerve  are  divided.  Tension  on  the  flap  often  stretches 
the  infraorbital  artery  so  that  it  can  be  grasped  on  the 
proximal  side  before  division.  The  nasal  process  is 
best  divided  with  strong  bone  forceps  applied  as 
shown  in  the  accompanying  illustration.      Some  sur- 


Vol.  V, 


689 


Jaws,  Injuries  and  Diseases  «r        REFERENCE  HANDBOOK  OF  THE   MEDICAL  SCIENCES 


geons  preserve  t  lie  nasal  mucous  membrane  because  the 
interference  with  speech  and  nasal  breathing  after 
the  operation  is  not  so  great.  Therefore  if  possible 
dissect  the  mucous  membrane  from  the  wall  of  the 
nose  before  applying  the  bone  forceps.  Then  with 
the  forceps  divide  the  nasal  process.  Until  the  nasal 
process  has  been  divided  no  blood  should  have  en- 
tered the  nose  or  mouth,  since  the  dissection  should 
only  have  bared  the  bone  'without  dividing  the  mucous 
membrane  along  the  alveolar  process.  Continuing 
the  lower  part  of  the  first  incision,  the  upper  lip  is 
now  divided  in  the  middle  line  and  with  a  few  rapid 
strokes  of  the  knife  the  mucous  membrane  is  divided 
along  the  alveolar  process  the  full  length  of  the  bone. 
Any  hemorrhage  is  controlled  by  sponge  pressure 
while  with  a  small  saw  or,  better,  with  a  wire  saw 
passed  through  the  sphenomaxillary  fissure  with  a 
curved  needle,  the  malar  bone  is  divided  along  a 
line  continuing  the  anterolateral  direction  of  the 
.sphenomaxillary  fissure.  Divide  the  nasal  mucous 
membrane  sagittally  close  to  and  parallel  with  the 
septum  and  likewise  divide  the  mucous  membrane 
covering  1  lie  palatal  process  in  the  mouth  and 
separate  the  soft  palate  from  the  bone  by  a  trans- 
verse incision.  Saw  the  palatal  process  after  having 
extracted  a  tooth  if  any  are  in  the  saw  line.  Grasp 
the  bone  with  lion-forceps  and  depress  it.  The 
remaining  attachments  are  thus  brought  into  view, 
and  their  division  effected  with  the  knife  or  forceps. 
The  infraorbital  nerve  should  be  cleanly  divided, 
and  as  much  of  the  soft  palate  preserved  as  possible. 
The  jaw  having  been  taken  away,  any  remains  of  the 
growth  should  be  removed  with  the  gouge,  and 
roughened  points  cut  off  with  bone  forceps.  Hem- 
orrhage during  the  operation  is  usually  trifling, 
in  many  cases  not  a  ligature  being  required. 

Preliminary   ligation    of   the  common  or  external 
carotid  artery,  even  if  only  temporary,  is  in  the  author's 


Fig.  3557. — Line  of  Incision  in  Excision  of  the  Upper  Jaw  by 
External  Flap.     Fergusson's  Method.     (Erichsen.) 

opinion  hardly  justifiable  inasmuch  as  such  a  step 
adds  to  rather  than  lessens  the  shock.  Of  course 
in  some  few  cases  it  is  necessary  to  ligate  the  external 
carotid  in  order  to  control  hemorrhage.  If  a  ligature 
isvapplied  to  the  external  carotid  artery  it  is  betterto 
apply  it  above  rather  than  below  the  origin  of  the 
superior  thyroid  branch. 

After  the  removal  of  the  jaw  all  bleeding  points  that 
can  be  reached  should  be  ligated,  and  the  actual 
cautery  applied  to  vessels  beyond  the  reach  of  the 
ligature.  The  cavity  left  by  the  removal  of  the  jaw 
should  be  dusted  over  with  subiodide  of  bismuth  and 
packed  with  gauze.  The  latter  should  be  put  in 
rather  tightly  in  order  to  support  the  cheek  and  re- 
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press  the  tendency  to  oozing  of  blood.  The  ends  of 
the  gauze  strips  should  be  brought  out  through  the 
nose. 

The  tegumentary  flap  is  brought  accurately  into 
place,  the  wound  closed  with  silkworm-gut  sutures  at 
the  lip,  and  in  the  rest  of  its  extent  with  fine  eat  gut, 
horsehair,  or  silk  sutures.  After  the  second  or  third 
day  the  packing  should  be  removed,  and  the  cavity 
thoroughly  cleansed  daily  with  some  antiseptic  solu- 
tion. The  patient  should  sit  up  as  soon  as  his  con- 
dit  ion  will  permit. 

If  the  tumor  is  of  a  malignant  nature  the  cervical 
lymph  glands  should  be  thoroughly  removed  by  dis- 


Fig.  3558. — Excision  of  Upper  Jaw  by  T.iston's  Method. 
(Erichsen.) 

section  at  a  later  operation.  It  is  hardly  justifiable 
to  attempt  this  operation  at  the  same  time  the  re- 
section  is    done. 

Results. — In  1,198  cases  of  complete  resection  of  the 
upper  jaw  the  operative  mortality  was  17.2  per  cent. 
Pneumonia,  shock,  sepsis,  meningitis,  and  hemor- 
rhage were  the  principal  causes  of  death. 

The  more  recent  statistics  show  a  greater  number  of 
deaths  as  the  result  of  the  operation  itself  than  the 
older  ones.  This  is  probably  due  to  the  fact  that 
at  the  present  time  all  operators  do  a  much  more 
radical  operation  and  operate  on  cases  that  in  t he- 
past  would  have  been  considered  inoperable.  The 
result  of  this  is  that  while  the  immediate  mortality 
is  greater,  the  recurrence  of  malignant  neoplasms 
is   somewhat   delayed. 

In  the  practice  of  Prof.  W.  T.  Briggs  and  the 
author,  of  thirty-eight  cases  of  total  resection  of  the 
upper  and  lower  jaws  (twenty-four  by  the  former, 
fourteen  by  the  latter)  there  have  occurred  only  two 
deaths.  One  of  these  occurred  as  the  result  of  an  in- 
testinal inflammation  set  up  by  the  administration 
of  ether  per  rectum,  the  other  was  due  to  shock, 
death    occurring    sixteen    hours    after     operation. 

In  1896  the  author  had  the  unusual  experience  of 
performing  six  resections  of  the  jawTs — two  of  the 
upper,  four  of  the  lower — in  two  weeks.  All  of  these 
patients  recovered  from  the  operation. 

Osteoplastic  Section  of  the  Upper  Jaw. — This  term 
applies  to  an  operation  devised  by  Langenbeck,  in 
1859,  for  the  removal  of  tumors  situated  behind  the 
upper  jaw  without  involving  that  bone.  Little 
change  has  been  made  in  the  operation  since  that 
time  further  than  that  Kocher  and  others  have  modi- 
fied the  skin  incision  so  that  the  facial  nerve  is  spared 
and  the  expression  of  the  face  little  changed.  The 
essential  part  of  the  operation  consists  of  the  division 
of    the  attachments  of  the  jaw  in  such   a    manner 
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that  the  bono  can  be  displaced  downward  or  to  the 
outer  side  sufficiently  to  expose  tumors  growing  from 
the  sphenoid  or  ethmoid  bones,  or  from  some  of  the 
fossa  between  these  bones  and  the  palate  bone. 
After  removal  of  the  tumor  the  jaw  is  replaced  in  its 
normal  position,  so  that  union  of  the  divided  bones  will 
take  place.  The  operation  has  been  performed  a 
number  of  times,  with  gratifying  results,  both  in  this 
country  and  in  Europe. 

Removal  of  Both  Upper  Jaws. — Excision  of  both 
upper  jaws  was  first  successfully  performed  by  Hey- 
felder  in  1844,  since  which  time  the  operation  has  been 
occasionally  repeated.  It  may  be  performed  In- 
carrying  incisions  from  each  commissure  of  the  lips 
to  the  external  angles  of  the  eyes  on  both  sides,  and 
reflecting  the  flap,  together  with  the  nose,  upon  the 
forehead.  The  bony  attachments  of  the  jaws, 
the  malar  processes  on  each  side,  and  the  junctions 
of  the  bone  with  the  nasal  bones  and  vomer,  arc 
divided  with  the  saw  and  forceps.  The  bones  arc 
then  grasped  with  lion-forceps  and  forcibh 
wrenched  from  their  position. 

Injuries  and  Diseases  of  the  Lower  Jaw. — The 
principal  injuries  and  diseases  of  the  lower  jaw  are 
dislocation  and  fracture,  abscess,  periostitis,  necrosis, 
actinomycosis,  arthritis  of  the  temporomaxillary 
articulation,  and  the  various  kinds  of  tumors. 

Dislocation  of  the  Jaw. — This  accident,  not  in- 
frequent in  middle  age,  is  rarely  met  with  in  the 
extremes  of  life.  It  occurs  more  commonly  in  women 
than  in  men.  Though  in  the  majority  of  cases 
bilateral,  the  dislocation  may  be  confined  to  one  side. 
On  account  of  the  peculiar  configuration  of  the  joint, 
the  displacement  is  almost  invariable  forward,  though 
in  rare  instances  it  may  be  upward,  backward,  or 
outward.  In  such  cases  there  is  necessarily  an  accom- 
panying fracture. 

In  the  production  of  forward  dislocation  of  the  jaw, 
as  in  all  other  accidents  of  the  kind,  muscular  action 


Fig.  3559. — Dislocation  of  the  Jaw. 

plays  an  important  part,  though  violence,  applied 
either  from  without  or  within  the  mouth,  is  usually 
the  immediate  cause.  The  dislocation  may  be  the 
result  of  muscular  action  alone,  as  when  it  occurs  in 
yawning,  vomiting,  or  immoderate  laughter.  Some- 
times it  occurs  during  a  general  convulsive  seizure  as 
in  epilepsy.  When  the  result  of  violence,  the  force  is 
generally  received  upon  the  chin  at  a  time  when  the 
mouth  is  stretched  widely  open.  The  accident  is 
occasionally   produced   during   operations   performed 


within  the  mouth,  as  in  extraction  of  teeth,  taking  an 
impression,  the  use  of  the  laryngoscope,  etc. 
The  mechanism  of  the  dislocation  is  simple.     \\  tun 

the  mouth  is  widely  opened,  the  condyle  leaves  the 
glenoid  fossa  proper  and,  carrying  with  it  the  inter- 
art  icu la r  men isci is,  rests  upon  the  articular  eminence. 

This  relation  of  t  he  bones  is  peculiarly  favorable  tothe 
production  of  the  accident,  and  the  slightest  violence 
applied  to  the  chin,  or  a  sudden  spasmodic  ccnit  ra ct  ion 
Of    the    muscles    of    the    jaw    -especially  the  external 
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pterygoid,  the  action  of  which  pulls  the  condyle  still 
further  forward — is  all  that  is  necessary  to  cause  the 
condyle  to  slip  over  the  articular  eminence  and  the 
dislocation  is  complete.  As  soon  as  the  condyle  has 
taken  up  its  new  position  in  the  zygomatic  fossa,  the 
masseter,  internal  pterygoid  and  temporal  muscles 
forcibly  contract  and  thus  fix  the  jaw  in  the  position 
so  characteristic  of  the  accident.  The  capsular  liga- 
ment is  stretched  but  not  often  torn;  the  lateral  liga- 
ment is  tense,  the  temporal  muscle  is  put  on  the  stretch 
and  occasionally  some  of  its  fibers  are  torn.  As 
shown  by  Heath,  the  coronoid  process  seldom  causes 
the  fixation  by  resting  against  the  malar  bone,  that 
it  can  do  so,  however,  is  shown  by  a  specimen  in  the 
Musee  Dupuytren  to  which  Treves  calls  attention  in 
his  work  on  Applied  Anatomy. 

Signs  and  Symptoms. — When  the  dislocation  is 
bilateral  the  symptoms  are  most  marked.  The 
mouth  is  stretched  open  to  its  widest  extent  and 
immovably  fixed  in  that  position,  so  that  both  deglu- 
tition and  articulation  are  very  much  impaired.  The 
chin  is  pushed  forward,  so  that  the  lower  teeth  project 
beyond  the  upper.  The  saliva,  which  is  increased  in 
quantity,  dribbles  constantly  from  the  mouth. 
Immediately  in  front  of  the  ear  there  is  a  marked 
depression  owing  to  the  absence  of  the  condylar  proc- 
ess from  the  glenoid  fossa.  A  prominence  above  the 
zygoma,  caused  by  contraction  of  the  temporal  muscle, 
is  usually  present. 

In  the  unilateral  form  of  dislocation,  the  symptoms 
are  not  so  manifest,  and  may  be  so  little  marked  as 
even  to  be  overlooked.  The  mouth  is  held  open  but 
not  near  so  widely  as  in  the  double  form;  the  chin  is 
usually  directed  to  the  side  opposite  the  displacement, 
the  parallelism  of  the  teeth  is  lost  and  speech  and 
deglutition  are  interfered  with.  The  depression  in 
front  of  the  ear  is  perceptible  on  only  one  side. 

When  the  displacement  remains  unreduced,  the 
jaw  after  a  time  recovers  its  function  to  a  great  extent, 
the  patient  becoming  able  to  close  the  lips  and 
eventually  to  approximate  the  jaws  sufficiently  to 
masticate  food.  Speech  and  deglutition  are  fully 
restored,  and  much  of  the  deformity  overcome. 

Subluxation. — Sir  Astley  Cooper  described  a  con- 
dition of  the  temporomaxillary  articulation  which  he 
called  subluxation  of  the  jaw,  in  which  the  condyle 
slips  before  the  interarticular  cartilage  so  that  the 
mouth  cannot  be  at  once  closed.     The  accident  gen- 
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erally  occurs  in  delicate  persons  whose  ligaments  and 
muscles  are  greatly  relaxed.  The  exciting  causes  are 
yawning,  biting  upon  .some  hard  substance,  etc. 
Usually  tin-  subject  of  t  he  accident  is  able  to  overcome 
the  trouble  by  making  a  lateral  movement  of  the  jaw, 
or  by  pressing  the  chin  upward.  The  reduction  is 
announced  by  an  audible  snap.  In  order  to  prevent 
continued  recurrences,  it  is  sometimes  necessary  to 
expose  the  meniscus  and  to  attach  it  to  the  capsule  of 
the  joint  with  sutures. 

Congenital  Dislocation. — Mr.  R.  W.  Smith  was  the 
first  to  call  attention  to  congenital  dislocation  of  the 
jaw,  of  which  a  small  number  of  cases  have  been  re- 
ported. The  condition  is  characterized  by  great 
deformity,  the  lower  jaw  being  atrophied  to  such  a 
degree  that  the  upper  teeth  project  beyond  the  lower. 
This  form  of  dislocation  is  invariably  unilateral. 

Treatment. — Reduction  of  dislocation  of  the  jaw 
is  usually  easily  accomplished.  The  force  is  to  be 
applied  so  as  to  depress  the  angle  of  the  jaw  while  the 
chin  is  raised  toward  the  upper  jaw.  This  maneuver, 
however  accomplished,  has  the  effect  of  depressing  the 
displaced  condyle  below  the  level  of  the  eminent  ia 
articularis,  so  that  the  muscles  of  mastication  may 
draw  it  back  into  the  glenoid  fossa. 

The  usual  method  is  as  follows :  The  surgeon  stands 
in  front  of  the  patient,  who  is  seated  in  a  chair  or  upon 
the  floor,  with  his  head  throw-n  back  and  supported. 
The  operator,  having  wrapped  the  thumbs  with  a 
towel  or  bandage  to  protect  them,  introduces  them 
into  the  mouth  and  carries  them  back  to  the  ramus 
on  each  side,  at  the  same  time  grasping  the  body  of 
the  bone  with  the  fingers.  Pressure  with  the  thumbs 
upon  t  he  teeth  is  then  made  downward  and  backward, 
while  the  chin  is  forcibly  elevated  by  the  fingers,  and 
the  condyle  having  by  this  movement  been  liberated, 
is  suddenly  drawn  back  into  the  glenoid  fossa  by  the 
contraction  of  the  muscles. 

Occasionally  it  may  be  expedient  to  reduce  one  side 
at  a  time,  care  being  taken  that  the  condyle  first 
reduced  does  not,  while  the  other  is  being  manipu- 
lated, slip  out  again. 

When  the  dislocation  is  unilateral,  efforts  at  reduc- 
tion should  be  applied  only  to  the  affected  side. 

Another  method,  especially  applicable  to  cases  in 
which  the  above-described  treatment  has  failed,  con- 
sists in  the  employment  of  wedges  of  cork,  soft  pieces 
of  wood,  or  the  handles  of  case-knives  placed  far  back 
upon  the  teeth  between  the  jaws.  The  surgeon, 
standing  behind  the  patient,  draws  the  chin  forcibly 
upward  so  as  to  make  the  jaw  act  as  a  lever  upon  the 
wedges  as  fulcrums;  the  condyles  are  thus  forced 
below  the  level  of  the  articular  eminence  and  readily 
slip  back  in  place. 

In  Nelaton's  method  the  force  is  brought  to  bear 
directly  upon  the  coronoid  processes.  The  operator, 
standing  in  front  of  the  patient,  grasps  the  back  of  the 
head  on  each  side  by  the  outstretched  fingers,  and 
endeavors,  with  his  thumbs  pressing  against  the  coro- 
noid processes,  to  press  the  condyles  in  place.  Accord- 
ing to  Stimson,  this  method  is  more  efficacious  if  an 
assistant  depresses  still  further  the  chin  of  the  patient 
in  order  to  relax  the  ligaments,  while  the  operator 
makes  backward  pressure. 

When  the  dislocation  has  been  allowed  to  remain 
unreduced  for  any  length  of  time,  the  reduction  be- 
comes more  difficult.  Reduction  has  been  accom- 
plished, however,  at  as  late  a  period  as  the  fourth 
month.  The  process  employed  for  the  reduction 
of  ancient  dislocations  is  the  same  as  described  above, 
though  an  anesthetic  may  be  required,  as  much  greater 
force  is  necessary  in  order  to  break  up  adhesions. 

Recurrent  dislocation  of  the  jaw  is  seldom  met  with. 
It  depends  upon  the  existence  of  a  rent  in  the  capsule, 
or  some  change  in  the  form  of  the  eminentia  articu- 
laris, or  an  unusual  laxity  of  the  ligaments. 

The  treatment  after  reduction  is  simple,  the  object 
being  to  limit  the  movements  of  the  jaw  for  a  week  or 


tin  days.  The  chin  should  be  fixed  by  a  bandage  and 
talking  and  ni.-i.sl  ication  of  food  prohibited,  tin-  patient 
being  fed  upon  liquid  diet  for  a  number  of  days. 

To  prevent  displacement  in  persons  who  are  subject 
to  recurring  dislocations,  the  chin  should  be  supported 
by  a  small  silk  cap  held  in  place  by  elastic  straps 
passing  over  the  head  or  attached  to  a  skull-cap. 
This  apparatus  should  be  worn  until  the  tendency  to 
dislocation  no  longer  exists. 

Fracture  of  the  Lower  Jaw. — This  is  the  most  com- 
mon fracture  of  the  bones  of  the  face.  It  occurs 
oftener  in  males,  especially  during  the  third  and  fourth 
decades  of  life.  Blows  upon  the  jaws,  falls  from  great 
heights,  and  kicks  from  horses  may  be  mentioned  as 
the  most  common  causes  of  the  accident.  Partial 
fractures,  in  which  portions  of  the  alveolar  process 
are  torn  loose  from  the  body  of  the  bone,  occasionally 
occur  from  extraction  of  teeth. 

When  the  alveolar  border  is  involved  in  the  fracture, 
as  it  nearly  always  is,  the  mucous  membrane  gives  way 
and  the  fracture  is,  therefore,  compound.  It  is  the 
exception,  however,  for  a  wound  in  the  skin  to  com- 
municate with  the  fracture.  Not  infrequently  the 
bone  is  broken  in  two  or  more  places  and  one  case  is 
on  record  in  which  there  were  five  distinct  lines  of 
fracture,  but  comminuted  fracture,  except  as  the 
result  of  gunshot  wound,  is  rare. 

The  jaw  may  be  broken  in  any  part  of  its  extent, 
though,  on  account  of  its  more  exposed  position,  the 
body  of  the  bone  is  the  part  most  liable  to  the  accident. 
When  the  body  of  the  bone  is  broken,  the  line  of 
fracture  is  generally  in  the  vicinit.v  of  the  canine  teeth, 
where  the  jaw  is  naturally  weakest,  owing  to  the 
depth  of  the  socket  of  that  tooth  and  the  proximity 
of  the  mental  foramen.  The  ramus  of  the  jaw  is  less 
often  fractured  on  account  of  the  direction  of  its 
axis,  its  great  strength,  and  its  protected  position. 
Fractures  through  the  symphysis  are  very  uncommon 
because  of  the  great  thickness  of  that  part  of  the  bone. 
The  coronoid  process  may  occasionally  be  broken  by 
extreme  violence  directly  applied.  A  fracture  of  the 
neck  of  the  condyle  is  extremely  rare. 

When  the  jaw  is  broken  near  the  symphysis,  the 
line  of  fracture  is  almost  vertical,  when  near  the  angle 
of  the  jaw,  the  line  of  fracture  is  usually  oblique, 
running  from  behind  the  last  molar  backward  and 
downward,  and,  as  pointed  out  by  Malgaigne,  the 
fracture  occurs  at  the  expense  of  the  internal  plate  of 
the  anterior  fragment  and  the  external  plate  of  the 
posterior  fragment. 

Signs  and  Symptoms. — These  are  usually  very 
obvious.  The  special  signs  of  fracture — crepitus, 
preternatural  mobility,  and  deformity — are  all  well 
marked. 

Pain,  which  is  greatly  increased  by  movements  of 
the  jaw,  is  invariably  present.  Irregularity  in  the 
line  of  the  teeth  is  readily  detected  by  the  finger 
introduced  in  the  mouth.  The  teeth  which  adjoin 
the  fracture  are  loosened,  often  detached,  and,  in  a 
case  reported  by  Erichsen,  a  tooth  became  separated 
and  lodged  between  the  fragments.  The  mucous 
membrane  is  nearly  always  torn,  giving  rise  to  more 
or  less  hemorrhage.  Saliva  is  secreted  in  excessive 
quantity,  and,  mingling  with  the  discharges  of  the 
wound,  decomposes,  and  gives  rise  to  an  offensive 
fetor  most  difficult  to  control,  even  by  the  most  care- 
ful attention.  When  the  fracture  is  double,  the  bone 
being  broken  on  each  side  of  the  symphysis,  the 
central  fragment  is  displaced  very  much  downward  by 
the  depressor  muscles. 

In  single  fractures  near  the  symphysis  the  displace- 
ment of  the  fragment  is  usually  great,  while  it  is  less  the 
nearer  the  fracture  is  placed  to  the  angle  of  the  jaw. 
Fractures  of  the  ramus  are  attended  with  very  little  dis- 
placement,  owing  to  that  part  of  the  bone  being  covered 
and  protected  by  the  masseter  and  internal  pterygoid 
muscles. 
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In  fractures  of  the  neck  of  the  condyle  ( lie  symptoms 
are  pain,  crepitation,  diminished  mobility,  failure  of 
the  condyle  to  share  in  the  movements  of  the  jaw  and 
irregularity  in  the  region  of  the  condyle,  which  is  due 
to  the  fact  that  the  external  pterygoid  muscle  draws 
the  condyle  forward.  As  pointed  out  by  Ribes,  the 
chin  deviates  toward  the  injured  side. 

Considerable  inflammation  generally  follows  frac- 
tures of  the  jaw — the  face  and  neck  are  swollen  and 
infiltrated,  and  not  infrequently  troublesome  ab- 
scesses form. 

As  possible  complications  of  fractures  of  the  lower 
jaw  may  be  mentioned,  hemorrhage  from  wound  of 
the  inferior  dental  artery,  temporary  sensory  paralysis 
of  the  lower  lip  and  integument  of  the  chin  from 
laceration  or  contusion  of  the  inferior  dental  nerve, 
necrosis,  salivary  fistula,  and  abscesses. 

Simple  fractures  of  the  lower  jaw  heal  in  from  thirty 
to  forty  days.  Instances  of  non-union  are  extremely 
rare.  The  prognosis,  as  regards  both  deformity  and 
the  restoration  of  function,  is  good,  for  even  in  cases 
in  which  it  has  been  impossible  to  obtain  perfect 
apposition  of  the  fragments,  and  union  with  some  de- 
formity has  taken  place,  ultimately  the  deformity 
almost  disappears,  and  but  little  evidence  of  the 
fracture  may  be  detected. 

Treatment. — Reduction  in  simple  fracture  is  usually 
easily  accomplished  by  conjoint  manipulation,  acting 
within  the  mouth  upon  the  teeth  and  externally  upon 
the  border  of  the  jaw. 

When  the  line  of  fracture  is  very  oblique  and  the 
fragments  overlap  and  become  locked,  reduction  is 
occasionally  difficult.  In  such  cases  it  may  be 
necessary  to  expose  the  bone  at  the  seat  of  fracture, 
and  make  a  resection  of  the  fragments  before  proper 
apposition  of  the  segments  can  be  accomplished. 

When  the  fracture  is  simple  and  the  tendency  to 
displacement  is  slight,  in  many  cases  it  is  only  neces- 
sary to  maintain  the  fragments  in  place  after  re- 
duction by  means  of  a  four-tailed  bandage,  which  is  so 
adjusted  as  to  fix  the  lower  jaw  against  the  upper, 
thus  utilizing  the  latter  as  a  splint.  In  addition  to  this 
bandage  or  the  other  forms  of  bandage  used  for  this 
purpose,  as  Barton's  figure-of-eight,  or  Gibson's 
bandage,  a  cup-shaped  splint  of  pasteboard  or  gutta- 
percha moulded  to  the  chin,  may  sometimes  be  ad- 
vantageously used.  During  the  process  of  repair 
mastication  and  talking  should  be  forbidden.  Nour- 
ishment in  fluid  form  should  be  administered,  either  by 
being  sucked  into  the  mouth  between  the  teeth,  or 
through  a  tube  carried  into  the  mouth  behind  the  last 
molar  tooth. 

This  simple  method  of  treatment  is  most  effectual 
when  the  fracture  is  uncomplicated. 

In  regard  to  the  management  of  loosened  teeth,  the 
idea  formerly  held,  that  they  should  be  extracted  as 
foreign  bodies  is  no  longer  entertained;  they  should  be 
allowed  to  remain,  as  they  soon  contract  new  ad- 
hesions and  become  as  firm  as  before.  It  may  even 
be  advisable  to  tie  them  with  wire  or  silk  to 
adjacent  teeth,  until  they  have  contracted  new  ad- 
hesions. 

When  the  fracture  is  comminuted,  or  the  tendency 
to  displacement  is  very  great  on  account  of  the  ob- 
liquity of  the  line  of  fracture,  this  simple  plan  of 
treatment  will  prove  ineffectual,  and  recourse  must 
be  had  to  one  of  the  numerous  ingenious  mechanical 
supports  that  have  been  devised  for  such  cases. 

The  old  method  of  binding  the  teeth  of  the  frag- 
ments together  with  wire  or  thread  is  objectionable, 
from  the  fact  that  in  many  cases  the  teeth  soon 
become  loosened  by  the  strain  thus  brought  to  bear 
upon  them  and  no  longer  afford  adequate  support. 
If,  however,  the  teeth  are  all  strong  and  the  tendency 
to  displacement  is  not  too  great,  then  wires  applied 
so  as  to  include  several  teeth  on  each  side  of  the  line  of 
fracture  and  connected  to  teeth  in  the  upper  jaw  so 
as  to   distribute  the   strain,   especially   if  additional 


support,  is  given  by  means  of  a  Barton  bandage  re- 
inforced with  starch  or  plaster  of  Paris,  may  suffice  to 

hold  the  fragments  in  apposition  until  union  has  taken 

place.     Loher's  clamps,  based  on  the  same  principle 

as  wiring,  may  be  used  under  similar  conditions. 

An  ingenious  contrivance  for  wiring  the  teeth  to- 
gether, which  in  skilful  hands  is  capable  of  achieving 
a  certain  amount  of  success,  is  Hammond's  wire 
splint,  which  consists  of  a  frame  of  strong  iron  wire 
made  to  surround  the  teeth,  to  a  number  of  which  it 
is  fastened  by  smaller  pieces  of  wire  carried  between 
the  teeth.  To  insure'  accurate  adjustment,  the  wire 
frame  should  be  shaped  upon  a  plaster  cast  of  the 
teet h. 

Various  forms  of  interdental  splints,  made  of 
guttapercha,  vulcanite,  or  metal,  and  moulded  to  tit 
over  the  teeth  for  some  distance  on  each  side  of  the 


Fig.  3561. — Hammond's  Wire  Splint.     (From  Health.) 


fracture,  are  sometimes  used.  They  are  either  in- 
tended to  act  as  a  lateral  support  while  the  lower  jaw 
is  firmly  held  against  the  upper,  or  they  are  fastened 
to  the  teeth  or  the  bone  by  means  of  screws  or  metal 
wires,  or  they  may  be  attached  to  an  outside  sup- 
port by  means  of  rods  passing  from  the  mouth  to  the 
outside. 

Any  one  of  the  various  forms  of  these  splints  may 
be  used.  That  of  Kingsley  answers  the  purpose 
admirably.  It  is  provided  with  lateral  arms  of 
wire  which  are  held  in  position  by  a  strap  passing 
around  the  neck.  A  bandage  passed  under  the 
chin  and  around  the  wires  adds  to  its  efficiency. 
There  are  many  other  types  of  interdental  splint. 
The  surgeon  should  thoroughly  familiarize  himself 
with  the  making  and  fitting  of  one  type  of  splint  and 
use  that  to  the  exclusion  of  all  others  so  far  as  possible. 
Many  surgeons  rely  entirely  on  dentists  to  apply  in- 
terdental splints  when  the  nature  of  the  fracture 
demands  such  apparatus.  It  would  be  beyond  the 
scope  of  this  article  to  describe  the  various  types  of 
interdental  splints  and  to  go  into  a  discussion  of  their 
relative  merits.  For  this  the  reader  must  consult 
some  of  the  standard  works  on  dental  surgery. 

When  the  fracture  is  very  difficult  of  management, 
as  for  example,  when  the  bone  is  broken  in  two  places, 
and  the  middle  fragment  is  drawn  downward  and  can- 
not be  maintained  in  place  by  any  of  the  above 
methods,  or  when  the  fragments  overlap  each  other 
and  are  difficult  to  reduce,  then  a  more  rational  and 
certain  mode  of  treatment  consists  in  exposing  the 
bone  at  the  seat  of  fracture,  preferably  from  the  oral 
side,  drilling  holes  well  below  the  teeth  in  the  fragments 
on  each  side  of  the  fracture  and  wiring  the  fragments 
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firmly  together.  Konig  has  used  this  method,  which 
was  first  advocated  by  H.  Thomas  of  Liverpool] 
with  satisfaction  for  many  years.  When  there  is  a 
failure  of  union  or  a  pseudarthrosis,  the  ends  of  the 
fragments  can  be  freshened  and  the  bones  wired. 

In  fractures  of  the  ramus  of  the  jaw  the  displacement 
is  usually  slight.  After  reduction,  the  teeth  of  the 
upper  and  lower  jaws  can  be  wired  together  and  ad- 
ditional security  obtained  by  the  application  of  a 
Barton  bandage  reinforced  with  starch  or  plaster 
of  Paris. 

In  reducing  fractures  of  the  neck  of  the  condylar 
process,  the  surgeon  locates  the  small  upper  fragment 
with  his  finger  in  the  patient's  mouth,  makes  back- 
ward pressure  on  this,  while  with  the  other  hand  the 
jaw  is  forced  upward  so  as  to  interlock  the  fragments. 
If  reduction  is  obtained  by  this  or  any  other  method, 
it  is  manifestly  difficult,  in  many  cases  impossible, 
to  retain  the  fragments  in  proper  position.  After 
reduction  the  jaw  is  immobilized  with  a  bandage. 

Alveolar  Abscess. — The  etiology,  symptoms,  course, 
and  termination  of  acute  alveolar  abscess  of  the  lower 
jaw  differ  in  no  respect  from  those  of  the  same  affection 
of  the  upper  jaw,  described  in  a  preceding  section  of 
this  article. 

Chronic  Alveolar  Abscess. — Etiology. — Bacterial  in- 
vasion is  invited  by  injury,  by  the  irritation  of  carious 
teeth,  or  the  degeneration  of  a  dentigerous  cyst. 

Symptoms. — There  is  slow,  steady  enlargement  of 
the  bone,  sometimes  accompanied  by  a  dull,  aching 
pain,  though  more  frequently  without  any  pain. 
The  accumulation  of  pus  occurs  between  the  osseous 
plates  of  the  jaw,  but  it  is  seldom  that  the  expansion 
is  so  great  that  the  peculiar  egg-shell  crackling  can  be 
elicited  by  pressure.  The  slow  increase  in  the  size  of 
the  bone,  and  the  firm  consistence  of  swelling  in  chronic 
abscess  have,  in  a  number  of  cases,  led  surgeons  to 
remove  portions  of  the  jaw  under  the  impression  that 
they  were  dealing  with  solid  tumors.  However,  the 
history  of  the  case  and  the  presence  of  pus  at  the 
operation  should  enable  the  surgeon  to  make  a 
diagnosis. 

Treatment. — The  treatment  of  chronic  abscess  is  to 
evacuate  its  contents.  This  may  usually  be  easily 
accomplished  from  within  the  mouth;  but  it  is  some- 
times necessary  to  expose  the  swelling  by  raising  a 
flap  of  skin,  and  then  to  apply  the  trephine  to  the  bi  me. 

Acute  Periostitis. — The  etiology  is  the  same  as  in 
periostitis  of  the  upper  jaw. 

Symptoms. — Swelling  of  the  gums  and  the  side  of 
the  face,  severe  throbbing  pain  in  the  part,  worse  at 
night;  the  teeth  are  raised  in  their  sockets,  and  when 
pressed  upon  the  most  exquisite  pain  is  elicited. 
Very  frequently  from  reflex  irritation  there  is  spas- 
modic closure  of  the  jaw.  The  swelling  often  extends 
into  the  neck,  leading  to  a  brawny  infiltration  of  the 
tissues,  and,  when  pus  forms,  the  abscess  generally 
points  beneath  the  jaw. 

Treatment. — If  the  condition  is  recognized  early, 
active  treatment — such  as  extraction  of  carious  teeth, 
free  incisions  of  the  gums,  and  hot  fomentations  by 
holding  hot  water  in  the  mouth,  may  prevent  the 
formation  of  pus.  When  the  process  has  become 
suppurative,  the  earlier  the  pus  is  evacuated  the 
better. 

When  practicable  the  opening  should  be  made  from 
within  the  mouth,  but  generally  the  evacuation  can  be 
better  accomplished  by  external  incision,  as,  aside 
from  the  fact  that  the  abscess  most  frequently  points 
in  the  neck,  better  drainage  is  thus  afforded.  Deter- 
gent injections  into  the  cavity  should  be  constantly 
employed.  If  necrosis  occurs  complete  separation  of 
the  dead  part  must  be  awaited  before  removing  it. 

Chronic  periostitis  is  usually  the  result  of  syphilis. 
It  is  almost  painless  in  its  course,  and  manifests  itself 
in  the  nodes  which  appear  upon  the  alveolar  border. 


It  differs  from  chronic  periostitis  of  tiie  upper  jaw 
only  in  that  necrosis  is  more  prone  to  occur.  This 
form  of  periostitis  yields  readily  to  large  doses  of 
iodide  of  potassium. 

Actinomycosis. — This  disease,  chronic  in  nature  and 
caused  by  microorganisms  belonging  to  the  class  of 
actinomycetes  or  ray  fungus,  usually  manifests  itself 
in  the  lower  jaw  by  the  formation  of  hard  granulo- 
matous nodules  which  have  a  tendency  to  soften, 
break  down,  and  form  sinuses  which  discharge  a 
greasy,  gritty,  dark-colored  secretion  which  often 
contains  the  characteristic  "iodoform"  granules.  Its 
tendency  is  to  spread  from  the  primary  atrium  to 
adjacent  or  even  remote  tissues. 

Etiology. — The  ray  fungus  is  found  in  grain,  straw, 
and  hay,  consequently  the  disease  is  found  oftener 
among  grooms,  bakers,  millers,  and  in  persons  in  the 
habit  of  chewing  straw  or  grain.  Lord  found  an 
organism  having  the  morphology  and  staining 
reaction  of  the  ray  fungus  in  both  smear  preparations 
and  serial  sections  of  carious  teeth.  None  of  these 
patients  had  yet  developed  actinomycosis.  Experi- 
ment has  also  shown  that  intraperitoneal  injections 
of  the  contents  of  carious  teeth  produce  omental 
tumors  histologically-  identical  with  actinomycotic 
tissue.  At  present,  however,  carious  teeth  seem  to  be 
the  cause  rather  than  the  effect  of  ray  fungus  invasion. 

Signs  and  Symptoms. — There  is  usually  an  absence 
of  fever  and  pain.  The  former  occurs  whenever  there 
is  a  secondary  infection  with  pyogenic  organisms. 
Should  the  muscles  of  mastication  become  involved 
by  extension  of  the  process,  as  is  sometimes  the  case, 
trismus  may  develop. 

If  the  case  is  seen  early  there  may  be  present  simply 
a  thickening  of  the  gums  or  alveolar  process.  Since 
at  first  some  tenderness  is  present  the  condition  might 
easily  be  mistaken  f  oran  ordinary  gumboil,  a  beginning 
alveolar  periostitis,  or  a  gumma.  Later  however,  as 
the  disease  spreads,  the  bone  becomes  involved,  the 
characteristic  nodules  develop  over  the  body  or  angle 
of  the  jaw,  the  skin  becomes  discolored,  abscesses 
form  and  break  down  with  resulting  fistula?  discharg- 
ing a  secretion  in  which  the  ray  fungus  may  often  be 
found  though  sometimes  repeated  microscopic  ex- 
aminations are  necessary.  Should  the  disease  begin 
at  the  root  of  a  carious  tooth,  however,  the  bone  plates 
may  be  separated  by  the  growth  of  the  granulomatous 
tissue,  leading  to  the  formation  of  a  tumor  mass  which 
might  easily  be  mistaken  for  a  cyst  or  solid  tumor. 

Treatment. — Incision,  followed  by  a  thorough  cu- 
rettage of  the  granulomatous  and  cicatricial  tissue, 
after  which  the  cavity  is  cauterized  with  a  strong 
solution  of  zinc  chloride,  often  produces  a  cure.  The 
patient  should  be  given  iodide  of  potassium  in  doses  of 
twenty  to  thirty  grains  after  each  meal.  If  the  sinuses 
persist  the  Rontgen  ray  will  often  hasten  the  closure. 
If,  in  spite  of  the  above  outlined  treatment,  the  process 
extends,  if  the  muscles  of  mastication  or  other  im- 
portant tissues  become  involved,  then  nothing  short 
of  resection  of  the  diseased  portion  of  the  jaw  will 
suffice. 

Necrosis. — This  is  more  frequently  met  with  in  the 
lower  than  in  the  upper  jaw,  a  fact  most  likely  due  to 
the  greater  vascularity  of  the  latter  and  the  more  ex- 
posed position  of  the  former.  Necrosis  may  be  com- 
plete, involving  the  entire  thickness  of  the  bone,  or 
partial,  as  when  it  is  limited  to  the  alveolar  process. 
It  happens  quite  frequently  that  the  external  plate  of 
the  alveolar  process  becomes  necrotic  and  is  removed, 
while  the  internal  plate  remains  intact  and  serves  as 
an  adequate  support  for  the  teeth. 

Etiology. — Osteomyelitis  occasionally  causes  a  severe 
and  rapid  necrosis  of  the  lower  jaw  which  is  often  fatal 
in  its  termination.  Necrosis  of  the  lower  jaw  occa- 
sionally develops  in  the  course  of  locomotor  ataxia 
in  which  case  it  is  due  to  some  trophic  disturbance. 
Partial    necrosis    often    follows    severe    injuries.     It 
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sometimes  occurs  in  children  upon  the  .subsidence  of 
the  exanthematous  fevers,  especially  scarlatina  and 
smallpox.  A  peculiarity  that  has  been  observed  in 
this  form  of  necrosis  is  the  symmetrical  manner  in 
which  it  affects  the  bone.  In  these  cases  the  disease 
is  generally  limited  to  the  alveolar  process.  Necrosis 
of  the  jaws  from  severe  mercurial  salivation  was  for- 
merly a  common  occurrence,  when  in  the  treatment  of 
syphilis  or  other  diseases  it  was  thought  necessary  to 
induce  ptyalism  in  order  to  obtain  the  best  effects  of 
mercury.  Many  supposed  cases  of  this  kind  in  chil- 
dren, however,  really  owed  their  origin  to  tuberculosis, 
to  cancrum  oris,  or  to  the  poisonous  effects  of  an 
exanthem.  Fortunately,  nowadays,  necrosis  as  the 
effect  of  the  abuse  of  mercury  is  rarely  seen.  The 
commonest  cause  of  necrosis,  however,  is  unchecked 
suppurative  periostitis,  in  which  the  accumulation  of 
pus  separates  the  periosteum  from  the  bone,  and  in 
this  way  cuts  off  the  vascular  supply.  Death  of  the 
bone  ensues  very  rapidly,  often  in  a  few  hours,  after 
the  establishment  of  the  suppurative  process. 

Sig?is  and  Symptoms. — The  signs  and  symptoms  of 
impending  necrosis  are  severe  pain,  increased  heat  in 
the  part,  and  rapid  swelling  of  the  gums  and  check. 
At  this  stage  much  may  be  done  to  arrest  the  death 
of  the  bone,  or  at  least  to  limit  the  destructive  process, 
by  free  incision  of  the  gums,  the  extraction  of  carious 
teeth,  hot  fomentations,  etc. 

After  necrosis  has  been  established  the  pus  finds  an 
outlet  by  the  side  of  loosened  teeth,  or  wells  up  be- 
tween the  bone  and  the  gum,  which,  duringtheprocess, 
become  separated  from  each  other;  or  it  may  burrow 
its  way  through  the  soft  tissues  to  points  beneath  the 
body  and  near  the  angle  of  the  jaw,  where  it  points 
and  is  evacuated  either  spontaneously  or  by  the  sur- 
geon. The  discharge  has  the  characteristic  fetor  of 
pus  from  dead  bone,  and  in  consequence  of  its  constant 
entrance  into  the  stomach,  digestion  is  seriously  inter- 
fered with.  A  probe  introduced  through  a  fistulous 
orifice  readily  comes  in  contact  with  denuded  bone. 

Treatment. — This  consists,  as  in  necrosis  of  the  long 
bones,  in  the  removal  of  the  sequestrum,  which, 
however,  should  never  be  undertaken  until  the  sepa- 
ration of  the  dead  from  the  living  bone  has  taken 
place.  It  is  especially  important  that  this  rule  be 
observed  in  children  before  the  permanent  teeth  have 
made  their  appearance,  as  a  premature  operation  may 
not  only  seriously  damage  surrounding  healthy  bone, 
but  also  prevent  the  eruption  of  teeth  that  might  other- 
wise have  been  saved. 

If  there  are  no  external  openings,  and  the  ends  of 
dead  and  detached  fragments  of  bone  project  into 
the  mouth,  they  may  frequently  be  removed  with  the 
fingers  or  the  forceps,  only  a  small  incision  being  re- 
quired to  enlarge  the  opening  in  the  mucous  membrane. 

When  the  sequestrum  is  too  large  to  be  removed 
entire,  it  should  be  divided  with  bone  forceps  into 
two  or  more  pieces,  which  can  be  taken  away  separately. 

If  at  all  practicable,  the  extraction  of  dead  bone 
should  be  invariably  effected  through  the  mouth; 
but  when  the  disease  is  extensive  and  a  number  of 
fistulous  openings  exist  or  when  it  is  impossible  to 
operate  within  the  mouth  on  account  of  the  fixity 
of  the  jaw,  the  sequestrum  may  be  reached  and  re- 
moved by  an  external  incision  so  placed  as  to  avoid 
disfiguration  of  the  face  as  much  as  possible. 

Phosphorus  Necrosis. — The  attention  of  the  pro- 
fession was  first  called  to  this  form  of  necrosis  by  Lor- 
inzer  in  1845.  It  differs  from  the  ordinary  necrosis 
in  its  etiology  and  pathology. 

Etiology. — inhalation  of  the  fumes  of  phosphorus, 
especially  the  yellow  or  white  form,  is  the  principal 
cause  of  this  disease,  consequently  it  is  found  among 
workers  in  match  factories  and  other  industries  in 
which  yellow  phosphorus  is  used.  The  red  or  amor- 
phous phosphorus  is  not  dangerous  unless  contami- 
nated with  the  yellow  form. 


In  many  countries  laws  have  been  passed  with 
good  effect,  in  that  the  use  of  yellow  phosphorus  is 
prohibited,  with  a  consequent  elimination  of  this 
disease; but  littlehas  been  done  along  these  lines  in 
most  of  (he  States  oft  he  Union. 

Whether  the  fumes  act  locally  through  carious 
teeth,  or  whether  it  is  a  systemic  condition  with 
local  manifestations  has  never  been  satisfactorily 
determined.  The  fad,  however,  that  dental  caries 
is  usually  present,  that  bacterial  infection,  which  is 
a  necessary  concomitant  to  phosphorus  necrosis,  is 
present  in  carious  teeth,  that  other  bones  are  not  in- 
volved, and  that  the  pathological  changes  in  other 
organs  are  not  those  of  phosphorus  poisoning,  lead 
one  to  believe  in  the  local  rather  than  the  systemic 
origin. 

Pathology. — At  first  there  is  a  deposit  of  bone  in  the 
interior  of  the  jaw,  later  there  ensues  an  absorption  of 
the  bone.  This  latter  process  necessarily  leads  to 
brittleness.  At  the  same  time,  the  periosteum,  as 
it  is  slowly  separated  from  the  underlying  bone,  pro- 
duces an  osteophytic  deposit,  especially  upon  the 
lower  side  of  the  jaw.  There  is  likewise  a  character- 
istic pumice-like  deposit  upon  the  sequestra. 

Symptoms. — The  approach  of  the  disease  is  very 
insidious,  the  symptoms  at  first  being  mild  and  hardly 
noticeable.  Toothache  is  probably  the  commonest 
initial  symptom.  As  the  morbid  process  advances  all 
the  symptoms  are  manifested  in  a  most  marked  and 
exaggerated  manner.  The  pain  is  excruciating,  the 
swelling  is  very  great,  not  confining  itself  to  the  im- 
mediate seat  of  the  disease,  but  involving  the  side  of 
the  face  and  head;  the  discharge  is  profuse  and  very 
offensive;  numerous  abscesses  form  and  open  exter- 
nally, forming  fistulse  through  which  the  probe  can  be 
made  to  touch  dead  bone.  The  health  of  the  pa- 
tient rapidly  gives  way,  owing  to  the  quantity  of 
fetid  pus  necessarily  swallowed,  and  to  inability  to 
eat  sufficiently.  Death  frequently  supervenes  from 
exhaustion,  amyloid  degeneration  of  the  abdominal 
organs,  tuberculosis,  or  nephritis. 

Treatment. — Prophylactic. — Until  our  legislatures, 
following  in  the  footsteps  of  some  foreign  countries, 
prohibit  the  use  of  white  or  yellow  phosphorus 
in  the  industries,  and  require  regular  monthly  or  bi- 
monthly examinations  of  those  employed  where 
phosphorus  in  any  form  is  used,  the  surgeon  can  only 
warn  those  exposed  to  the  fumes  of  phosphorus  who 
are  suffering  from  dental  caries  or  devitalizing 
constitutional  diseases  of  the  dangers  of  phosphorus 
poisoning  and  impress  upon  them  the  necessity 
of  oral  cleanliness  and  frequent  examinations  by  a 
competent  dentist. 

Conservative. — Before  detachment  of  the  dead 
bone  occurs,  it  is  important  to  sustain  the  vital  powers 
of  the  patient  by  the  administration  of  tonics,  stimu- 
lants, and  nutritious  food.  Locally  the  mouth  should 
be  kept  as  free  as  possible  of  the  discharge  by  the 
frequent  use  of  antiseptic  washes.  If  the  case  is  seen 
early,  such  treatment,  combined  with  thorough 
drainage  of  abscess  cavities  and  removal  of  sequestra, 
will  often  produce  a  cure.  Teleky,  from  observation 
of  eleven  cases  in  v.  Eiselsberg's  clinic,  thinks  that 
this  conservative  treatment  obtains  better  results 
than  does  resection  which,  in  his  opinion,  often 
precipitates  an  acute  process. 

Operative. — If  the  disease  has  progressed  to  the 
point  where  little  improvement  follows  the  conser- 
vative treatment,  then  resection,  subperiosteal  if 
possible,  should  be  performed.  Bogdanik  extirpates, 
if  possible,  the  entire  lower  jaw-  and  claims  much 
better  results  than  with  partial  resection.  In  partial 
resections  there  often  develops  a  necrosis  in  the 
remaining  bone. 

Tumors  of  the  Lower  Jaw. — Cysts,  central  myeloid 
sarcoma,  carcinoma,  and  fibroma  are  more  commonly 
observed  in  the  lower  than  in  the  upper  jaw. 
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Fibroma. — This  is  a  growth  of  frequent  occurrence 
in  the  lower  jaw.  As  in  the  upper  jaw,  it  ma\  be 
either  of  endosteal  or  periosteal  origin.  Nothing 
definite  is  known  of  its  causation. 

The  endosteal   form   of  tumor,   as  it   increases  in 
size,  leads  to  expansion  and  thinning  of  the  two  plati 
of  the  jaw-   bone — the   external   to   a   greater   extent 
than  the   internal — and    finally    the  bone  undergoes 
absorption. 

The  periosteal  fibroma  grows  most  frequently  at 
the  junction  of  the  gums  with  the  teeth,  and  is 
distinguished  from  the  fibrous  epulis  only  by  its 
greater  size. 

Treatment. — If  the  disease  is  of  long  standing,  the 
tumor  very  large,  and  the  jaw  more  or  less  destroyed 
by  the  absorptive  process,  the  growth  should  be  re- 
moved with  the  segment  of  jaw  involved.  It  may 
be  possible  to  enucleate  small  tumors  of  this  class. 
Advantage  should  always  be  taken  of  the  fact  that 
the  external  plate  is  principally  involved  to  preserve 
the  internal  plate  of  bone,  if  practicable. 

Chondroma. — These  tumors  are  very  rare  in  the 
lower  jaw.  They  occur  chiefly  in  children,  and  are 
remarkable  for  their  slow,  painless  growth.  When 
these  neoplasms  arise  from  the  surface  of  the  bone 
they  are  generally  called  ecchondromata,  if  from 
within  the  hone,  enchondromata.  They  occasionally 
grow  to  immense  size,  not  infrequently  causing  death 
by  interference  with  the  functions  of  respiration  and 
deglutition.  These  growths  only  rarely  consist  of 
pure  hyaline  cartilage,  generally  consisting  of  a 
mixture   of   cartilage   with   fibrous,   sarcomatous,   or 


Fig.  3562. — Osteochondroma  of  the  Lower  Jaw.     (From  a 
photograph.) 

bony  tissue.  Sometimes  they"  'are'  almost  entirely 
transformed  into  bone,  which  is  generally  cancellous 
in  structure,  when  they  are  appropriately  termed 
osteochondromata. 

The  accompanying  woodcuts  are  from  photographs 
of  a  patient  from  whom  Professor  W.  T.  Briggs,  in 
1878,  removed  the  entire  lower  jaw  for  a  tumor  of 
this  class.  The  patient  was  a  boy  twelve  years  of 
age,  and  the  tumor  had  been  growing  for  ten  years. 
The  enormous  mass  protruded  from  the  mouth  and 
extended  as  far  down  as  the  chest.  The  mouth 
was  entirely  filled  by  the  tumor,  so  that  deglutition 
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was  very  difficult   and  articulation  imperfect.     The 
health  of  the  patient  was  only  slightly  impaired 

.specimen  measured  six  inches  in  diameter  and  weighed 
eight  pounds. 

As  may  be  observed  from  the  picture  of  the  m, 
a  ted  specimen,  more  than  half  of  t  h(;  jaw  bone  had  b 
absorbed.      The  second  molar  had  been  transported  in 
the  tumor  half  an  inch  above  the  alveolus. 


Fig.  3563. — Macerated  Specimen    of  Osteochondroma  Removed 
by  Prof.  W.  T.  Briggs.     (From  a  photograph.) 

The  extraordinary  size  of  the  tumor  may  be  esti- 
mated by  the  fact  that  the  mouth  had  been  so  greatly 
distended  that  it  was  necessary,  in  the  operation, 
to  excise  eleven  inches  of  the  patient's  lip. 

Osteoma. — These  tumors  may  be  either  cancellated 
or  of  the  kind  known  as  ivory  exostoses. 

The  cancellated  osteomata  most  likely  originate 
from  the  conversion  of  chondromata  into  spongy 
osseous  structure. 

Ivory  exostoses  are  frequently  found  near  the  angle 
of  the  jaw.  Such  tumors  seldom  reach  very  great 
size.  They  are  as  hard  and  compact  as  ivory,  of 
painless,  slow  growth,  and  irregularly  nodulated. 
These  tumors  may  be  removed  by  chiselling  or  gouging 
them  out  from  the  surface  from  which  they  spring. 
The  probability  of  recurrence  is  small. 

Sarcoma. — The  general  appearance,  symptoms, 
course,  and  treatment  of  this  class  of  tumors  are 
identical  with  those  of  similar  affections  of  the  upper 
jaw,  described  more  fully  in  another  part  of  this  article. 
Sarcomata  of  the  lower  jaw  are  encountered  more 
frequently  and  reach  a  larger  size  than  those  of  the 
upper  jaw. 

The  tendency  to  recurrence  is  one  of  the  chief  char- 
acteristics of  sarcomata,  and,  therefore,  in  operations 
for  their  removal  it  should  be  the  invariable  rule  to 
make  sections  through  sound  bone  at  some  distance 
from  the  tumor. 

Carcinoma. — This  occurs  most  frequently  in  old  age, 
though  it  may  occasionally  appear  in  early  life.  The 
principal  features  of  epithelial  growths  are  rapid 
destruction  of  bone,  tendency  to  form  f  ungating  masses 
that  protrude  into  the  mouth,  glandular  involvement, 
etc.  Carcinomata  are  sometimes  secondary  to 
epithelial  growths  of  the  lower  lip,  the  disease  in 
such  cases  extending  directly  from  the  lip  to  the  bone. 
It  is  hardly  necessary  to  mention  the  fact  that  primary 
carcinoma  of  the  bone  itself  is  unknown,  the  process 
always  starting  in  other  tissues  and  involving  the  bone 
secondarily. 

The  nature,  diagnosis,  prognosis,  and  treatment  of 
carcinomata  of  the  lower  and  upper  jaw  are  practically 
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the  same,  though  the  chances  of  non-recurrence 
after  removal  are  greater  in  the  former,  owing  to  its 
more  isolated  position. 

The  rule  in  excising  ])ort ions  of  the  lower  jaw  should 
be  to  go  as  wide  of  the  disease  as  possible  and  to  re- 
move all  lymph  glands  which  are  or  may  become 
involved. 

Odontoma. — Odontomata  are  solid  or  cystic  tumors 
of  the  jaws.  So  far  as  is  known,  they  owe  their 
origin  to  a  perverted  growth  of  some  pari  of  the  tooth 
follicle,  the  particular  type  of  tumor  being  determined 
by  the  type  of  cell  predominating  in  the  neoplasm. 
Often  several  types  of  tissue  are  found  in  the  same 
tumor. 

Classification. — The  classification  of  these  tumors  is 
anything  but  satisfactory.  In  this  article,  Scudder's 
modification  of  Bland-Sutton's  classification  is 
adopted. 

1.  Dental  Root-cyst.  (2)  Dentigerous  Cyst.  (3) 
Compound  or  Composite  Follicular  Cyst.  (1) 
Adamantine    Epithelioma.     (5)    Hard    Odontoma. 

These  tumors  are  essentially  benign  in  character  in- 
asmuch as  they  show  little  tendency  to  recur  if 
thoroughly  removed,  their  growth  is  usually  painless 
and  slow  though  a  rapidly  rilling  dentigerous  cyst  or 
an  adamantine  epithelioma  may  increase  in  size  so 
rapidly  as  to  arouse  suspicion  of  malignancy;  metas- 
tases do  not  occur,  there  is  little  tendency  to  ulceration 
and  hemorrhage,  and  cachexia  is  absent.  The  fact, 
however,  that  occasionally  they  grow  rapidly,  cause 
severe  pain  and  in  such  cases  produce  a  deformity  as 
great  as  that  resulting  from  malignant  neoplasms, 
should  lead  the  surgeon  to  exhaust  every  means  at  his 
disposal,  such  as  a  careful  history,  the  Rontgen  rays, 
exploratory  puncture,  and  if  necessary,  a  microscopic 
examination  of  tissues  removed  at  operation,  before 
removing  large  portions  of  the  jaw  unnecessarily  if  the 
growth  is  benign,  or  leaving  parts  of  the  neoplasm  be- 
hind should  it  prove  malignant. 

Dental  Root-cysts. — These  occur  in  the  upper 
jaw  oftener  than  in  the  lower,  usually  in  connection 
with  the  permanent  teeth,  especially  the  incisors  and 
bicuspids.  Aspiration  obtains  a  clear  straw-colored 
fluid  unless  there  has  occurred  a  secondary  infection, 
which  indeed  is  rather  common  since  carious  teeth 
seem  to  predispose  to  this  form  of  cyst . 

Treatment. — This  consists  in  opening  the  cyst  from 
within  the  mouth,  removing  the  cyst  wall  so  far  as 
possible,  cauterizing  any  portions  of  the  cyst  wall  left 
behind,  and  packing  the  cavity  with  iodoform  or  plain 
gauze. 

Dentigerous  Cysts. — These  occur  oftener  in  the 
lower  jaw,  especially  at  the  site  of  one  of  the  wisdom 
teeth.  Aspiration  obtains  a  fluid  which  is  not 
characteristic,  since  it  may  be  clear,  bloody,  or  puru- 
lent. The  bony  covering  of  the  cyst  wall  may  be  thin 
and  parchment-like;  oftener,  however, the  bone  thickens 
along  with  the  growth  of  the  cyst.  At  operation,  a 
tooth,  usually  only  partly  developed,  or  parts  of 
several  teeth,  may  be  found  in  the  cyst  wall  or  free  in 
the  cavity  of  the  cyst,  though  an  absence  of  a  tooth 
does  not  exclude  the  diagnosis  of  dentigerous  cyst. 

Treatment. — The  treatment  is  practically  the  same 
as  that  given  for  the  dental  root-cysts.  Occasionally 
the  cyst  involves  so  much  of  the  bone  that  it  is  neces- 
sary to  perform  an  operation  amounting  to  a  partial 
resection. 

Compound  or  Composite  Follicular  Cysts. — As 
the  name  signifies,  these  cysts  are  composed  of  several 
types  of  tissue,  the  predominance  of  no  one  type  being 
fixed.  Hence  examination  after  removal  may  show 
cement,  enamel,  fibrous  tissue,  or  dentine  to  predomi- 
nate.    Teeth  are  not  found  in  the  cyst. 

These  cysts  occur  oftener  in  the  upper  jaw  and 
practically  always  after  the  permanent  teeth  have 
erupted.     Puncture  obtains  a  fluid  very  similar  to  that 


contained  in  the  root-cysts,  occai  ionally  it  is  bloody  or 
purulent,  These  cysts  occasionally  reach  large 
diment  ions. 

Treatment. — Since  this  type  of  cyst  will  often  recui 
unless  thoroughly  removed,  h    is  very  important   to 

remove  the  .11I  ire  cyst  wall  and  to  cauterize  t  lie  .  :,  .  M  \  . 
In  some  cases  it  is  necessary  to  reseel  pari  of  the  jaw 
in  order  to  be  sure  thai   none  of  the  Cyst  remains. 
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Fig.  3564. — Dentigerous  Cyst  of  the  Upper  Jaw  in  a  Girl  Aged  19 
Years.     (Bloodgood.  Am.  Practice  of  Surgery.) 

Adamantine  Epithelioma.  —  Theoretically,  the 
origin  of  this  type  of  dental  tumor  is  due  to  an  over- 
growth of  the  cells  of  the  primary  epithelial  cord  after 
that  structure,  having  served  its  purpose,  is  detached 
from  the  enamel  organ. 

These  growths  occur  oftener  in  females  and  in  the 
lower  jaw.  The  tumor  mass  may  be  solid,  cystic,  or 
partly  solid  and  partly  cystic.  If  the  cyst  opens 
spontaneously  or  is  opened  by  the  surgeon,  its  growth 
may  cease,  the  tumor,  however,  remaining.  Aspira- 
tion may  be  negative  or  it  may  obtain  a  clear  or 
bloody  or  purulent  fluid.  These  cysts  often  grow  in 
connection  with  the  dentigerous  cyst. 

Treatment. — Eradication  of  the  growth  should  be 
thorough  and  yet  conservative,  in  that  if  a  bridge  of 
bone  can  be  left  to  support  the  jaw,  that  much  should 
be  spared,  since  if  all  the  growth  is  removed,  there  is 
little  tendency  to  recurrence.  Often  only  a  micro- 
scopic examination  of  parts  of  the  tumor,  together 
with  the  history  and  the  operative  findings  can  dif- 
ferentiate this  form  of  neoplasm  from  carcinoma. 
There  is  no  doubt  in  the  author's  mind,  that  many  un- 
necessarily mutilating  operations  have  been  per- 
formed by  surgeons  in  the  belief  that  instead  of  dealing 
with  a  non-malignant  tumor,  they  were  dealing  with  a 
carcinoma. 

Hard  Odontomata. — These  are  due  to  an  over- 
growth of  some  part  of  the  tooth,  usually  the  root. 
While  these  tumors  are  usually  solid,  occasionally,  ow- 
ing to  a  breaking  down  in  the  interior  because  of  some 
infection,  they  are  hollow  and  so  are  hard  to  dif- 
ferentiate from  those  dental  root-cysts  in  which  rhe 
cyst  wall  has  become  calcified.  They  occur  oftener 
in  the  lower  jaw  and  in  their  growth  tend  to  thin  and 
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separate  the  bone  plates  so  that  crackling  can  be 
elicited.     They  seldom  reach  a  large  size. 

Treatment. — If  the  bone  plates  have  been  largely 
absorbed  bv  the  growth  of  the  tumor,  it  may  be  possi- 
ble to  remove  the  tumor  by  extracting  the  tooth  to 
which  it  is  attached.  This,  however,  is  usually  im- 
possible because  other  teeth  interfere.  In  such  cases 
it  is  necessary  to  remove  the  lateral  or  medial  plate 
of  bone  and  enucleate  the  tumor  through  the  opening. 
The  remaining  cavity  should  be  packed  with  plain  or 
iodoform  gauze. 

Operations  upon  the  Lower  Jaw. — Excision  of  the 
lower  jaw  was  first  performed  by  Dr.  W.  H.  Deaderiek , 
of  Tennessee,  in  1810,  although  credit  hits  usually 
been  given  to  Dupuvtren,  whose  case  occurred  in 
1812.  Dr.  Deaderick's  operation  was  undertaken  for 
the  removal  of  a  large  chondroma,  and  was  entirely 

SUCCGSSf  VI 1. 

The  preparation  of  the  patient  and  the  method  of 
anesthetization  should  be  the  same  as  for  operations 
on  the  upper  jaw.  The  same  care  should  be  observed 
in  making  a  correct  diagnosis  before  or  during  the 
operation,  since  it  is  desirable  to  sacrifice  as  little  of 
the  bone  as  possible  in  benign  tumors  and  to  resect 
subperiosteally  where  the  nature  of  the  tumor  will 
permit. 

When  the  tumor  grows  from  the  alveolus,  is  not 
malignant,  and  does  not  involve  the  entire  thickness  of 
the  jaw,  it  is  often  possible  to  remove  it  from  within 
the  mouth  with  strong  bone  forceps  and  gouge,  with- 
out making  a  complete  section  of  the  bone.  In  such 
cases  the  hemorrhage  is  often  profuse  but  can  be 
controlled  by  sponge  pressure    and    Horsley  s   bone 

If  the  tumor  is  large  and  occupies  the  body  of  the 
bone  between  the  symphysis  and  angle,  as  is  most 
frequently  the  case,  excision  of  a  segment  of  the  ]  aw 
between  those  two  points  is  generally  required.  Such 
an  operation  can  be  done  from  within  the  mouth,  but 
is  rather  difficult,  especially  in  cases  in  which  the 
neoplasm  has  attained  any  volume.  The  greater  ease 
and  thoroughness  with  which  the  bone  may  be  excised 
by  the  external  operation  more  than  counterbalances 
the  advantage  obtained  by  operating  so  as  to  avoid  a 
scar.  , 

The  operation  for  removal  of  the  jaw  between  the 
angle  and  symphysis  is  performed  as  follows:  Ine 
patient  is  thoroughly  anesthetized,  his  head  raised 
somewhat,  and  an  incision  made  along  the  lower  border 
of  the  bone  from  the  symphysis  to  the  angle,  this 
incision  is  made  down  to  the  bone  except  at  the  point 
where  the  facial  vessels  cross.  The  latter  are  ex- 
posed and  divided  between  ligatures,  after  which  the 
bone  and  tumor  are  thoroughly  exposed  to  view  by 
dissecting  up  the  soft  tissues.  If  the  tumor  is  innocent 
the  surgeon  should  ascertain  at  this  stage  of  the  opera- 
tion whether  it  can  be  removed  without  sacrificing 
the  entire  thickness  of  the  jaw.  If  feasible  the  growth 
should  be  enucleated  or  gouged  out  of  its  bed,  and  the 
lower  border  of  the  j  aw  left  intact.  If  excision  is  deter- 
mined upon,  the  internal  surface  of  the  bone  should  be 
cleared  of  its  attachments  with  knife  and  elevator, 
and  after  removal  of  any  teeth  in  the  lines  of  the 
future  saw  cuts,  the  bone  should  be  divided  with  a 
wire  saw.  After  hemorrhage  is  controlled  the  mucous 
membrane  of  the  mouth  should  be  united  to  that  of 
the  cheek  with  horsehair  or  catgut  sutures  and  the 
defect  packed  with  gauze.  The  skin  is  united  with 
interrupted  sutures  of  silk,  silkworm-gut,  or  horsehair 
except  at  the  most  dependent  part  of  the  wound 
where  the  gauze  protrudes. 

If  the  growth  necessitates  the  removal  ot  the 
symphysis,  a  curvilinear  incision  is  made  along  the 
lower  border  of  the  jaw  from  a  point  somewhat  an- 
terior to  the  facial  arterv  of  one  side  to  a  correspond- 
ing point  on  the  other  side,  and  through  this  incision 
the  bone  is  bared  and  the  growth  removed  as  in  the 
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above  described  operation.  Since,  however,  the  attach- 
ments of  the  geniohyoid  and  geniohyoglossus  muscles 

are  necessarily  divided,  a  strong  ligature  should  be 
passed  through  the  tongue  by  means  of  which  it  may 
be  drawn  out  and  prevented  from  falling  back  into  the 
pharynx  and  causing  suffocation,  as  has  happened  in  a 
number  of  cases. 

If  the  growth  involves  the  ramus  alone  then  that 
portion  of  the  jaw  may  be  removed  through  an  in- 
cision along  the  posterior  portion  of  the  body  and  the 
lower  part  of  the  ramus,  the  steps  of  the  operation  be- 
ing similar  to  those  of  the  operations  already  de- 
scribed. However,  there  is  great  danger  of  injuring  the 
parotid  gland  and  the  facial  nerve,  and  unless  the 


Fig.  3565. — Excision  of  Lower  Jaw — Soft  Parts  Raised. 
(Eriehsen.) 

surgeon  is  prepared  to  use  some  prosthetic  appliance 
which  will  prevent  the  tilting  forward  of  the  upper 
fragment,  it  is  questionable  if  it  is  not  the  better 
practice  to  resect  half  of  the  mandible. 

For  the  removal  of  half  the  jaw  an  incision  should 
be  made  along  the  lower  border  of  the  jaw  from  the 
symphysis  to  the  angle  and  from  the  angle  along  the 
posterior  border  of  the  ramus  upward  as  far  as  the 
level  of  the  lobe  of  the  ear.  The  portion  of  the  inci- 
sion along  the  ramus  as  well  as  that  part  im- 
mediately over  the  facial  vessels  should  divide  only 
the  skin."  The  facial  vessels  should  be  exposed  and 
then  divided  between  ligatures.  A  second  inci- 
sion passes  vertically  downward  from  the  red  of  the 
lip  to  the  anterior  extremity  of  the  first  incision.  If 
necessary  divide  the  lip.  Occasionally  the  incisions 
cannot  be  made  in  conformity  with  any  given  rules, 
but  must  be  adapted  to  suit  the  case,  and  in  excep- 
tionally large  tumors  it  may  be  necessary  to  take  away 
large  segments  of  the  skin. 

The  flap  of  skin  should  be  dissected  from  the  surface 
of  the  tumor,  an  incisor  tooth  extracted  at  the  point 
at  which  the  section  of  the  bone  is  to  be  made,  and  the 
jaw  divided  with  a  small  saw.  Before  proceeding 
further,  the  tongue  should  be  secured  in  a  .looped 
ligature.  The  bone  should  now  be  seized  with  the 
lion-forceps  and  drawn  forcibly  outward,  in  order  that 
the  attachments  to  the  buccal  surface  of  the  bone  may 
be  divided.  Especial  pains  should  be  taken  to  keep  the 
edge  of  the  knife  directed  against  the  bone,  in  order  to 
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avoid  wounding  the  submaxillary  gland,  the  lingual 
nerve,  and,  nearer  the  articulation,  the  internal  max- 
illary artery. 

With  the  fragment  still  in  the  grasp  of  the  forceps, 
the  latter  should  be  forcibly  depressed  so  as  to  cause  the 
coronoid  process  to  start  forward  and  thus  permit  of 
the  division  of  the  temporal  muscle.  The  joint  being 
exposed,  the  knife  should  be  applied  over  it,  by  which 
the  capsule  is  opened  and  the  condyle  released.  In 
this  step  of  the  operation  care  should  be  taken  not  to 
twist  the  fragment  of  the  jaw  too  far  externally,  as  the 
internal  maxillary  artery  may  be  thus  pressed  around 


Fig.  3566. — Showing  the  Degree  of    Deformity  left  after  the  Re- 
moval of  the  Entire  Lower  Jaw.     (From  a  photograph.) 

to  the  front  and  wounded  at  the  same  time  the  cap- 
sule is  opened.  In  very  large  tumors  it  is  frequently 
impossible  to  reach  the  coronoid  process.  Under  these 
circumstances  the  ramus  should  be  divided  as  high  up 
as  possible,  leaving  the  coronoid  and  condyloid  proc- 
esses to  be  dissected  out  after  removal  of  the  tumor. 
The  few  remaining  attachments  of  the  soft  parts  to  the 
bone  having  been  divided,  the  jaw  is  removed. 

The  close  proximity  of  the  internal  maxillary  artery 
to  the  neck  of  the  condyle  makes  it  very  liable  to  be 
wounded,  and  it  is  therefore  always  necessary  to  ob- 
serve the  greatest  caution  in  disengaging  the  condyloid 
process.  When  the  artery  is  divided  hemorrhage  is 
very  profuse,  necessitating  the  immediate  application 
of  a  ligature,  or  if  on  account  of  the  great  depth 
of  the  artery  this  cannot  be  done,  the  external  carotid 
should  be  ligated. 

If  the  growth  necessitating  resection  of  the  jaw 
is  malignant  in  nature,  especially  if  carcinomatous, 
then  in  order  to  give  the  patient  a  greater  chance 
of  non-recurrence,  it  is  necessary  to  excise  the  sub- 
maxillary gland  and  to  remove  by  a  thorough  dissec- 
tion all  the  gland-bearing  tissue  in  the  neck  on  the 
side  corresponding  to  the  growth.  Oftentimes  the 
surgeon  can  carry  out  this  dissection  at  the  time  of 
resection;  occasionally,  however,  the  patient  is  in  such 
a  run-down  condition  from  poor  nutrition,  pain, 
worry,  etc.,  that  it  is  better  to  postpone  this  opera- 
tion until  a  later  date  which  should  not  be  longer  than 
three  weeks  after  the  primary  operation. 

As  in  operations  on  the  upper  jaw,  the  mouth  should 
be  frequently  cleansed  with  some  antiseptic  solution 
and  the  patient  should  sit  up  as  soon  as  his  condition 
will  permit. 

Results. — The  immediate  mortality  of  the  opera- 
tion of  complete  excision  of  the  lower  jaw  is  not  over 
fifteen  per  cent.  Pneumonia,  shock,  sepsis,  meningitis, 
and  hemorrhage  are  the  principle  causes  of  death. 

Prosthesis  after  Resection  of  the  Lower  Jaw. — The 
various  prosthetic  appliances  for  preventing  deformity 
and  concomitant  inconveniences  are  ingenious  in  the 


extreme  and  in  many  instances  have  obtained  re- 
markable results.  As  a  usual  thing,  the  application 
of  the  appliance  requires  the  skill  of  I  he  dentist  to  aid 
the  surgeon.  Martin's  "I'rothcse  immediate"  is 
more  than  likely  the  mosi  practicable.  A  descript  ton 
of  Mail  in's  met  hod  will  suffice,  since  other  methods 
such  as  Bonnecken's,  Partsch's,  and  Stoppany's, 
arc  along  similar  lines. 

Martin's  method  consists  in  attaching  a  gutta- 
percha splint  which  is  provided  with  lateral  pro- 
jecting metal  plates,  to  the  stumps  of  the  bone,  by 
means  of  nails  and  screws.      The  gutta-percha   splint 

can  bo  shaped  accurately  at   the  time  of  operation 

to  meet  the  existing  conditions.  The  provisional 
apparatus  gives  the  necessary  support  during  the 
period  of  wound  repair,  and  is  supplied  with  a  system 
of  channels  that  provide  adequately  for  drainage  and 
cleansing. 

After  cicatrization  has  become  complete,  the 
appliance  is  removed  and  a  permanent  artificial  piece, 
preferably  constructed  of  metal  and  provided  with 
teeth,  is  inserted.  This  plate  can  be  removed  at  any 
time  in  order  to  be  cleansed.  The  results  of  this 
method  of  treatment  in  a  number  of  reported  cases 
have  been  all  that  could  be  asked. 

While  this  ingenious  method  of  rectifying  and  cor- 
recting the  results  of  resection  has  much  to  com- 
mend it,  it  should  be  remembered  that  even  after 
extensive  resections  of  portions  of  the  lower  jaw, 
nature  in  its  process  of  healing,  accomplishes  much 
that  obviates  the  extensive  deformity  and  functional 
troubles. 

Closure  of  the  jaws  may  exist  in  one  of  two  forms, 
viz.,  temporary  or  spasmodic,  and  permanent  or 
organic. 

Spasmodic  Closure  of  the  Jaws. — This  condition 
is  most  frequently  due  to  firm  contraction  of  the 
masticatory  muscles,  superinduced  by  severe  or  pro- 
longed irritation  of  branches  of  the  third  division  of 
the  fifth  pair  of  cranial  nerves. 

Etiology. — The  most  common  cause  of  this  con- 
dition is  the  difficulty  that  sometimes  attends  the 
eruption  of  the  wdsdom  tooth,  either  from  the  fact 
of  its  being  misplaced  or  because  the  space  between 
the  second  molar  tooth  and  the  ramus  of  the  jaw  is 
insufficient.  Among  other  causes  may  be  mentioned 
hysteria,  tetanus,  alveolar  abscess  in  the  vicinity  of 
the  last  two  molars,  peritonsillar  abscess,  actino- 
mycosis, and  necrosis  of  the  jaws. 

Treatment. — The  treatment  of  this  affection  is 
obvious,  viz.,  to  remove  the  cause.  When  the  con- 
dition arises  from  difficult  eruption  of  the  wisdom 
tooth,  the  patient  should  be  thoroughly  anesthetized 
and  the  jaws  forcibly  separated  with  a  gag,  in  order 
that  access  may  be  had  to  the  seat  of  trouble.  If  the 
wisdom  tooth  is  presenting  normally,  it  may  be  suf- 
ficient to  incise  the  gum  freely  or  to  extract  the  tooth. 
Generally  it  is  necessary  to  remove  the  second  molar, 
in  order  that  the  wisdom  tooth  may  have  room  to 
emerge.  An  alveolar  or  peritonsillar  abscess  should 
be  freely  opened,  if  the  spasmodic  affection  is  produced 
by  such  pathology. 

Organic  Closure  of  the  Jaws. — This  is  a  far  more 
serious  affection  than  the  spasmodic  form,  the  man- 
agement of  which  often  taxes  the  patience  and  skill 
of  the  surgeon,  as  well  as  the  endurance  of  the  un- 
fortunate sufferer,  to  the  utmost.  It  may  be  con- 
veniently divided  into  two  classes,  namely,  those 
arising  from  diseases  of  the  temporomaxillary  articu- 
lation, and  those  which  have  their  origin  in  ulcerative 
action  and  cicatricial  contraction  in  the  perimaxiUary 
tissues. 

The  diseases  of  the  temporomaxillary  articulation 
which  may,  by  causing  fibrous  or  osseous  ankylosis, 
lead  to  permanent  closure  of  the  jaws,  are  acute  and 
chronic  arthritis. 
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Acute  Arthritis. — This  may  follow  mechanical 
injury — for  example,  blows  upon  the  side  of  the 
face,  dislocations,  or  fractures  into  the  joint — or  it 
may  supervene  upon  the  exanthematous  fevers  in 
connection  with  diseases  of  the  middle  ear.  It  may 
arise  in  the  course  of  an  attack  of  gonorrhea,  paro- 
tiditis, or  an  osteomyelitis  of  the  lower  jaw  and  it  is 
hardly  necessary  to  mention  the  fact  that  this  joint 
occasionally  suffers  in  acute  rheumatism. 

Symptoms. — The  symptoms  of  acute  arthritis  of  the 
temporomaxillary  articulation  are  pain,  redness, 
heat,  swelling,  and  stiffness  of  the  jaw,  sometimes 
amounting  to  entire  closure  of  the  jaws.  If  suppura- 
tion occurs,  the  pus  may  escape  through  the  external 
auditory  meatus  or  by  means  of  an  opening  in  the 
overlying  skin. 

Treatment. — The  treatment  of  this  condition  should 
be  rest  to  the  joint  by  causing  the  patient  to  abstain 
from  mastication,  counterirritation  over  the  joint, 
hot  fomentations,  and  the  evacuation  of  the  pus  if 
suppuration  occurs.  Internally  larger  doses  of  sodium 
salicylate  should  be  administered.  If  the  pain  is 
severe,  some  of  the  coal-tar  preparations  or  opium 
should  be  exhibited.  If  the  arthritis  is  due  to  rheu- 
matism the  rheumatic  phylacogen  may  be  tried. 

Chronic  Rheumatic  Arthritis. — This  form  of 
arthritis  of  the  temporomaxillary  joint  is  essentially 
a  disease  of  old  age,  fortunately,  however,  rarely  met 
with.  It  may  affect  one  or  both  sides,  but  is  more 
frequently  unilateral. 

Symptoms. — -The  symptoms  are  gradual  enlarge- 
ment of  the  condyle,  which  may  often  be  plainly  felt 
beneath  the  zygoma,  pain  on  opening  the  mouth, 
and  a  peculiar  creaking  of  the  joint  on  moving  the  jaw, 
plainly  perceptible  to  the  patient.  The  neighbor- 
ing lymphatic  glands  are  enlarged.  The  face  is 
distorted,  the  chin  being  inclined  to  the  sound  side 
when  the  disease  is  unilateral,  carried  prominently 
forward  when  bilateral.  The  pathological  changes 
are  the  same  as  those  of  chronic  arthritis  of  any 
other  joint — the  articular  cartilage  undergoes  dis- 
integration and  absorption,  the  glenoid  cavity  is  en- 
larged, the  interarticular  cartilage  disappears,  the 
eminentia  articularis  is  leveled  down  so  as  to  permit 
of  partial  dislocation,  and  the  neck  and  head  of  the 
jaw  are  thickened  and  enlarged.  The  muscles  are 
in  a  state  of  tonic  contraction  in  the  effort  to  keep  the 
inflamed  joint  surfaces  in  contact,  and,  as  a  conse- 
quence, stiffness  of  the  jaws  is  always  present  to  a 
greater  or  lesser  degree. 

Treatment. — In  the  treatment  of  this  disease  little 
is  to  be  hoped  for  from  the  action  of  medicines,  though 
active  counterirritation  over  the  joint  and  the  ex- 
hibition of  increasing  doses  of  the  iodide  of  po- 
tassium have  been  recommended. 

Ankylosis  of  the  Jaw. — This  is  the  result  of 
arthritis  and  may  be  fibrous  or  osseous.  No  matter 
whether  the  disease  is  unilateral  or  bilateral,  mastica- 
tion is  impossible. 

If  the  ankylosis  is  unilateral,  the  deformity  is 
usually  present  on  the  opposite  side  to  the  ankylosis. 
The  diagnosis  between  the  fibrous  and  osseous  varie- 
ties can  only  be  ascertained  when  the  patient  is  under 
the  influence  of  an  anesthetic,  and  often  not  until 
the  joint  is  exposed. 

If  fibrous,  the  adhesions  may  be  broken  up  and  the 
jaws  gradually  separated  by  means  of  a  screw  gag 
made  for  the  purpose,  or  by  levers  and  wedges  intro- 
duced between  the  teeth  to  keep  the  jaws  apart.  The 
tendency  of  the  parts  to  become  fixed  again  renders 
the  daily  repetition  of  this  process  necessary  for 
months,  and  even  for  years.  Even  with  the  most  con- 
stant care  on  the  part  of  the  surgeon,  and  the  fullest 
cooperation  of  the  patient,  the  result  is  very  seldom 
satisfactory,  and  at  the  present  time  is  rarely  resorted 
to,  except  as  after-treatment  to  more  radical  opera- 
tions. 
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In  both  fibrous  ankylosis,  in  which  so  little  is  to  be 
hoped  for  from  mechanical  treatment,  and  in  osseous 
ankylosis,  or  synostosis,  the  method  which  promi  i 

the  best   Jesuits  is  the  restoration  of  the  usefulm 
the  old  joint   or  the  establishment   of  a  false  joinl 
through    the    neck    of   the   condyle,    by    means   of  a 
radical  operation. 

If  the  ankylosis  is  osseous  it  is  probabl)  better  to 
divide  the  neck  of  the  condyle,  and  by  the  interposi- 
tion of  fascia,  or  muscular  tissue,  establish  a  joint  at 
thai  point,  rather  than  to  attempt  to  separate  the 
condyle  from  the  glenoid  cavity.  If,  however,  the 
ankylosis  is  fibrous  it  is  better  to  restore  the  useful- 
ness of  the  joint  rather  than  to  establish  a  new  one. 
The  steps  of  the  operation  are  practically  the  same 
for  the  two  operations,  except  of  course  should  the 
surgeon  elect  to  make  a  false  joint  a  division  of  the 
bone  is  necessary. 

The  operation  is  performed  as  follows:  A  vertical 
incision  is  commenced  somewhat  below  the  tubercle 
of  the  zygoma  and  in  front  of  the  temporal  artery  and 
is  carried  upward  for  two  inches  or  more.  Commenc- 
ing at  the  point  where  the  incision  crosses  the  zygoma, 
the  soft  tissues  are  pushed  downward  and  forward 
by  means  of  the  knife  and  blunt  dissector  until  the 
joint  is  exposed.  While  the  soft  parts  are  held  aside 
by  means  of  a  hook  or  retractor  the  joint  is  examined. 
If  the  ankylosis  is  fibrous,  after  dividing  all  adhesions, 
a  strip  of  fascia  about  two  inches  long  by  an  inch  in 
width  with  its  base  downward  is  taken  from  the 
temporal  region  and  its  free  extremity  turned  into 
the  space  between  the  condyle  and  the  glenoid  fossa. 
The  base  of  this  flap  is  prevented  from  retracting  by 
two  or  three  catgut  sutures  and  likewise  the  part 
between  the  two  bony  surfaces  is  held  in  place  by  a 
few  interrupted  catgut  sutures. 

If  the  ankylosis  is  osseous,  especially  if  the  line  of 
demarcation  between  the  glenoid  fossa  and  the  con- 
dyle is  not  distinct,  then  it  is  safer,  after  thoroughly 
exposing  the  neck  of  the  condyle,  to  divide  and  re- 
move a  portion  of  that  structure  with  a  wire  saw  or 
chisel  and  to  insert  a  strip  of  fascia  between  the 
divided  segments  of  bone.  Should  however,  the 
coronoid  process  be  involved  in  the  ankylosis,  then 
following  the  method  of  Lilienthal,  the  surgeon  should 
make  a  second  incision  parallel  to  and  over  the 
zygoma  down  to  the  bone,  resect  that  structure,  turn 
it  with  the  attached  masseter  muscle,  the  parotid 
gland,  and  facial  nerve  downward,  thus  obtaining  an 
ample  field  to  work  in  with  a  minimal  amount  of 
injury  to  important  structures.  After  breaking  down 
the  ankylosis  by  means  of  the  chisel,  a  strip  of  fascia 
should  also  be  inserted  here.  Throughout  the  opera- 
tion care  must  be  taken  to  avoid  injury  to  the  parotid 
gland,  the  internal  maxillary  artery,  and  especially 
the  facial  nerve.  If  the  zygomatic  process  is  resected 
the  fragments  can  be  wired  before  closing  the 
wound.  The  wound  should  be  closed  without  drain- 
age and  motion  should  be  commenced  on  the  day 
following  the  operation. 

Ankylosis  Maxdibul*  Spuria. — This  is  a  condition 
in  which  the  jaws  are  held  firmly  together  owing  to 
cicatricial  bands  in  the  adjacent  tissues. 

Etiology. — Extensive  ulceration  and  sloughing  of 
the  buccal  mucous  membrane  and  the  muscles  of 
mastication,  leading  to  the  formation  of  cicatricial 
bands  and  closure  of  the  jawTs,  is  usually  the  result 
of  cancrum  oris,  abscess  of  the  molar  teeth,  mercurial 
ptyalism,  necrosis  of  the  jaw,  typhoid,  diphtheria, 
scarlatina,  or  syphilis. 

Symptoms. — The  principle  symptom  is  the  inability 
to  open  the  jaw,  but  if  the  process  commences  in 
childhood  and  is  allowed  to  exist  for  any  length  of 
time  there  is  present  a  marked  deformity  owing  to  the 
lack  of  development  of  the  lower  jaw. 

\Yhen  the  mucous  membrane  of  the  cheek,  from 
one  alveolus  to  the  other,  is  involved,  the  cheek  is 
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bound  so  closely  to  the  jaw  that  all  movements  of 
the  jaw  are  rendered  impossible,  and  often  the  space 
between  the  teeth  and  the  cheek  is  so  limited  as 
scarcely  to  admit  the  passage  of  a  probe. 

Frequently  the  new  tissue  has  bone  developed  in 
it,  which  occasionally  is  present  in  the  shape  of  an 
osseous  bridge  extending  from  one  jaw  to  the  oilier, 
thus  serving  to  bind  the  bones  even  more  closely 
together. 

The  condition  of  the  patient  is  pitiable  in  the  ex- 
treme, as  food  can  be  carried  into  the  mouth  only 
in  fluid  form,  or  by  being  rubbed  against  the 
teeth. 

Treatment. — If  the  trouble  arises  in  childhood,  as  is 
most  frequently  the  case,  treatment  should  be  in- 
stituted as  soon  as  possible  in  order  that  the  develop- 
ment of  the  lower  jaw"  may  not  be  retarded.  At- 
tempts at  relief  of  this  condition  by  forcible  separa- 
tion of  the  jaws,  have  proved  unsatisfactory,  since  as 
soon  as  the  inflammation  subsides,  new  cicatrices 
form  to  take  the  place  of  the  old. 

Various  operations  have  been  devised  and  prac- 
tised for  the  relief  of  this  condition  with  many  failures 
and  some  successes. 

Simple  division  of  the  cicatricial  bands  promises 
little,  if  any  more,  than  does  gradual  dilatation, 
since,  as  healing  takes  place,  new  cicatricial  tissue 
is  formed  at  the  seat  of  division.  If  however,  the 
muscles  are  not  too  much  involved,  if  healthy  mucous 
membrane  is  obtainable,  then  division  of  the  cicatrix 
and  the  insertion  of  strips  of  healthy  mucous  mem- 
brane taken  from  the  floor  of  the  mouth,  the  cheek, 
or  the  palate,  as  practised  by  Dr.  John  B.  Murphy, 
will  often  result  in  a  cure  of  the  condition. 

If  possible,  the  anesthetic  should  be  given  through 
nasal  tubes  as  previously  suggested  in  this  article, 
not  only  in  order  to  keep  the  anesthetist  out  of  the 
field  of  operation,  but  also  in  order  to  minimize  the 
danger  of  clots  passing  into  the  trachea. 

After  the  patient  is  thoroughly  anesthetized,  the 
mouth  is  dilated  enough  to  give  access  to  the  cica- 
tricial bands.  The  latter,  held  tense  by  firm  pressure 
on  the  lower  jaw,  are  divided  with  the  knife,  stroke 
by  stroke,  until  the  mouth  can  be  freely  and  w-idely 
opened.  This  part  of  the  operation  is  often  very 
difficult.  After  division  of  all  cicatricial  bands,  if 
the  flap  is  to  be  taken  from  the  palate  or  the  floor 
of  the  mouth,  teeth  must  be  extracted  in  order  to 
make  room  for  it,  after  which  the  flap,  which  should 
be  about  two  inches  in  length  and  from  one-half  to 
one  inch  in  width,  is  raised  from  the  palate  or  the 
floor  of  the  mouth,  as  the  case  may  be,  inserted  be- 
tween the  divided  ends  of  the  cicatricial  bands  and 
held  in  place  with  a  few  sutures  which  fasten  it  to 
the  cicatricial  bands  and  the  cheek.  In  some  cases 
Dr.  Murphy  uses  the  palatal  and  buccal  flaps  in  the 
same  operation. 

If,  as  is  sometimes  the  case,  the  cicatrix  extends  into 
the  muscles  of  mastication  on  one  side,  it  may  be 
necessary  to  perform  Esmarch's  operation,  modified 
according  to  the  suggestion  of  Helferich. 

Esmarch's  operation  is  thus  performed:  "An  in- 
cision is  begun  at  the  angle  of  the  jaw  and  carried 
two  inches  along  the  lower  border.  A  narrow  strip 
of  bone  is  then  cleared  on  both  sides  up  to  the  edge 
of  the  gum,  a  tooth  drawn  if  necessary,  the  chain- 
saw  passed  around  the  bone  through  the  incision,  and 
the  section  made.  The  anterior  fragment  is  then  de- 
pressed and  protruded  through  the  wound,  and  a 
wedge-shaped  piece,  from  one-third  to  one-half  an 
inch  in  width  at  the  widest  part,  cut  off  with  cutting 
forceps."  (Stimson,  Manual  of  Operative  Surgery.) 
This  is  the  operation  as  originally  performed.  At 
present,  however,  by  using  the  wire  saw,  it  is  unneces- 
sary to  protrude  the  anterior  fragment  of  bone  from 
the  mouth.  Helferich's  modification  consists  in 
elevating  a  tongue-shaped  segment  of  tissue  from  the 
deep  surface  of  the  masseter  muscle  with  the  base  up- 


ward, carrying  the  free  extremity  of  the  Bap  of 
muscular  ti  me  between  the  fragments  of  the  divided 

bone,    and    attaching    it     by    sutures    to    the  internal 

pterygoid  muscle.     In  doing  this  operation  care  must 

be  taken  not  to  injure  (lie  parotid  gland  posteriorly, 
the  facial  artery  anteriorly,  and  tin-  lingual  nerve 
internally.  Unless  tie-  division  of  bone  is  made 
further  back  than  is  usually  the  case,  it  is  hardly 
possible  to  avoid  division  of  the  inferior  dental  nerve 
and  artery. 

In  many  cases  the  surgeon  must  rely  entirely  fin  his 
own  ingenuity,  in  some  cases  nothing  short  of  resec- 
tion of  a  port  ion  of  t  he  lower  jaw  will  suffice  in  order  to 
obtain  an  avenue  into  the  stomach  through  which 
nourishment   can  enter.  C.   S.    Biuogs. 

\V.  T.   Bkiggs. 


Jecorin. — This  is  the  name  applied  to  a  body 
which  may  be  isolated  from  the  liver,  spleen,  blood, 
and  brain,  possessing  a  reducing  action  upon  copper 
oxide.  It  is  soluble  in  ether,  contains  sulphur  and 
phosphorus,  and  upon  boiling  with  alkali  and  then 
cooling  forms  a  gelatinous  mass.  It  has  been  asserted 
that  jecorin  is  a  combination  of  lecithin  and  dextrose, 
but  from  the  variable  composition  and  divergent 
properties  of  the  jecorin  isolated  by  many  investiga- 
tors it  is  very  probable  that  jecorin  is  only  a  mixture 
of  several  bodies  among  which  sulphur-containing  and 
phospliorus-containing  substances  occur. 

F.  P.  U. 


Jenner,  Edward. — Born  at  Berkeley,  Countv  of 
Gloucester,  England,  on  May  17,  1749.  He  began 
the  study  of  medicine  in  Sodbury,  near  Bristol. 
Then,  upon  reaching  the  age  of  twenty-one,  he  went 
to  London,  where  he  became  the  favorite  pupil  of 
John  Hunter,  in  whose  house  he  resided  for  two  years. 


Fig.  3567. — Edward  Jcnner. 


He  obtained  the  degree  of  Doctor  of  Medicine  from 
St.  Andrews  University.  Scotland,  in  1792.  and  soon 
afterward  established  himself  in  the  practice  of  his 
profession  at  Berkeley,  his  native  town.  Jenner's 
discovery  that  vaccination  with  the  virus  of  cowpox 
afforded  effective  protection  against  smallpox  was 
made  gradually  during  a  period  of  several  years.  It 
was  only  in  1798  that  he  finally  obtained  satisfactory 
evidence  that  the  method  which  he  had  so  carefully 
and  so  persistently  worked  out,  despite  opposition 
of  all  sorts,  was  in  reality  what  he  believed  it  to  be. 
The  subsequent  history  of  this  remarkable  discovery. 
which  lias  already  conferred  immense  benefit  upon 
the  human  race  and  imperishable  glory  upon  Jenner 
himself,  cannot  be  told  within  the  narrow  limits  of 
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this  brief  biographical  notice.  Suffice  it  to  say  that 
it  was  only  during  the  first  decade  of  the  eighteenth 
century  that  vaccination  as  a  protection  against 
smallpox  received  anything  like  universal  recognition. 
As  a  matter  of  fact,  there  are  even  to-day,  in  certain 
parts  of  the  civilized  world,  groups  of  people  who  deny 
the  virtues  of  the  procedure.  Jenner  died  on  Jan.  25, 
1823. 

Jenner's  first  published  work  on  vaccination  bears 
the  following  title:  "An  Inquiry  into  the  Causes  and 
Effects  of  the  Variohe  Vaccinse,  a  disease  discovered 
in  some  of  the  Western  Counties  of  England,  particu- 
larly Gloucestershire,  and  known  by  the  name  of  the 
Cow-pox;  with  observations  on  the  origin  of  the 
smallpox,  and  on  inoculation,"  London,  179S;  3d 
edition,  1801.  A.   II.   B. 


Jenner,  Sir  William. — Born  at  Chatham,  Eng- 
land, in  1S15.  He  received  his  doctor's  degree,  in 
1844,  from  the  University  College,  in  London.  In 
1852  he  delivered  the  Gulstonian  lectures  in  the 
College  of  Physicians;  in  1853  he  was  chosen  Assistant 
Physician  to  the  London  Fever  Hospital;  in  1854 
he  became  physician  to  the  University  College 
Hospital;  and  in  1S57  he  was  chosen  Professor  of 
Clinical  Medicine  in  the  same  institution.  In  1861 
he   was   appointed   physician    extraordinary,    and   in 

1862  physician  in  ordinary,  to  Queen   Victoria.     In 

1863  he  was  appointed  physician  in  ordinary  to  the 
Prince  of  Wales.  In  1865  he  was  created  a  baronet. 
He  died  on  Dec.  11,  1S98. 

Sir  William  Jenner  was  one  of  the  most  distin- 
guished pathologists  of  his  time.  In  1S47  he  began, 
at  the  London  Fever  Hospital,  investigations  into 
cases  of  "continued"  fever  which  enabled  him  finally 
to  make  the  distinction  between  typhus  and  typhoid 
on  which  his  reputation  as  a  pathologist  principally 
rests.  As  a  consultant  Sir  William  Jenner  had  a 
great  reputation. 

Of  his  published  writings  the  following  deserve  to 
receive  special  mention:  "On  the  Identity  or  Non- 
Identity  of  Typhoid,  the  Specific  cause  of  Typhus  and 
Relapsing  Fevers,"  Medico-Chirurgical  Transactions, 
1850;  "Diphtheria,  its  Symptoms  and  Treatment," 
1860;  "On  Rickets";  and  "On  Tuberculosis." 

A.  H.  B. 

Jequirity. — See  Abrus  Precatorius. 

Jersey. — See  Channel  Islands. 

Jex=Blake,  Sophia. — Born  at  Brighton,  England, 
in  January,  1840.  She  had  received  a  remarkably 
fine  education  for  a  woman  of  that  time,  and  desired 
to  make  a  career  for  herself  in  educational  work.  In 
1858  she  became  mathematical  tutor  at  Queen's 
College,  London.  With  a  desire  to  increase  her 
knowledge  of  the  educational  advantages  accorded 
to  women  of  various  countries,  she  started  on  a  tour 
of  investigation.  She  came  to  America,  and  while 
in  New  York  attended  a  series  of  lectures  on  medical 
subjects  given  by  Dr.  Elizabeth  Blackwell.  She 
was  so  impressed  by  these  lectures  that  she  went  to 
Boston  and  began  the  study  of  medicine  in  1866. 
Two  years  later,  in  1868,  she  returned  to  England;  and 
the  following  year,  applied  for  permission  to  matricu- 
late in  medicine  at  the  University  of  London.  Since 
the  character  of  this  University  did  not  permit  women 
to  study  medicine  within  its  walls,  Miss  Jex-Blake 
went  to  Edinburgh.  Here  she  also  met  with  diffi- 
culties, but  finally  succeeded  in  having  a  separate 
medical  course  for  women  established  at  the  Uni- 
versity. The  diplomas  granted,  however,  were  not 
considered  legal,  so  she  and  her  women  associates 
returned  to  London  in  1S74,  where  another  struggle 
for  medical  recognition  was  begun.     With  her  other 
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women  students,  she  succeeded  in  founding  the 
London  School  (jf  Medicine  for  Women,  which  was 
opened  in  October,  1874.  Attendance  at  this  school 
carried  with  it  the  privilege  of  attendance  at  the  Royal 
Free  Hospital.  Desiring  to  have  a  diploma  which 
would  be  recognized  as  legal,  she  went  to  Berne, 
Switzerland,  and  received  her  degree  in  1877.  In  the 
meantime,  in  1876,  the  British  Parliament  passed  an 
Act,  through  which  the  women  of  England  could  ob- 
tain medical  degrees  at  home.  In  1878,  after  a 
struggle  of  ten  years,  Dr.  Jex-Blake  received  a 
British  diploma  as  Licentiate  in  Midwifery  from 
King's  College,  London.  In  this  same  year,  1878,  she 
began  to  practise  medicine  in  Edinburgh,  and  estab- 
lished a  Dispensary  for  Women  and  Children,  which, 
in  1885  developed  into  a  Cottage  Hospital,  and  is  now 
the  Edinburgh  Hospital  and  Dispensary  for  Women 
and  Children.  In  1886  the  Edinburgh  School  of 
Medicine  for  Women  was  established  through  the 
efforts  of  Dr.  Jex-Blake,  and  she  was  appointed  dean 
and  lecturer  in  midwifery.  In  1894  this  school  was 
recognized  as  qualified  for  graduation  of  students  in 
medicine  by  the  University  of  Edinburgh. 

Dr.  Jex-Blake  practised  medicine  until  1899,  when  she 
returned  to  her  old  home  in  Sussex.  She  died  on 
January  7,  1912.  She  contributed  many  articles  to 
medical  literature.  In  1867  she  wrote  two  books  on 
"American  Schools  and  Colleges;"  "Medical  Women" 
reached  its  second  edition  in  1886.  She  also  contrib- 
uted many  articles  and  papers  on  the  Medical  Educa- 
tion of  Women,  some  of  which  were  published  in  the 
Transactions  of  the  Social  Science  Congress,  Norwich, 
1873,  and  a  report  on  the  same  subject  was  given  to 
the  Chicago  Conference  in  1893.  Her  "  Medical 
Women"  was  published  in  the  Nineteenth  Century 
Magazine  for  1887,  and  "  Medical  Women  in  Fiction" 
in  the  same  magazine  in  1893.  "Puerperal  Fever" 
was  one  of  her  subjects,  and  her  book  on  the  "Care 
of  Infants,"  reached  its  second  edition  in  1903. 

E.  L.  J. 


Jigger. — Chigoe. — A  flea,  Dermatophilus  penetrans, 
that  affects  man  and  other  animals.  It  burrows  be- 
neath the  skin  and  causes  irritation,  pus  formation, 
and  ulceration.  This  insect  is  a  native  of  Brazil  but 
is  now  common  in  Africa  and  other  countries.  See 
Insects,  Parasitic.  A.  S.   P. 

Joints,  Anatomy  of. — See  Arthrology. 

Joints,  Diseases  of. — See  Arthritis. 


Joints,  Loose  Bodies  and  Torn  Cartilages  in. — 

Loose  Bodies. — The  existence  in  a  joint  of  a  loose 
body  was  recognized  first  by  Ambroise  Pare  in  1558, 
who  removed  one  from  the  knee-joint.  During  the 
last  century  much  consideration  was  given  to  the  sub- 
ject by  many  surgical  writers.  It  appears  that  all 
freely  movable  joints  may  be  the  seat  of  loose  bodies, 
but  that  the  knee  suffers  by  far  the  most  frequently, 
and  then  the  elbow.  One  loose  body  may  be  present 
in  a  joint,  or  very  many.  The  size  of  these  bodies 
varies  greatly,  sometimes  reaching  two  or  three 
centimeters. 

The  presence  of  a  loose  body  in  a  joint  is  a  sign  of 
one  or  two  things — trauma  or  disease.  In  some  cases 
the  method  of  formation  is  well  understood,  in  others 
it  is  not  clear.  In  joint  tuberculosis  the  inflammation 
in  the  marrow  beneath  the  joint  cartilage  may  deprive 
the  cartilage  of  its  nutrition,  and  throw  it  off  into  the 
joint  cavity  as  aloosebody  (Fig.  3568).  Again,  in  the 
arthropathy  of  tabes  (Charcot's  joint),  as  the  result 
of  the  morbid  process  in  the  marrow,  pieces  of  bone  and 
of  cartilage  may  be  separated  and  lie  loose  in  the  joint. 
A  tuberculous  sequestrum  may  be  cast  off  into  the 
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joint  cavity,  and  so  constitute  a  loose  body.  Rice 
bodies,  small,  smooth,  slippery,  hard  bodies,  often 
very  many  in  number,  are  seen  occasionally  in  tuber- 


Fig.  356S.- 


-Lifting  off  of  Cartilage,  due  to  Disease  of  the  Subjacent 
Bone  Marrow. 


culous  joints  (Figs.  3569  and  3570).  Collections  of 
coagulated  blood,  foreign  bodies,  etc.,  would  also  come 
under  the  head  of  our  definition.  All  these,  strictly 
speaking,  come  under  the  head  of  loose  bodies,  but 
each  forms  a  comparatively  unimportant  feature 
of  a  well-marked  pathological  process  (with  the 
exception  of  foreign  bodies),  and  sinks  into  insig- 
nificance in  comparison  with  the  main  disease. 
When  we  speak  of  a  loose  or  movable  body  in  a 
joint,  we  have  before  our  mind  a  fairly  well- 
defined  picture,  of  which  the  offending  body  is 
the  chief  clinical  feature. 

A  lipoma  of  the  synovial  membrane,  peduncu- 
lated or  not,  or  hypertrophied  fringes  of  the 
membrane  may  cause  symptoms  hardly  to  be 
distinguished  from  those  of  a  typical  loose  body. 
They  are  said  to  arise  from  chronic  inflammatory 
or  degenerative  processes  in  the  synovia,  and 
may  require  operation  for  their  removal.  Their 
presence  is  not  to  be  detected  by  the  Rontgen 
rays,  and  must  be  diagnosed  by  the  occurrence  of 
sharp  attacks  of  pain,  not  over  the  region  of  the 
semilunar  cartilages,  when  the  bodies  arepinched 
between  the  bones,  followed  usually  by  an  inflam- 
matory reaction  in  the  synovia.  The  differentia- 
tion between  this  form  of  loose  body,  and  that 
about  to  be  described,  is  not  always  possible  until 
the  joint  is  opened. 

The  typical  loose  body  in  a  joint  is  composed 
of  cartilage,  or  of  cartilage  and  bone.  It  is  found 
most  often  in  the  knee,  and  has  received  from  the 
Germans  the  suggestive  name  of  "Gelenkmaus" 
(joint  mouse),  on  account  of  its  slippery  and 
elusive  nature.  The  origin  of  these  bodies  has 
occasioned  considerable  discussion.  Koenig  and 
his  disciples  predicated  a  distinct  causal  disease 
called  "osteochondritis  dissecans."  Barth  denied 
this.  Axhausen  has  imitated  the  formation  of  loose 
cartilaginous    bodies   by   puncturing   the   knee-joint 


cartilages  of  dogs  and  of  rabbits  with  an  electric 
needle.  We  know  that  islands  of  cartilage  can  In- 
formed in  the  synovial  villi,  and  we  assume  that  these 
may  be  separated,  and  may  lie  loose  in  the 
joint.  Loose  pieces  of  cartilage  are  often 
found  in  the  joint  cavity  in  cases  of  arthritis 
of  Type  II.  (See  the  article  on  Arthrilii  ) 
It  has  been  established  fairly  conclusively 
that  a  trauma  may  stand  in  direct  causal 
relation  to  loose  bodies.  I  have  in  my  col- 
lection of  specimens  a  disc  of  glistening 
while  cartilage,  smooth  on  one  side  and 
rather  rough  on  the  other,  22.5  X  17.5  X  10.5 
millimeters,  removed  from  a  man's  knee- 
joint  seven  months  after  a  severe  trauma, 
which  corresponds  almost  exactly  to  an  area 
of  rarefaction  in  the  internal  condyle  of  his 
lemur,  as  shown  by  the  skiagram.  It  is 
doubtful  if  the  trauma  in  such  a  case  always 
sets  the  body  free  immediately.  Probably 
it  causes  a  fracture  through  "the  cartilage 
and  into  the  bone,  and  then  the  resulting 
Inflammation  in  the  marrow  dissects  off  the 
partially  loosened  fragment  whose  nutrition 
has  been  impaired.  This  imitates  the  series 
of  phenomena  produced  by  Axhausen's  elec 
trie  needle.  The  same  or  a  similar  process  is 
at  the  bottom  of  what  the  Germans  call 
arthritis  deformans — our  Type  II. 

Complete  tears  of  a  fibrocartilage  may 
give  rise  to  a  loose  body  in  the  knee.  A 
complete  tear,  however,  is  much  less  fre- 
quent than  a  partial  one.  The  torn  frag- 
ment generally  remains  attached  at  one  end. 
In  brief  then  the  weight  of  evidence  points 
to  the  synovial  membrane,  the  articulating 
cartilages  (with  or  without  bone),  or  the 
fibrocartilages  as  the  point  of  origin  of  these 
loose  bodies.  In  the  case  of  bodies  from 
the  articular  cartilage  or  from  the  synovia  the 
pathological  process  at  the  bottom  of  the  trouble  is 
essentially  the  same  as  that  in  Type  II.  of  chronic 
arthritis  (q.r.). 


3569. — Rice  Bodies  in  their  Capsule. 


Symptomatology. — Loose  bodies  have  been  found 
snugly  imbedded  in  the  bone  ends  of  joints  of  cadavers, 
presumably  without  ever  having  caused  symptoms  in 
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Fig.  3570.— Rice  Body,  MagniBed. 

life,  but  when  they  leave  their  place  of  formation,  or 
are  pinched  between  the  bone  ends  at  their  place  of 
formation,  they  are  wont  to  give  rise  to  a  certain  defi- 
nite train  of  symptoms.  The  patient  is  seized  with  a 
sudden  sharp  pain  in  the  joint,  usually  the  knee,  and 
the  joint  becomes  locked,  as  a  rule  in  semi-flexion. 
The  locking  is  caused  by  the  pinching  of  the  body  be- 
tween the  bone  ends.  By  his  own  efforts,  or  'with 
assistance,  the  patient  usually  dislodges  the  body, 
and  motion  returns  in  the  articulation.  An  inflamma- 
tion of  the  synovial  membrane  then  ensues.  The 
joint  fills  with  fluid,  and  is  more  or  less  swollen,  painful 


Fig.  3571. — Loose  Body  Removed  from  the  Knee-joint  of  an 
Adult.  It  consisted  of  cartilage  with  a  thin  layer  of  connective 
tissue  on  one  side. 

and  restricted  in  function.  The  synovitis  often 
subsides  slowly,  and  the  symptoms  disappear  until 
the  cartilage  is  pinched  again;  or  the  loose  body  may 
keep  up  a  constant  irritation  until  it  is  removed. 
Probably  the  latter  course  is  the  more  frequent.  By 
careful  palpation  the  offending  body  often  can  be  felt 
slipping  about  in  the  joint.  The  pain  in  the  attacks, 
if  attacks  there  be,  varies  in  its  locality,  therein  differ- 
ing from  that  caused  by  a  torn  semilunar. 

Treatment. — The  only  treatment  for  a  loose  body  is 
operative.  If  the  body  can  be  located  exactly,  the 
operation  is  usually  quite  simple.  The  patient  may 
be  of  assistance  in  locating  it.  The  operation  should 
be  done  under  general  anesthesia,  with  all  the  strict 
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asepsis  of  a  major  operation.  Tin  l 
joint  permits  of  no  margin  of  error  in  aseptic 
technique.  Some  surgeons  recommend  pin- 
ning the  cartilage  with  a  sterile  needle, 
before  the  ji>int  is  opened.  The  operator 
may  hold  flu-  body  in  place  with  his  finj 
while  the  assistant  makes  a  small  incision 
over  it,  and  withdraws  it  with  a  pair  of 
toothed  forceps.  The  wound  should  be 
closed  wit  h  sutures  in  layers. 

If  the  loose  body  cannot  be  located  ex- 
actly, or  if  it  slip  away  in  the  effort  to  ex- 
tract it,  a  longer  incision  will  be  necessary, 
in  the  former  case  preferably  in  the  region 
of  the  joint  where  the  attacks  of  pain  are 
generally  felt.  Just  how  far  exploration  is 
justifiable  must  be  left  to  the  individual 
operator,  but  the  wisdom  of  postponing  the 
search,  and  trying  again  is  always  to  be 
weighed. 

After  the  operation,  rest  in  bed  for  ten 
days  or  two  weeks  is  advisable. 

Torn  Cartilages. — "Displaced  cartilage," 
"slipped  cartilage,"  "subluxated  cartilage," 
and  "internal  derangement"  are  practically 
synonymous  terms,  and  are  employed  almost 
exclusively    in    reference  to  the  semilunar 
fibrocartilages  of  the  knee.     The  difference 
in  nomenclature  represents  the  former  con- 
fusion as  to  the  exact  nature  of  the  lesion. 
The  injury  is  usually  a  partial  tear  of  the 
cartilage,  sometimes  a  complete  tear,  but 
rarely   if  ever   a   dislocation   of  the  whole 
cartilage.     The  inner  semilunar  cartilage  of  the  knee 
suffers  by  far  the  more  frequently.     Bennett  (1900) 
reported  155  instances  of  injury  to  the  inner  to  forty- 


Fig.  3572. — Skiagram  of  the  Knee  from  which  Loose  Body 
shown  in  Fig.  3571  was  Removed.  Note  the  area  of  rarefaction  in 
the  inner  condyle  of  the  femur.      (Reduced  J.) 

five  instances  of  injury  to  the  outer.  Of  this  number 
182  were  in  men  and  eighteen  were  in  women,  and 
the  ages  of  the  patients  ranged  from  thirteen  to  sixty- 
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two  years.  The  reason  for  the  more  frequent  involve- 
ment of  the  inner  cartilage  lies  in  its  shape  and  in  its 
attachment.  The  tear  is  usually  near  the  anterior 
extremity.  The  outer  semilunar  is  more  securely 
placed  than  the  inner,  and  its  ends  are  in  a  way  em- 
braced by  those  of  the  latter. 

The  semilunar  cartilage  is  most  likely  to  be  torn  by 
a  lateral  strain  upon  the  knee  while  the  leg  is  in  semi- 
flexion, and  as  it  is  the  inner  cartilage  which  suffers 
more  frequently,  the  lesion  usually  follows  abduction 
of  the  leg  on  the  thigh  with  the  knee  in  semi-flexion, 
or  more  frequently  abduction  of  the  thigh  on  the  fixed 
leg.  Football  players,  baseball  players,  and  tennis 
players  are  prone  to  the  injury.  The  occurrence  of  the 
lesion  is  practically  impossible  in  the  fully  extended 
leg.  In  the  rare  cases  of  complete  tearing  off  of  a  por- 
tion of  the  semilunar  cartilage  the  lesion  becomes  es- 
sentially one  of  loose  body  in  the  joint  (q.p.).  Usually, 
however,  the  tear  is  partial,  and  the  torn  anterior 
portion  of  the  cartilage  remains  attached  at  one  end. 
It  is  unstable,  slips  from  its  place,  and  becomes  pinched 
between  the  bone  ends.  Its  shape  may  become 
changed  by  repeated  traumata,  and  by  interference 
with    function. 

The  symptomatology  of  a  torn  semilunar  cartilage 
is  much  the  same  as  that  of  a  loose  body,  except  that 
the  pain  is  almost  always  felt  just  above  the  anterior 
aspect  of  the  top  of  the  tibial  tuberosity,  usually  about 
four  centimeters  internally  to  the  patellar  tendon. 
The  patient  can  often  indicate  the  spot  with  a  fair  de- 
gree of  accuracy,  and  the  surgeon's  finger  can  detect 
the  point  of  sensitiveness  exactly.  The  attacks  of  pain 
may  be  at  long  intervals  at  first,  but  they  tend  to 
become  more  frequent  as  time  goes  on,  and  the 
joint  tends  to  become  more  unstable. 

Treatment. — This  is  conservative  or  operative. 
For  immediate  reduction  of  the  displacement  during 
an  attack,  gentle  traction  on  the  semi-flexed  leg  in  the 
line  of  deformity  may  be  practised,  combined  with  in- 
ternal and  external  rotation.  The  patient  should  lie 
prone  during  the  performance.  Sometimes  he  may  be 
able  to  shake  the  cartilage  into  place  himself.  Swim- 
ming motions  have  been  recommended  as  particularly 
useful.  I  never  resort  to  extreme  measures.  If  I 
cannot  reduce  the  fragment,  I  generally  leave  the 
patient  to  his  own  devices  for  a  day  or  two,  and  he 
will  succeed  sometimes  where  I  have  failed.  I  let 
him  stand  up  and  shake  his  leg,  lie  down  and  shake  it, 
practise  swimming  on  the  floor,  etc.  Whether  the 
cartilage  is  back  in  place  or  not  can  usually  be  told 
by  the  possibility  of  full,  painless  extension  of  the 
knee. 

As  soon  as  the  displacement  is  reduced,  diagonal 
criss-cross  straps  of  adhesive  plaster  about  twenty-five 
centimeters  in  length  should  be  applied  over  the  front 
of  the  knee  to  exert  gentle  pressure,  and  to  keep  the 
joint  in  extension,  where  it  is  practically  immune  to  a 
recurrence  of  the  injury.  If  the  slipping  recur  later, 
as  it  almost  invariably  does,  the  treatment  may  be 
repeated.  A  long  brace,  preventing  side  strain,  and 
permitting  a  certain  amount  of  flexion  may  avail 
to  prevent  recurrence.  Sometimes  the  injury  will 
cease  to  recur  under  this  treatment,  but  as  a  rule  if 
the  cartilage  slip  two  or  three  times,  an  operation  will 
be  necessary  sooner  or  later. 

The  method  of  operation,  following  the  idea  of 
Jones  of  Liverpool,  is  briefly  as  follows:  The  patient 
lies  on  the  table  with  his  leg  hanging  in  flexion  over 
the  edge.  The  operator  then  makes  an  incision  about 
one  inch  internal  to  the  patella,  slightly  curved,  about 
three  inches  in  length,  to  a  point  about  one-half  inch 
below  the  top  of  the  tibial  tuberosity.  Hemorrhage 
should  be  checked  before  the  capsule  is  opened. 
The  incision  into  the  capsule  need  not  be  as  long 
as  that  through  the  skin.  On  opening  the  capsule 
the  tear  of  the  cartilage  usually  can  be  seen.  Re- 
tractors may  be  employed  if  necessary.  The  frag- 
ment should  be  removed  with  scissors  and  toothed 
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forceps,  but  the  finger,  always  gloved,  should  never 
be  inserted  into  the  joint.  Deep  and  superficial 
sutures  close  the  wound.  Jones  operates  with  a 
tourniquet,  most  other  surgeons  do  not.  The  opera 
tion  is  always  done  under  general  anesthesia,  and 
absolute  asepsis  must  be  observed. 

Leonard  W.  Ely. 
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Jones,  Henry  Bence. — Born  at  Thorington 
Hall,  Oxford,  England,  on  Dee.  31,  1813.  In  1836 
he  was  a  pupil  at  St.  George's  Hospital,  London, 
and  at  the  same  time  a  private  student  in  Prof.  Gra- 
ham's laboratory  at  University  College.  He  had 
already  studied  animal  chemistry  under  Liebig,  in 
Giessen,  Germany.  In  1842  he  began  the  practice 
of  medicine  in  London,  and  busied  himself  in  making 
analyses  of  the  urinary  calculi  in  the  museum  of  St. 
George's  Hospital.  in  1868,  although  his  health 
had  already  began  to  give  way,  he  was  able  to  deliver 
the  course  of  Croonian  lectures  on  "Matter  and  Force" 
in  the  College  of  Physicians.  In  1873  the  Univer- 
sity of  Oxford  gave  him  the  honorary  degree  of 
Doctor  of  Laws.  Several  eponyms  (Bence  Jones'  al- 
bumin, cylinders,  reaction)  bear  witness  to  his 
powers  of  observation  and  the  value  of  his  researches 
in  clinical  medicine.     He  died  April  20,  1893. 

Bence  Jones'  principal  published  writings  are  the 
following:  On  Gravel,  Calculus,  and  Gout;  chiefly 
an  application  of  Prof.  Liebig's  physiology  to  the 
prevention  and  cure  of  these  diseases,"  London, 
1842;  "Chemistry  of  Urine,"  1857;  "On  Animal  Chem- 
istry in  its  application  to  Stomach  and  Renal  Diseases," 
1856;  and  "Lectures  on  Matter  and  Tone,"   1868. 

A.  H.   B. 


Jones,  John. — Born   in  Jamaica,  N.  Y.,  in  1729. 
He    studied    medicine    at   the    medical    schools  and 


Fig.  3573. — John  Jones. 

hospitals  of  London,  Paris,  Leyden,  and  Edinburgh. 
In  England  he  was  a  warm  friend  of  John  Hunter 
and  Percival  Pott.     On  his  return  to  this  country, 
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after  a  long  sojourn  in  Europe,  he  settled  in  New 
York  City.  In  1755  he  served  with  Sir  William 
Johnson  in  the  French  War.  He  was  Professor  of 
Surgery  in  King's  College,  New  York  City,  from  1707 
to  1770;  he  was  also  one  of  it  he  two  founders  of  the 
New  York  Hospital  (1771),  Dr.  Samuel  Bard  being 
the  other.  In  1778,  after  Philadelphia  had  been  evacu- 
ated by  the  British,  he  settled  in  that  city  and 
spent  the  remainder  of  his  life  there.  He  died  in 
Philadelphia  on  June  23,  1791. 

According  to  Stone,  Jones  was  regarded  as  one 
of  the  ablest  surgeons  of  his  time  in  America, 
and  especially  skilful  as  an  operator  in  cases  of 
lithotomy.  He  attended  Benjamin  Franklin  for 
vesical  calculi,  and  Franklin  remembered  him  in 
his  will  as  among  his  personal  friends.  In  1790  he 
went  to  New  York  to  consult  in  the  case  of  Washing- 
ton, who  suffered  at  that  time  from  some  acute 
disease  of  the  lungs.  "We  are  indebted,"  says 
Stone,  "to  Dr.  Jones  for  the  first  American  book  on 
surgery,  entitled:  'Plain  Remarks  upon  Wounds 
and  Fractures'  (New  York,  1775).  This  work  was 
dedicated  to  Dr.  Thomas  Cadwalader.  and  in  this 
dedication  he  says:  'If  I  cannot  cure  the  fatal  dis- 
eases of  my  unfortunate  country,  I  can  at  least  pour  a 
little  balm  into  her  bleeding  wounds.'  ' 

A.   H.   B. 


Jones,  Joseph. — Born  in  Liberty  County,  Georgia, 
September  0,  1833.  He  studied  medicine  at  the  Uni- 
versity of  Pennsylvania,  and  received  the  degree  of 
M.  D.  from  that  institution  in  1855.  Between  1850 
and  1808  he  held  successively  the  following  chairs: 
Professor  of  Chemistry  in  the  Medical  College  of  Sa- 
vannah, Ga.;  Professor  of  Chemistry  and  Geology  in 
the  State  University,  at  Athens,  Ga.;  Professor  of 
Chemistry  in  the  Medical  College  of  Georgia,  at 
Augusta;  and  Professor  of  Institutes  of  Medicine  in 
the  University  of  Nashville,  Tenn.  In  1808  he  re- 
moved to  New  Orleans,  Louisiana,  and  began  his 
duties  as  Professor  of  Chemistry  in  the  University 
of  Louisiana  (afterward  Tulane  University)  and 
as  Visiting  Physician  to  the  Charity  Hospital  of  that 
city.  Later,  he  greatly  improved  the  New  Orleans 
quarantine  service  and  rendered  other  valuable  services 
to  the  State  as  President  of  the  Louisiana  State  Board 
of  Health.     His  death  occurred  on  February  17,  1890. 

Dr.  Jones  was  a  frequent  contributor  to  medical 
literature.  Among  his  more  important  writings  the 
following  may  be  mentioned:  "Surgical  Memoirs  of 
War  of  the  Rebellion"  (New  York,  1871);  "Hospital 
Construction  and  Organization"  (Baltimore,  1875); 
Explorations  of  the  Aboriginal  Remains  of  Tennessee" 
(Washington,  1870);  and  "Medical  and  Surgical 
Memoirs"  (1870-1890).  A.  H.  B. 


Journalism,  Medical. — Newspapers,  periodicals, 
scientific  societies,  intelligence  offices,  and  city  direc- 
tories originated,  all  of  them,  in  the  seventeenth 
century.  The  pedigree  of  the  scientific  periodical 
is  out  of  the  scientific  society  by  the  newspaper,  and 
the  latter  derived  from  the  fugitive  "news-letters"  and 
broadsides  which  were  published  at  odd  intervals 
during  the  sixteenth  century.  As  it  was  customary 
for  the  poor  and  illiterate  to  pay  professional  scribes 
some  small  pittance  for  writing  letters  for  them,  so 
these  news-letters  were  originally  written  in  long  hand, 
by  professional  scriveners  in  the  employ  of  patrons 
of  wealth  and  station,  as  a  means  of  obtaining  and 
preserving  records  of  current  events.  The  gradual 
enlargement  of  the  scriveners'  business  led  to  the 
formation  of  "intelligence  offices,"  with  regular  staffs 
of  clerks,  like  that  described  in  Ben  Jonson's  comedv 
"The  Staple  of  News"  (1025).  Long  before  this, 
however,  came  the  Roman  Acta  Diuma,  brief  bulle- 
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tins  of  battles,  elections,  games,  and  other  events. 
These  were  current  until  the  fall  of  Rome  (470  a.d.). 
The  Peking  Gazette,  which  originated  in  the  seventh 
century  a.d.,  is  still  a  current  Chinese  newspaper. 
About  the  middle  of  the  sixteenth  century,  the  Vea  - 
tian  government  began  to  issue  official  leaflets,  which 
were  variously  known  as  gazzetle,  coranli,  or  foglielti 
(1531).  The  first  intelligence  office  is  said  to  have 
been  founded  by  a  French  physician,  Theophraste 
Renaudot  (1584—1653),  who  was  also  the  originator 
of  pawn  shops  and  city  directories.  The  earliest  of 
the  seventeenth  century  newspapers  in  order  of  time 
were  the  weekly  Frankfurter  Journal,  founded  by 
Egenolph  Emmel  in  1015,  the  Nieuwe  Tijdinghen  of 
Antwerp,  said  to  have  been  founded  by  Abraham 
Verhocven  in  1605  (no  copyextant  anterior  to  1616), 
the  London  Weekely  Newes  (May  23,  1622),  the 
Gazette  de  France,  issued  at  Paris  by  Theophraste 
Renaudot  on  May  30,  1031,  and  the  solitary  number 
of  the  Publick  < irrurrences  of  Boston,  edited  by 
Benjamin  Harris  (September  25,  1090).  Just  as  a 
library  proper  is  to  be  distinguished  from  a  collect  inn 
of  archives,  so  these  publications  are  to  be  sharply 
differentiated  from  such  official  or  political  bulletins 
as  the  Roman  Acta  Diuma,  the  Scotch  Diurnal  of 
Or,  limits  (1513-75),  Janson's  Mercuri us  Gallo-belgicus 
(15S7-94),  the  Diumals  of  Parliament  (1041-42),  or 
Marchamont  Nedham's  Mercurius  Brilannicus  (1043- 
40). 

After  the  foundation  of  such  learned  societies  as 
the  Roman  Accademia  dei  Lincei  (1603),  the  Royal 
Society  (1660),  the  French  Academie  des  sciences 
(1666),  or  the  Imperial  Leopoldine  Academy  or 
Academia  naturae  curiosorum  (1677),  came,  in  due 
course  their  scientific  transactions,  in  particular 
the  Gesta  Lynceorum  (1005),  the  Transactions  of  the 
Royal  Society  (1065),  the  Miscellanea  or  Ephemeride, 
of  the  Leopoldine  Academy  (1670-1706),  the  Memoires 
of  the  French  Academie  des  sciences  (1699),  the  Acta 
medica  Hafniensia  (Copenhagen),  edited  by  the 
anatomist  Thomas  Bartholinus  (1671-9),  and  the 
Acta  eruditorum  of  Leipzig  (1682-1745).  The 
Journal  des  scavans  of  Paris  (January  5,  1665)  was 
the  earliest  of  the  scientific  periodicals  proper  (as 
distinguished  from  belletristic  journals  or  scientific 
transactions)  giving  reviews  of  books  and  reports 
on  scientific  progress.  To  France  is  also  due  the  first 
periodical  to  be  devoted  to  medicine,  which  was  the 
Nouvelles  decouvcrtes  sur  toutes  les  parties  de  la 
medecine,  edited  by  Nicolas  de  Blegny  (Paris,  1679- 
81).  This  was  also  the  first  medical  periodical 
printed  in  the  vernacular,  and  its  popularity  is  evi- 
denced by  the  fact  that  it  was  translated  into  German 
as  Monatliche  neu  eroffnete  Anmerckungen  (Hamburg, 
1680)  and  into  Latin  as  the  Zodiacus  medico-gallicus 
(Geneva,  1680-85),  in  which  form  it  was  continued 
by  Theophile  Bonet.  In  1681  a  Journal  de  medecine 
was  founded  by  the  abbe  J.  P.  de  la  Roque,  which, 
dying  out  in  1685,  was  continued  by  Claude  Brunet 
(1686),  who  also  edited  a  monthly  Progres  de  la 
medecine  (1695-1709). 

In  the  eighteenth  century,  the  example  set  by  de 
Blegny's  Nouvelles  decouvertes  (1679)  was  followed  in  a 
large  number  of  scientific  and  medical  repositories  of 
similar  character,  containing  bulletins  of  scientific 
progress,  abstracts  of  case-reports,  reviews  of  books, 
and  the  like.  The  earliest  of  these  in  time  was  a  series 
of  about  four  hundred  miniature  volumes  entitled 
"  Memoires  pour  Vhistoire  des  sciences  et  des  beaux  arts 
(1701-75),  originally  printed  at  Trevoux,  France. 
Germany  had  by  far  the  largest  number  of  these 
collections,  in  some  sort  the  equivalent  of  our  year 
books,  the  earliest  being  the  thirty-eight  volumes  of 
Geschichten,  edited  by  Johann  Kanold  of  Breslau 
(1717-30),  which  was  followed  by  the  Commercium  lit- 
terarium  ad  rei  medica?  et  scientioe  naturalis  inerenientum 
(15  vols.,  Nuremberg,  1731-45),  the  Selecta  medica 
Francofurtensia    (1730),  the   Medicorum  Silesiacorum 
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satyrve  (1730),  Haller'si/»/(</i;/.s<7ii  Z<  iliingen  vonOvUlir- 
ten-Sachen  (1739-74),  C.  G.  Ludwig's  Commenlarii 
(Leipzig,  1752-1808),  F.  A.  Wciz's  Vollstdndigc. 
Ausziige  (Leipzig  &  Budissin,  1769-83),  N.  G.  Leske's 
translation-abstracts  from  the  Philosophical  Trans- 
actions (1774-78),  Schlegel  and  Arnemann's  Medi- 
zinische  Literalur  (Leipzig,  1780-94),  A.  F.  Becker's 
Auswahl  (1787-88),  Hufeland's  Neueste  Annalen  der 
Franzosischen  Arzneykunde  (Leipzig,  1791-1800),  ('.  G. 
Hopf's  Commentarien  (Tubingen,  1792-1800),  and 
Hecker's  Jo urnal  der  Erfindungen  (Gotha,  1792-1809). 
In  France,  the  same  tendency  is  observable  in  F. 
Planque's  Bibliothbque  choisie  de  medecine  (Paris, 
1748-70),  the  Nouvelles  instructive*  (Paris,  1785-87; 
continued  as  Nouvelles,  ou  artnales,  1789-91),  citoyen 
Brewer's  Bibliothbque  germanique  midico-chirurgicale 
(Paris,  1789-99);  in  Switzerland  by  the  Acta  Helvetica 
(Basel,  1751-77),  P.  It.  Vicat's  Bibliothbque  medico- 
physique  du  nord  (Lausanne,  1783-S4),  and  P.  Usteri's 
Repertorium  (Zurich,  1789-95);  in  Italy,  by  the 
Raccolta  of  V.  Azzolino  (Venice,  1759),  the  Florentine 
Raceolta  (1773)  and  L.  Brugnatelli's  Biblioteca  fisica 
d'Europa  (Pavia,  1788-91),  which  was  continued  as 
the  monthly  Giornale  fisico-medico  (Pavia,  1792-94); 
and  even  by  similar  publications  in  Norway  and 
Denmark. 

Meanwhile,  throughout  the  century,  a  large  number 
of  scientific  and  medical  societies  were  formed,  in 
particular,  the  Royal  Academy  of  Sciences  at  Berlin 
(Konigliche  Akadcmie  der  Wissenschaften,  1700),  the 
Academie  royale  de  chirurgie  of  Paris  (1731),  the 
Royal  Medical  Society  of  Edinburgh  (1737),  the  Royal 
Swedish  Academy  (1739),  the  Konigliche  Gesellschaft 
der  Wissenschaften  at  Gottingen  (founded  by  Haller, 
1751),  the  Konigliche  bayerische  Akademie  der  Wis- 
senschaften at  Munich  (1759),  the  Medical  Society  of 
London  (1773),  the  Societe  royale  de  medecine  of  Paris 
(1776),  the  Abernethian  Society  (London,  1795),  the 
Societe  de  medecine  de  Paris  (1796),  and  the  Royal 
College  of  Surgeons  at  London  (1800).  In  America, 
medical  societies  had  been  founded  at  Boston  (1735), 
Philadelphia  (1765),  and  New  York  City  {circa  1769), 
and  State  medical  societies  in  New  jersev  (1766), 
Massachusetts  (1781),  South  Carolina  (1789),  Dela- 
ware (1789),  New  Hampshire  (1791),  Connecticut 
(1792),  and  Maryland  (1798).  There  were  also  such 
learned  bodies  as  the  American  Philosophical  Society 
(1743),  and  the  American  Academy  of  Arts  and 
Sciences  (Boston,  1780),  the  College  of  Physicians  of 
Philadelphia  (1787),  and  the  Medical  and  Chirurgical 
Faculty  of  Maryland  (1789).  In  the  modern  scale  of 
values,  the  transactions  of  some  of  these  societies 
constitute  the  most  important  part  of  the  periodical 
literature  of  medicine  in  the  eighteenth  century.  Thus, 
the  Histoire  of  the  Academie  royale  des  sciences  con- 
tains Lavoisier's  memoirs  on  the  discovery  of  oxygen 
and  the  interchange  of  gases  in  the  lungs,  as  also  the 
work  of  Reaumur  on  digestion  in  birds;  the  Philosophi- 
cal Transactions  (Royal  Society)  contain  Priestley's 
discovery  of  oxygen,  Cavendish's  discovery  of  hydro- 
gen, Freke's  description  of  myositis  ossificans,  Mach- 
ines account  of  ichthyosis  histrix,  Watson's  account  of 
scleroderma,  and  Wollaston  on  gouty  and  urinary 
concretions.  William  Hunter's  paper  on  arterio- 
venous aneurysm  (1757)  is  printed  in  the  Medical 
Observations  and  Inquiries  by  a  Society  of  Physicians 
in  London,  Heberden's  account  of  angina  pectoris  in 
the  Medical  Transactions  of  the  Royal  College  of 
Physicians;  in  the  Transactions  of  a  Society  for  Im- 
provement of  Medical  and  Chirurgical  Knowledge 
(London,  1793-1812)  we  find  John  Hunter's  method  for 
operating  for  aneurysm  (1786),  Lettsom  on  the  drug- 
habit  (1786),  is  in  the  Memoirs  of  the  Medical  Society 
of  London,  and  Dalton's  original  account  of  color 
blindness  (October  31,  1794)  is  found  in  the  Memoirs 
of  the  Literary  and  Philosophical  Society  of  Man- 
chester. The  first  volume  of  the  Commenlarii  So- 
cietatis  regies  Scientiarum  Gottingensis  (1752-76)  con- 


tains Heller's  original  experiment  on  the  specific  ir- 
ritability of  tissues  (November  10,  1751,  pp.  263-266), 
and  in  the  Transact  ions  of  the  Imperial  Academy  of 
Sciences  of  St.  Petersburg  (1726-1802)  is  buried  Wolff's 
great  monograph  on  the  development  of  the  intestines 
(1768-69).  In  17S8,  the  Medical  Society  of  New 
Haven  County,  Connecticut  (founded  1784)  issued  a 

slim    volume  of   "Cases  and  Observations,"  containing 

Hezekiah   Beardsley's  original  account  of   congenital 

pyloric  stenosis.  Transactions  wen'  published  by  the 
Massachusetts  Medical  Society  in  1790,  and  by  the 
College  of  Physicians  of  Philadelphia  in  1793. 

Of  medical  periodicals  proper,  the  earliest  was  Der 
palriotisihe  Medicus  (Hamburg,  1724-26),  a  small 
weekly,  not  unlike  t  he  "Spectator"  or  the  "  Tatler"  in 
size,  shape,  and  character.  The  most  important  were 
the  Recueil  periodique  d' observations  de  medecine 
(Paris,  1754—57)  which  afterward  became  the  Journal 
de  medecine,  chirurgie  et  pharmacie  (Paris,  1758-93); 
the  London  Medical  Journal  (1781-90)  continued  as 
Medical  Farts  and  Observations  (1791-18001;  the 
Annates  il<  chiinii-  ( Paris,  1790  1X15),  thr  Meilivitiisrh- 
Chirwgische  Zeitung  (Salzburg,  1790-1842),  Desault's 
Journal  de,  chirurgie  (Paris,  1791— 92) ;  Trommsdorf's 
Journal  der  Pharmacie  (Leipzig,  1793-1817);  Reil's 
Archw  fur  die  Physiologie  (Halle,  1795-1815),  and 
Hufeland's  Journalaer  praktischen  Arzneykunde  (Jena, 
Berlin,  1795-1844).  As  will  appear  from  this  list, 
most  of  the  medical  periodicals  publishing  original 
cases  and  scientific  observations  began  to  appear  to- 
ward the  end  of  the  century  and  the  great  preponder- 
ance of  these  were  German.  The  Journal  de  mid<  cine 
militaire  (Paris,  1782-88),  was  the  original  of  ".1 
Journal  of  the  Practice  of  Medicine,  and  Surgery  and 
Pharmacy  in  the  Military  Hospitals  of  France,"  an- 
notated from  the  French  by  Joseph  Brown,  of  which 
No.  1  of  volume  1,  was  published  in  New  York  about 
1790,  making  120  pages  of  selected  translations.  The 
first  original  medical  journal  to  be  published  in 
America  was  a  quarterly,  The  Medical  Repository 
(New  York,  1797-1824),  edited  by  Samuel  L.  Mitchell, 
Edward  Miller,  and  Elihu  H.  Smith.  With  the  excep- 
tion of  its  predecessor,  this  was  the  only  American 
medical  journal  to  be  printed  in  the  eighteenth  century, 
and  its  popularity  is  evidenced  by  the  fact  that  the 
first  and  second  volumes  had  a  second  edition  in  1800 
and  a  third  in  1804-05. 

As  the  medical  journals  of  the  eighteenth  century 
have  never  before  been  brought  together,  a  fairly 
complete  check-list  is  subjoined  in  chronological 
order.  It  does  not  include  purely  scientific  transac- 
tions nor  such  scrap-books  of  miscellaneous  data  as 
have  been  described  above. 

1717-31  Acta  medicorum  Berolinensium. 

1719-23  Annalium  physicomedicorum.  4  v.  Leipzig  & 
Budissin. 

1724-6  Patriotische  (Deri  Medicus.     Nos.  1-59,  Hamburg. 

1733-44  Medical   Essays  and   Observations  by  a   Society   in 

Edinburgh.     5  v. 

1743-87  M6moires  de  l'Acad6mie    royale  de  chirurgie.     15  v. 

Paris. 

1754-93  Recueil  periodique  (etc.),  continued  as  Journal  de 
medecine  (etc.).     95  v.     Paris. 

1757-84  Medical   Observations  &    Inquiries  by   a   Society   of 

Physicians  in  London,  6  v. 

1759-64         Arzt  (Deri.     ed.  A.  Unzer.     12  v.     Hamburg. 

1762-76  Giornale  di  medicina  (Gazzetta  niedica  d'oltremonti) 
13  v.      Venice. 

1763-64  Medical  (The)  Museum.     3  v.     London. 

17H.~)  7  Artzneien.     ed.  E.  G.  Baldinger.     2  v.     Langensalza. 

1767-70  Medicinisches  Journal,  ed.  G.  Schuster.     2  v.     Chem- 

nitz. 

1767-70  Geneeskundig  Tijdschrift.  ed.  A.  Lentfrinck.  4  v. 
Rotterdam. 

1768-85  Medical  Transactions   .    .    .    Royal  College  of  Phy- 

sicians of  London.     6  v. 

1771-3  Arzt  (Der)  der  Frauenzimmer.     3  v.     Leipzig. 

1771-97  Chirurgische  Bibliothek.  ed.  A.  G.  Richter.  15  v. 
Gottingen  &  Gotha. 

1774-5  Societatis  medicse  Havniensis  Collectanea.     2  v.  Co- 

penhagen. 
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1783-93 

1783-1829 
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1785-6 
17S5-7 
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1786-7 

17S7 

1787-8 

1787-97 

17S7-1805 

17ss 

1788  91 

17*9  mi 

1790 
1700 
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Medical     and     Philosophical     Commentaries)     by    a 
Society  ol   Phyeiciane  in    Edinburgh  (Annals  of  Medi- 
«  ine,  i  796    L804).     20  v.     London. 
Acta  medica  Hafniensia.    1  v.     Copenhagen  &  Leipzig. 
Philosophische    (Der)     Arzt.     Pts.    1-4.       Frankfurt 

Magazin  fur  Aerzte.    ed.   E.  G.   Baldinger.     Leipzig 

tinued  as  Neues  Magazin  1779-99).     22  v. 
Medicinisch-Chirurgische  Bibliothek.  ed.  .1.  C.  Tode. 
10  v.     Copenhagen, 

Abhandlungen  und  Beobachtungen  aus  dor  Arzney- 
gelahrtheit  von  einer  Geaellachaft  von  Aerztenin  Ham- 
burg,    ed.  P.  D.  Giseke.      1  v,     Hamburg. 
Histoire  de  la  Soci6te  royale  de   M6decine.        l'>  v. 
Paris,  1779-9S. 

Handetingen  van  het  geneeskundig  genontsehaap 
onder  de  zinspreuk:  Servandis  civibua.  10  v.  Ams- 
terdam. 

Acta  Societatis  medieae  Havniensis.  2  v.  Copen- 
hagen. 

Sundhedstidende.  ed.  J.  C.  Tode.  3  v.  (Continued  as 
Nye  Sundheda-Tidende,  1782-3,  2  v.)  Copenhagen. 
Medizinisches  Wochenblatt  fur  Aerzte.  Wundarzte 
und  Apotheker.  ed.  J.  .1  Reichard.  10  v.  Frankfurt 
a.  M.  Medizinische  Annalen  f  1779-80).  ed.  J.  G. 
Fritze.     1  v.     Leipzig. 


och    naturforakare.     9    v. 

ed.   Dr.  Simmons.     1 1    v. 

Facts     and     Observations, 


Wecko-Skrift  for  lakare 
Stockholm. 

London  Medical  Journal. 
(Continued  as  Medical 
1791-1800,  8  v.) 

Magazin  fur  die  gerichtliche  Arzneikunde.  ed.  K.  F. 
Uden.  2  v.  (Continued  as  Neuea  Magazin,  1785-8, 
2  v.)      8t.-n.lal. 

Gazette     de     Sante     (Gemeinnutzigea     medicinischea 
Magazin).      ed.  J.  H.  Rahn.      5  v.      Zurich. 
Journal  de   medecine   militaire.     ed.    M.    De   Home. 
7  v.     Paris. 

Acta  medicorum  Suecicorum.  1  v.  Holm. 
Giornale  per  servire  alia  storia  ragionata  della  medi- 
cina  di  questo  secolo.  10  v.  Venice. 
Arehiv  der  medizinischen  Polizei.  ed.  J.  C.  F.  Scherf. 
6  v.  (Continued  as  Beitrage,  1788-99,  8  v.)  Leipzig. 
Medicinische  Bibliothek.  ed.  J.  F.  Blumenbach.  3  v. 
Gottingen. 

Aufsatze  und  BeobachtuDgen  aus  der  gerichtlichen 
Arzneywissenschaft.  ed.  J.  T.  Pyl.  Sam  ml.  1—8, 
Berlin. 

Yerhandelingen    van    de    Xatuur-    en    Geneeskundige 
Correspondence   Societeit,   in   de   Vereenigde    Neder- 
landen  (1779-90).      4  v.      The  Hague. 
Acta     regise     Societatis     medica?    Havniensis.     7    v. 
Copenhagen. 

Medical   Communications    (of   the   Society   for   Pro- 
moting Medical   Knowledge).     2  v.     London. 
Medizinisches  Journal,     ed.   C.   G.   Baldinger.     9   v. 
Gottingen  ■  (Continued   as   Neues   medicinisches   und 
physisches  Journal,  1797-1802,  3  v.     Marburg.) 

<■■!,.  -■■■  I.  umli.'/i-    r,il-]i..r  !,<■,  k         l't       1   ■_'         It  r  >  ■  i  ■  1 1  r 

Medicinischer  Briefwechsel  von  einer  Gesellachaft  von 
Aerzten  herausgegeben.     Halle. 
Sundhedsblade.     ed.  J.  C.   Tode.     Copenhagen. 
Arehiv  der  praktischen  Arzneykunst.     ed.     P.  F.  T. 
Meckel.      3     v.      Leipzig.       (Continued     as:     Neuea 
Arehiv,  1789-90.) 

Medical  Transactions,  published  by  the  Royal  College 
of  Physicians  of  London.      6  v. 

Sundhed  og  Underholdning.  ed.  J.  C.  Tode.  Copen- 
hagen. 

Journal    d'observations    de    medecine,    chirurgie    et 
pharmacie.      ed.  Sieur  Denis.      1  v.      Calais. 
Arehiv  fur  Magnetismus  und  Somnambulismus.     ed. 
F.  L.  Bockmann.     Strasaburg. 

Arehiv  fur  die  Geburtahiilfe.     ed.  J.  C.  Stark.     6  v. 
(Continued  aa  Neues  Arehiv,  1798-1804,  3  v.)     Jena. 
Memoirs  of  the  Medical  Society  of  London.     6  v. 
Caaea  and  Observations  by  the   Medical  Society  of 
New  Haven  County.     1  v.     New  Haven. 
Magazin    fur    die    Naturgeschichte    des    Menschen. 
ed.  C.  Grosse.     3  v.     Zittau  and  Leipzig. 
Taschenbuch    fur   deutsche    Wundarzte,     ed.    F.    A. 
Weiz.      (Continued  as  Mediciniach-chirurgiache  Auf- 
Batze,  1791-3,  3  v.)     Altenburg. 

Arehiv    fur    die    Geschichte    der    Arzneikunde.     ed. 
P.  L.  Wittwer.     v.  1.      No.  1.      Nuremberg. 
Journal  (A)  of  the  Practice  of  Medicine,  Surgery,  and 
Pharmacy  in  the  military  hospitals  of    France.     No. 
1.     v.  1.     New  York. 

Medical  Papers  conummicated  to  the  Massachusetts 
Medical  Society.     No.  1.     Boston. 


L790  91 

1790-92 

l7'.io  '<-; 
1790    1842 


1791-2 
1791-2 

1791-3 

1791-3 

1791-1805 

1791-1807 

1792 

1792-3 
1792-7 


1793 

1793-4 

1793-4 
1793  1 
1793-1804 

1793-1809 

1793-1812 

1793-1817 

1794 
1794 

1794-5 

1794-6 
1795-1815 

1795-1839 

1795-1844 

1796 

1796-99 

1797-1802 

1797-1803 

1797-1803 

1797-1824 

1798 

1798-9 

1798-9 

179S-1S08 
1799-1SO0 


1798-1801 
1799- ISO 1 


1799-1S05 
1799-1S09 


Annalen  der  Si  autwarziieykuride.      ed     J.   \)    MetZget 

I  v.     Zullichau.     (Continuation  of  Eisner  A-    Metz- 
ger's  GerichtUch-medizinische  Bibliothek,  1784   ! 

Arehiv     iur     die     allgeineine     Ileilkunde.      ed.     A.     F. 

Hecker.     2  v.     (Continued  aa  Neues  Arehiv,  1793-9.) 

Berlin. 

Medizinisches  Wochenblatt.     ed.  MQller  &  Hoffman. 

7  v.     Frankfurt  a.  M. 

M<  ilieiniach-chirurgische  Zeitung.     ed.  J.  J,   Harten- 

keil&  F.  X.  Mezl.-i      17IM)    '..;,  ;iI1d  l:,ter  fup  to  1842 

E.    von    Erhartatein.     212    v.    with    43    suppl.    vols. 

Salzburg, 

Journal  de  chirurgie.     ed.  P.  J.  Desault.     4  v.     Paris. 

Tirolische  (Der)  Arzt.     ed.  K.  M.  SchererA  F.  Nieder- 

maier.     2  v.     Innsbruck. 

Medicinisch-chirurgiache  Aufsatze.     ed.   F.  A.  Waits. 

3  v.     Altenburg. 

Medical  (The)  Spectator  (weekly).     2  v.     London. 
Verhandelingen  der  Genootachap  ter  Bevordering  der 
Heelkunde  te  Amsterdam.     4  v. 

Prijaverhandeligen   bekroond   door   het   Genootschap 
ter  Bevordering  der  Heelkunde  te  Amsterdam.     3  v. 
Bibliothek  fur  Kinderarzte.     1  v.     Vienna. 
New  (The)  London  Medical  Journal.     2  v. 
Museum  der  Heilkunde.  Hrsg.  von  der   helvetischen 
Geaellschaft  correspondirender  Aerzte  und  Wundarzte. 

4  v.     Zurich. 

Transactions  of  the  College  of   Physicians  of  Phila- 
delphia,    v.  1.     pt.  1. 

Annalen  der  Gehurtahiilfe,  Frauenzimmer-  und 
Kinderkrankheiten.  1790-91.  ed.  J.  J.  Romer.  2  v. 
Medicinische  Cronik.  ed.  J.  Eyerel.  3  v.  Vienna. 
Sundheda- Journal,  ed.  J.  C.  Tode.  Copenhagen. 
Medicinisches  Journal.  ed.  J.  C.  Tode.  5  v 
Copenhagen  &  Leipzig. 
Journal   der  Erfindungen     (etc.).     ed.   A.  F.  Hecker. 

II  v.  Gotha.  (Continued  as  Annalen  der  gesamm- 
ten  Medicin,  1810-11.  3  v.  Leipzig). 
Transactions  of  a  Society  for  the  Improvement  of 
Medical  and  Chirurgical  Knowledge.  3  v.  London. 
Journal  der  Pharmacie.  ed.  J.  B.  Trommsdorf. 
26  v.     Leipzig. 

Landarzt  (Der).     ed.  J.  G.  Easig.     1  v.     Augsburg. et 

Magazin    fur    Geburtshelfer.     ed.    C.    L.    Schweick- 

hard.      1  v.     Frankfurt  a.   M.  &  Leipzig. 

Denkwiirdigkeiten  fur  die  Heilkunde  und  Geburtshiilfe. 

ed.   F.   B.  Osiander.     2  v.     Gottingen.       (Continued 

as  Neue  Denkwiirdigkeiten,  1797). 

Beitrage     zur     Geschichte     der     Medicin.     ed.      K. 

Sprengel.     1  v.     Halle. 

Arehiv  fur  die  Physiologic     ed.  J.  C.   Red.     12    v. 

Halle.     (Continued  as  Deutsches  Arehiv.      1815-23. 
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Berhnischea    Jahrbuch    fur    die    Pharmacie. 
Berlin. 

Journal   der   praktischen    Arzneykunde.     ed.    C. 
Hufeland.     98  v.      Jena,  Berlin. 

Magazin  fur  die  pathologische  Anatomie  und  Physiolo- 
gic    ed.  A.  F.  Hecker.      1  v.     Altona. 
Arehiv  der  Aerzte  und  Seelsorger,  wider  die  Pocken- 
hoth.     ed.  C.  W.  Juncker.     7  pts.     Leipzig. 
Recueil    periodique  de    la  Societe  de  Sante  de  Paris. 
14  v. 

Journal  fur  Chirurgie,  Geburtshilfe  und  gerichtliche 
Arzneikunde.     ed.  J.  C.  Loder.     4  v.     Jena. 
Magazin    fur    die    Wundarzneiwissenschaft.    ed.    J. 
Arneman.     3  v.     Gottingen. 

Medical  Repository,  ed.  S.  L.  Mitchell  et  ol.  23  v. 
New  York. 

Medical  Records  and  Researches,  selected  from  the 
papers  of  a  private  medical  association.  2  pts. 
London. 

Philosophische  (Der)  Arzt.  ed.  M.  A.  Weikhard.  3 
v.     Leipzig. 

Medizinische  Nationalzeitung  fiir  Deutschland.  2  v. 
(Continued  as  Allgemeine  medizinische  Annalen, 
1800-30.     33    v.)     Altenburg. 

Beitrage   zur  theoretischen  und   practischen   Geburte- 
hulfe.     ed.  J.  H.  Wigand.     3  pts.     Hamburg. 
Schwedische    Annalen    der    Medicin    und    Naturge- 
schichte.     ed.     K.     A.     Rudolph.     1     v.     Berlin    & 
Stralsund. 

Recueil  des  actea  de  la  Societe  de  sante"  de  Lyon.  2  v. 
Annales  instituti  medico-clinici  Wirceburgensia.  ed. 
J.  N.  Thomann.  2  v.  Wiirzburg. 
Nordisches  Arehiv  fiir  Natur-  und  Arzneywiasen- 
schaft.  ed.  Pfaff  &  Scheel.  4  v.  Copenhagen. 
Magazin  zur  Vervollkommnung  der  theoretischen 
und  praktischen  Heilkunde.  ed.  A.  Roschlaub. 
10  v.     Frankfurt  a.    M. 
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1799-18U  Medical  (The)  and  Physical  Journal,  ed.  T.  Bradli  1 
&  A.  F.  M.  Willich.     32  v.     London. 

1799-1841  Bibliothek  der  praktischen  Heilkunde.  ed.  C.  W. 
Hufeland  t.-i  ail.)     86  v.    Jena,  Berlin. 

The  most  casual  survey  of  the  above  list  will  con- 
vince anyone  acquainted  with  the  medical  literature 
of  the  eighteenth  century  that  its  best  things  are  con- 
tained in  the  medical  and  scientific  transact  inns. 
Much  of  the  unwritten  cultural  history  of  medicine  in 
this  century  is  undoubtedly  buried,  as  Sudhoff  inti- 
mates, in  the  files  of  its  forgotten  medical  periodicals. 

The  modern  period  has  been  the  age  not  only  of 
medical  journals  proper,  but  also  of  the  rise  of  medical 
journalism  as  a  separate  and  distinct  profession.  The 
great  increase  in  number  of  medical  periodicals  was 
due,  of  course,  to  the  growth  of  the  democratic  spirit 
all  over  the  civilized  world  and  to  the  evolution  of  the 
different  medical  specialties  as  part  of  the  organized 
advancement  of  science  which  went  along  with  the 
social  democratic  movement.  The  rise  of  industrial 
democracy  and  socialism  following  upon  the  French 
Revolution  brought  about  an  entire  realignment  of  the 
social  order  and  one  of  its  special  creations  or  creatures 
was  the  journalist.  About  1850,  in  consequence  of  the 
vast  improvements  in  mechanic  arts  and  machinery, 
the  old  order  of  an  aristocracy  of  birth,  rank,  and  breed- 
ing, a  middle  class  of  moderate  competency  and  cul- 
ture, and  a  lower  class  of  artisans  and  rustics  was  gradu- 
ally displaced  by  the  modern  capitalistic  regime  and 
the  industrial  proletariat  which  waited  upon  its 
interests.  The  wealthy  manufacturer  of  the  Cobden- 
Manchester  school,  who  sought  to  erect  himself  into 
a  moneyed  Patrizier  on  his  own  account,  made  war  on 
the  old  noblesse,  and  was,  in  his  turn,  devoured  by  the 
wealthier  capitalist.  The  inevitable  shifting  of  leader- 
ship resulting  from  this  political  and  social  strife 
created  the  need  for  a  direction,  or  in  the  current  cant 
phrase,  a  "moulding"  of  public  opinion.  In  this 
way,  the  pressman  and  the  journalist  acquired  new  and 
unheard  of  powers  and  the  medical  journalist,  as 
distinguished  from  the  editor  of  the  scientific  medical 
periodical  pure  and  simple,  made  his  appearance. 

The  founder  of  medical  journalism  as  an  agency 
in  the  organization  and  direction  of  public  opinion  and 
of  legislation,  was  Thomas  Wakley  (1795-1862),  a 
Devonshire  man  whose  whole  life  was  taken  up  with 
public  propagandises  for  the  advancement  of  English 
medicine  and  the  abolition  of  social  injustice.  Hav- 
ing studied  medicine,  Wakley "s  practice  was  ruined 
by  murderous  assault  and  incendiarism  at  the  hands  of 
ruffians  connected  with  the  Thistlewood  conspiracy 
(1820-21);  and,  in  1823,  he  founded  the  "Lancet,"  a 
medical  journal  devoted,  in  the  first  instance,  to  the 
circulation  of  recent  medical  knowledge  and  to  the 
exposure  and  correction  of  abuses  perpetrated  by  the 
metropolitan  hospitals  and  corporations.  Until  very 
recently,  the  London  hospitals  have  been  in  the  nature 
of  close  corporations  of  ancient  date,  supported  by  large 
endowments  or  by  annual  subscriptions  which,  in  the 
vigorous  language  of  J.  S.  Billings,  "can  be  obtained 
in  England  more  easily  than  in  any  country  under  the 
sun  and  for  almost  any  object  which  can  be  proposed. 
The  subscribers  are  usually  entitled  to  vote,  whence 
it  happens  that,  in  case  of  any  dispute,  a  wealthy 
person  interested  can  make  his  footman,  bootblacks, 
etc.,  subscribers  and  governors,  and  thus  get  votes 
enough  to  carry  his  point."  In  the  early  part  of  the 
nineteenth  century,  one  heritage  of  the  privileged 
medical  class  was  the  old  eighteenth  century  idea  thai 
a  medical  practice  or  professorship  is  an  exclusive 
property  of  the  individual.  Practice  was  inherited 
from  father  to  son  or  from  patron  and  preceptor  to 
pupil  and  friend.  In  Edinburgh,  the  Monro  dynast}' 
kept  the  chair  of  anatomv  in  the  family  for  126  years 
(1720-1846).  In  Wakley 's  day,  the  medical  staff  of 
the  London  hospitals  were  fain  to  regard  their  clinical 
lectures  as  private  property  of  the  hospital  exclusively, 
and  there  were  many  intrigues  and  imbroglios  con- 


nected with  the  matter  of  appointments  and  promo- 
tions in  hospitals  and  corporate  medical  institutions 
In  the  first  number  of  the  Lancet  (October  5,  1823), 
Wakley  boldly  began  the  publication  of  short  hand  re- 
ports of  hospital  lectures  ;ra  1825  -28,  he  opened  up  the 

subject  of  malpract  ice  in  hospitals,  and  his  re\  Lews  and 
animadversions  upon  current  books  and  c  i-ni  were 
extremely  caustic.  The  surgeon  .lames  Wardrop 
acquired  a  special  odium  in  this  connection  through  his 

diatribes  against   the  London  profession  in  the   Lancet 

of  1826-27  and  1834.  The  attempt  of  John  Abernethj 
to  obtain  an  injunction  in  chancery  restraining  the 
publication  of  his  surgical  lectures  in  1824  was  de- 
feated by  legal  opinion  (Lord  Eldon)  to  the  effect 
that  hospital  lectures,  being  delivered  in  a  public 
capacity,  are  public  property.  This  was  a  great 
victory  for  the  medical  journalist  and  for  the  advance- 
ment of  medicine.  Wakley 's  subsequent  reforms  in 
connection  with  hospital  abuses  and  vested  interests 
form  a  chapter  in  itself.  In  1851 ,  he  began  his  famous 
attacks  on  the  adulterat  ion  and  sophistication  of  foods 
and  drugs.  Entering  Parliament  in  1835,  he  was.  in 
1839,  elected  'coroner  for  West  Middlesex,  and  in  these 
capacities  he  accomplished  more  for  social  medicine 
than  any  other  man  of  his  time.  In  1847,  he  became 
his  own  publisher,  removing  the  Lancet  to  its  present 
offices  at  423  Strand,  and  the  journal  is  still  one  of  the 
strongest  and  liveliest  organs  of  medical  opinion  in  the 
modern  world. 

On  July  19,  1832,  the  British  Medical  Association 
was  organized  by  Sir  Charles  Hastings.  The  pedigree 
of  its  literary  organ,  the  British  Medical  Journal 
(founded  1857)  is  through  its  Transactions  (1832-53), 
the  Provincial  Medical  and  Surgical  Journal  (1840-53) 
and  its  successor,  the  Association  Medical  Journal 
(1853-57).  The  British  Medical  Journal  is  the  organ 
of  the  united  medical  profession  of  Great  Britain,  and 
has  played  a  great  part  in  the  development  of  medical 
reforms,  in  the  steering  of  parliamentary  bills  relating 
to  public  health  legislation  and  poor  laws,  and  in  the 
exposure  of  quackery,  malpractice,  and  patent  medi- 
cine frauds. 

The  Journal  of  the  American  Medical  Association. 
founded  in  1S83  by  Nathan  Smith  Davis  and  now 
edited  by  George  H.  Simmons,  is  the  literary  organ  of 
the  American  Medical  Association  (founded  1847).  and 
in  its  aims  and  methods  has  followed  the  lead  of  the 
two  great  English  organs  of  medical  opinion,  particu- 
larly in  its  attacks  on  quackery,  proprietary  medicines, 
diploma  mills,  unlicensed  practitioners,  inferior  med- 
ical schools,  and  other  factors  which  tend  to  degrade 
the  status  of  American  medicine.  It  has  done  much 
for  the  illumination  and  direction  of  public  opinion, 
particularly  in  the  much  needed  centralization  of 
medical  societies  and  their  journals  and  in  the  securing 
of  four-year  courses  and  full-time  professorships  for 
the  better  class  of  medical  schools. 

The  earliest  medical  journals  in  the  United  States 
after  the  Medical  Repository  (1797),  were  the  Phila- 
delphia Medico!  Museum  (1804-11),  the  Philadelphia 
Medical  and  Physical  Journal  (1804—09),  the  Mciiieal 
and  Agricultural  Register  (Boston,  1S06-07),  the 
Baltimore  Medical  andPhysical  Recorder  (1808-09),  the 
American  Medical  and  Philosophical  Register  (New- 
York.  1810-14),  the  New  England  Journal  of  Med 
and  Surgery  (Boston,  1812-28),  the  American  Medical 
Recorder  (Philadelphia,  1818-29),  and  the  Philadel 
Journal  of  the  Medical  and  Physical  Sciences  (1820). 
The  first  medical  journal  to  be  printed  west  of  the 
Alleghenies  was  the  Western  Quarterly  Reporter  of 
Medical,  Surgical  and  Natural  Scienct  I  'incinnati, 
1822),  edited  by  the  ill-starred  Maryland  anatomist. 
John  D.  Godman.  The  first  Canadian  medical 
journal  was  the  Journal  de  medecinc  de  Quebec 
(1826-27). 

Of  medical  perioi  licals  which  assimilate  to  the  Lancet 
and  British  Medical  Journal  in  type,  we  may  mention, 
in    the    earlier    period,    the    Archie  fur    medizim 
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Erfahrung  (Leipzig,  1801-02,  Berlin,  1803-36),  founded 
and  edited  by  Ernst  Horn,  originally  an  organ  of  the 
Nature  Philosophy  School  but  later  eclectic  and,  all  in 
all,  the  most  important  German  periodical  of  its  time; 
the  Lancelte  frangaise  (1828),  now  the  Gazette  des  hopi- 
laux,  the  Gazette  medicate  de  Paris  (1830),  and  the 
American  Journal  of  the  Medical  Sciences  (1827).  The 
latter,  originally  the  Philadelphia  Jon  main/  the  Medical 
and  Physical  Sciences  (1820),  founded  by  Nathaniel 
Chapman,  became,  under  the  editorship  of  Isaac  Hays, 
I.  Minis  Hays,  and  others,  the  best  of  the  American 
medical  monthlies  for  a  long  period  and  was  known  as 
"Hays'  Journal."  At  present  it  is  more  in  the  nature 
of  a  repository  of  original  contributions  on  internal 
medicine.  In  Germany,  periodicals  of  the  type  and 
authoritative  influence  of  the  Lancet  did  not  begin 
to  appear  generally  until  after  the  foundation  of  the 
Empire  in  1871.  At  the  present  time,  the  Deutsche 
medicinische  Wochenschrifl  (Berlin,  1875),  is  the  best 
and  most  important  of  these.  In  the  same  class  be- 
long the  different  Wochenschriften  of  Berlin  (1864), 
Munich  (originally  Aerztliches  I nlclligcnz-BlaU,  1854), 
Prague  (1876),  Vienna  (1851),  St.  Petersburg  (1876), 
the  Nederlandsch  Tijdschrift  voor  Geneeskunde  (Ams- 
terdam, 1857),  the  Correspondenzblat  fur  schweizer 
Aerzte  (Basel,  1871),  the Progres  medical  (Paris,  1873), 
Vrach  (St.  Petersburg,  1880),  and  such  American  week- 
lies as  the  Boston  Medical  and  Surgical  Journal  (1828), 
the  Medical  News  (Philadelphia,  1843-1905),  founded 
by  I.  Minis  Hays,  the  New  York  Medical  Journal  (1865, 
current),  the  Medical  Record  (1866,  current),  edited 
by  George  F.  Shrady  and  latterly  by  Thomas  L. 
Stedman,  the  Philadelphia  Medical  Journal  (1898- 
1903)  and  American  Medicine  (1898),  both  founded  by 
George  M.  Gould.  Of  medical  monthlies  called  after 
the  names  of  cities  among  the  best  are  the  Edinburgh 
Medical  Journal  (1855),  originally  the  Edinburgh 
Medical  and  Surgical  Journal  (1805-55),  the  Glasgow 
Medical  Journal  (1828),  the  Dublin  Journal  of 
Medical  Science  (1832),  the  Lyon  medical  (1869),  the 
Liverpool  Medico-Chirurgical  Journal  (1881),  the 
Bristol  Medico-Chirurgical  Journal  (1883),  Paris 
medical  (1910),  which  are  not  unlike  Hays'  Journal 
in  character  and  excellence,  while  those  associated 
with  the  names  of  Birmingham,  Bordeaux,  Budapest, 
Buffalo,  Cincinnati,  Cleveland,  Denver,  Detroit, 
Lille,  Marseilles,  Nantes,  Memphis,  Montpelier, 
Louisville,  Richmond,  Rome,  St.  Paul,  Venice, 
and  other  cities,  are  of  varying  degrees  of 
merit.  These  periodicals,  essentially  modern  in 
character,  contain  besides  original  papers,  clinical  and 
surgical  cases,  reports  of  progress,  abstracts,  reviews, 
translations,  facet  ia;,  and  bits  of  medical  gossip.  More 
exclusively  devoted  to  internal  or  clinical  medicine 
are  the  Archives  generates  de  medecine  (Paris,  1823, 
current),  the  Bulletin  et  memoires  de  la Societe  medicate 
des  hopitaux  de  Paris  (1849),  the  Deutsches  Archie  fur 
klinische  Medicin  (Leipzig,  1865),  the  Nordiskt 
medicinskt  Arkiv  (Stockholm,  1869),  the  Archivio  per 
le  scienze  mediche  (Turin,  1876),  the  Riforma  medica 
(Naples,  1S85),  the  Clinica  moderna  (Florence,  1895), 
the  Medicinische  Klinik  (Berlin,  1905),  Tammasi 
(Naples,  1905),  the  Quarterly  Journal  of  Medicine 
(London,  1907),  Archives  of  Diagnosis  (New  York, 
1908),  and  Archives  of  Internal  Medicine  (Chicago, 
1908).  This  brings  us  to  the  scientific  medical 
periodicals,  devoted  to  the  fundamental  disciplines, 
to  the  different  medical  specialties,  and  to  isolated 
subjects  which  have  become  specialized  during  the 
twentieth  century. 

These  periodicals  began  to  make  their  appearance 
about  the  middle  of  the  nineteenth  century.  In  the 
earlier  period,  there  were  such  journals  as  Siebold's 
Lucina  (Leipzig,  1802-1  l),Langenbeck's  Bibliothek  fiir 
die  Chirurgie  (Gottingen,  1805-13),  Oken's  Isis 
(Leipzig,  1818-48),  Grafe's  and  Walther's  Journal 
der  Chirurgie  und  Augen-Heilkunde  (Berlin,  1820-50), 
Magendie's  Journal  de  physiologie  experimentale  (Paris, 
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1821-31),  Tiedemann's  Zeilschrift  fur  Physiologie 
(Heidelberg,  1824—35),  the  Hull/he  di  la  Sociitl 
anatomique  de  Paris  (1826,  current),  the  MSmoiri 
( lS'JXj  and  Bulletin  ( 1836;  of  the  Aeaitemii  </.  midedne 
of  Paris,  the  Comptes  rendus  of  the  Academit  del 
•  u  nees  of  Paris  (1835,  current  I,  Malgaigne'e  Journal 
<U  chirurgie  (Paris,  18  13-  16 1,  and  Florin  Heller's  Archiv 
fur  physiologische  und  pathologi  'In  < 'In  inn  (Vienna, 
1844-47);  but  their  number  was  not  large,  anil  such  re- 
positories as  Froriep's  Nolizen  (Weimar,  1821-49), 
the  British  and  Foreign  M  edical  Review  (London,  1836- 
77),  Canstatt's  Jahresbericht  (Erlangen,  1842-65, 
continued  by  Virchow  1874-1902),  and  Graevell's 
Nolizen  (184s)  the  originals  of  our  own  bulcy  "year- 
books," were  largely  used  for  general  medical  in- 
formation. The  main  currents  of  scientific  medicine 
in  modern  Germany  can  be  traced  in  the  files  of  four 
important  periodicals,  viz.,  Johannes  Miiller's  Arcliiv 
fiir  Anatomic,  Physiologie  und  wissenschaftliche 
Medicin  (Berlin  and  Leipzig,  1834—57,  continued  by 
Reichert  and  Du  Bois  Reymond,  1858  to  date),  the 
pedigree  of  which  can  be  traced  down  from  Reil's 
Archiv  fiir  die  Physiologie  (1795),  Henle  and  Pfeufer's 
Zeilschrift  fiir  rationelle  Medicin  (1841-69),  Roser  and 
\\  underhch's  Archiv  fur  physiologischeHeilkunde(1842- 
59),  and  Yirehow's  Archiv  fiir  pathologische  Anatomie 
(1847,  current).  In  1848,  the  Society  debiologiede  Paris 
was  founded  and  began  to  publish  its  admirable 
Comptes  rendus  in  1850;  and,  in  1854,  the  Royal  Society 
of  London  began  the  publication  of  its  Proceedings 
(abstracts  of  transactions,  1800-54).  From  this  time  on 
there  was  a  constant  succession  of  imposing  publica- 
tions devoted  to  the  fundamental  scientific  disciplines, 
such  as  Traube's  Beitriige  zur  experimentellen  Pathologie 
(1846),  Kcilliker's  Zeilschrift  fiir  wissenschaftliche 
Zoologie  (1849),  Moleschott's  Untersuchungen  (1857), 
Brown-S6quard's  Journal  de  la  physiologie  de  I'homme 
et  des  animaux  (1858-63), Robin's  Journal  di  V anatomie 
et  dc  la  physiologie  (1864),  Max  Schultze's  Archiv  fiir 
mikroskopische  Anatomie  (Bonn,  1865),  Pettenkofer's 
Zeilschrift  fiir  Biologic  (1865),  Ludwig's  Arbeiten 
(1866-77)  ,  Pfitiger's  Archiv  fiir  die  gesammle  Physiologie 
(1868),  the  Archiv  fiir  experimentelle  Pathologie  und 
Pharmakologie,  founded  by  Klebs,  Naunyn,  and 
Schmiedeberg  (1873),  Gegenbaur's  Morphologisehes 
Jahrbuch  (1875),  Cohn's  Beitrdge  fur  Morphologic  der 
Pflanzen  (1875),  Hoppe-Seyler's  Zeilschrift  fur  physio- 
logische Chemie  (1877),  Sir  Michael  Foster's  Journal 
of  Physiology  (London,  1878),  and  Van  Beneden's 
Archives  de  biologie  (1880).  At  the  same  time,  there 
was  a  vast  proliferation  of  periodicals  devoted  to  the 
different  specialties,  increasing  in  volume  and  variety 
toward  the  end  of  the  century.  Clinical  medicine, 
dentistry,  dermatology,  dietetics,  electrotherapy, 
gynecology,  hydrotherapy,  hygiene,  hypnotism,  laryn- 
gology and  rhinology,  medical  jurisprudence,  military 
medicine,  neurology,  nursing,  obstetrics,  orthopedics, 
otology,  pediatrics,  pharmacy,  psychiatry,  radiology, 
surgery,  therapeutics,  tropical  medicine,  urology,  and 
veterinary  medicine  are  all  well  represented  in  this 
respect,  and  such  periodicals  are  now  usually  good  of 
their  kind  in  almost  any  country.  The  dental  and 
homeopathic  journals  and  those  devoted  to  anti- 
vivisection,  osteopathy,  etc.,  are  as  a  rule  poor  in 
quality.  Anthropology  is  well  represented,  as  are 
also  such  new  subjects  as  developmental  mechanics, 
biometrics,  eugenics,  psychoanalysis,  and  the  like. 

Of  current  journals  devoted  to  the  scientific  disci- 
plines and  specialties  which  have  attained  a  high 
degree  of  scientific  merit,  we  may  specify  Graefe's 
Archiv  fiir  Ophthalmologic  (1854),  Langenbeck's 
Archiv  der  klinischen  Chirurgie  (1861),  Ziemssen's 
Zeitschrift  der  klinischen  Medicin  (1868),  Grie- 
singer's  Archiv  fiir  Psychialrie  (1868),  Credo's 
Archiv  fiir  Gynaekologie  (1870),  Volkmann's  Sammlung 
klinischer  Vortrage  (1870),  the  Deutsche  Zeitschrift  fiir 
Chirurgie  (1872),  Charcot's  NouveUe  Iconographie dcla 
Salpetriere  (1876),  the  Zeitschrift  fiir  klinische  Medizin 
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(Frerichs  and  Leyden,  1879),  Charcot's  Archives  de 
neurologic  (1880),  the  Revue  de  medecine  (Landouzy 
and  Lcpine,  1881),  the  Revue  de  Chirurgie  (Verneuil 
and  Nicaise,  1S81),  Pettenkofor's  Archiv  fur  Hygiene 
(1883),  Koch's  and  Flugge's  Zeilschrift  fur  Hygiene 
und  Infektionskrankheiten  (1886),  Leuckart's  and 
Loeflfler's  Cenlralblatt  fur  Bakteriologie  und  Para- 
sitenkunde  (1887),  the  Annates  de  I' Inslitut Pasteur 
(1889),  Hutchinson's  Archives  of  Surgery,  Hoffa's 
Zeilschrift  fur  orthopddische  Chirurgie  (1891),  Roux's 
Archiv  fur  Entwicklungsmechanik  (1894),  Hegar's 
Beitrdge  zur  Geburtshulfe  und  Gyndkologie  (1898), 
Nuttall's  Journal  of  Hygiene  (1901),  Galton's  and 
Pearson's  Biometrika  (1901),  Schaudinn's  Archiv  fur 
Protistenkunde  (1903),  Caspar's  Zeilschrift  fur  Urologie 
(1907),  Nuttall's  Parasitology  (1908),  and  Sudhoff's 
Archiv  fiir  Geschichte  der  Medizin  (1908).  Each  of 
these  periodicals  represents  a  "real  value"  in  scientific 
medicine  and  has  associated  with  it  the  peculiar  cachet 
of  a  distinguished  editorial  name.  Toward  the  begin- 
ning of  the  twentieth  century,  a  number  of  American 
laboratories  and  institutes  devoted  to  experimental 
research  in  medicine  began  to  spring  up,  and  there 
was,  in  consequence,  a  simultaneous  outcropping  of 
high-class  periodicals,  devoted  exclusively  to  original 
investigations.  The  best  of  these  are  the  Journal 
of  Morphology  (1887),  founded  by  Charles  O.  Whitman ; 
the  Journal  of  Experimental  Medicine  (1896),  founded 
by  William  H.  Welch;  the  Journal  of  Medical  Research 
(1896),  founded  by  Harold  C.  Ernst;  the  American 
Journal  of  Physiology  (1898),  founded  by  H.  P.  Bow- 
ditch;  the  American  Journal  of  Anatomy  (1901);  the 
Journal  of  Infectious  Diseases  (1904),  founded  by 
Ludvig  Hektoen;  the  Journal  of  Experimental  Zoology 
(1904),  edited  by  Ross  Granville  Harrison;  the  Journal 
of  Biological  Chemistry  (1905),  founded  by  Christian 
A.  Herter;  the  Journal  of  Experimental  Pharmacology 
and  Therapeutics  (1909),  founded  by  John  J.  Abel,  and 
the  Bio-Chemical  Bulletin  (1912).  America  has  also  a 
goodly  number  of  fine  periodicals  devoted  to  the 
specialties,  such  as  the  American  Journal  of  Insanity 
(1844),  the  American  Journal  of  Obstetrics  (1868), 
founded  by  Emil  Noeggerath  and  Abraham  Jaeobi,  the 
Archives  of  Ophthalmology  and  Otology  (1869),  founded 
by  Hermann  Knapp,  the  Journal  of  Nervous  and  Mental 
Diseases  (1S76),  the  Journal  of  Cutaneous  Diseases 
(1882),  the  Annals  of  Surgery  (1885),  the  American 
Journal  of  Psychology  (1887),  the  American  Journal 
of  Orthopedic  Surgery  (1903),  and  others.  Many  valu- 
able things  are  contained  in  the  reports  of  modern  hos- 
pitals such  as  the Charite  Annalen  (Berlin,  1874),  Guv's 
(1836),  St.  Thomas's  (1836),  St.  Bartholomew's  (1865), 
St.  George's  (1886),  those  of  Hamburg  and  Vienna,  and 
the  Bulletin  (1889),  and  Reports  (1890)  of  the  Johns 
Hopkins  Hospital.  The  latter  is  also  the  best  repository 
of  medical  history  in  the  United  States.  The  Index 
Medicus,  founded  by  John  S.  Billings  and  Robert 
Fletcher  in  1879,  and  revived  by  the  Carnegie  In- 
stitution of  Washington  in  1903,  is  a  monthly  bibliog- 
raphy of  the  world's  medical  literature. 

Glancing  at  the  distribution  of  medical  periodicals 
in  space  rather  than  in  time,  we  find  the  United  States, 
Germany,  France,  Great  Britain,  Italy,  and  Russia, 
leading  in  respect  of  number  or  quantity,  while,  in  re- 
lation to  quality,  Germany  and  France  would  take  the 
lead.  At  the  end  of  the  fiscal  year  1913-14,  there  had 
been  8,030  periodicals  indexed  in  the  Surgeon  General's 
Library,  since  1880.  The  reason  for  the  large  number 
of  periodicals  in  countries  like  Russia  or  the  United 
States  is  simply  the  extent  of  territory,  the  expansion 
of  modern  cities,  and  the  increased  number  of  medical 
societies  resulting  from  these  conditions.  The  metro- 
politan journals  of  the  larger  cities  are  usually  better 
than  those  of  States,  counties,  or  territorial  districts,  as 
being  less  provincial  in  character.  Nearly  every  in- 
dividualized locality  in  the  modern  world,  from  the 
Transvaal  to  the  Leeward  Islands,  from  Ceylon  to 
Oklahoma,  has  or  has  had  some  medical  periodical. 


The  names  bestowed  upon  these  under  different  con- 
ditions often  afford  good  clews  to  their  character  and 
value.  A  German  Archiv  or  Zeilschrift,  for  instance, 
is  apt  to  be  a  more  substantial  production   than  a 

Correspond)  tizhlatt  or  Zeitung.  The  historic  spirit  is 
sometimes  shown  in  titles  like  Isis,  Chiron,  J anu  , 
or  Hippocrates,  and  Italy  has  a  large  number  of 
periodicals  named  after  her  medical  men,  gri 
and  small,  e.g.  (')salpino,  Cirillo,  Erndani,  Fraoisloro, 
Galvani,  Guglielmo  da  Saliceto,  Ingrassia,  Malpighi, 
Morgagni,  Orosi,  Pisani,  Ramazzini,  Selmi,  Spal- 
lanzani,  Tommasi.  The  Dutch  journals  Boer  have 
and  Pieter  Camper  are  other  examples  of  this 
eponymic  tendency.  In  a  backward  country  like 
Spain,  whose  medical  journals  are  sometimes  inferior 
to  those  of  South  America  or  the  West  Indies  in 
quality,  we  encounter  titles  like  La  Caridad  en  I" 
Guerra,  El  Faro  de  salud,  /•.'/  Porvenirdelaveterinaria, 
El  Protector  de  la  infancia,  which  come  from  the  heart 
rather  than  the  head.  America,  in  its  provincial 
period,  has  been  responsible  for  such  atrocities  as 
Balm  of  Gilead,  the  Divine  Science  of  Health,  the 
Drug  Mill,  the  Granite  Stale  Medical  Revolution i \st  and 
Hygienic  Advertiser,  the  Indiana  Scalpel,  the  Loin  linn 
and  Rhode  Islam/  Medical  Review,  the  Medical  Waif, 
the  New  York  Dissector,  Opiophagy,  the  Poughkeep,  ie 
Thompsonian,  the  Puget  Sound  Sanitarian  and  Pro- 
hibitionist, the  Quarterly  Review  of  Narcotic  Inebriety, 
the  Quinologist,  the  St.  Louis  Probe,  the  Southern 
Homeopathic  Pellet,  the  Uric  Acid  Monthly,  and  the 
Denial  Jairus. 

The  tendency  toward  extreme  specialization  is 
indicated  in  such  titles  as  Mind  (1876),  Brain  (1879), 
La  Cellule  (1884),  Tuberculosis  (1902),  Encephale 
(1906),  Nevraxe  (1909),  Lepra  (1909),  Epilepsia  (1909), 
Heart  (1909),  and  Tumori  (1911).  Another  striking 
instance  of  this  tendency  is  the  large  number  of  recent 
periodicals  devoted  to  the  psychological  and  socio- 
logical aspects  of  the  sexual  instinct  in  particular, 
Vita  sexualis  (Leipzig,  1S96,  Padua,  1901),  Anthropo- 
phyteia  (1904),  Mutlerschulz  (1905),  Die  neue  Genera- 
tion (1905),  Jahrbuchfur  sexuelle  Zwischenstufen  (1907), 
Sexual-Probleme  (1908),  Zeilschrift  fiir  sexuelle  Wissen- 
scliaft  (1908)  and  such  journals  of  psychoanalysis  as 
Freud's  Imago  (1912). 

The  principal  function  of  the  medical  journalist 
in  the  modern  period  is  the  diffusion  of  scientific  ideas 
and  innovations  of  value  to  medicine  and  the  critical 
or  ethical  discussion  of  those  sociological  movements 
which  have  become  a  part  of  its  "ever-widening 
sphere,  "  including,  of  course,  actual  or  pending  legisla- 
tion. If  any  seasonable  advice  could  be  offered  to  the 
editor  of  a  new  medical  journal,  it  would  be:  First, 
give  the  periodical  a  suitable,  dignified  name  and  let 
it  keep  that  name,  unless  it  be  absorbed  by  marriage 
into  some  other  journal.  The  pedigree  of  periodicals 
forms  a  chapter  in  itself  and  the  changes  rung  up  on 
titles  have  always  been  a  source  of  perplexity  to 
librarians,  bibliographers,  and  actual  readers.  Sec- 
ond, aim  to  make  your  journal  the  organ  of  some 
reputable  society  or  societies,  particularly  if  it  be 
devoted  to  a  specialty.  This  will  give  it  a  permanent 
list  of  reliable  subscribers  to  start  with  and  will  help 
to  do  away  with  the  enormous  duplication  or  multipli- 
cation of  medical  literature  through  the  reprinting 
of  articles  worth  indexing  in  both  journals  and  society 
transactions.  It  will  also  place  the  editor  in  better 
position  to  reject  worthless  articles  sent  in  by  casual 
subscribers.  In  selecting  articles  d'actualite,  reviews  of 
current  knowledge,  and  the  like,  those  having  a  proper 
historic  perspective  or  unusual  qualities  of  humor  or 
profundity  will  inevitably  be  preferred  by  readers 
to  the  routine  sophomorical  essay,  which  is  forgotten 
as  soon  as  it  is  printed.  Third,  acquire  a  good  corps 
of  competent  editorial  writers.  In  regard  to  editorial 
policies,  it  should  be  borne  in  mind  that  for  the  great 
mass  of  mankind,  the  ethical  side  of  life,  the  upbuilding 
of  character,   is  the  most   important:  and  that   the 
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origin  of  religion  is  not  sexuality  but  the  fear  of  tin- 
unknown  or  the  unknowable.  The  sentimental 
glorification  of  crime  which  occupies  such  a  promi- 
nent place  in  recent  fiction  has  no  place  in  medical 
literature,  properly  speaking.  A  reputable  medical 
editor  will  not  cater  to  the  sidewalk,  the  brothel, 
or  the  smoking  room.  In  regard  to  the  suppression 
of  quackery,  patent  medicine  frauds,  and  the  like, 
perhaps  nothing  would  seem  more  specifically  desir- 
able than  some  solidarity  between  the  medical  and 
public  press  so  thai  the  people  may  have  accurate, 
simple,  and  non-sensational  knowledge  about  current 
medical  matters  of  immediate  interest  to  them. 

Fielding  H.  Garrison. 


Juglans. — Butternut.  The  bark  of  the  root  of 
Juglana  cinerea  L.  (fam.  Juglandacece),  preferably 
collected  in  the  autumn.  The  butternut  is  a  medium- 
sized  tree,  with  short,  freely  branching  trunk  and  a 
light  foliage  of  pinnate  leaves.  The  flowers  are 
monecious:  the  staminate,  in  lateral  drooping  catkins; 
the  pistillate  few  together  in  terminal  clusters.  It  is 
a  widely  distributed  tree,  growing  in  the  middle  lati- 
tudes of  North  America,  furnishing  a  useful  cabinel 
wood,  edible  nut,  and  a  fair  dyeing  material.  The 
bark  occurs  in  large  quills  or  curved  pieces,  about  one- 
quarter  of  an  inch  thick.  It  is  of  a  dark  chocolate- 
brown  throughout,  the  outer  surface  developing  a 
reddish  tinge  in  time.  The  outer  surface  is  very 
little,  if  at  all,  fissured  or  scaly,  but  is  somewhat 
warty.  The  inner  surface  is  shreddy  with  partly 
detached  fiber,  in  autumn-collected  bark,  but  smooth  if 
collected  during  the  spring  or  summer.  The  fracture 
is  weak  and  soft,  but  somewhat  fibrous,  and  delicately 
checkered.  It  has  a  feeble  odor  and  a  bitter,  acrid 
taste. 

It  contains  a  little  tannin  and  volatile  oil,  fourteen 
per  cent,  of  fat  and  a  large  amount  of  juglon,  nucin,  or 
juglandic  acid,  which  crystallizes  in  deep  yellow  needles 
and  is  the  active  constituent. 

Action  and  Use. — Butternut  is' a  mild  cathartic, 
operating,  usually,  without  pain  or  irritation,  well 
adapted  to  continuous  administration,  and  worthy  of 
more  frequent  use  than  is  made  of  it.  Dose,  gr.  xv.  ad 
xxx.  (1.0-2.0).  An  extract,  extractum  juglandis — 
dose,  gr.  v.  ad  x.  (0.3-0.6) — is  the  best  preparation. 

Allied  Plants. — Juglans  regia  Linn,  is  the  Euro- 
pean walnut  (Xoyer  commun,  Codex  Med.);  its  leaves 
are  the  Folia  Junglandisoi  the  German  Pharmacopoeia  : 
its  oil,  the  walnut  oil  of  the  market.  The  rind  of  the 
green  fruits  is  collected  and  dried  for  a  stomachic  and 
vermifuge.  It  contains  the  juglon  (nucin)  above 
mentioned.  The  leaves  are  used  for  "scrofula,  rick- 
ets," etc. 

Juglans  nigra,  the  black  walnut,  has  probably 
similar  properties  to  those  of  butternut. 

Henry  H.  Rusby. 


.lulus. — A  genus  of  Myriapoda,  centipedes  or 
"thousand-legged  worms."  Two  species  J.  terreslris 
and  J.  londinensis  have  occurred  as  accidental  para- 
sites in  the  human  alimentary  canal  in  Europe. 

A.  S.  P. 


Juniperus. — Juniper.  The  fruit  of  Juniperus 
communis  L.  (fam.  Pinacecc).  Juniper  fruits  are  no 
longer  official. 

The  common  European  juniper  is  of  variable  stat- 
ure, sometimes  attaining  the  dimensions  of  a  small 
tree;  more  often  it  is  a  short,  broad,  pyramidal  shrub, 
with  spreading  branches;  sometimes  it  consists  only 
of  a  large  flat  rosette,  with  its  prostrate  or  slightly 
ascending  branches  lying  on  and  rooting  in  the  ground; 
by  this  habit,  as  well  as  by  its  slender,  spreading,  awl- 
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shaped  leaves  in  whorlfi  of  three,  and  by  its  larger  and 
more  juicy  lurries,  it  Ls  easily  distinguishable  from 
the  con i n i in i  juniper  of  this  country  './.  virgtniarux  L.). 
This  shrub  grows  in  nearly  all  parts  of  Europe,  and 
is  also  widely  distributed  through  Central  and  North- 
ern Asia,  as  well  as  in  the  United  States,  either  native 
or  naturalized.  The  chief  production  of  the  fruit  is 
in  Hungary.  The  "berries"  are  in  reality  short  fleshy 
cones,  whose  three  upper  scales  have  become  soft  and 
juicy,  and  coalesced  over  the  three  stony  seeds;  the 
rudiments  of  their  scale  tips  may  be  seen  near  the  top 
of  the  fruit.  The  lower  scales  are  small,  dry,  and 
appressed  to  the  axis  or  peduncle.  The  berries  shrivel 
a  good  deal  in  drying,  and  were  described  in  the 
Pharmacopoeia  as  follows: 

"  Nearly  globular,  about  one-third  of  an  inch  (eight 
millimeters)  in  diameter,  dark  purplish,  with  a  bluish- 
gray  bloom,  a  three-rayed  fur- 
row at  the  apex,  internally 
pulpy,  greenish-brown,  con- 
taining three  ovate,  somewhat 
triangular,  bony  seeds,  with 
several  large  oil  glands  on  the 
surface;  odor  aromatic;  taste 
sweet,  terebinthinate,  bitter- 
ish, and  slightly  acid." 

Composit  ion. — The  most 

important     substance     is    the 
i  ntial    oil,    of    which    they 
contain   from  one-half  to  one 
0  and    a    half    per 

cent.  There  is 
also  a  large 
amount  of  sugar 
(up  to  twenty- 
five  per  cent,  or 
more),  and  nearly 
half  as  much 
resin. 

The  oil  consists 
chiefly  of  pinene, 
but  its  characteristic  odor  is  due  to  an  unknown 
substance.  It  is  official,  and  is  thus  described  in  the 
Pharmacopoeia: 

"A  colorless  or  faintly  greenish-yellow  liquid,  be- 
coming darker  and  thicker  by  age  and  exposure  to  air, 
having  the  characteristic  odor  of  juniper,  and  a  warm, 
aromatic,  somewhat  terebinthinate  and  bitterish  taste. 
"Specific  gravity:  0.850  to  0.890  at  15°  C.  (59°  F.). 
"Soluble  in  about  four  times  its  volume  of  alcohol, 
forming  a  somewhat  turbid  liquid,  which  is  neutral  or 
slightly  acid  to  litmus  paper.  Also  soluble  in  an 
equal  volume  of  carbon  disulphide." 

Action  and  Use. — Juniper  berries  and  oil  have  the 
properties  of  the  terebinthinate  substances  in  general. 
In  small  doses  aromatic,  stimulant  to  the  stomach  and 
intestines,  hemostatic;  in  large  ones  capable  of  produc- 
ing gastritis,  nephritis,  strangury,  etc.,  as  well  as 
nervous  disturbances.  The  chief  use  is  as  a  stimulat- 
ing diuretic.  A  violet-like  odor  in  the  urine,  and  a 
copaiba-like  erythema,  are  occasionally  observed 
after  its  administration.  Juniper  berries  are,  or  ought 
to  be,  used  in  making  the  liqueur  called  gin,  which  is 
alcohol  distilled  off  from  their  fermented  mash  and 
containing  their  oil.  They  are  not  much  given  by 
themselves  in  this  country,  but  might  be  used  as  a 
stimulating  diuretic;  an  infusion  or  the  oil  being 
used. 

Administration. — From  5  i-  to  ij.  (4.0-8.0)  may  be 
given  at  a  dose.  An  infusion  of  the  bruised  berries 
extracts  much  of  the  oil,  the  sugar,  etc.,  and  is  an  ac- 
ceptable form.  The  oil  may  also  be  given,  but  is  much 
adulterated  with  harsher  oils  from  the  tops  and  leaves, 
and  even  with  oil  of  turpentine.  Dose,  gtt.  v.-x. 
(0.3-0.6).  There  is  also  a  simple  five-per-cent.  spirit 
of  juniper,  the  dose  of  which  is  fl.  5  ss.  to  i.,  but  it  is 


Fig.  3574. — L,  Juniper  Branch,  with  Fruit 
attached.  (Baillon.)  O,  Juniper  fruit, 
separate.     (Baillon.) 
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not  much  used;  and  a  compound  spirit,  or  artificial 
gin,  offered  as  a  more  reliable  aromatic  than  thai 
liquor.  Its  composition  is  as  follows:  Oil  of  juniper, 
8  parts;  oil  of  caraway,  1  part;  oil  of  fennel,  I  part; 
alcohol,  1,400  parts;  water,  to  make  2,000  parts. 
Dose,  fl.  5  i.-iv.  (4.0-16.0). 

Allied  Drugs. — Other  important  products  of  the 
genus  Juniperus  are  savin  and  cade  oil,  elsewhere  de- 
scribed, besides  which  there  are  a  number  of  minor 
products,  mostly  oils  distilled  from  the  fresh  t  \\  i^s  of 
various  species  of  cedar.  Since  the  properties  of  these 
differ  in  no  important,  respects  from  those  of  oil  of 
savin,  they  need  not  be  further  considered. 

H.    II.    Resin. 


Junod,  Victor  Theodore. — Born  at  Bonvillars 
France,  on  Aug.  5,  1809.  After  receiving  his  doc- 
tor's degree  in  1833  he  devoted  his  attention  largely 
to  the  study  of  the  effects  of  compressed  and  rarefied 
air  upon  the  human  body.  The  results  of  these  inves- 
tigations were  published  in  the  Revue  medicate,  1834, 
in  an  article  entitled:  "  Recherehes  physiologiques 
et  thc>apeutiques  sur  les  effects  de  la  compression 
et  de  la  rarefaction  de  l'air,  tant  sur  le  corps  que 
sur  les  membres  isoles."  He  gained  considerable 
celebrity  by  his  introduction  of  a  method  of  applying 
rarefied  air,  for  therapeutic  purposes,  through  the 
medium  of  what  might  be  termed  gigantic  "cups" 
("Junod's  boot,  for  example)."  thus  antedating  by 
more  than  half  a  century  the  "Stauungstherapie"  of 
Bier.  He  gave  the  name  hemospasie  to  this  method. 
In  recognition  of  the  value  of  his  discovery  two  impor- 
tant prizes  were  awarded  to  him — one  of  the  Monthyon 
prizes  in  lS3(i  and  the  great  French  prize  for  medicine 
and  surgery  in  1S70.  Junod  is  also  entitled  to  the 
credit  of  having  been  the  first  to  invent  and  put  into 
use  cabinets  of  compressed  air.     He  died  in  1881. 

Of  the  numerous  essays  which  Junod  wrote  on  hem- 
ospasia  the  following  may  be  mentioned  as  among 
the  more  important:  "Methode  hemospasique, " 
1843;  "  De  l'hemospasie;  Recueil  de  memoires 
sur  les  effets  therapeutiques  de  cette  methode," 
1850;  "  Nouvelles  considerations  sur  les  effets  the- 
rapeutiques de  l'hemospasie,"  1858;  and  " Trait e 
theorique     et     pratique     de     l'hemospasie,"     1875. 

A.   H.   B. 

Kairine. — The  name  kairinc  designates,  generically, 
certain  artificially  prepared  derivatives  of  chinoline, 
where  either  a  methyl  or  an  ethyl  substitution  has  been 
effected  in  the  chinoline  molecule.  Of  the  two 
kairines,  the  methylated,  although  the  one  first  made 
and  experimented  with,  was  superseded  by  the  ethyl- 
ated  example,  for  the  double  reason  that  the  latter  is 
both  easier  and  cheaper  to  make,  while  at  the  same 
time  it  is  better  as  a  medicine.  The  ethylated  com- 
pound kairine  A.,  as  it.  is  technically  called,  is  what 
is  now  commonly  dispensed  under  the  simple  name 
kairine.  The  kairine  in  medicinal  use  appears  as  a 
whitish  crystalline  powder,  without  smell,  but  of  a  bit- 
ter and  pungent,  slightly  aromatic  taste.  It  is  fairly 
soluble  in  cold  water,  freely  in  hot,  moderately  only 
in  alcohol  and  in  glycerin,  and  but  sparingly  in  ether. 
Physiologically,  the  essential  action  of  kairine  is  thai 
of  a  powerful  but  evanescent  antipyretic.  In  the 
human  subject,  kairine  produces  certain  and  speedy 
lowering  of  fever  temperatures,  with  less  proportion- 
ate derangement  in  the  way  of  roaring  in  the  ears, 
headache,  giddiness,  and  gastric  distress,  than  the 
cinchona  alkaloids  produce.  The  action,  however,  is 
apt  to  be  attended  by  profuse  sweating  during  the 
fall  of  the  temperature,  and  a  decided  chill  when  the 
after-rise  begins.  Overdosage  has  produced  profound 
reduction  of  temperature,  with  a  condition  of  general 
collapse,  and  kairine  has  a  toxic  action  on  the  red 
blood-corpuscles. 


Therapeutically,  kairine  was  used  as  an  antipyretic 

in    febrile  diseases,  and  was  the  first  synthetic  substi- 
tute for  the  cinchona  alkaloids  for  such  purpose.      It 

has,  however,  been  superseded  by  newer  products  of 
the  laboratory,  such  as  antiprrine,  which  are  not  so 

severe    in    operation.      In    ordinary    cases,    four    suc- 
cessive hourly  doses  of  gr.   viij.   (6.5)  each   will   bring 

down  the  temperature  to  101°  F.,  at  which  point  it 

may  be  held  by  succeeding  doses  of  half  the  previous 

dimensions.     Kairine  may  be  administered  in  capsule, 
pill,  aromatized  solution,  or  elixir. 

Edward  Curtis. 

It.  J.  E.  Scott. 

Kala-azar. — See  Leishmaniasis. 

Kalinin. — See  /',,/,,,    mm. 

Kamala. — The  glands  and  hairs  from  the  capsules 
of  Mallotus  philippiiierisis  (bam.)  Muell.  Arg.  (fain. 
Euphorbiacew).  This  plant  is  a  small  tree,  growing 
very  extensively  through  southeastern  Asia  and  Polyn- 
esia. The  fruit  is  a  small  tricoccous  capsule,  covered 
with  a  dense,  crimson,  velvety  surface,  consisting  of 
the  above-mentioned  glands  and  hairs.  Kamala  is 
collected  by  gathering  the  fruits  and  shaking  or  rub- 
bing them  about  in  baskets,  and  sifting  out  the  dust- 
like glands.  An  inferior  variety  is  obtained  by  taking 
the  glands  and  hairs  from  other  parts  of  the  plant. 
The  collection  of  more  or  less  adhering  dirt,  is  inevi- 
table, and  advantage  is  often  taken  of  this  fact  to 
adulterate  it  heavily  with  earthy  matters.  Hence 
the  fixing  of  the  limit  of  ash  at  eight  per  cent.,  which 
is  a  very  liberal  allowance. 


(Baillon.) 


It  has  long  been  used  in  India,  both  as  a  dye  and  a- 
a  medicine,  but  its  employment  as  a  cure  'for  tapes 
worm  appears  to  date  only  from  the  middle  of  the 
present  century. 

The  glands  consist,  of  an  external  capsule  containing 
a  yellow  fluid,  and  enclosing  from  forty  to  sixtv  club- 
shaped  cells  filled  with  a  homogeneous,  transparent, 
red  resin,  amounting  to  about  four-fifths  of  the  whole 
weight  of  the  glands. 

Action-  and  Use. — The  only  purpose  for  which  this 
drug  is  employed  in  medicine  is  as  a  tenicide,  for  which 
purpose  it  has  considerable  value;  but  the  discovery 
of  koosso  and  pelletierine  has  displaced  it  from  medical 
favor,  and  it  is  now  becoming  obsolete.  From  5  i.- 
5  iiss.  (4.0-10.0)  may  be  given  at  a  dose. 

Henry   H.   Rushy. 

Kaolin  is  a  native  aluminum  silicate,  powdered 
and  freed  from  gritty  particles.  It  is  also  known  as 
china  clay,  because  it  is  an  essential  ingredient  in 
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the  manufacture  of  porcelain  or  china.  Its  chief 
constituent  is  the  pure  aluminum  silicate,  H2Al2Si20a  + 
H20.  It  is  official  in  the  United  States  Pharmacopo  ia 
as  Kaolinum,  Kaolin,  and  is  described  as  "a  soft,  \\  hite 
or  yellowish-white  powder,  or  in  lumps,  having  an 
earthy  or  clay-like  taste,  insoluble  in  water,  and  in 
cold  dilute  solutions  of  tin-  acids  and  alkali  hydroxides. 
When  moistened  with  water,  kaolin  assumes  a  darker 
color  and  develops  a  marked  clay-like  odor"  (U.S.  P.). 
It  is  used  as  an  excipient  for  some  of  the  metallic 
salts,  and  as  the  main  ingredient  of  the  Cataplasma 
Kaolini  (U.  S.  P.),  for  a  description  of  which  see  vol. 
ii,  p.  674.  R.  J.  E.  Scott. 


Kaposi,  Moriz. — Born  at  Kaposvar,  Hungary,  on 
October  23,  1837.  He  was  one  of  Hebra's  pupils 
both  before  and  after  he  received  his  doctor's  degree 
from  the  University  of  Vienna  (1861).  In  1875  he 
was  chosen  Professor  of  Skin  Diseases,  and  in  1879 
(the  year  preceding  Hebra's  death)   Director  of  the 


Fig.  3576. — Moriz  Kaposi. 

Clinic  for  diseases  of  the  skin  at  the  General  Hospital 
in  Vienna.  In  1899  he  was  given  the  title  of  "  Hofrat." 
He  died  in  1902. 

Kaposi  contributed  to  medical  literature  very  many 
larger  and  smaller  treatises  on  dermatological  topics. 
The  titles  of  some  of  the  more  important  of  these  will 
here  be  mentioned:  "Die  Syphilis  der  Schleimhaut 
der  Mund-,  Rachen-,  Nasen-  und  Kehlkopf-hdhle," 
Erlangen,  1866;  "Lehrbuch  der  Hautkrankheiten," 
1872  (in  association  with  Hebra);  "Handbuch  der 
Syphilis. "  Stuttgart,  1880;  "Ueber  Zoster  recidivus, 
hystericus,  gangramosus,  epidemicus,"  1876;  and 
"Ueber  Xeroderma  pigmentosum,"  Vienna,  18S2. 

A.  H.  B. 

Karyokinesis. — See  CW/  and  Mitosis. 

Kava. — See  Methysticum. 

Keith,  Thomas. — Born  at  St.  Cyrus,  in  Kin- 
cardineshire, Scotland,  in  1S27.  He  received  the 
degree  of  Doctor  of  Medicine  from  the  University  of 
Edinburgh  in  1848.  He  studied  under  Sir  James 
Simpson,  the  celebrated  obstetrician  and  gynecologist, 
and  after  graduation  he  became  one  of  Syme's  as- 
sistants. For  a  certain  length  of  time  he  was  Phy- 
sician of  the  Edinburgh  Ear  Dispensary.  In  1862 
he  performed  his  first  ovariotomy,  without  ever 
having  seen  the  operation  performed  by  any  other 
surgeon.  (His  friend  Spencer  Wells  had  begun  to 
operate  four  years  earlier.)  After  practising  for  sev- 
eral years  in  Edinburgh  he  removed  (in  1888)  to 
London.     He  died  in  the  latter  city  October  9,  1895. 

Thanks  to  the  great  success  obtained  by  Spencer 
Wells  and  Thomas  Keith  the  operation  of  ovariotomy 
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was  accepted  throughout  Greal  Britain  as  one 
of  the  firmly  established  surgical  procedures.  Of 
Keith's  published  writings  the  following  deserve  to 
receive  special  mention:  "200  Cases  of  Ovariotomy," 
Edinburgh  Med.  Journal,  1867-1874;  "Suppurating 
Ovarian  Cysts,"  Edin.  Med.  Jour.,  lS7o;  and  "Cases 
of  Removal  of  the  Uterus  for  Fibrocystic  Tumor," 
Lancet,  1875.  A.  H.  B. 


Keloid. — Synonyms:  Cheloid,  scar-keloid,  kelos, 
kelis  (Alibert);  Ft.  Cheloide,  tubercules  durs,  le 
crabe ;  Gr.  Knollenkrebs. 

Definition. — A  cicatricial-Iike  new  growth  of  the 
corium,  rising  prominently  above  the  level  of  the 
skin,  of  variable  size,  and  of  a  reddish  or  pinkish 
color.  Its  surface  is  smooth  and  glistening,  its  con- 
tour is  often  irregular,  band  or  crab-like — from  which 
it  derives  its  name,  x  v ^ %  crab's  claw,  first  applied  to 
it  by  Alibert  in  1817. l  The  disease  was  previously 
described  as  dartrt  di  graisse,  by  Ratz  in  1790.2 

Two  varieties  were  until  recent  times  described,  the 
"true"  (kelis  genuina)  and  the  "false"  (kelis  spuria) 
according  as  it  was  of  idiopathic  or  traumatic  origin. 
As  no  uniform  histological  differences  between  them 
exist3  and  as  the  underlying  influence  giving  rise  to 
both  forms  is  unknown,  and  further,  as  apparently 
slight  injuries  in  those  predisposed  are  sufficient  to 
cause  them,  this  distinction  is  no  longer  observed. 

Symptoms. — When  the  disease  follows  a  burn  or 
other  traumatism  of  a  considerable  size,  the  scar 
formation,  instead  of  retracting  as  in  normal  in- 
dividuals, becomes  unusually  prominent  and  goes  on  to 
a  varying  degree  of  hypertrophy.  In  these  cases  the 
growth  seldom  remains  limited  to  the  seat  of  injury 
but  extends  beyond  the  margin  and  invades  the  ad- 
jacent skin.  Some  maintain  this  extension  beyond 
the  original  lesion  establishes  its  claim  to  the  name  of 
true  keloid  in  contradistinction  to  hypertrophied 
scars.  It  has  further  been  noted  that  even  in  sus- 
ceptible persons  all  scars  do  not  hypertrophy  although 
the  keloid  lesions  may  be  multiple  as  is  sometimes 
observed  after  variola,  acne,  etc.  When  the  erup- 
tion appears  spontaneously,  or  as  many  believe,  after 


Fig.  3577. — Typical  Keloid  Lesions  on  the  Chest  and  Arm. 

some  slight  injury  as  from  a  scratch  or  the  bite  of  an 
insect,  it  is  often  first  noticed  as  a  slightly  elevated, 
deeply  seated,  nodular  mass  of  a  pinkish  color,  vary- 
ing in  size  from  a  pea  to  a  lima  bean,  usually  elongated 
or  oval  in  shape  and  seldom  giving  rise  to  any  very 
marked  subjective  symptoms.  The  evolution  of  the 
growth  takes  place  slowly,  covering  a  period  vary- 
ing from  several  months  to  many  years  (4);  once  the 
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full  dimensions  arc  attained  it  may  remain  with  little 
or  no  change  for  the  rest  of  life,  or  more  frequently 
involution,  either  partial  or  complete,  gradually  takes 
place. 

In  the  cases  following  traumatism  which  have 
come  under  my  observation,  pain  of  a  burning,  lan- 
cinating character  has  not  been  uncommon  and 
usually  in  proportion  to  the  area  of  surface!  involved. 
This  doubtless  is  due  to  the  injury  of  nerve  endings  or 
to  pressure  from  the  dense  structures  surrounding 
them.  In  color,  the  growth  is  usually  of  a  pinkish 
tint,  although  varying  from  a  dark  red  to  a  whitish 
color,  according  to  the  vascular  distribution.  The 
epithelial  surface  is  smooth,  tense,  slightly  glistening, 
sometimes  corrugated  in  cases  of  long  standing,  de- 
void of  lanugo  hairs,  with  capillaries  varying  in  size 
and  number  approaching  the  margin  of  the  growth 
and  sometimes  coursing  over  its  surface. 

As  commonly  seen,  keloid  lesions,  whether  fully 
developed  or  not,  present  a  wide  variation  in  size, 
in  the  number  of  lesions  present  and  to  a  less  extent 
in  color.  Thus  De  Amici5  observed  318  pin-head  to 
pea-sized  lesions  symmetrically  distributed  on  various 
parts  of  the  body,  and  supposedly  of  spontaneous 
origin,  in  a  woman  twenty-seven  years  of  age. 
Chlenov6  reported  a  male,  aet.  IS,  with  431  keloid 
tumors  of  spontaneous  origin.  These  cases  are  ex- 
ceptional, however,  and  the  number  usually  varies 
from  one  to  a  half  dozen,  while  in  size  they  sometimes 
attain  an  area  of  several  inches  in  diameter  and  pro- 
ject above  the  general  level  from  one-sixteenth  to  one- 
half  of    an    inch   (1J  to    12   millimeters)    or   higher 


Flo.  3578. — Keloid  (Fibromata)  following  Piercing  of  the  Ears. 
In  the  service  of  Dr.  Leon  Audain.  Port  au  Prince,  Haiti,  to  whom 
the  writer  is  indebted  for  this  photograph. 

In  shape  too,  the  lesions  present  wide  variations,  thus 
on  the  chest,  their  common  seat,  they  are  usually 
elongated  transversely  to  the  sternum,  with  spread- 
ing, claw-like  ends.  According  to  Crocker  (Inc.  cit.) 
one-half  of  all  eases  occurin  thisposition.  Here,  too, 
they  assume  their  most  typical  form  (see  Fig.  3577). 
Another  common  site  is  the  lobe  of  the  ears  following 
the  piercing  for,  or  subsequent  irritation  from  ear- 
rings. In  Haiti  I  was  particularly  struck  by  the  fre- 
quency with  which  this  disease  is  encountered  among 
the  mixed  race  which  inhabits  the  Island  (see  Fig.  3578). 


\Y\l  in  frequency,  according  to  Darier7  the  upper 
part  of  the  trunk  and  neck  are  affected.  In  these  lo- 
cal ions,  as  well  as  on  other  parts  of  the   body,    the 

lesions    appear    as    nodular,'  irregularly    elongated    or 

disk-like  elevated,  sharply  defined  placques.  In  the 
latter  there  is  often  a  slightly  depressed  central 
area  with  a  prominent  rounded  margin.  On  the  nape 
of  bhe  neck keloid-like papules  assume  a  peculiar  form, 
which  is  known  as  the  acne  keloid  of  Bazin8  or  the 
less  euphonious  term — ilmiialitis   papillaris   capillitii 

given  to  it  by  Kaposi.9 

Tenderness  on  pressure  is  sometimes  complained 
of  even  in  cases  of  apparently  idiopathic  origin  and 
occasionally  sharp  pains  or  itching.  When  complete 
involution  takes  place  there!  is  left  on  the  site  a  loose, 
parchment-like  scar.  The  lesions  do  not  ulcerate 
or  break  down  unless  in  strumous  subjects  or  when 
subjected  to  repealed  irritation.  In  the  latter  epi- 
thelioma has  been  known  to  supervene,10  although 
this  is  not  of  common  occurrence. 

Histopalhology. — The  histological  changes  found 
in  keloid  depend  on  whether  the  disease  is  idiopathic, 
i.e.  arising  without  apparent  injury,  or  whether  it 
follows  a  traumatism.  In  the  former,  the  disease 
may  be  studied  unmodified  by  extraneous  influences; 
in  the  latter,  extraneous  conditions  must  be  taken 
into  account.  Thus  in  traumatism  from  a  burn  the 
complete  destruction  of  the  epidermic  strata,  together 
with  the  papillary  layer  of  the  corium,  will  give  rise 
to  a  histological  picture  differing  from  one  in  which 
these  structures  remain  intact.  In  such  a  case  of 
cicatricial  keloid  Crocker4  found  in  the  lower  strata 
of  the  epidermis  a  moderate  thickening  of  the  rete 
with  the  cells  of  the  pallisade  layer  irregular  in  shape, 
although  maintaining  an  even  line  on  the  base- 
ment membrane  below.  In  another  case  the  same 
observer  found  the  rete  cones  and  papilke  over- 
lying the  tumor  flattened  or  absent,  although  they 
were  notably  enlarged  in  the  parts  adjacent.  There 
is,  however,  no  uniformity  in  these  changes  and  they 
have  also  been  found  in  cases  of  spontaneous  origin." 
All  observers  admit,  moreover,  that  the  essential 
changes  of  uniform  character  are  met  with  only  in  the 
middle  or  upper  part  of  the  corium.  Here,  in  the 
upper  or  subpapular  zone,  may  be  seen  a  thin  layer 
of  loose,  connective  tissue  which  is  highly  vascular, 
and  which  in  places  seems  to  indicate  that  it  forms  an 
incomplete  capsule  for  the  tumor  mass.  Transverse 
sections  made  tended  further  to  confirm  this  view. 
In  the  middle  zone,  Crocker  found  in  longitudinal 
sections  of  an  early  tumor,  delicate,  sharply  defined 
fibrils  or  bundles  of  fibrils  running  parallel  with  the 
long  axis  of  the  tumor,  together  with  fusiform 
nucleated  cells  abundantly  distributed  between  them. 
These  cells  with  free  nuclei  were  found  only  at  the 
margin  of  the  neoplasm  and  were  most  plentiful 
around  the  blood-vessels.  No  hair  follicles  or  glands 
were  found  in  the  tumor,  but  surrounding  this  com- 
pact mass  these  appendages  were  encountered  but 
with  their  structure  partially-  disintegrated  and  their 
lumen  filled  with  round  cells.  Leloir12  in  more  mature 
lesions  found  but  few  nuclei  or  nucleated  spindle  cells 
in  the  center  of  the  keloid  mass.  Nor  were  blood- 
vessels, coil,  or  sebaceous  glands  or  hair  follicles 
present  in  a  normal  form.  These  structures  were 
compressed  by  the  collagenous  bundles  which  became 
greatly  hypertrophied  and  formed  a  compact  mass 
parallel,  for  the  most  part,  to  the  surface.  At  the 
periphery  these  bundles  were  less  densely  packed  and 
here  again  were  found  nuclei  and  nucleated  spindle 
cells  together  with  dilated  blood-vessels,  with  swollen, 
nuclear  endothelial  cells,  which  were  encased  in  the 
fibrous  tissue.  The  hair  follicles  and  glandular 
structures  likewise  became  more  distinct  as  the 
margin  was  approached.  Here,  too,  were  found 
lymphatic  lacuna?  with  enlarged,  rapidly  proliferating 
endothelial  cells.  No  changes  worthy  of  note  were 
found  in  the  nerve  trunks.13     This  parallel  arrange- 
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ment  of  the  fibers  was  thought  by  some  observers 
to  be  distinctive  of  the  idiopathic  form  of  keloid, 
bul  Leloir"  and  others  have  found  1  he  fibers  in- 
terlacing and  running  transversely  to  the  long  axis 
of  the  tumor.      The  absence  of  elastic  fibers  lias  also 

been  thought  by  Joseph3  and  others,  to  be  char- 
acteristic of  idiopathic  keloid,  but  their  absence  has 
also  been  noted  by  Heidingsfeld3  in  scar  tissue 
and  other  fibroconnective  tissue  grout  lis.  The 
involvement  of  the  blood-vessels  beyond  the  tumor 
line,  first  observed  by  Warren"  has  been  thought 
by  some  to  explain  why  the  neoplasm  almost  invari- 
ably returns  after  excision,  and  Unna15  attributes  to 


Fig.  3579. — Cicatricial  Keloid  from  the  Gluteal  Region,  following  a  Burn. 
a.  Epidermis;  b,  Malpighian  layer-  c,  remains  of  papillary  layer  near  the 
border  of  the  tumor;  d,  keloid  tissue.  The  cellular  infiltration  around  the 
blood-vessels  is  also  indicated  at  several  points.  (From  an  original  drawing 
by  Dr.  James  M.  French.) 


this  the  frequent  extension  of  the  growth  by  claw-like 
projections  at  the  periphery.  In  addition,  giant  cells 
have  been  found  by  Deneriaz.16  We  may  therefore 
conclude,  after  more  than  a  century  during  which 
keloid  has  been  studied,  that  its  histopathology  is  well 
understood  and  that  the  three  forms  once  recognized 
by  pathologists  are  now  either  eliminated  from  the 
keloid  group  or  regarded  as  one  process. 

Etiology. — The  ultimate  or  underlying  cause  of 
keloid  has  not  been  determined.  It  is  known  that 
it  occurs  most  frequently  in  the  negro  and  in  dark 
skinned  races,  and  that  in  certain  individuals  it  occurs 
after  injuries  to  the  integument,  such  as  cuts,  burns, 
etc.  Furthermore,  Welander17  observed  it  to  occur 
after  tatoo  marks  avoiding  the  blue  and  selecting  only 
those  parts  in  which  red  pigment  had  been  used, 
from  which  he  infers  that  it  may  be  due  to  some 
special  local  irritant  or  poison.  It  is  sometimes  ob- 
served in  long-continued  suppuration  as  in  the  so- 
called  aene  keloid,  more  rarely  in  pustular  syphilis 
(Taylor,  Brocq,  Wilks)  and  in  variola  (Goodhart) 
which  would  lead  one  to  believe  it  may  have  a  mi- 
crobic  origin.  Again,  the  presence  of  giant  cells 
and  other  features  led  Tillbury  Fox,18  Hyde,19  and 
Jadassohn-0  to  regard  it  a  tuberculide. 

A  committee,  appointed  by  the  Clinical  Society 
of  London  in  1S80  to  investigate  the  cause  of  keloid, 
reported,  while  it  was  not  prepared  to  deny  the 
possibility  of  a  spontaneous  origin,  yet  found  that  it 
nearly  always  followed  some  injury  often  of  a  trifling 
nature,  such  as  the  bites  of    insects,  prickly    heat, 


blisters,  etc.21  It  is  now  thought  bj  most  observers 
that  slight,  often  unheeded  injuries  or  tin-  pre  ei 
of  certain  microorganisms  in  those-  predisposed  are 
sufficient  to  set  in  action  this  neoplastic  proci 
This  hypertrophy  of  the  collagen  in  the  corium  which 
occurs  either  idiopat  locally  or  on  the  slighest  injury 
constitutes,  therefore,  the  special  feature  in  the  for- 
mation of  keloid. 

Ih  lira.--  Wilson,2'  and  others  have  observed  i 
in  which  several  members  of  a  family  were  affected. 
Bryant  (cited  by  Crocker4)  mentions  a  case  in  which 
keloid  was  present  at  birth.  While  the  disease  oc- 
curs at  all  ages  it  is  most  common  in  adults  and  is 
seldom  met  with  in  old  age.  Sex  has  no  ap- 
preciable influence. 

Prognosis. — The  unfavorable  prog 
given  to  keloid  has  been  somewhal  modified 
during  the  last  three  or  four  decades  by  the 
observations  of  several  clinicians  of  extended 
experience.  Notably  that  of  Jonathan  Hutch- 
inson, whose  recognized  acumen  as  a  clinical 
observer  lends  exceptional  value  to  his  con- 
clusions. I  believe  it  well  to  bear  in  mind, 
however,  that  in  his  generalizations  on 
keloid24  he  makes  no  distinction  between 
keloidal  scars  and  the  so-called  idiopathic- 
keloid  of  Alibert.  He  found  that  in  young 
people  the  disease,  after  developing  for  months 
or  years,  remains  stationary  for  a  variable 
time,  then  begins  to  subside  and  in  a  large 
number  of  cases  disappears  completely.  This 
vis  medicatrix  naturae  is  more  noteworthy 
since,  as  will  be  shown,  our  treatment  thus 
far  has  not  been  uniformly  successful.  It  is 
also  believed  by  many  that  keloid  developing 
in  scar  tissue  is  less  unfavorable  than  when 
the  disease  appears  without  apparent  trau- 
matic disturbance.  My  own  observations 
lead  me  to  incline  to  this  view,  and  while 
macroscopieally  and  histologically  no  essential 
differences  are  found  between  traumatic  and 
spontaneous  keloid,  the  prognosis,  I  believe, 
differs.  In  the  former,  involution  is  slow  but 
ultimate  disappearance  is  not  uncommon 
while  in  the  latter  the  disease  remains  longer 
and  its  complete  involution  is  remote,  if  ever 
it  occur.  The  line  of  demarkation  between 
hypertrophic  scars  and  keloid  is  sometimes  exceed- 
ingly difficult  to  draw,  but  for  purposes  of  prognosis 
it  is  necessary  to  take  into  account  the  degree  of 
disturbance  necessary  to  set  up  the  keloidal  proc- 
ess, or  in  other  words,  the  greater  the  natural  resist- 
ance to  this  process  the  less  liable  is  the  disease  to  be 
permanent. 

The  danger  to  life  from  keloid  is  considered  to  be 
less  than  was  the  case  at  one  time.  True,  after  ex- 
cision the  growth  is  known  promptly  to  return  and 
usually  covers  a  larger  area  than  it  originally  occupied, 
but  it  is  extremely  rare  to  see  the  lesion  break  down, 
suppurate,  or  degenerate  into  malignancy.  Of  course, 
in  positions  subjected  to  constant  irritation  from 
rubbing  by  clothing  or  other  irritation  the  latter 
might  take  place,  as  sometimes  occurs  in  parts  not 
keloidal. 

Treatment. — From  the  foregoing  it  will  be  seen  that 
no  very  satisfactory  means  of  getting  rid  of  keloid 
has  been  found.  Removal  by  the  knife  if  attempted 
should  extend  beyond  the  margin  of  the  growth,  the 
object  being  to  remove  the  implicated  blood-vessels 
which  are  known  to  extend  beyond  the  tumor  line. 
In  small  growths  this  might  be  done  with  a  possibility 
of  its  being  successful.  Hardaway26  advised  electro- 
lysis, but  experience  has  demonstrated  this  to  be  only 
partially  successful.  Linear  scarification  has  been 
strongly  recommended  by  Vidal26  and  others.  I  have 
seen  improvement  and  in  some  cases  a  marked  diminu- 
tion in  the  tumor  by  this  method.  To  be  effectual 
the  incisions,  preferably  after  local  anesthesia,  should 
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extend  deeply  through  the  entire  thickness  of  the 
mass  and  also  two  or  three  millimeters  beyond  the 
margin.  Cross  and  oblique  sections  should  be  made. 
The  cuts  should  be  about  two  millimeters  apart. 
Repeated  operations  are  necessary  and  Vidal  con- 
tinued the  scarifications  until  a  soft,  smooth  scar  re- 
sulted or  the  patient,  as  often  happened,  disappeared. 
But  this  method  too  does  not  invariably  nor  wholly 
cause  the  growth  to  disappear.  The  Rontgen  rays 
in  recent  years  have  been  used  and  some  favorable 
results  are  reported.  From  radium  even  better  and 
more  uniform  results  might  be  expected,  because  of  its 
easier  manipulation  and  less  liability  to  indolent 
burns  so  frequently  seen  when  the  .r-rays  have  been 
used  unskilfully,  rendering  the  condition  more  deplor- 
able than  before  treatment.  If  x-rays  are  used  the 
exposures  should  be  short  and  a  sufficient  interval 
allowed  to  avoid  a  cumulative  effect. 

Internally  thiosinamin  has  been  recommended  but 
I  have  found  it  inert  in  the  cases  thus  treated.  Hypo- 
dermically,  more  promise  was  entertained  of  its 
efficacy,  but  again,  I  am  not  aware  of  any  brilliant 
results  recorded."  The  injection  of  necrotic  sub- 
stances such  as  creosote  have  been  employed  by 
Balzar  and  Mousseaux,28  causing  necrosis  and  final 
destruction  of  the  growth.  Compression  is  also 
recommended  either  by  an  elastic  bandage  or  with 
mercurial  plaster. 

From  the  foregoing  it  may  be  inferred  that  of  the 
various  measures  occasionally  one  will  be  found  that 
seems  to  possess  a  curative  effect,  yet  there  are  none 
that  are  uniformly  successful.  It  is  therefore  ex- 
pedient to  select  the  form  of  treatment  which  seems 
best  suited  to  the  special  case.  When  small,  pea  to 
bean  sized,  it  might  be  removed  by  the  knife,  the 
incision  going  about  five  millimeters  beyond  the 
tumor;  if  vascular,  as  evidenced  by  its  red  color, 
linear  scarifications  followed  by  mild  antiseptic 
applications  and  firm  pressure  are  indicated.  When 
covering  a  large  area  undoubtedly  the  x-rays  offer  the 
method  of  choice.  William  Thomas  Corlett. 
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Kentucky  Carlsbad  Springs. — Kentucky. 
Post-office. — Dry  Ridge.     Hotel. 

Access. — Via  the  Queen  and  Crescent  Railroad. 

The  springs  are  situated  on  the  Covington  and 
Lexington  Turnpike,  just  thirty-five  miles  from  Foun- 
tain Square,  Cincinnati,  Ohio.  The  water  was  acci- 
dentally discovered  during  the  boring  of  an  artesian 
well.  The  water  was  struck  at  1,100  feet  under- 
ground and  rose  in  the  well  700  feet.  The  following 
analysis  was  made  by  W.  Simonson : 

Parts  Graina  per 

per  Million  U.  S.  Gallon 

Total  dissolved  solids 4000.00  234.07 

Calcium  carbonate 178.0  10.40 

Magnesium  carbonate 104.4  0.09 

Sodium  sulphate  anhydrous 239.3  14.07 

Sodium  bicarbonate 75.0  4.30 

Sodium  hydrosulphide 88.50  5. 17 

Potassium  sulphate 100.8  5.88 

Ferrous  sulphide 12.5  .73 

Strontium  carbonate 8.5  .50 

Lithium  carbonate 5.2  .30 

Sodium  bromide 1.22  .07 

Sodium  chloride 3138.0  183.23 

The  water  is  entirely  free  from  organic  matter. 
It  looks  very  much  like  ink,  being  of  a  dark  greenish 
color.  It  is  beneficial  in  disorders  of  the  stomach, 
kidneys,  and  bladder,  and  in  catarrhal  and  rheumatic 
troubles.  Emma  E.  Walker. 


Kephir  is  the  product  resulting  from  the  action  of 
certain  yeasts  upon  cow's  milk.  By  the  influence  of 
a  lactase  existing  in  the  yeast  the  milk  sugar,  or  lac- 
tose, is  transformed  into  a  mixture  of  dextrose  and 
galactose.  These  monosaccharides  then  undergo 
alcoholic  fermentation  and  lactic  acid  fermentation 
owing  to  the  presence  of  certain  microorganisms.  The 
quantity  of  alcohol  formed  varies  between  one  and  3.5 
per  cent.,  and  that  of  lactic  acid  from  one  to  two  per 
cent.  Another  change  occurring  in  the  mixture  is 
the  partial  transformation  of  the  proteins  to  proteoses 
and  peptones,  so  that  the  final  result  of  the  chemical 
changes  results  in  the  production  of  a  substance  of  easy 
digestibility  with  significant  quantities  of  alcohol  and 
lactic  acid  present.  F.  P.  Underhill. 

Kerasin. — See  Cerebrosides. 

Keratin  isthe  basis  of  the  epidermal  structures  of 
the  body  such  as  skin,  hair,  nails,  horns,  hoofs,  feathers, 
wool,  etc.,  and  belongs  to  the  group  of  proteins 
designated  albuminoids.  Its  chief  characteristic  is 
its  great  insolubility  in  the  ordinary  reagents.  It  is 
not  dissolved  by  water,  alcohol  or  ether  but  is  slowly 
soluble  in  water  on  heating  to  150-200°  C.  On  heat- 
ing with  alkalies  it  also  dissolves.  It  is  not  dissolved 
by  gastric  juice  or  pancreatic  juice  and  it  gives  the 
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xanthoproteic  reaction  and  Millon's  test  for  protein 
although  the  lattei  may  not  be  characteristic.  Kera- 
tin may  also  be  present  as  neurokeratin  in  the  brain 
and  nerves. 

It  is  probable  that  there  are  a  number  of  keratins 
differing  slightly  chemically  according  to  origin,  thus 
from  the  keratin  of  sheep's  hoofs  about  two  per  cent, 
of  phenylalanine  may  be  obtained  whereas  in  the 
keratin  obtained  from  hair  and  feathers  this  amino 
acid  is  not  present.  The  keratins  differ  chiefly  from 
other  proteins  in  their  large  content  of  sulphur  which 
exists  in  the  form  t  hat  may  be  split  off  as  cystine.  As 
a  rule,  keratin  yields  the  same  amino  acids  on  cleavage 
that  are  characteristic  for  other  proteins. 

Fra.vk  P.  1'xdekhill. 

Keratitis. — See  Cornea,  Diseases  of. 

Keratohyalin. — See  Cornification. 

Keratosis  Follicularis. — Synonyms:  Psorosper- 
mosis Follicularis  Vegetans,  Keratosis  Vegetans,  Ich- 
thyosis Sebacea  Cornea,  Ichthyose  Noire  Cornee, 
Acne  sebacee  cornee,  Darier's  Disease. 

Definition. — Keratosis  follicularis  is  a  hyper- 
trophic affection,  characterized  by  pinhead-  to  pea- 
sized  horny  plugs,  embedded  in  funnel-shaped  dilata- 
tions   of  the  pilosebaceous  follicles. 


Fig.  3580.- 


-Keratosis  Follicularis.     (Dr.  William  H.  Mook's 
collection.) 


This  rare  affection  of  the  skin  was  almost  simul- 
taneously described  by  White  and  Darier.  It  had, 
however,  previously  been  recognized  under  other 
names  (Ichthyosis  follicularis,  Morrow)  although 
positive  histological  proof  was  lacking  of  their  being 
identical.  The  interesting  observations  of  Darier 
that  the  striking  cell  forms  found  in  the  skin  lesions 
which  he  at  first  conjectured  were  parasites  resembling 
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coccidia,  resulted  in  very  careful  examinations  on  the 
part  of  many  investigators,  as  well  as  the  reporting 
of  numerous  cases,  it  has  turned  out,  however, 
that  White  and  Bowen  were  correct  as  to  the  n 
of  this  disease  and  that  Darier's  protozoan  inter- 
pretation was  wrong. 

Symptoms. — The  primary  efflorescences  appear 
in  the  form  of  pinhead-sized  papules,  more  or  less 
raised  and  covered  with  greasy  scales  that  vary  in 
color  from  a  dirty  yellow  to  a  brown  black.  These 
scales  cling  together  with  considerable  tenacity; 
when  removed  they  frequently  show  on  their  lower 
surface  a  dingy,  conical  projection  that  does  not 
vary  much  in  color  from  the  normal  skin  and  is  not 
unlike  the  projection  of  keratosis  pilaris;  with  : 
difficulty  the  projection  may  be  rubbed  away. 
and  it  sometimes  corresponds  with  the  orifice  of  the 
sebaceous  follicle  and  always  with  the  funnel-shaped 
depression  of  the  upper  skin  which  is  independent 
of  the  follicle.  These  primary  lesions  become  expanded 
to  the  size  of  a  lentil  by  the  deposit  on  their  peripheries 
of  new  dirty-gray  or  black-brown  foci,  and  they  run  to- 
gether into  large  irregular  plaques  bordered  by  dissemi- 
nated primary  efflorescences;  the  surfaces  soon  appear 
more  or  less  warty.  The  plaques  growing  out  of  them 
may  also  attain  considerable  size — in  one  case  reported 
by  Darier,  these  hill-shaped  efflorescences,  devoid  of 
epidermis  ran  together  on  the  pubes  into  large  tumors 
separated  by  deep  furrows ;  they  were  bright  red  in  color 
and  showed  numerous  crater-like  orifices  containing 
secreted  pus  which  emitted  a  decided  odor.  Besides 
these  peculiar  changes  there  are  present,  in  almost 
all  the  recorded  cases  relating  to  the  scalp,  fatty 
yellow  to  brown,  and  often  slightly  warty,  masses 
of  scales  penetrated  by  hair.  Sometimes  these  were 
reddened,  moist,  and  excoriated,  at  other  times  they 
were  not  essentially  changed.  On  the  face  the  parts 
chiefly  involved  are  the  temples  and  the  cheeks  around 
the  alse  nasi.  The  dorsal  surfaces  of  the  hands,  feet, 
and  fingers  appear  at  times  to  participate  in  the  dis- 
ease process.  The  nails  are  almost  habitually  in- 
volved whether  like  changes  occur  in  the  fingers 
or  not;  they  are  generally  striated  longitudi- 
nally and  rent  or  fragmented  at  their  free  edges. 
On  the  trunk,  especially  the  sternal,  the  interscapular, 
and  the  sacral  regions  are  affected.  In  some 
instances  the  palms  and  the  soles  show  a  con- 
siderable callous  formation.  In  the  course  of  the 
affection  the  manifestations  exhibit  distinct  exacer- 
bations and  remissions.  This  condition  at  times 
almost  disappears  but  no  instance  of  actual  re- 
covery has  yet  been  reported.  At  the  sites  of 
many  of  the  follicles  the  hyperkeratosis  breaks 
down  with  ulcer  formation  while  the  wmole  of 
the  vegetating  mass  may  be  bathed  in  mucopuru- 
lent discharge.  The  subjects  of  the  malady  often 
emit  an  offensive  odor.  Bowen  suggested  the  pos- 
sibility of  the  lesions  becoming  epitheliomata  because 
of  the  persistence  and  development  of  the  disease; 
and  later  Wende  recorded  a  case  that  resulted  in 
multiple  epithelioma  showing  more  than  150  malig- 
nant growths  of  the  three  different  clinical  varieties, 
superficial,  deep,  and  papillary.  (See  Plate  XL, 
Fig.  1.) 

Etiology. — The  time  of  its  appearance  is  variable, 
though  it  generally  occurs  late  in  childhood,  or  early 
in  youth,  but  in  some  cases  it  is  deferred  to  a  period 
between  the  ages  of  twenty  and  thirty-five  years.  In 
a  case  of  Hallopeau's,  the  disease  first  appeared  in  the 
sixty-first  year.  MacLeod  first  called  attention  to 
the  fact  that  heredity  plays  some  part  in  the  etiology, 
and  his  opinion  has  been  supported  by  many  observers. 
Boeck  reports  it  in  a  father  and  his  sons.  White,  in 
a  father  and  daughter.  Trimble  observed  five  cases 
in  one  family  in  three  generations. 

The  bacteriological  examinations  have  been  con- 
stantly negative.     The  theory  advanced  by  Darier, 
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KERATOSIS 

Fig.   1. — Keratosis  Follicularis.     The  lesions    are    abundant    and    have    coalesced  into  papillomatous  masses. 

(Dr.  William  H.  Mook'a  collection.) 
Fig.  2. — Hyperkeratosis  of  the  Sole  of  the  Foot  following  Eczema.     (Author's  collection.) 
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and  later  elaborated  by  Wickham,  thai  tliis  variety 
of  keratosis  was  due  to  the  presence  of  psorosperms, 
or  coccidia,  has  been  abandoned  even  by  these  authori- 
ties themselves;  consequently,  the  precise  cause  of 
the  disease  still  remains  wholly  in  the  dark. 

Pathological  Anatomy. —  Upon  this  point  all 
authorities  have  reported  similar  results.  The 
changes  chiefly  occur  within,  or  in  close  proximity  to, 
the  mouths  of  the  pilosebaceous  excretory  ducts. 
These  are  dilated  so  as  to  form  funnel-shaped  open- 
ings, which  are  filled  with  a  mass  of  horny  cells  con- 
tinuous with  the  scales  that  cover  the  follicular  opin- 
ing. The  wall  of  the  follicle  is  composed  of  thick, 
horny  layers  limited  to  the  rete  cells.  The  epidermis 
generally  appears  more  or  less  thickened.  The  rete 
Malpighii  appears  as  if  hypertrophied;  the  interpap- 
illary  prolongations  are  lengthened  and  press  firmly 
against  the  corium.  The  epidermis  and  the  horny 
masses  constituting  the  summit  seem  partly  to  con- 
sist of  horny  lamellae  of  normal  appearance,  but 
heaped  up  one  upon  another  in  great  piles,  partly 
composed  of  abnormally  horny  cells  in  which  the 
nuclei  are  well  preserved.  Typical  of  the  affection 
is  a  defective  formation  in  the  lower  layers  of  the  rete 
Malpighii,  in  association  with  degenerated  cells, 
lymphoid  cells,  and  fibrin,  and  connected  with  the  de- 
generated processes  of  the  rete  cells.  There  also 
appear  in  the  epidermis  numerous  peculiar  elements 
which  Darier  has  designated  as  psorosperms.  These 
round  bodies  he  describes  are  corpuscles  which  show 
a  more  or  less  clearly  defined  cell  of  granulated 
protoplasm,  surrounded  by  a  refractive  membrane. 
Almost  all  authorities  at  the  present  time  believe 
that  the  psorosperms  of  Darier  are  only  degenerat  ive 
forms  of  the  rete  cells  and  that  they  are  not  an  ex- 
clusive phenomenon  of  keratosis  follicularis,  but  also 
occur  in  lichen  ruber  and  lupus  erythematosus. 
Darier,  however,  firmly  contends  that  their  abundance 
constitutes  a  characteristic  element  of  the  disease. 
Besides  these  changes,  there  is  an  increased  amount  of 
pigment  in  the  contents  of  the  basal  cell  layer  at  the 
periphery  of  the  efflorescence,  while  the  horny  layer  con- 
tains little  or  no  coloring  matter;  it  shows,  however, 
more  or  less  granular  pigment.  In  the  region  of  the 
elongated  papilla?  of  the  corium  there  is  generally 
found  a  moderate  infiltration,  which  has  been  de- 
scribed as  consisting  of  plasma,  connective-tissue 
or  mast  cells,  and  leucocytes.  Bowen's  conjecture 
that  the  lesions  might  become  malignant  is  apparently 
supported  by  Darier's  histological  findings  which  he 
considered  as  suggesting  those  of  epithelioma,  but  all 
authorities  describe  this  affection  as  non-malignant; 
nevertheless,  in  Wende's  case  which  began  as  a  benign 
keratosis  follicularis  as  shown  by  the  microscop- 
ical findings,  the  affection  while  under  observation 
developed  into  a  condition  of  epithelioma. 

Diagnosis. — The  diagnosis  of  a  well-developed 
case  presents  few  or  no  difficulties.  One  of  the  dis- 
eases it  early  resembles  is  keratosis  pilaris,  but  the 
presence  of  the  latter  on  other  characteristic  locations 
is  a  differential  point.  Another  disease  easily  dif- 
ferentiated is  acanthosis  nigricans  which  involves 
the  mucous  membrane,  presents  warty  deeply  pig- 
mented growths  and  is  associated  with  visceral  in- 
volvement. It  differs  from  molluscum  epitheliale 
in  being  more  generalized,  and  does  not  exhibit  an 
enucleable  mass  containing  the  so-called  molluscum 
bodies.  This  disease  bears  close  resemblance  to 
some  types  of  ichthyosis,  but  careful  study  enables 
one  to  differentiate  it;  ichthyosis  being  congenital, 
the  former  being  acquired. 

Prognosis. — The  prognosis  is  unfavorable,  as  shown 
in  nearly  all  the  cases  heretofore  reported,  in  which 
the  disease  has  lasted  for  years  without  undergoing 
spontaneous   involution.     The  general  health  of  the 


patient  is  unaffected,  other  than  in  I  lie  way  of  sub- 
jective sensations. 

Treatment. — Heretofore  little  benefit  has  been 
derived  from  therapeutic  measures.  A  heightened 
irritability  of  the  skin  limits  the  use  of  the  common 
remedies  employed  in  hyperkeratosis,  such  as  salicylic 
acid,  resorcin,  pyrogallic  acid,  and  chrysarobin. 
Sulphur,  especially   dial    form   known  as   Yleminekx's 

solution,   is  applied  to  the  affected  places,  later  they 

are    scrubbed    With   soap  and    water,   carefully    dried, 

and  then  covered  with  some  soothing  application,  In 
general,  the  remedies  for  eczema  seborrhoicum  should 

be  tried,  as  there  are  striking  ana  logics  between  the  two 
diseases.  Marked  improvement  has  been  recorded 
from  thermocauterizal  ion  by  both  the  Paquelin  and 
the  galvanic  cauteries.  Recently,  many  have  an- 
nounced that  by  the  use  of  away  the  lesions  can  be 
made  to  disappear  entirely  although  there  is  a 
tendency  to  relapse;  a  few  instances  of  cure  have 
been  recorded.  Grover  \V.  Wexde. 
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Keratosis  Follicularis  Contagiosa. — This  type 
is  the  same  as  that  which  was  formerly  character- 
ized by  the  name  of  acne  sebacea  cornea,  an  appellation 
originally  bestowed  upon  it  by  Dr.  Prince  A.  Morrow; 
the  term  contagiosa  was  added  by  Dr.  H.  G.  Brooks, 
the  first  to  describe  this  particular  association. 

The  type  begins  with  small,  black  points,  usually 
on  the  elbows  and  knees,  afterward  extending  up  the 
arms  and  thighs  and  finally  invading  the  greater  part 
of  the  surface  of  the  body.  The  face  may  also  be 
affected,  while  the  scalp  remains  free;  the  distribution 
is  symmetrical.  The  black  points  soon  become  promi- 
nent. Coupled  with  these  are  large,  sharp-pointed 
comedones  around  which  papules  are  finally  developed, 
some  of  which  become  inflamed.  Most  of  the  cases 
reported  occurred  in  children  although  a  few  sporadic 
cases  have  been  reported  in  adults.  Clinically  it  some- 
what resembles  Darier's  disease  but  histologically  psoro- 
sperm  bodies  are  not  found  in  the  lesions.  The  lesions 
mostly,  although  not  exclusively,  occupy  the  piloseba- 
ceous follicles,  and  consist  essentially  of  a  hyperplastic 
proliferation  of  the  epithelial  cells,  combined  with 
modification  of  the  process  of  keratinization  which 
allows  them  to  preserve  their  vitality  during  a  longer 
period  than  that  pertaining  to  inflammatory  exu- 
dations. The  lower  layers  of  the  stratum  granu- 
losum  are  primarily  attacked,  not  only  at  the  level 
of  the  sebaceous  follicles,  but  also  in  the  excretory 
duct  of  the  sudoriparous  glands,  and  in  the  inter- 
papillary  prolongations  of  the  epidermis.  No  micro- 
organisms were  found  in  the  cases  quoted  by  Brooks. 
The  contagious  nature  of  the  disease  was  simply 
conjectured  on  account  of  its  distribution  and  for 
the  reason  that  it  affected  the  entire  family  at  the 
same  moment.  Grover  W.  Wexde. 
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Keratosis  Palmaris  et  Plantaris. — Synonyms: 
Keratoderma  palmare  et  plantare  hereditarium, 
ichthyosis  palmaris  el  plantaris,  tylosis  palmae  et 
plantse,  .symmetric  keratodermia. 

Definition. — Keratoderma  of  the  palms  and  of  the 
soles  is  an  affect  inn  characterized  by  a  tliickening  of 
the  horny  layer,  leathery  in  consistence,  yellow  or 
brown  in  color,  and  more  or  less  symmetrical  in 
distribution. 

From  a  purely  clinical  point  of  view,  this  variety  of 
keratoderma  is  a  definite  term  applied  to  conditions  of 
thickening  of  epidermis  from  several  and  distinct 
causes — for  example,  lupus  which  is  always  accom- 
panied by  thinning  of  the  epidermis  is  frequently 
associated  with  hyperkeratosis  at  these  sites;  while 
dry  eczema  which  is  usually  accompanied  by  extensive 
desquamation  of  the  increased  epidermal  tissue,  at 
these  sites  often  produces  a  keratoderma.  Clinically, 
therefore,  keratosis  in  default  of  histological  eharacter- 
ist  ics  is  strict  ly  an  hypertrophy  of  the  horny  layer  of  the 
skin.  It  is  generally  maintained,  however,  that  the 
palms  and  soles  are  regions  of  specialized  dermal 
structure  and  not  comparable  to  other  parts  of  the 
body.  By  reason  of  their  situation,  and  the  necessary- 
exposure  to  the  influence  of  external  irritation,  the 
hands  and  feet  are  affected  by  a  given  disease  in  a 
manner  different  from  other  parts  of  the  body. 
There  can  be  no  doubt  that  in  the  future,  no  matter 
what  classification  is  adopted,  the  diagnosis  will  be 
founded  upon  characteristics  revealed  by  the  micro- 
scope. As  keratoderma  is  the  outcome  of  different 
conditions,  some  general  and  diffuse  and  some  local,  a 
satisfactory  classification  is  extremely  difficult.  It 
may  be  congenital;  it  may  be  due  to  psoriasis, 
eczema,  lichen  planus,  pityriasis  rubra  pilaris,  syphilis 
in  either  the  secondary  or  tertiary  stage,  and  even 
gonorrhea. 

Congenital  Type  Palmar  and  Plantar  Keratosis. — 
As  a  rule,  the  disease  is  observed  during  the  first 
weeks  of  life,  yet  its  development  is  often  delayed 
until  the  close  of  the  first  year,  or  even  as  late  as  the 
third  or  fourth  year.  It  begins  as  a  diffuse  redness 
of  the  palms  and  soles;  later  it  becomes  scaly  and 
the  redness  disappears,  when  the  condition  is  estab- 
lished and  the  epidermal  thickening  commences.  At 
certain  points  it  may  become  circumscribed  and 
resemble  a  callus  (Fig.  3581).  In  the  folds  of  the 
flexures  there  are  often  deep  rhagades.  In  extreme 
cases  the  horny  layer  is  ploughed  into  fissures 
of  a  greater  or  lesser  depth.  The  abnormal  epi- 
dermal thickening  of  the  involved  areas  generally 
stops  abruptly,  conforming  to  theoutline  of  the  palms, 
but  quite  often  it  extends  to  the  back  of  the  fingers. 
The  horny  carapace  sometimes  preserves  its  natural 
color — an  amber  yellow — or  may  become  gray  or 
black  by  the  penetration  of  dust.  Its  surface  is 
wrinkled,  and  it  desquamates  in  the  form  of  irregular 
masses  producing  a  mosaic-like  appearance  or  a  rough 
surface  resembling  the  bark  of  a  tree.  It  may  some- 
times affect  other  parts  of  the  body,  such  as  the 
knees  and  elbows.  Once  established,  the  disease  con- 
tinues indefinitely  and  is  likely  to  be  worse  in  winter. 

In  considering  acquired  palmar  and  plantar 
keratosis  the  several  different  forms  demand  separate 
description. 

Hyperidrosis  Type. — Keratosis  of  the  palms  and 
soles,  developing  in  adults,  due  to  hyperidrosis  which 
latter  is  probably  caused  by  some  central  neuroses, 
and  it  is  also  influenced  by  weather.  This  variety  may 
also  be  due  to  toxic  causes  such  as  alcohol,  tobacco,  or 
foods,  and  even  be  due  to  constitutional  conditions. 
The  palms  or  soles,  or  both,  are  at  first  erythematous, 
cool,  and  damp;  later  hyperkeratosis  appears  super- 
ficially on  the  palmar  orplantar  surfaceof  all  the  digits 
and  ontheanteriorand  inferior  extremities  of  the  meta- 
carpus or  metatarsus;  being  especially  pronounced  near 
the  summit  of  the  thenar  eminences.     On  the  feet  the 

720 


keratosis  is  better  defined  than  on  the  hands.  The 
keratinized  patch  is  usually  surrounded  by  an  erythe- 
matous border;  upon  removal  of  the  horny  layer  even 
the  elongated  papillae  give  evidence  of  hypertrophy. 
There  is  no  pain  except  when  fissures  are  present;  the 
affected  areas  being  usually  soft  because  moistened 
by  the  effused  sweat.  The  nails  are  often  affected. 
The  condition  varies  with  that  of  the  general  health, 
and  by  treatment.  Patients  complain  bitterly  of 
soreness  and  discomfort  when  the  hyperkeratosi-  i- 
excessive. 

Arsenical  Type. — Hyperkeratosis  is  one  of  the  prin- 
cipal effects  of  the  prolonged  ingestion  of  arsenic; 
this  variety  is  most  marked  on  the  palms  and  soles, 
though  it  may  involve  the  skin  elsewhere.      In  the 


Fig.  3581 


-Congenital  Keratoderma  of  the  Palm  of  the  Hand. 
(Dupre  et  Mosny.) 


not  very  rare  mild  variety  the  palms  and  soles  become 
slightly  dry  and  the  epidermal  markings  coarse  and 
exaggerated,  with  here  and  there  small  readily  re- 
moved white  horny  granules  about  the  size  of  a  pin- 
head.  In  the  more  pronounced  forms  which  appear 
only  after  arsenic  has  been  taken  for  a  long  time,  the 
horny  layer  becomes  uniformly  thick,  compact  in 
structure,  amber  in  color,  very  firm  to  the  touch  and 
without  rhagades;  at  other  times,  however,  it  becomes 
grained  or  shagren-like.  With  hyperidrosis  the  parts 
are  soft  and  moist;  should  the  sweat  be  normal,  the 
hyperkeratosis  will  be  found  usually  dry. 

Eczema  Type. — Palmar  and  plantar  keratosis  occurs 
most  frequently  in  association  with  eczema.  It  may 
attack  the  hands  alone  or  more  rarely  the  feet ;  it 
often  attacks  all  the  extremities.     It  may  be  symmet- 
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rical  but  usually  one  side  is  more  affected  than  the 
other.  Itching,  is  a  constant  symptom,  although  a1 
times  it  may  be  slight.  Palmar  and  plantar  keratin- 
ized eczema  is  a  disease  especially  belonging  in  old 
age.  The  hyperkeratosis  as  the  result  of  eczema  of 
the  soles  presents  abou.1  the  same  characteristics  as 
that  observed  in  tin-  palms,  although  I  lie  hyperl rophy 
of  the  horny  layer  is  more  marked  (Plate  XL, 
Fig.  2).  It  forms  a  hard,  gray,  more  or  less  black 
shell  around  the  heel,  displaying  a  great  number  of 
quadrangular  crevasses  characterized  by  long  and 
deep  rhagades  which  run  in  various  directions  and 
cause  considerable  discomfort  to  the  patient.  While 
hyperkeratosis  has  been  rated  as  a  frequenf  complica- 
tion of  eczema,  nevertheless  the  percentage  of  occur- 
rence is  small. 

Psoriasis  Type. — Palmar  and  plantar  keratosis  the 
result  of  psoriasis  occurs  only  when  psoriasis  is  found 
on  other  parts  of  the  body;  it  is  rare  for  psoriasis 
to  occur  on  palms  and  soles  alone.  It  develops 
at  the  periphery  of  the  lesions;  the  edges  alone  show- 
ing hyperkeratosis  in  the  form  of  a  distinct  border 
surrounding  the  desquamating  psoriatic  lesion  which  by 
splitting  produces  wdiitish  worm-eaten  looking  spots 
characteristic  of  this  type. 

Lichen  Planus  Type. — Keratosis  of  the  palms  and 
soles  due  to  lichen  planus  is  rare  and  does  not  always 
accompany  this  disease.  It  is  found  alike  in  the  local 
and  generalized,  and  in  the  acute  and  chronic  forms 
in  all  of  which  the  palms  and  soles  are  covered  with 
papules  having  an  hypertrophied  epidermis.  Later, 
in  the  more  chronic  cases  these  surfaces  are  covered 
with  a  thick,  horny,  yellow  translucent  layer. 

Pityriasis  Rubra  Type. — Inthisrare  disease  which  is 
never  confined  to  the  hands  and  feet,  the  keratosis 
affects  only  these  parts.  The  palms  and  soles  are  at 
first  scaly  but  subsequently  become  hyperkeratotic. 

Syphilitic  Type. — Here  the  keratoderma  differs  with 
the  stage  of  the  disease.  During  the  secondary  stage 
it  shows  itself  especially  on  the  palms  of  the  hands. 
The  older  the  lesions,  the  thicker  becomes  the  epider- 
mis when  desquamation  slowly  takes  place.  In  the 
tertiary  stage,  w-hen  palmar  syphilides  are  more  fre- 
quent and  extensive,  the  areas  often  become  infiltrated 
and  covered  with  a  thick,  horny  epidermis,  frequently 
raised  like  collarettes  cut  by  deep  rhagades. 

Gonorrheal  Type. — Under  the  name  of  keratoderma 
blennorrhagique,  Vidl,  Jacquet  and  Ghika,  Chaufiard, 
Simpson,  and  Sabotkahave  described  this  affection  of 
the  skin,  accompanying  gonorrhea.  This  form  of  kera- 
tosis occurs  especially  in  the  course  of  repeated  attacks 
of  gonorrhea  with  severe  articular  and  general  mani- 
festations; both  palmar  and  plantar  surfaces  are 
usually  involved  although  it  may  appear  upon  the 
trunk.  In  a  typical  case,  the  epidermis  is  thickened 
with  slightly  elevated  dark  brown  nodular  patches 
with  uneven  surface  of  variable  size,  one-half  to  three 
centimeters  in  diameter;  the  intervening  areas  are 
covered  with  a  naturally  colored  parchment-like 
thickening  of  the  epidermis. 

Etiology. — Heredity  ;s  an  important  etiological 
factor  in  only  the  congenital  type  in  which,  like  ichthyo- 
sis, keratosis  tends  to  attack  the  same  sex  in  a  given 
family.  When  acquired,  keratoderma  may  be  asso- 
ciated with  disturbance  of  the  heart,  lungs,  nervous 
system,  or  general  bodily  health;  marked  tachycardia 
or  bradycardia  may  be  present.  One  of  the  common 
causes  in  the  production  of  keratoderma  is  the  reme- 
dial use  of  arsenic;  it  has  even  resulted  from  drinking 
water  and,  in  England,  beer  which  contained  the  drug. 
Local  irritations  play  a  very  important  part,  as  kerato- 
sis from  contact  with  acids  or  alkalies,  or  from  trau- 
matism such  as  the  habitual  use  of  tools.  Another 
cause  is  the  inflammatory  change  in  certain  dermatoses 
as  eczema,  psoriasis,  syphilis,  and  lichen  planus. 
A  remarkable  etiological  factor  is  the  infection  of 
gonorrhea  that  has  become  constitutional. 
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Pathology.  'I'he  pathology,  while  meager,  corre- 
sponds in  general  with  I  ha  I  of  callosities.  liesniei  and 
Balzarhave  noted  thai  the  horny  layer  for  a  great  part 

of  its  depth  is  in  I'll  (rated  with  eleidin;   that  t  here  i 

increased  thickness  of  all  the  layers  "i  Hie  epidermis; 
that  the  pa pil hi'  aie  sometimes  elongated  and  thinned 

and  a  I  other  I  i a  thickened  and  shortened  by  reason 

of  the  multiplication  "i  the  cells  which  compose  them; 

and  that   beneath  t  his  layer  of  shortened  papillae  then 
is  found   in   many   cases,   a    hyperemia   of   the    upper 

layer  of  the  derma.     The   histological   findings    re- 
ported by  Brooks  and  Roberts  in  an  article  relating 

to  t  he  action  of  arsenic  on  the  skin  were  corroborative. 
An  examination  of  sections  of  the  lesions  affected 
by  acute  erythematous  hyperkeratosis  showed  that 
I  he  pathological  changes  presented  an  hypertrophy  of 
the  epidermis,  especially  of  the  stratum  mucosum. 
The  cells  were  large,  with  well-proportioned  nucli 
they  had  clearly  defined  walls,  and  revealed  very 
distinct  prickles.  There  was  no  edema  or  mitosis. 
An  accumulation  of  horny  cells  appeared  in  the  upper 
layers  of  the  epidermis.  If  the  lesions  had  been  ub 
jected  to  the  influence  of  arsenic,  the  vertical  cells 
drooped  and  leaned  to  one  side,  were  filled  with  pig- 
ment granules,  and  the  nuclei  were  changed  in  shape. 
Later,  the  process  of  degeneration  set  in,  ending  in 
atrophy.  The  rete  had  almost  entirely  disappeared 
and  at  times  only  one  or  two  rows  of  cells  remained 
behind;  the  stratum  granulosum  and  stratum  lueidum 
showed  marked  evidence  of  degeneration.  The  epithe- 
lium was  reduced  to  a  very  thin  layer,  with  the  entire 
disappearance  of  the  stratum  lueidum,  which  showed 
horny  plates.  In  the  later  chronic  stages  the  whole 
of  the  epidermis  was  filled  in  with  pigment,  producing 
a  black  discoloration.  The  excretory  portion  of  the 
sweat  glands  was  stained  black  by  osmic  acid,  leading 
to  the  conclusion  that  the  amount  of  fat  had  been 
increased;  finally  the  sweat  and  sebaceous  glands 
showed  atrophy. 

Diagnosis. — Keratosis  palmaris  et  plantaris  due  to 
eczema  is  differentiated  by  the  presence  of  the  well- 
defined  inflammatory  symptoms,  by  the  presence  on 
other  portions  of  the  body,  by  the  variability  in 
symptoms,  and  by  the  limitations  of  the  plaques. 
Where  due  to  psoriasis  it  is  distinguished  at  the 
beginning,  by  the  distinct  papules  of  psoriasis  and, 
later,  by  the  marginate  disposition  of  the  keratoM-. 
Palmar  and  plantar  keratosis  due  to  syphilis  is  always 
to  be  considered  with  caution,  and  especially  to  be 
distinguished  from  psoriasis  of  the  same  regions.  The 
differences  lie  in  the  multiplicity  of  the  lesions  in 
syphilis,  their  redness,  the  more  marked  infiltration  of 
the  border,  and  the  presence  of  bulky  and  horny  scales. 
The  external  appearances  of  arsenical  keratoderma 
are  very  characteristic;  almost  invariably  there  will 
be  found  a  symmetrical  hyperkeratosis  of  the  hands 
and  feet,  with  a  horny  layer  which  has  an  almost 
uniform  thickness,  supple  and  without  fissures. 

Prognosis. — Congenital  keratoderma  is  most  un- 
comfortable as. well  as  incurable.  Sometimes  it  is 
so  severe  as  to  interfere  with  all  manual  labor  which 
requires  delicacy  of  touch.  All  types  of  this  disease 
that  are  secondary  manifestations  are  curable, 
although,  under  the  most  favorable  circumstances, 
they  are  exceedingly  resistant  to  treatment,  and 
require  long  periods  for  their  permanent  relief. 

Treatment. — For  the  hereditary  type  of  kera- 
toderma, arsenic  in  large  doses,  particularly  the  arsenite 
of  sodium,  has  been  recommended  by  Brocq.  There 
are,  however,  many  misgivings  among  physicians  as 
to  its  virtue.  The  only  practical  treatment  is  local — 
the  attempt  should  first  be  made  to  cure  the  rhagades 
by  proper  applications  and  by  the  removal  of  the 
horny  masses.  Afterward  such  measures  should  be 
adopted  as  will  tend  to  arrest  the  persistent  tendency 
to  reproduce  layer  after  layer  of  a  horny  character. 
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Hyperkeratosis  due  to  arsenic  is  of  course  cured  by 
discontinuing  the  use  of  the  drug.  When  it  is  due  to 
eczema  the  treatment  consists  in  suppressing  the 
local  or  general  influence  which  has  produced  that  dis- 
ease. When  it  is  the  result  of  occupation  or  of  contact 
with  irritating  substances,  the  occupation  must  be 
abandoned  and  the  substances  avoided.  The  internal 
treatment  indicated  for  lichen  planus  and  for  pityri- 
asis rubra  pilaris  should  be  carried  out  when  kerato- 
derma  is  associated  with  either  of  these  affections. 
The  local  treatment  in  all  types  is  about  the  same — 
prolonged  maceration  of  the  parts,  followed  by  sham- 
pooing with  green  soap,  supplemented  by  strong  plas- 
ters of  salicylic  acid  or  resorcin.  One  of  the  best 
keratolytic  ointments  is  made  up  of  eugallol  half  a 
dram,  oil  of  cade  half  a  dram,  to  the  ounce  of  base. 
Mercurial  plasters  may  also  be  used  to  advantage.  A 
very  good  treatment  is  recommended  by  Unna;  it 
consists  in  dressing  the  affected  part  with  compresses 
immersed  in  a  two-per-cent.  solution  of  resorcin, 
and  then  enveloping  these  with  rubber  tissue.  These 
dressings  are  to  be  worn  at  night,  removed  in  the  morn- 
ing, and  followed  by  an  application  of  salicylic-acid 
ointment.  The  x-ray  gives  very  satisfactory  results  in 
the  congenital  as  well  as  the  several  acquired  types. 

Grover  W.   Wende. 
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Keratosis  Pilaris. — Synonyms:  Cacotrophia  Fol- 
liculorum,  Folliculitis  Rubra,  Keratosis  Follicularis, 
Keratosis  Suprafollicularis,  Lichen  Pilaris,  Ulery- 
thema Ophryogenes,  Follicular  Xeroderma,  Ichthyose 
anserine  des  Scrofuleux. 

Definition. — Keratosis  pilaris  is  a  hypertrophic 
affection  of  the  skin  not  uncommonly  seen  on  the  outer 
anterolateral  and  posterolateral  aspects  of  the  thighs 
and  arms,  due  to  the  formation  of  small  horny  eleva- 
tions about  the  apertures  of  the  hair  follicles. 

This  form  of  hyperkeratosis  was  originally  de- 
scribed by  Hyde  and  later  by  Brocq  as  a  separate  dis- 
ease. It  had  previously  been  regarded  as  one  of  the 
manifestations  of  ichthyosis,  with  which  it  often 
coincides,  but  from  which  it  differs  in  localization, 
histopathology,  and  evolution.  This  condition — 
one  of  horny  plugs  or  filiform  spines  in  the  hair 
follicles — is  a  feature  of  many  dermatoses  as  is  indicated 
by  its  prolific  nomenclature.  The  many  synonyms 
are  due  to  a  modification  of  the  common  name  by 
adjectives  to  express  the  varied  dermatoses  with  which 
it  is  associated,  thereby  apparently  indicating  many 
different  conditions. 

Symptoms. — In  its  most  common  form,  keratosis 
pilaris  is  characterized  by  pointed  pinhead-sized 
elevations,  one-half  to  one  millimeter  in  height,  devel- 
oped around  hairs.  These  horny  plugs  are  usually 
of    a    dirty-white  or  grayish  hue  pierced  by  a  lanugo 


hair  from  the  follicle  about  which  the  abnormal  con- 
dition exists.  These  plugs  can  be  easily  picked  out, 
leaving  a  depression  without  any  apparent  inflam- 
matory appearance.  The  skin  between  the  papules 
is  harsh  and  dry.  and  may  at  times  present  the  appear- 
ance of  an  ichthyosis.  In  more  marked  cases  the 
lesions  arc  distributed  without  order  on  a  normal  or 
an  ichthyotic  skin.     (Fig.  3582.) 

It  is  not  uncommon  for  the  milder  forms  to  be  so 
slight  as  to  escape  recognition  because  of  a  rough 
resemblance  to  goose  flesh;  in  other  cases  the  lesions 


Fig.  3582. — Keratosis  Pilaris.     (Courtesy  of  Drs.  Fordyce  and 
MacKeeJ 

are  very  pronounced  and  may  be  distributed  over  a 
considerable  part  of  the  body.  Its  development  is 
slow  and  indefinite,  more  marked  during  cold  weather 
which  gives  rise  to  sluggish  action  of  the  sweat  and 
sebaceous  glands.  The  hair  assailed  is  more  or  less 
atrophied,  is  seen  to  pierce  each  papule,  and  may  be 
twisted;  its   caliber  is  often  unequal. 

The  middle  portion  of  the  back  of  the  arms,  as  well 
as  the  forearm,  the  buttock,  and  the  front  of  the  leg 
above  the  knees,  may  be  involved.  The  flexor  surfaces 
and  the  middle  of  the  trunk  alone  remain  free.  On 
the  face  the  eruption  presents  peculiar  characteristics; 
the  prominences  are  very  small  and  confluent,  their 
presence  suggesting  congestion.  Brocq  describes  a 
type  the  favorite  seats  of  which  are  the  face  and  the 
forehead,  where  it  forms  two  red  plaques  above  the 
internal  third  of  the  eyebrow,  occupies  either  the  in- 
ternal or  external  front  of  the  ear,  or  is  disposed  in  a 
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vertical  plaque  reaching  from  the  temple  to  the  angle 

of  the  jaw.  The  space  between  the  eyebrows  or 
the  middle  of  the  chin,  in  very  pronounced  cases,  may 
be  involved.  The  scalp  presents  desquamation  like 
thai  of  seborrhea.  Brocq  lias  observed,  in  connec- 
tion with  keratosis,  the  formal  inn  of  circumpolar 
papules  and  cicatricial  atrophy,  both  of  which  he  con- 
nects with  moniliform  aplasia  of  the  hairs  of  the  head 
and  body.  This  condition  corresponds  to  the  ulery- 
thema ophryogenes  of  Taenzer  and  Unna  and  the 
xeroderma  of  Besnier. 

Etiology. — This  disease  is  shared  in  greater  or 
lesser  degree  by  a  majority  of  the  people.  It  is  usually 
attributed  to  lack  of  bathing,  but  may  occur  in  persons 
who  scrupulously  observe  hygienic  rules.  It  may 
appear  before  puberty,  although, as  a  rule  it  (hies  not . 
It  is  wanting  where  the  hairs  are  atrophied,  and  it 
becomes  attenuated  and  finally  disappears  with 
advancing  age,  the  pilar  system  having  become  more 
atrophied.  The  disease  is  seen  most  frequently  in 
persons  having  a  thick,  coarse,  dark-colored  skin. 

Pathology. — Keratosis  pilaris  is  essentially  charac- 
terized by  a  hypergenesis  of  the  epidermic  cells  in  the 
hair  follicle.     The  cells  of  the  Malpighian  layer  in  the 


Fig.  3583. — Keratosis  Pilaris.  Showing  funnel-shaped  plug  dis- 
tending follicle.  It  is  continuous  on  either  side  with  the  hyper- 
trophied  horny  layer  and  rises  above  surrounding  level.  (Courtesy 
of  Dr.  John  A.  Fordyce.) 

hair  follicle  are  found  to  undergo  rapid  cornification 
and  to  be  arranged  loosely  around  the  hair  shaft,  so  as 
to  form  a  plug  which  projects  above  the  surface.  (Fig. 
3583.)  The  hair  shafts,  when  included,  are  often  twisted 
and  deformed  and  the  papilla?  of  the  root  are  reduced 
in  size,  or  entirely  wanting.  Patches  of  necrosis 
are  found  here  and  there  at  the  point  of  insertion  of 
the  arrectores  pilorum.  On  the  other  hand,  actual 
infiltration  may  occur,  usually  affecting  the  super- 
ficial rather  than  the  deeper  portions  of  the  follicles. 
Giovanni  found  in  many  cases  that  the  sebaceous 
glands  were  entirely  wanting,  while,  in  the  others  they 
were  reduced  in  size.  As  a  rule,  the  sweat  glands 
are  unaffected. 

Diagnosis. — Keratosis  pilaris  differs  from  goose- 
flesh  (cutis anserina)  in  its  permanency  and  in  the  fact 
that  it  is  uninfluenced  by  temperature.  Pityriasis 
pilaris  rubra  is  the  only  dermatosis  which  is  likely  to 
simulate  the  affection.  However,  there  is  this  dif- 
ference, pityriasis  pilaris  rubra  is  characterized  by 
peripolar  and  squamous  prominences,  exhibiting  a  pe- 


culiarly dark  and  smirched  appearance,  on  the  bai  i.  ol 
the  fingers;  by  the  affection  of  the  nails;  and,  final]} , 
by    palmar    and   plantar  desquamation.     Kerato  i 

pilaris  is  distinguished  from  the  papular  syphilids 
By  its  pel  i  I'  nils  unchaimiiig  character  and  tin- 
absence  of  specific  concomitants. 

Prognosis. — The  general  health  is  in  no  wise  af- 
fected by  the  disease,  even  when  most  pronounced. 
The  disease  is  curable,  but,  without  proper  treatment, 
may  last  indefinitely. 

TREATMENT. — Frequent  baths  with  the  use  of  a 
proper  toilet  soap,  or,  better  still,  sapo  viridis,  will 
usually  be  found  curative.  Alkaline.  Turkish,  and 
vapor  baths  will  also  be  useful,  although,  in  very 
obstinate  eases,  Brocq  considers  that  the  surest 
treatment  is  the  destruction  of  the  hair  follicles  by 
electrolysis.  Groveh  \V.  Wende. 
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Kerion. — See  Tineas. 

Ketoses. — As  an  example  of  a  ketose  may  be  cited 
the  monosaccharide  sugar  levulose.  Levulose  is  a 
ketone  derivative  of  a  polyhydric  alcohol  and  inas- 
much as  all  carbohydrates  are  characterized  by  the 
suffix  "ose"  all  ketone  carbohydrates  are  designated 
as  ketoses.    See  also  Aliment.  F.  P.  U. 


Key,  Ernst  Axel  Henrik. — A  distinguished  Swed- 
ish medical  authority  and  hygienist  of  the  nineteenth 
century.  Born  in  Smaland,  Sweden,  in  1832.  He 
received  his  doctor's  degree  in  1862,  and  during  the 


Fig.  35S4. — Ernst  Axel  Henrik  Key. 

same  year  was  chosen  Professor  of  Pathological  Anat- 
omy in  the  Caroline  Medical  Institute  of  Stockholm. 
In  1SS6  he  became  Rector  of  this  school,  and  he  re- 
tained this  office  up  to  the  year  1897,  when  he  resigned 
his  professorship  and  accepted  a  pension  from  the 
State.     He  died  in  1901. 

Only  a  few  of  Key's  writings  bear  German  titles, 
the  remainder  having  been  published  in  Swedish. 
The  few  referred  to  are  the  following:  "Experi- 
mentelle  Untersuchungen  fiber  die  Entzlindung  der 
Hornhaut,"    written    in    association    with    C.    Wallis 
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and  published  in  Virehow's  Arckiv,  In7_';  "Sohul- 
hyeienische  Untersuehungen,"  1S89;  and  "Die 
Pubertatsentwickelung  und  das  Verhaltniss  derselben 
zu  den  Krankheitserscheinungen  der  Schuljugend," 
Berlin,  1890.  A.    II.   B. 

Key  West. — See  Florida. 

Kidneys,  Amyloid    Disease    of    the. — Synonym,: 

Lardaceous  or  waxy  kidney. 

History. — The  names  of  Rokitansky,  Meckel,  and 
Virchow  are  intimately  associated  with  the  earlj 
history  of  this  degeneration.  In  1842,  Rokitansky 
described  the  gross  pathology  of  the  lardaceous  kid- 
ney, and  spoke  of  it  as  a  separate  form  of  Bright's 
disease.  Before  this  time  it  was  considered  a  simple 
form  of  Bright's.  Later  Meckel  emphasized  its 
various  etiological  factors.  He  established  the  iodine 
and  sulphuric  acid  reaction,  but  thought  that  the 
substance  was  identical  with  cholesterin.  Virchow 
pointed  out  the  errors  in  Meckel's  demonstration. 
He  believed  that  this  substance  belonged  to  the  cellu- 
lose group,  because  of  its  reactions  with  iodine,  and 
gave  to  it  the  name  of  amyloid,  which  has  clung  to  it 
ever  since,  notwithstanding  the  fact  that  it  has  since 
been  shown  that  the  substance  is  a  glycoprotein 
containing  chondroitin-sulphuric  acid  and  therefore 
allied  to  the  chondrin  of  cartilage. 

Etiology. — Age  and  sex  seem  to  have  little  or  no 
influence  in  the  production  of  this  condition.  It  was 
early  recognized  that  this  degeneration  was  found 
in  connection  with  the  cachectic  state  which  occurs 
secondary  to  chronic  suppuration  and  that,  as  a  rule, 
it  was  general,  involving  the  liver,  spleen,  and  kidneys. 
The  influence  of  syphilis  and  tuberculosis  in  them- 
selves is  probably  slight  since  it  apparently  does  not 
appear  in  these  diseases  unless  secondary  infection 
has  occurred  and  chronic  suppuration  has  developed. 
Empyema,  chronic  osteomyelitis  (pyogenic  and  tuber- 
culous), pyelitis,  psoas  abscess,  and  chronic  pulmonary 
tuberculosis  with  cavity  formation  are  the  forms  of 
suppuration  with  which  amyloid  kidney  is  most 
frequently  associated.  Rarely  cases  have  been  found 
accompanying  carcinoma.  Experimentally  amyloid 
has  been  produced  by  some  of  the  pus  germs  (Kra- 
kow). It  is  not  infrequently  associated  with  chronic 
inflammatory  and  fibrotic  changes  in  the  kidney. 

Morbid  Anatomy. — The  gross  appearance  of  the 
kidney  depends  upon  the  extent  of  the  degeneration 
and  the  variety  of  the  associated  nephritis.  It  is 
large,  firm,  and  heavy  unless  associated  with  chronic 
indurative  fibrosis  when  it  may  be  small  and  granular 
and  look  like  that  of  a  chronic  interstitial  nephritis. 
The  surface  is  pale  and  smooth  and  the  stellate  veins 
are  prominent.  The  capsule  strips  readily  unless 
there  is  much  fibrosis.  The  cut  section  shows  a 
smooth  glistening  surface  with  a  clear  differentiation 
between  the  deep  red  pyramids  and  the  wide,  light 
yellow,  waxy-looking  cortex.  The  glomeruli  show 
distinctly,  standing  out  like  dew  drops.  If  the  cut 
surface  is  washed  free  of  blood  and  then  flooded  with 
tincture  of  iodine  or  Lugol's  solution,  the  amyloid 
material  strikes  a  mahogany  red  which  turns  black 
on  the  addition  of  sulphuric  acid.  If  the  process  is 
advanced  this  may  be  made  out  with  the  naked  eye 
but  it  is  beautifully  shown  in  microscopic  sections. 
On  microscopic  examination  the  change  is  seen  to  be 
limited  to  the  blood-vessels,  to  the  muscular  coat  of 
the  arteries.  The  vessels  in  the  glomeruli  are  first 
affected  and  may  be  entirely  converted  into  amyloid, 
or  the  process  may  be  a  patchy  one.  The  rest  of  the 
kidney  is  seldom  normal,  often  presenting  the  changes 
seen  in  nephritis.  Cardiac  hypertrophy  and  arterio- 
sclerosis probably  are  never  the  result  of  amyloid 
kidney  but  may  be  associated  with  it.  The  renal 
epithelium  is  not  affected. 
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Symptoms  uto  Signs.-  -There  are  no  pathogi 
signs  of  this  condition.  The  presence  of  albumin  in 
the  urine,  and  of  edema  and  diarrhea,  is  very  sup: 
ive,  especially  if  combined  with  the  presence  or  the 
history  of  prolonged  suppuration.  These  patients 
are  usually  pale,  emaciated  and  cachectic.  The 
detection  of  an  enlarged  liver  or  spleen  not  othet 
explained  is  extremely  suggestive.  Diarrhea  is  a 
frequent  and  important  Bymptom  and  in  some  in- 
stances is  due  to  the  involvement  of  the  intestine 
in  the  lardaceous  process.  If  persistent  it  has  much 
to  do  with  the  fatal  issue.  Edema  may  be  very 
marked  but  is  frequently  absent.  The  variety  of 
the  nephritis  associated  with  the  amyloid  change 
must  of  necessity  alter  the  signs.  Apoplexy  and 
albuminuric  retinitis  are  said  to  be  uncommon. 

The  urine  shows  important  changes  but  none  of 
them  are  pathognomonic.  The  volume  is  usually 
increased.  It  is  pale,  of  low  specific  gravity  and  often 
rich  in  albumin  and  globulin.  Hyaline,  granular  and 
fatty  casts  may  be  found.  It  should  be  noted  that 
the  so-called  waxy  or  amyloid  cast  has  nothing  to 
do  with  amyloid  degeneration  of  the  kidney.  Blood 
is  a  rare  finding. 

The  duration  of  the  disease  is  extremely  variable 
and  is  controlled  largely  by  the  character  of  the  causa- 
tive and  associated  conditions.  Death  occurs  from 
exhaustion  or  as  a  result  of  complications.  Uremia 
is  rare. 

Treatment. — The  treatment  is  practically  exclu- 
sively that  of  the  causative  disease.  Fresh  air,  sun- 
shine and  an  abundance  of  good  nourishing  food  are 
important  factors.  Tonics  of  iron  or  arsenic  or  both 
are  indicated  for  the  relief  of  the  anemia.  Prophylaxis 
is,  of  course,  very  important.  Syphilis  should  be 
treated  if  present  and  all  suppurating  foci  cleaned 
and  healed  as  soon  as  possible.  The  advance  in  the 
treatment  of  these  conditions  which  has  been  made 
during  the  past  ten  years  is  believed  greatly  to  have 
reduced  the  incidence  of  amyloid  disease. 

James  Rae  Arneill. 
Revised  by  Ralph  G.  Stillman. 


Kidneys,     Anatomy    and     Physiology    of. — I. 

Anatomy. — The  kidneys  are  bean-shaped  dark  brown- 
ish-red organs  situated  on  either  side  of  the  spinal 
column.  They  are  usually  said  to  lie  in,  the  lumbar 
region  but  are  really  intersected  by  the  horizontal 
and  vertical  planes  which  separate  the  hypochondriac 
lumbar,  epigastric,  and  umbilical  regions  from  each 
other  and  may  therefore  be  said  to  lie  in  all  these 
segments  of  the  abdominal  space.  They  lie  on  the 
fascia  of  the  M .  quadratus  lumborum  and  on  the  verte- 
bral portion  of  the  diaphragm  and  extend  from  the 
first  or  the  third  lumbar  vertebra  to  the  eleventh  rib 
or  even  higher.  The  left  kidney  is  usually  somewhat 
higher  than  the  right. 

The  kidney  presents  two  surfaces,  two  borders,  and 
two  extremities.  The  surfaces  are  ventral  and  dorsal, 
the  ventral  surface  being  more  convex  than  the  dorsal. 
The  external  border  is  convex,  while  the  internal  border 
is  fissured  by  the  hilum.  The  upper  extremity  is 
usually  larger  than  the  lower  and  is  usually  somewhat 
nearer  to  the  median  line. 

The  kidneys  are  usually  of  a  flattened  oval  shape 
with  the  long  diameter  nearly  parallel  to  the  vertebral 
column.  The  form  is,  however,  very  variable.  The 
kidneys  may  be  slender,  the  length  being  three  times 
the  breadth  and  the  convex  and  concave  borders  al- 
most concentrically  curved,  or  they  may  be  short 
and  broad,  the  vertical  diameter  being  only  a  little 
greater  than  the  transverse.  More  rarely  the  kidney 
may  appear  as  an  almost  elliptical  disc.  In  this  case 
the  place  of  entrance  of  the  vessels  is  crowded  toward 
the  posterior  surface.  The  sagittal  diameter  (thick- 
ness) is  generally  in  inverse  ratio  to  the  transverse. 
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The  left  kidney  is  usually  higher,  narrower,  and  thicker 
than  the  right.  The  vertical  diameter  of  the  kidney 
averages  12  centimeters,  the  transverse  6  centimeters, 
and  the  sagittal  3.5  centimeters.  The  volume  is  from 
100  to  175  c.c,  averaging  135  c.c.  (Krause).  The 
weight  of  a  normal  kidney  varies  between  90  and 
180  grams,  the  left  being  5  to  7  grams  heavier  than  the 
right.  The  kidneys  of  males  are  ordinarily  heavier 
than  those  of  females.  The  weight  of  the  two  kidneys 
is  to  the  weight  of  the  body  us  1  to  240. 

The  hilus  renalis  is  a  longitudinal  cleft  with  anterior 
and  posterior  lips,  the  posterior  usually  projecting 
nearer  to  the  median  line  than  the  anterior.  Between 
the  two  lips  pass  the  renal  vessels  and  nerves,  the  duct, 
and  a  quantity  of  fat-bearing  connective  tissue.  The 
sinus  renalis  is  flattened  in  the  sagittal  diameter, 
bounded  by  an  anterior  and  a  posterior  wall,  having 
circular  or  elliptical  sharp  borders.  It  extends  mesi- 
ally  to  the  hilus  and  repeats  the  external  contour  of  the 
kidney.  The  sinus  contains  a  mass  of  adipose  tissue 
in  which  are  embedded  the  branches  of  the  blood- 
vessels and  excretory  duct.  It  gives  attachment  to 
the  primary  branches  (calices)  of  the  duct. 

The  kidneys  are  placed  behind  the  peritoneum  and 
are  surrounded  by  a  loose  tissue  generally  filled  with 
fat  and  constituting  the  fatty  capsule.  The  adipose 
tissuejis  especially  well  developed  around  tne  margins 
of  the  kidney  and  in  it  the  renal  vessels  and  nerves 
lie  before  they  enter  the  kidney.  As  they  enter  they 
are  surrounded  by  this  loose  fatty  tissue  which  fills 
up  the  space  in  the  renal  sinus  not  occupied  by 
vessels  and  nerves.  A  layer  of  fibrous  tissue  known 
as  renal  fascia  surrounds  the  kidney,  the  anterior 
wall  being  attached  to  the  peritoneum  while  the  pos- 
terior merges  in  the  loose  cellular  retroperitoneal 
tissue.  The  anterior  and  posterior  walls  are  fused 
above  and  external  to  the  kidney  but  remain  separate 
below  and  on  the  median  side;  the  anterior  wall 
joins  the  anterior  wall  of  the  opposite  side.  The 
perirenal  fat  is  sometimes  divided  into  pararenal — out- 
side the  renal  fascia — and  perirenal — within  that 
fascia.  The  kidney  is  not  held  in  place  by  any 
definite  attachments,  but  only  by  pressure  of  surround- 
ing organs  and  by  the  renal  fascia.  Loosening  of 
these  connections  is  not  infrequent  and  brings  about 
the  condition  known  as  movable  or  floating  kidney. 
In  rare  cases,  the  kidney  may  be  surrounded  by 
peritoneum  and  held  in  place  by  a  mesonephron. 

The  lower  edge  of  the  left  kidney  is  usually  nearly 
five  centimeters  from  the  iliac  crest,  a  little  below 
the  level  of  the  second  lumbar  spine;  that  of  the  right 
is  generally  from  1.25  to  2  centimeters  lower.  The 
right  kidney  is  covered  in  front  by  the  descending 
duodenum  and  flexura  coli  dextra,  while  the  liver 
with  its  impressio  renalis  often  covers  a  considerable 
portion  of  the  upper  part.  In  front  of  the  left  kidney 
is  a  part  of  the  posterior  portion  of  the  stomach,  and 
the  flexura  coli  sinistra.  The  external  margin  of  the 
left  kidney  is  partially  covered  by  the  spleen.  The 
adrenals  cover  the  upper  extremities  of  both  kidneys, 
projecting  a  little  over  the  anterior  surface  and  mesial 
border. 

The  kidney  is  surrounded  by  three  sheaths,  an  outer 
fatty  sheath,  a  middle  fibrous  sheath  and  an  inner 
muscular  layer.  The  outer  sheath,  or  capsula  adiposa, 
consists  of  loose  connective  tissue,  containing  an 
amount  of  fat  which  varies  withthe  nutritive  condi- 
tions of  the  body.  It  is  loosely  connected  to  the 
middle  sheath,  which  consists  of  a  thin  but  firm  layer 
of  fibrous  tissue,  which  can  be  easily  peeled  off  from 
the  healthy  kidney,  leaving  a  smooth  surface  and  caus- 
ing but  little  hemorrhage  when  undertaken  during  a 
renal  operation.  This  capsule  consists  of-  two  layers 
which  are  easily  separated,  the  outer  0.1  to  0.2  milli- 
meter in  thickness  which  fuses  in  the  sinus  renalis 
with  the  connective-tissue  sheaths  of  the  blood- 
vessels. The  inner  and  thinner  layer  continues  to 
the  point  of  attachment  of  the  calices.     Under  this 


inner  layer  is  :i  Hun   iii  iii u<<;le  fibers, 

which  form  a  network,  whose  meshes  are  about  equal 
in  size  to  iIh-  diameter  of  the  larger  superficial  veins. 
From  this  plexus  fine  processes  enter  the  ub  I  ince  of 
the  kidney. 

After  t  in-  removal  of  t  he  capsules,  the  outer  surface 
of  the  kidney  usually  appears  smooth,  reddish-brown 
in  color,  and  of  firm  consistency.  The  color  and  con- 
sistency, however,  vary  with  the  blood  content. 
i  i  ptionally  the  outer  surf  ace  is  traversed  by  shallow 
furrows,  the  remains  of  the  lobulation  of  the  fetal 
kidney,  which  is  distinctly  marked  in  the  kidneys  of 
the  new-horn  inf.-mt.  The  inner  surface  bordering 
on  the  sinus  renalis  is  also  smooth  in  the  neighborhood 
of  the  entrance  of  the  sinus,  but  presents  some  trans- 
verse furrows  on  the  anterior  lip,  the  impressions  of 
the  arteria  renalis.  The  hilum  is  merely  an  orifice 
opening  into  the  cavity  of  the  sinus  renalis.  This 
sinus  is  from  ten  to  twelve  millimeters  in  diameter 
and  from  thirty  to  thirty-five  millimeters  deep.  In 
the  deeper  portion  of  the  sinus  the  surface  is  uneven, 
presenting  low,  pyramidal  projections  with  flat  or 
rounded  summits.  These  are  the  papillae  renales,  of 
which  there  are  from  four  to  thirteen,  generally  seven 
or  eight  quite  uniformly  distributed  over  the  anterior 
and  posterior  walls.  The  papilla;  may  be  simple,  or 
several  may  be  fused  into  a  single  papilla  having  a 
larger  base  and  furrowed  sides.  The  simple  papilla; 
are  about  eight  millimeters  in  height,  the  bases  having 
a  diameter  of  six  to  ten  millimeters.  Near  the  base 
of  each  papilla  is  fused  the  circular  edge  of  an  end 
branch  of  the  ureter,  a  so-called  renal  calyx,  so  that 
the  papilla  forms  the  base  of  the  calyx,  its  apex  pro- 
jecting into  it.  The  rounded  summit  of  each  papilla 
is  pierced  by  numerous  small  openings  or  foramina, 
the  mouths  of  the  collecting  ducts  of  the  renal  tubules. 
These  foramina  form  the  area  cribrosa.  Numerous 
blood-vessels  penetrate  the  inner  surface  of  the  kidney 
above  the  neck  of  the  papilla;  and  thus  outside  of  the 
calices;  these  are  often  arranged  concentrically  about 
the  base  of  the  papilla. 

On  section  of  the  kidney  through  the  hilum,  the 
parenchyma  is  seen  to  be  composed  of  two  essentially 
different  structures,  the  medulla  and  the  cortex.  The 
medulla  consists  of  a  variable  number  (eight  to 
eighteen)  of  conical  segments  called  renal  pyramids  or 
pyramids  of  Malpighi,  the  apices  of  which  project 
into  the  sinus  and  are  surrounded  by  the  calices,  while 
the  bases  of  the  pyramids  are  turned  toward  the 
surface  of  the  kidney  and  are  surrounded  by  the 
cortex.  The  apices  of  the  pyramids  form  the  papillae 
noted  in  the  floor  of  the  sinus.  Two  or  three,  however, 
enter  into  the  formation  of  each  papilla  in  the  central 
portion  of  the  kidney  and  six  or  more  toward  the 
superior  and  inferior  ends  of  the  organ.  The  pyramids 
are  smooth  and  glistening  and  present,  even  to  the 
unaided  eye,  a  longitudinal  striation,  indicating  the 
course  of  the  collecting  tubules.  The  apex  or  papilla 
when  viewed  with  a  low-power  lens  presents  numer- 
ous apertures,  the  foramina  papillaria,  through  which 
the  secretion  escapes  into  the  duct.  The  cortex 
may  be  divided  into  two  portions:  a  peripheral  layer, 
the  cortex  proper,  five  to  seven  millimeters  in  thick- 
ness, which  extends  over  the  entire  surface  of  the 
kidney  between  the  bases  of  the  Malpighian  pyramids 
and  the  fibrous  capsule,  and  an  interpapillary  portion, 
the  renal  columns,  or  columns  Bertini,  dipping  down 
between  the  Malpighian  pyramids  to  the  bottom  of  the 
sinus,  where  they  are  covered  by  the  fibrous  capsule 
and  more  or  less  adipose  tissue.  The  cortical  substance 
is  granular,  grayish  in  color,  varying  however  with 
the  blood  content,  and  characterized  especially  by 
the  occurrence  at  quite  regular  intervals  of  red  points 
visible  with  the  unaided  eye;  these  are  the  so-called 
glomeruli,  consisting  of  coils  of  fine  capillaries.  At 
quite  regular  intervals  processes  extend  from  the  bases 
of  the  Malpighian  pyramids  toward  the  outer  surface 
of  the  kidney.     These  have  the  color  and  the  striated 
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appearance  of  the  medullary  substance  and  are  known 
as  pyramidal  processes  or  medullary  rays,  or  pyramids 
of  Ferrein  or  pars  radiata  of  the  cortex.  The  part  of 
the  cortex  between  these  rays  is  called  the  pars  ci in- 
volute. Pyramidal  processes  also  extend  from  one 
pyramid  to  another  through  the  cortical  substance 
which  separates  the  pyramids. 

The  calices  open  into  the  expanded  pelvis  of  the 
kidney,  which  is  continuous  with  the  ureter,  1  he  ex- 
cretory duct  of  the  kidney. 

Various  anomalies  of  form  and  structure  of  the 
kidneys  have  been  described.  The  form  of  the  kid- 
neys, as  previously  stated,  may  be  markedly  differ- 
ent from   the  typical  form  described.     They  may  be 


Fig.  3585. — Median  Section  of  the  Right  Kidney  Showing  the 
Renal  Pelvis,  Papillse,  Calices,  with  Blood-vessels  and  Ureter;  also 
the  general  Structure  of  the  Kidney.  1,  Cortical  substance;  2,  pyra- 
mids of  Malpighi,  with  two  papillee;  3,  columns  of  Bertini;  4,  pelvis; 
5,  calyx;  6,  papillae  situated  in  a  plane  anterior  to  that  of  the 
section;  7,  section  of  a  calyx  receiving  the  papilla  of  a  pyramid  in 
the  segment  posterior  to  the  section;  S,  renal  artery  with  8'  its 
posterior  branch;  9,  renal  vein;  10,  ureter.     (Testut.) 

unequal  in  size,  one  being  small  while  the  other  is 
compensatingly  large.  One  kidney  may  be  lacking, 
the  other  occupying  the  normal  position  on  one  or 
the  other  side.  As  a  very  rare  anomaly,  the  occur- 
rence of  three  kidneys  has  been  reported.  In  this 
case,  the  supernumerary  kidney  is  either  lateral  or 
median.  Numerous  cases  have  been  reported  in 
which  the  ureter  on  one  or  the  other  side  was  double. 
In  some  cases  the  two  ureters  were  separate  through- 
out their  entire  length,  opening  separately  into  the 
bladder,  while  in  other  cases  the  two  fused  after  an 
independent  course  varying  in  length.  The  position 
of  one  or  both  of  the  kidneys  may  be  changed;  they 
may  encroach  upon  the  iliac  fossa,  or  even  enter  the 
pelvis  in  front  of  or  behind  the  rectum;  or  the  organ 
may  lie  upon  the  vertebral  column  or  even  cross  to 
the  opposite  loin.  The  two  kidneys  may  be  fused; 
if  only  the  lower  extremities  are  fused,  this  phenome- 
non results  in  the  formation  of  the  horseshoe-shaped 
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kidney,  winch  is  usually  median  in  position,  In 
othi  i  ca  <■■  the  mass  consisting  of  the  fused  kidneys 
is  on  one  or  the  other  side  and  varies  in  shape.  In 
i!n  casi  de  cribed  by  McMurrich,  the  fused  mass 
occupied  the  left  side,  the  lefl  kidney  being  fairly 
normal  in  shape,  while  the  righl  was  discoidal  in 
shape  and  had  crossed  over  and  fused  with  the  anterior 
surface  of  the  left.  A  ureter  arose  from  each  portion 
of  the  mass  passing  downward  and  opening  into  the 
bladder  in  the  normal  position.  While  the  anterior 
surface  showed  the  line  of  demarcation  between  the 
two  kidneys,  the  posterior  surface  was  smooth  and 
showed  no  indication  of  a  separation.  Only  twenty- 
eight  similar  cases  have  been  recorded.  The  variations 
in  motility,  with  the  phenomena  of  palpable  and 
movable  kidney,  have  already  been  mentioned. 

On  microscopic  examination  the  kidney  is  seen  to 
be  composed  of  numerous  twisted  and  convoluted 
tubules  known  as  the  uriniferous  tubules.  Each 
tubule  begins  in  the  cortex  of  the  kidney  between  the 
medullary  rays  in  an  enlarged,  expanded,  cup-shaped 
portion  known  as  the  capsula  glomeruli  or  glomerular 
capsule  or  the  capsule  of  Bowman,  which  surrounds 
the  glomerulus,  the  two  together  bearing  the  name 
of  the  renal  or  Malpighian  corpuscle.  The  glomeru- 
lus consists  of  a  complicated  loop  of  capillary  blood- 
vessels, covered  by  a  reflection  of  the  delicate  wall  of 
the  capsule.  These  corpuscles  may  be  seen  as  minute 
red  points  just  visible  to  the  unaided  eye.  The  cap- 
sula glomeruli  opens  through  a  narrow  neck  into  a 
larger  convoluted  portion,  called  the  first  or  convoluted 
tubule.  After  describing  many  tortuous  windings, 
it  passes  from  the  convoluted  part  into  a  radiate 
part  as  the  less  complicated  spiral  tubule.  It  then 
enters  the  base  of  the  pyramid  as  a  straight,  slender 
tubule,  which  descends  a  variable  distance  into  the 
medullary  substance,  then  turns  sharply,  describing  a 
loop  and  returns  into  the  cortex  in  a  larger  straight 
tubule  running  parallel  to  the  descending  limb  of 
the  loop.  The  small  descending  limb,  the  loop,  and 
the  larger  ascending  limb  have  collectively  received 
the  name  of  the  loop  of  Henle.  Leaving  the  radiate 
part,  the  tubule  then  re-enters  the  pars  convoluta  as 
the  irregular  tubule,  which,  becoming  more  uniform 
in  appearance,  receives  the  name  of  second  or  distal 
convoluted  tubule,  which  passes,  as  shown  by  Huber 
and  by  Stoerk,  close  to  the  glomerulus  in  which  the 
individual  tubule  originated.  The  second  convoluted 
tubule  ends  in  a  short  junctional  tubule  which  passes 
back  into  a  radiate  part  and  joins  a  collecting  tubule. 
Each  collecting  tubule  receives  many  kidney  tubules 
and  descends  in  a  straight  course  through  the  radiate 
part  of  the  cortex  and  through  the  pyramid  of  the 
medulla.  The  capsules,  the  neck,  the  first  and  second 
convoluted  portions  of  the  uriniferous  tubules  and  the 
functional  tubules  are  found  in  the  cortex  between  the 
medullary  rays.  The  medullary  rays  are  formed  by 
the  cortical  portions  of  the  collecting  tubules  and  a 
portion  of  the  ascending  limbs  of  the  loops  of  Henle. 
The  medulla  is  made  up  mainly  of  straight  collecting 
tubules  cf  various  sizes  and  of  the  descending  limbs 
and  loops  of  Henle's  loops,  the  latter  being  often  found 
in  the  boundary  zone  between  cortex  and  medulla. 
The  different  portions  of  the  tubules  vary  markedly 
in  size,  the  renal  corpuscle  measuring  120  to  220V  in 
diameter,  the  first  convoluted  tubule  from  40  to  70m 
in  diameter,  while  the  loops  of  Henle  present  tubules 
having  a  diameter  of  9  to  15m  in  the  descending  limb 
and  23  to  28m  in  the  ascending  limb.  The  distal 
convoluted  portion  is  from  39  to  45m  in  diameter, 
while  the  collecting  tubules  vary  from  45  to  75m  in 
diameter.  The  large  collecting  tubes  unite  in  the 
medullary  pyramids  to  form  about  twenty  papillary 
ducts  from  200  to  300m  in  diameter  which  empty  into  the 
pelvis  of  the  kidney  through  the  foramina  papillaria. 

The  character  of  the  epithelium  lining  the  urin- 
iferous tubules  in  the  different  portions  varies  mark- 
edly and  has  been  subjected  to   most   careful  histo- 
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logical  investigation.  The  epithelium  of  the  capsula 
glomeruli,  which  forms  a  do.uble-walled   membrane 

around  the  glomerulus,  leaving  a  cleft-like  space  which 
forms  the  beginning  of  the  uriniferous  1  ubule  and  com- 
municates with  the  lumen  of  the  proximal  convoluted 
tubule,  is  simple  squamous  in  type.  'The  glomerular 
epithelium  is  very  ilat,  with  nuclei  projecting  slightly 
into  the  lumen,  while  that  lining  the  outer  wall  of 
the  capsule  is  somewhat  higher,  but  still  distinctly 
squamous  in  type.  The  flattened  epithelium  of  the 
capsule  changes  gradually  into  cubical  epithelium  of 
the  neck  and  that  into  short  and  rather  irregular 
columnar  epithelium  of  the  convoluted  tubules. 
These  cells  show  a  basal  striation  and  often  a  cuticu- 
lar  border,  and,  as  the  investigations  of  Nussbaum 
and  Heidenhain  seemed  to  show  that  they  were 
especially  concerned  in  the  process  of  secretion  in  the 
kidney,  they  have  been  subjected  to  most  search- 
ing study,  with  the  view  of  determining  the  structure 
of  the  cells  and  the  changes  of  structure  during  the 
process  of  secretion.  Henle  showed  that  the  epithe- 
lium of  this  portion  of  the  uriniferous  tubule  is  char- 
acterized by  a  dark,  granular  appearance  of  the 
protoplasm,  while  Krause  mentions  the  basal  striation 
of  these  cells.  A  zone  of  short  stiff  cilia  was  demon- 
strated in  certain  renal  cells  of  amphibia  and  fishes  by 
Nussbaum,  the  observation  being  extended  to  mam- 
malia, including  man,  by  Cornil,  Tornier,  Klein, 
and  others.  This  zone  is  characterized  by  Tornier 
as  the  Burstensaum.  Since  this  zone  was  not  always 
found  and  when  present  was  always  connected  with 
a  certain  thickness  of  epithelium  found  in  different 
kidneys  and  different  areas  of  the  same  kidney,  the 
conclusion  was  drawn  that  the  cells  undergo  uniform 
histological  changes  during  the  processes  of  secretion. 
Van  der  Stricht  says  that  the  resting  cell  presents  a 
homogeneous  cuticular  zone,  below  which  is  a  close- 
meshed  protoplasmic  network,  which  shows  a  parallel 
arrangement  of  its  fibrils  in  the  peripheral  portion 
of  the  cell,  producing  the  "rod  structure"  of  Heiden- 
hain. When  the  secretion  begins,  clear  droplets  of 
secretion  form,  especially  in  the  neighborhood  of  the 
nucleus,  which  press  toward  the  free  surface,  fill  the 
formerly  homogeneous  cuticular  zone  and  break  it  up 
into  the  "Burstensaum."  In  a  later  work,  Van  der 
Stricht  describes  four  types  of  cells  in  the  convoluted 
tubules:  (1)  Cells  like  those  above  described,  which  he 
regards  as  resting  cells;  (2)  cells  with  the  Bursten- 
saum, in  the  protoplasmic  network  of  which  the 
secretion  is  in  the  form  of  fine  droplets,  especially 
toward  the  lumen;  (3)  cells  without  a  cuticular 
border  also  filled  with  the  secretion;  (4)  granular 
cells  with  distinct  rod  structure  in  the  peripheral 
portion  of  the  cell,  while  the  central  portion  is 
changed  into  a  clear  mass  filled  with  granules. 
Such  cells  are  also  found  in  the  ascending  limb  of 
Henle's  loop  together  with  cells  which  have  a  distinct 
cuticular  border.  Van  der  Stricht  also  describes  in 
the  glomerular  epithelium  during  the  process  of  secre- 
tion the  collection  of  clear  droplets  with  processes  in 
the  protoplasm  of  the  cells.  Disse,  working  on  fresh, 
well-fixed  human  tissue,  distinguished  four  forms  of 
tubules:  (1)  Tubules  with  wide  lumen  and  low,  quite 
uniformly  granular  epithelial  cells  in  which  cell  con- 
tour and  rod  structure  cannot  be  distinguished.  The 
free  surface  shows  the  Burstensaum  distinctly  devel- 
oped, formed  of  stiff  hairs  provided  with  nodular 
thickenings  at  their  bases.  (2)  Tubules  with  narrow 
cylindrical  lumen  and  spherical  epithelium.  The  pro- 
toplasm is  still  generally  uniform,  but  in  some  cells 
clearer  parts  begin  to  be  seen  giving  the  cell  a  spotted 
appearance.  The  Burstensaum  is  wanting.  (3) 
Tubules  with  narrow,  irregularly  star-shaped  lumen 
and  tall  cells.  In  these,  two  portions  are  distinguished, 
a  central  clear  part  containing  the  nucleus,  and  a 
darker  basal  portion  in  which  rows  of  fine  granules 
begin  to  produce  the  picture  of  the  "rod  structure." 
No  Burstensaum  is  seen  in  these  cells.     (4)  Tubules 


entirely  filled  by  the  tall  epithelial  cells,  which  show 

a  distinct  differentiation  of  the  central  and  basal  por- 
tions. The  nucleus  in  the  central  portion  of  the  ''ill  is 
very  bright  and  clear  and  resembles  a  vesicle  oiled 
with  clear  llnid.  Itod  Iructure  is  very  distinct  in 
the  basal  portion  of  these  cells,  but  no  Hurstensaum 
is  to  be  seen.  Saner,  however,  states  that  the  secre- 
tory portions  of  the  uriniferous  tubules  have  the  same 
type  of  epi I  helium,  while  t  he  lumiiia  naturally  are  sub- 
ject to  great  variation.  The  striation  of  Heidenhain 
and  the  peculiar  terminations  of  Tornier  were  found 
by  him  in  all  phases  of  secretion,  being  finer  or  coarser 
according  to  the  height  of  the  cells.  Hence  he  con- 
cludes that  these  peculiarities  of  structure  have 
nothing  to  do  with  the  processes  of  secretion,  but  are 
permanent  structural  appearances.  Kothstein  de- 
scribes an  irregular  branching  and  interlocking  of  the 
processes  of  the  cells  of  the  convoluted  tubules  in  the 
dog  and  rabbit,  giving  to  these  cells  a  peculiar  frayed- 
out  appearance  similar  to  that  described  for  these 
cells  in  the  guinea-pig  as  mentioned  in  the  text-book 
of  Bohm,  Davidoff,  and  Huber.  Landauer  investi- 
gated these  cells  in  many  species  of  vertebrates  and 
also  in  man  and  concluded  that  the  convoluted  tubules 
and  the  ascending  limb  of  Henle's  loop  are  lined  by- 
cells  which  are  sharply  outlined  and  provided  with 
longitudinal  folds,  which  interlock,  and  it  is  these 
folds  that  give  these  cells  the  striated  appearance 
(rod  structure  of  the  authors).  Zimmermann  de- 
scribes in  detail  the  epithelium  lining  the  different  por- 
tions of  the  uriniferous  tubules,  especially  emphasizing 
the  presence  and  relations  of  the  "Centralkorper  or 
Centralgeissel "  in  these  cells.  He  also  distinguishes 
the  darker  cells  showing  striation  and  brush-like 
border  and  cells  which  are  large  and  clear,  the  struc- 
ture of  which  is  quite  indistinct.  Benda  in  1903 
published  a  method  of  fixing  small  bits  of  kidney 
tissue  in  Fleming's  mixture  and  staining  with  crystal 
violet  to  bring  out  and  stain  especially  and  specifically 
certain  structures  in  the  cells  which  he  calls  mito- 
chondria. These  are  generally  regarded  as  identical 
with  the  rods  forming  Heidenhain's  basal  striation. 
Benda  ascribes  a  motor  function  to  these  filaments 
and  thinks  that  by  their  contraction  the  vacuoles  of 
secretion  are  forced  out  of  the  cell  through  the  striated 
border.  Meves  in  1906  observed  variations  in  them 
which  Policard  ascribes  to  functional  variations. 
Meves  distinguishes  chondriomites,  granular  filaments, 
and  chondriocontes,  non-granular  filaments.  Policard 
describes  three  types  of  filaments,  (1)  continuous, 
(2)  consisting  of  a  chain  of  four  to  eight  rods  and  ap- 
pearing like  streptobacilli  and  (3)  granuliform,  having 
the  appearance  of  streptococci.  Kolster  also  finds 
chondriomites,  chondriocontes  and  chondriosomes. 
He  thinks  that  on  diuretic  stimulation  the  rods  change 
to  granules  and  then  to  secretion.  Retzius  emphasizes 
the  fact  that  the  fibrils  do  not  anastomose  and  form  a 
network,  though  some  do  branch  dichotomously  and 
regards  them  as  a  beautiful  example  of  Fleming's 
mitom,  but  with  a  specific  direction  arrangement. 
They  begin  at  the  basal  membrane  and  pass  toward 
the  lumen;  in  cells  with  distinct  brush  border,  the 
fibrils  extend  to  the  outer  edge  of  this  border  and  end 
there  in  a  granule  which  stains  intensely  in  hematoxy- 
lin. The  filaments,  Retzius  states  may  reach  the  inner 
border  of  those  cells  which  are  filled  with  secretion. 

The  Burstensaum  or  brush  border  has  also  been 
recently  investigated.  Retzius  states  that  it  really 
consists  of  short,  narrow  straight  rods  and  finds  true 
ciliated  cells  in  the  frog's  kidney,  at  the  neck  and  con- 
tinuing some  distance  into  the  convoluted  tubules. 
Policard,  on  the  other  hand,  thinks  that  it  is  not  com- 
posed of  rods  or  cilia  embedded  in  cement,  but  is  a 
continuous  membrane,  extending  over  the  cells  and  so 
traversed  by  fluids  as  to  give  the  effect  of  a  striation. 

The  intercellular  boundaries  are  generally  recog- 
nized as  ill-defined,  but  Retzius  has  been  able  to  dem- 
onstrate them  by  means  of  silver  stains  in  spite  of  the 
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fact  that  tin;  intracellular  filaments  of  adjoining  cells 
intermingle. 

'The  cells  of  the  convoluted  tubules  arc  li 
erally  recognized  fco  have  a  rodded  basal  structure, 
due  to  generally  parallel  arrangement  of  the  granular 
or  rodded  filaments,  whose  function  is  not  yet  incon- 
testable- decided,  bui  w  inch  are  believed  to  have  some- 
thing to  do  with  the  process  of  secretion.  The  struc- 
ture of  the  striated  brush  border  and  its  relation  to 
secretion  are  still  less  decisively  known.  The  varia- 
tions observed  in  it  are  ascribed  by  some  to  faulty 
fixation  and  by  others  to  secretion  changes. 

The  nucleus  seems  not  to  suffer  any  changes  of 
structure  during  secretion,  although  changes  of  posi- 
tion have  been  observed.     It  ascends  toward  the  free 


Fio.  3SS6. — Epithelium  of  Kidney.  1,  Collecting  tube  viewed 
in  longitudinal  section;  2,  transverse  section  of  collecting  tube;  3. 
ascending  limb  of  Henle's  loop;  4,  descending  or  narrow  limb  of 
Henle's  loop;  5,  longitudinal  section  of  descending  limb;  6,  con- 
voluted tube. 

surface  of  the  cell  with  the  secretion,  returning  toward 
the  basal  surface  of  the  resting  cell.  Disse  concludes 
that,  as  signs  of  proliferation  are  never  seen  in  these 
cells  in  the  adult  the  cells  do  not  degenerate  after  secre- 
tion. Zimmermann  describes  fine  densely  placed  fibers 
staining  black  in  the  iron  hematoxylin,  which  run 
circularly  around  the  tubuli  contorti  between  the  bases 
of  the  cells  and  the  basement  membrane.  He  was 
unable  to  decide,  however,  whether  these  were  special 


kinds  of  fiber   or  cell  processes  or  basal  lines  of  cen 

i:mce.  The  descending  Limb  of  Henle's  loop  is 
I  by  flattened  cells,  with  nuclei  projecting  slightly 
into  the  lumen,  the  nuclear  projections  of  the  two  sides 
alternating,  thus  giving  to  i  hi  ection  8  ravy  appear- 
ance. The  cells  of  the  loop  and  of  the  ascending 
limb  are  higher  and  approach  the  columnar  type  of 
the  convoluted  tubules.  In  the  second  convoluted 
tubule,  the  epithelium  closely  resembles  that  in  the 


Fig.  3587. — Diagram  of  the  Renal  Tubes  and  Circulation.^  1, 
Malpighian  body;  2,  neck;  3,  proximal  convoluted  tube;  4.  Tde- 
scending  limb  of  Henle's  loop;  5,  ascending  limb;  6.  distal  convo- 
luted tube;  7,  collecting  tube;  A,  artery;  V.  vein.  An  intralobular 
artery  is  shown  ascending  and  giving  off  branches  to  the  tufts;  the 
straight  arteries  descend;  the  intralobular  vein  is  shown  com- 
mencing as  a  stellate  plexus  on  the  surface. 


first  convoluted  tubule,  while  the  lining  of  the  junc- 
tional tubule  is  cubical  in  type.  The  epithelium  of 
the  straight  collecting  tubules  is  low  columnar  at  first, 
increasing  in  height  as  the  tubules  increase  in  size. 
Although  a  granular  structure  is  usually  limited  to 
the  cells  of  the  convoluted  tubules,  Benda  demon- 
strated mitochondria,  not  only  in  the  first  convoluted 
tubule,  but  also  to  a  less  extent  in  the  cells  of  the 
ascending  limb  of  Henle's  loop,  in  the  second  convo- 
luted tubule  in  the  junctional  tubule  and  even  in  the 
beginning  portion  of  the  straight  tubules  of  the  medul- 
lary rays. 

By  biochemical  methods,  MacaUum  has  found 
iron"  and  phosphorus  in  the  cells  of  the  convoluted 
tubules  and  Justus  has  found  iodine,  while  Lillie,  as  a 
result  of  investigations  with  paradiamido  benzene 
and  a-naphthol  has  shown  that  in  the  frog's  kidney 
the  surface  of  the  nucleus  has  strong  oxidizing  prop- 
erties.    The  pelvis  of  the  kidney,  as  well  as  the  ureter, 
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is  lined  by  a  stratified   transitional  epithelium,  like 
that  in  the  bladder. 

Under  the  epithelium  nf  the  uriniferous  tubule 
throughout  its  entire  extent,  is  a  basement  membrane, 
the  character  and  structure  of  which  have  been  inves- 
tigated by  Riihle,  Disse,  von  Kbner,  Mall,  and  others. 
Mall's  investigations  were  carried  on  largely  by  pan- 
creatic digestion  and  subsequent  staining  in  acid 
fuchsin  and  picric  acid.  As  a  result  of  this  work,  I  Ik 
framework  of  the  kidney  was  shown  to  consist  of 
white  fibrous  connective  tissue  and  reticulum,  Mall 
and  Riihle  describing  "baskets"  of  reticular  fibrils 
as  surrounding  the  tubules  and  forming  the  basement 
membranes.  Disse  and  von  Ebner,  however,  refer 
the  fibrillar  appearance  to  the  methods  of  preparation, 
and  Mall,  in  his  latest  work  on  these  membranes, 
demonstrates  clearly  within  the  "basket"  of  con- 
nective-tissue fibrils  previously  described,  a  homo- 
geneous membrane  which  was  destroyed  by  pan- 
creatic digestion  and  which  is  chemically  different 
from  the  reticular  tissue  and  also  from  both  white 
fibrous  and  yellow  elastic  connective  tissue. 

Between  the  tubules  is  found  a  small  amount  of  con- 
nective  tissue,   which   is  more  abundant  around  the 


Fio.  3588. — The  Renal  Artery  and  the  Distribution  of  its 
Branches  with  Relation  to  the  Pelvis.  (Broedel,  Johns  Hopkins 
Hospital  Bulletin.) 

blood-vessels  and  Malpighian  corpuscles,  near  the 
junction  of  cortex  and  medulla  and  between  the 
collecting  tubules  in  the  apices  of  the  Malpighian 
pyramids. 

Blood  Supply  of  the  Kidney. — The  kidney  receives  a 
very  rich  blood  supply,  and  the  arrangement  and 
distribution  of  its  blood-vessels  are  of  the  utmost 
importance  both  from  a  physiological  and  from  a 
surgical  point  of  view.  The  main  arterial  supply  is 
from  the  renal  artery,  a  branch  of  the  abdominal  aorta. 
Collateral   branches,    however,   reach   the   surface   of 


the  kidney  through  the  cap  ult  ari  ing  from  the 
suprarenal,  spermatic,  lumbar,  and  other  arteries. 

The  intrinsic  blood-vessels  of  the  kidney  have  been 
investigated  bj    Broedel  and  by  Keiller  to  deters 
the  relation  of  I  he  bi  a  I  he  pel   i    and  kidm 

with  especial  reference  to  their  significance  in  ne- 
phrectomy. Although  working  independently  and  by 
quite  different  methods,  the  two  last-named  writers 
arrived  at  nearly  the  same  results  and  at  nearly 
the  same1  time.  Broedel  used,  in  bis  investigati 
the  Schiefferdecker  corn,  ion  method,  combined  with 
injection  of  the  arteries,  of  the  veins  and  pelvis,  and 
finally  triple  injection  of  arteries,  veins,  and  pelvis. 
He  divides  the  renal  pelves  into  true  pelves,  in  which 

all  the  calices,  major  and  minor,  open  into  a  common 
pelvis,  and  divided  pelves,  in  which  there  is  no  free 
communication  between  all  the  calices  of  the  kidney. 
He  states:  "The  renal  artery  divides  at  the  hilum, 
as  a  rule,  into  four  or  five  branches,  the  distribution 
of  which,  in  relation  to  the  pelvis,  is  such  that  three- 
fourths  of  the  blood  supply  is  carried  anteriorly,  while 
one-fourth  runs  posteriorly.  The  relative  size  ol  the 
two  systems  may_  occasionally  be  '.:!,;!  :  i,  [but  rarely 
\ :  | .  The  arteries  are  end  arteries  in  the  strictest 
sense  of  the  word  and  the  branches  of  the  anterior 
division  never  cross  over  to  the  posterior  side  and  via 
versa.     They   do   not   anastomose   with    each    other. 


Fio.  35S9. — The  Renal  Vein  and  the  Relation  of  its  Branches 
to  the  Pelvis  of  the  Kidney.  (Broedel,  Johns  Hopkins  Hospital 
Bulletin.) 

To  Hyrtl  apparently  is  due  the  credit  of  having  first 
mentioned  this  'natiirliche  Theilbarkeit  der  Xiere,' 
by  which  he  means  that  in  a  corrosion  specimen,  the 
two  arterial  systems  are  completely  separated  by  the 
pelvis.  He  also  affirms  that  this  arrangement  of  the 
renal  arteries  is  found  'without  exception  in  all 
mammalia  from  the  whale  to  man.'  ' 

The  surgical  significance  of  this  work  of  Broedel's  is 
seen  in  the  possibility  of  an  incision  through  the  renal 
substance  in  the  plane  separating  the  areas  supplied 
by  these  two  independent  systems.     Concerning  the 
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veins,  Broedel  states:  "  Wliile  there  is  a  complete 
arterial  division  in  the  plane  connecting  the  posterior 
calices  and  terminating  in  the  lateral  half  of  the  upper 
and  lower  calices,  the  veins  follow  quite  a  different 
arrangement.  Around  the  bases  of  the  pyramids  they 
anastomose  and  form  the  familiar  venous  arches. 
They  unite  in  large  branches  that  run  between  the 
sides  of  the  pyramids  and  the  columns  of  Bertini  to 
the  necks  of  the  calices,  where  they  lie  between  the 


Fio.  3590. — Wax  Model  of  Glomerulus  of  Human  Kidney. 
Enlarged  444  diameters,  seen  in  profile  from  the  left  side.  A  V, 
Afferent  vessel;  EV,  efferent  vessel.      (Johnston-) 

pyramid  and  the  arterial  branches.  The  thickness  of 
these  collecting  veins  accounts  for  the  peculiar  lobu- 
lated  appearance  of  the  bases  and  sides  of  the  pyra- 
mids. Around  the  necks  of  the  calices,  both  anteriorly 
and  posteriorly,  these  veins  form  a  second  system  of 
anastomoses,  much  shorter  and  thicker  than  that  at 
the  base  of  the  pyramids.  This  appears  as  a  number 
of  thick  loops  or  rings  which  fit  like  a  collar  around  the 
necks  of  the  calices.  Nearly  all  the  collected  blood  of 
the  posterior  region  is  carried  anteriorly  through  these 
short  thick  stems,  to  join  that  of  the  anterior  portion." 


Fig.  3591. — Wax  Model  of  Glomerulus.  Same  enlargement  and 
view  as  in  Fig.  3590.  The  left  lateral  group  of  capillaries  is  separated 
from  the  median  group  and  turned  back,  exposing  the  interior  of 
the  glomerulus,  A.  A  short  section  of  a  capillary  of  the  median 
group  is  removed  to  show  the  course  of  the  deeper  lying  capillaries. 
(Johnston.) 

Huber  has  investigated  the  arrangement  of  the 
arteries  within  the  kidney  by  means  of  celluloid 
alkanin  injections  followed  by  corrosion  with  strong 
hydrochloric  acid.  By  this  method,  he  was  able  to 
follow  the  branchings  and  terminations  of  the  arterial 
trunks  within  the  kidney  very  perfectly  and  his  account 
may  here  be  followed.  His  observations  were  made 
on  the  dog,  cat,  rabbit,  guinea-pig,  and  rat.  The  renal 
artery,  on  entering  the  hilus  of  the  kidney,  divides 
into  branches,  which  after  division  course  in  the  per- 
ipheral part  of  the  medullary  pyramid,  maintaining  a 
direction  in  the  main  parallel  to  the  surface  of  the  kid- 
ney; they  therefore  describe  arcs  with  convexity  out- 
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ward  (the  arcuate  arteries).  At  intervals  of  two  to 
five  millimeters,  branches  are  given  off  from  the  con- 
vex side  of  the  arches  at  an  acute  angle  to  the  arch 
and  passing  toward  the  cortex.  From  the  outer  side 
of  these  branches,  short  branches  are  given  off  which 
pass  toward  the  periphery,  generally  subdividing 
several  times  before  the  so-called  interlobular  arteries 
arise.  The  interlobular  arteries  branch  at  various 
levels,  giving  rise  to  afferent  glomerular  branches 
which  enter  the  glomerulus  and  divide  into  several 
branches  which  redivide  and  break  up  into  a  network 


Fig.  3592. — Diagram  of  a  Malpighian  Body  Showing  the  Af- 
ferent and  Efferent  Vessels  above,  with  the  Tuft.  The  reflection  of 
the  cells  of  Bowman's  capsule  over  the  vessels  is  shown  on  the  left: 
on  the  right,  the  cells  are  shown  in  the  flat;  the  neck  and  part  of  a 
convoluted  tube  are  shown  below.  The  space  between  the  tuft 
and  the  capsule  is  drawn  wider  than  normal. 

of  anastomosing  capillaries  as  described  by  Johnston. 
This  arrangement  is  shown  diagrammatically  in  Fig. 
3592  and  more  exactly  in  Figs.  3590  and  3591  repre- 
senting Johnston's  models  of  the  human  glomerulus. 
He  describes  a  network  of  reticular  tissue  aris- 
ing from  the  membranes  surrounding  the  glomerulus 
and  forming  the  framework  of  the  glomerulus  in  the 
meshes  of  which  are  found  the  capillaries  and  fine 
branches  of  the  afferent  artery.  The  blood  collects 
into  small  branches  which  unite  to  form  the  efferent 
artery;  this  runs  for  a  variable  distance  and  finally 
breaks  up  into  a  second  system  of  capillaries  around 
the  convoluted  tubules.  Afferent  glomerular  branches 
therefore  arise  from  the  arcuate  arteries  and  all  their 
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branches.  Arteries  to  the  sinus  and  pelvis  arise 
generally  from  primary  branches  of  the  renal  artery. 
The  number  and  arrangement  of  afferent  glomerular 
arteries  is  quite  irregular.  Each  glomerulus  consti- 
tutes a  rete  mirabile,  its  efferent  branch  being  regarded 
as  still  an  artery,  not  a  vein.  The  efferent  glomerular 
arteries  divide  into  a  second  system  of  capillaries,  the 
distribution  of  which  varies  according  to  the  location 
of  the  glomerulus.  Thevasa  efferentia  from  glomeruli 
in  the  outer  parts  of  the  kidney  send  capillaries  lo  the 
convoluted  tubules.  The  vasa  efferentia  from  glo- 
meruli in  the  deeper  parts  of  the  kidney,  whether  their 
afferent  arteries  were  derived  from  the  arcuate  artery 
or  its  successive  branches  or  from  the  lower  inter- 
lobular arteries  divide  into  bundles  of  long  slender 
branches  and  capillaries  which  pass  into  the  medulla 
of  the  kidney  as  the  so-called  arteriole  recta;,  supply- 
ing the  straight  tubules  of  the  medulla.  This  account 
differs  from  the  description  usually  accepted  up  to  the 
time  of  its  publication  in  that  all  the  kidney  tubules 
of  both  cortex  and  medulla  are  supplied  by  capillaries 
which  have  already  passed  through  a  glomerular 
capillary  plexus,  while  the  older  version  was  that  the 
tubules  of  the  medulla  were  supplied  by  special 
branches  from  the  arcuate  arteries.  It  confirms, 
however,  a  statement  made  by  Bowman  in  1842  that 
all  the  blood  of  the  renal  artery  except  a  small  portion 
to  the  capsule,  surrounding  fat  and  coats  of  larger 
vessels,  enters  the  tufts  of  the  Malpighian  bodies  and 
thence  passes  out  into  the  capillary  plexus  surrounding 
the  uriniferous  tubules.  This  point  is  of  importance 
from  a  physiologic  point  of  view. 

Huber  has  also  investigated  by  means  of  corrosion 
preparations  the  veins  of  the  kidneys  of  the  rabbit, 
guinea-pig,  rat,  cat,  and  dog.  In  the  rabbit,  guinea- 
pig,  and  rat,  he  finds  the  veins  beginning  in  the  renal 


Fig.  3593. — Corrosion  Specimen  of  the  Terminal  Arterial  Branches 
of  the  Kidney  of  a  Rabbit.      (Huber,  Am.  Jour,  of  Anatomy.) 

cortex  in  radial  branches,  the  course  of  which  is  similar 
to  that  of  the  interlobular  arteries.  They  end  in  the 
arcuate  veins,  which  also  receive  the  venuke  reetae  and 
finally  leave  the  kidney  at  the  hilum.  In  the  cat,  how- 
ever, a  system  of  veins  directly  under  the  capsule  re- 
ceives radicles  which  drain  the  outer  half  of  the  cortex, 
while  another  system  corresponding  to  the  arcuate 
veins,  receive  short  interlobular  veins  and  also  venulse 
rectse  and  the  two  systems  unite  at  the  hilus.  In  the 
dog  also  there  are  two  systems  of  veins,  but  the  large 
subcapsular  system  drains  the  outer  half  of  the  cortex 
and  then  ends  in  the  arcuate  veins,  which  also  receive 
short  interlobular  veins  and  the  venulee  recta;  return- 
ing the  blood  from  the  medulla. 

Lymph  clefts  have  been  described  in  the  labyrinth 
of  the  kidney,  especially  around  the  convoluted  tubules 


and   around   the   blood-vessels,    and    also   around   the 

blood-vessels  of  the  capsules  and  of  the  medullary 
portion  of  the  kidney.     These  unite  into  true  lymph 

vessels,  which  are  divided  into  superficial  and  deep. 
The  former  arise  on  the  surface  of  the  organ,  as  their 
name  indicates,  and  pass  toward  the  hilum.  The 
deep  vessels  accompany  the  blood-vessels  toward  the 
sinus,  where  four  or  five  are  usually  found,  one  for 
each  division  of  the  artery.  They,  with  the  superficial 
lymph  vessels,  pass  to  the  lumbar  lymph  glands  which 
are  nearest  to  the  hilum. 

Stahr  has  recently  reported  the  results  of  some  work 
on  the  lymph  apparatus  of  the  kidney.      He  found  two 


Fig.  3594. — The  Venous  Stars  of  Verheyen,  seen  on  the  Anterior 
Face  of  the  Right  Kidney.  (Testut.)  1,  External  border  of  the 
kidney;  2,  hilum  with  the  renal  vessels;  3.  vena?  stellate. 

systems  of  capillaries  in  the  capsule:  one  in  the  fatty 
capsule  (superficial)  and  one  in  the  fibrous  capsule, 
connected  to  the  lymph  capillaries  of  the  cortex.  He 
finds  no  lymph  capillaries  in  the  glomeruli.  The 
capillaries  of  the  cortex,  like  the  blood  capillaries, 
form  a  network  and  collect  at  quite  regular  intervals 
in  the  medullary  rays  and  pass  down  vertically  to  the 
border  of  cortex  and  medulla,  where  they  form  arches. 
These  arches  are  in  communication  with  the  lymph 
vessels,  which  pass  straight  through  the  medullary 
substance. 

Nerve  Supply  of  the  Kidney. — The  nerves  of  the 
kidney  are  derived  mainly  from  the  sympathetic 
through  the  solar  and  aortic  plexuses,  the  semilunar 
ganglia  and  the  splanchnics.  They  communicate 
with  the  spermatic  plexuses,  and  some  filaments  have 
been  traced  to  the  pneumogastrics  (Morris). 

The  mode  of  distribution  and  termination  of  the 
nerves  in  the  kidney  has  been  investigated  by  Retzius, 
Kolliker,  von  Ebner,  Berkeley,  and  many  others. 
Smirnow  has  reported  the  results  of  his  extensive  in- 
vestigations on  these  nerves  by  means  of  the  Golgi 
method  and  the  Ehrlich  methylene  blue  method. 
He  states  that  the  nerve  trunks  enter  the  sinus  renalis, 
partly  with  the  blood-vessels  and  partly  accompanying 
the  renal  ducts.  These  trunks  consist  of  non-medul- 
lated  nerves  and  medullated  nerves  of  different  caliber. 
These  nerves  form  a  plexus  in  the  sinus  renalis,  in  the 
meshes  of  which  he  was  able  to  demonstrate  multipolar 
nerve  cells.  He  describes  motor  nerve  endings  in  the 
smooth  muscle  of  the  walls  of  the  renal  pelvis  and  of 
the  ureters,  sensory  free  endings  in  the  connective 
tissue  of  these  structures  and  also  interepithelial  fibers. 
In  the  fibrous  capsule  numerous  nerve  fibers  were 
found  which  ended  partly  on  the  blood-vessels,  in 
which  both  motor  and  sensory  endings  were  obser%red, 
and  partly  in  the  connective  tissue.     All  the  blood- 
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vessels  of  the  kidney  are  provided  with  nerves;  in 
many  of  them  both  motor  and  sensory  nerve  endings 
having  been  observed.  From,  the  plexus  in  the  vasa 
afferentia,  non-medullated  nerve  fibers  penetj 
into  the  glomerulus,  ending  partly  on  the  capillary 
vessels  of  the  glomerulus  and  partly  in  free  endings  on 
the  outer  surface  of  Bowman's  capsule.  In  addition 
to  the  nerves  supplying  the  blood-vessels  of  the  kidney, 
there  are  also  nerves  arising  from  trunks  which  accom- 
pany the  arteries,  which  end  on  the  urinary  tubules  of 
both  the  cortex  and  medulla.  There  is  a  close  anat- 
omical relation  between  the  nerves  of  the  renal  paren- 
chyma and  the  vascular  nerves.  The  urinary  tubules 
of  both  cortex  and  medulla  are  provided  with  non- 
medullated  nerves,  which  run  in  the  sheath  of  the 
tubules,  branch  repeatedly,  forming  a  plexus  on  the 
outer  surface  of  the  membrana  propria  of  the  tubules. 
From  this  plexus  varicose  fibers  arise,  which  end  on 


Fig.  3595. — Cross-section  of  a  Convoluted  Tubule  from  the 
Kidney  of  a  Frog,  Injected  with  Methylene  Blue,  fixed  by  Bethe's 
Method,  and  Counter-stained  with  Cochineal.  In  the  neighbor- 
hood of  the  tubule  are  two  nerve  fibers,  one  of  which  passes  to  the 
wall  of  the  tubule,  while  the  other  goes  to  the  blood-vessel.  On  the 
epithelial  cells  of  the  tubule,  varicose  fibers  are  seen,  which  form 
free  endings  of  different  form;  these  epithelial  nerve  endings  arise 
from  nerve  fibers  which  lie  at  the  periphery  of  the  tubule  on  the 
outer  surface  of  its  sheath.  Around  the  blood  capillary,  varicose 
nerve  fibers  form  a  plexus,  which  forms  two  small  endings  in  the 
walls  of  the  capillary;  one  of  these  consists  of  three  short  fibrils  and 
the  other  of  two,  which  end  in  a  knob.     (Smirnow.) 

the  surface  of  the  membrana  propria  (epilamellar 
nerve  endings).  From  the  epilamellar  plexus,  fine 
fibers  arise,  which  pass  through  the  membrana  propria 
into  the  tubule  and  form,  on  the  surface  of  the  epithe- 
lial cells,  endings  of  different  form  (hypolamellar 
endings).  These  are  found  in  the  convoluted  tubules, 
in  the  straight  collecting  tubules,  and  in  the  main 
excretory  ducts  of  the  kidney.  The  mode  of  ending  of 
the  nerve  fibers  and  the  relation  of  the  vascular  and 
secretory  nerves  are  shown  in  Fig.  3595  taken  from 
Smirnow's  report. 

Thus  the  kidney  is  shown  to  have  a  large  number  of 
nerves  and  nerve  endings,  from  which  we  must  con- 


clude   that   the   nervous   system    exerts    a    constant 

inlluence  on  the  excretion  of  the  urine. 

I)i  vi  lupminX  nflhp.  Kidney. — The  development  of  the 
kidney  is  associated  with  the  del  elopmenl  and  degen- 
eration of  certain  fetal  sti  known  as  the  | 
nephros  and  th  phros.  The  former  origin 
in  the  cells  of  the  middle  plate  and  consists  of  a  long 
tube,  the  pronephric  duct,  and  transverse  tubules, 
which  open  into  the  pronephric  duct  and  communicate 
with  the  body  cavity.  These  are  invaginated  by 
glomeruli.  This  organ  functionates  as  an  excretory 
urcaii  in  certain  of  the  lower  forms,  but  in  man 
quite  rudimentary  and  its  development  is  abbre- 
viated and  incomplete.  It  undergoes  complete 
defeneration  but  for  a  time  remain-.  111:11  be  found 
in  the  retroperitoneum  in  the  form  of  closed  vesicles. 
The  parent  tissue  of  the  mesonephric  tubule-  is 
furnished  by  the  segment  stalks,  which,  cut  out  as  a 
whole  from  the  mesoderm,  form  what  is  termed  the 
nephrogenic  cord.  In  an  embryo  of  5.3  millimeters 
greatest  length  the  nephrogenic  cord  is  interrupted 
in  the  twenty-sixth  or  twenty-seventh  segment, 
becomes  looser  and  soon  is  no  longer  distinguishable 
from  the  surrounding  tissues.  Thus  the  cord  is 
divided  into  two  portions:  a  long  cranial  one,  from 
which  the  mesonephric  tubules  develop  and  a  short 
caudal  one  from  which  the  metanephric  tubules  origi- 
nate. Schreiner  calls  the  two  portions  the  mesoneph- 
rogenic  and  the  metanephrogenic  cords.  The  excre- 
tory duct  connects  with  the  cloaca.  Spherical  masses 
of  cells  separate  off  from  the  nephrogenic  cord  in  the 
different  segments,  become  hollowed  out  to  form 
vesicles  and  then  become  connected  by  a  principal 
tubule  with  the  excretory  duct.  The  glomerulus 
appears,  forming  the  anlage  of  the  renal  or  Malpighian 
corpuscle  and  the  tubule  begins  to  bend  S-shape. 
The  tubules  elongate  somewhat  and  form  a  loop  but 
no  convolutions.  They  unite  to  form  the  meso- 
nephros,  the  two  mesonephroi  being  nearly  straight 
and  parallel,  the  renal  corpuscles  being  so  placed  one 
above  the  other  that  they  form  a  column.  The  fully 
developed  mesonephros  contains  thirty-two  to  thirty- 
four  tubules  consisting  of  a  large  Malpighian  cor- 
puscle, a  secreting  and  a  collecting  tubule.  The 
degeneration  of  the  mesonephros  occurs  in  two  periods ; 
the  first  begins  even  before  the  organ  has  reached  its 
full  extent  and  is  finished  in  embryos  of  twenty-one 
millimeters  greatest  length.  During  this  period, 
the  greater  part  of  the  mesonephros,  beginning  at  the 
cranial  end,  is  degenerated.  The  second  period  comes 
on  gradually  and  no  definite  time  limits  for  it  can  be 
determined.  Some  further  tubules  are  suppressed 
during  this  period  and  others  enter  into  the  service 
of  the  reproductive  system. 

The  permanent  kidnejr  or  metanephros  begins  to  de- 
velop as  early  as  the  fifth  week  of  embryonic  life. 
Two  distinct  views  are  expressed  in  the  literature  re- 
garding the  development  of  the  permanent  kidney: 
one  is  that  the  pelvis  of  the  kidney,  collecting  tubules 
and  uriniferous  tubules  all  develop  from  this  evagina- 
tion  from  the  primary  excretory  duct.  This  view  is 
upheld  by  Miiller,  Remak,  Kolliker,  Schweiger- 
Seidel,  Toldt,  Nagel,  Minot,  Gerhardt,  Haycraft, 
Heisler,  and  others.  This  view  is  well  summarized 
by  Haycraft.  He  states:  1.  That  the  connective 
tissue  and  blood-vessels  of  the  kidney  develop  from 
the  blastema,  while  the  epithelium  of  the  tubules 
proliferates  from  the  cells  originally  lining  the  ureter 
and  Wolffian  duct. 

2.  The  tubules  which  first  sprout  into  the  blastema 
terminate  in  dilatations,  the  primary  renal  vesicles. 

3.  Then  these  form  branching  cavities  which  always 
remain  at  the  periphery  of  the  cortex;  from  these  the 
urinary  tubules  bud  off,  the  older  ones  sinking  down 
into  the  medulla. 

4.  The  tubules  which  first  sprout  from  the  ureter 
soon  become  turned  inside  out  to  form  the  pelvis  of  the 
kidney. 
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5.  Many   of   their   prolongations   into   the   rapidly 

dividing  renal  vesicles  also  heroine  evaluated,  thus 

increasing  the  number  of  tubules  passing  between  the 

pelvis  and  the  renal  vesicles  al   I  he  cortex. 

,6.  Those  that  remain  form  Hie  collecting  tubules. 

7.  The  Bowman's  capsule  is  moulded  into  its  shape 
upon  the  bent  tubule  Ions  before  the  glomerulus  is 
formed.  It  is  invaginated  rather  by  its  tubule  than  by 
the  glomerulus. 

The  second  view  is  strongly  supported  bv  Kupffer, 
Gegenbaur,  Wiedersheim,  Hamburger,  Schreiner, 
Chievitz,  and  Herring.  Herring  thus  summarizes 
the  views  held  by  these  authors:  The  kidney  arises 
from  two  distinct  structures  which  come  together  at  an 
early  period  and  remain  intimately  associated  during 
further  development. 

1 .  The  Kidney  Blastema. — This  consists  of  a  mass  of 
cells  closely  related  to  the  blastema  of  the  Wolffian 
body,  and  apparently  formed  from  the  intermediate 
cell  mass  or  the  peritoneal  epithelium.  It  is  therefore 
mesoblastic.  It  forms  an  envelope  around  the  ends 
of  the  ureter  branches,  and  persists  as  a  thin  cellular 
investment  under  the  capsule  and  between  the  lobules, 
until  the  end  of  the  eighth  month,  after  which  it 
entirely  disappears. 

2.  The  Ureter. — This  structure  is  an  outgrowth  from 
the  Wolffian  duct.  It  appears  at  the  end  of  the  first 
month,  and  grows  forward,  as  a  solid  column  of  cells, 
to  reach  and  embed  its  peripheral  branches  in  the 
kidney  blastema.  The  balance  of  recent  opinion  is  in 
favor  of  the  ureter  being  epiblastic. 

At  the  beginning  of  the  second  month,  the  ureter  has 
come  into  apposition  with  the  kidney  blastema  and 
the  result  is  the  beginning  of  the  formation  of  the  per- 
manent kidney.  The  ureter  branches  early,  and  its 
lumen  dilates  anteriorly  to  form  the  future  pelvis  and 
calices.  The  primary  branches  are  of  a  definite  num- 
ber, and  at  their  extremities  masses  of  cells  appear 
constituting  the  "  Nierenbecke  "  of  the  German  writers. 
From  these  masses  of  cells  in  the  kidney  pelvis  are 
developed  the  collecting  tubules  of  each  lobule. 
Ureter,  pelvis,  calices,  and  collecting  tubules  are 
formed  from  the  Wolffian  duct  and  these  are  the  only- 
parts  formed  from  this  structure,  unless  we  include 
part  of  the  intercalated  tubule.  From  the  kidney 
blastema  arise  the  Malpighian  bodies,  convoluted 
tubules,  Henle's  loops,  and  the  junctional  tubules,  the 
connective-tissue  framework  and  the  capsules.  Mal- 
pighian bodies  and  their  tubules  begin  to  appear  at 
the  end  of  the  second  month,  uniting  at  an  early  stage 
with  the  branches  of  the  ureter.  Each  Malpighian 
body  with  its  tubule  arises  as  a  solid  mass  of  cells  at 
the  periphery  of  the  lobule  in  close  relation  to  the 
dilated  extremity  of  a  branch  of  the  ureter.  The 
solid  mass  acquires  a  lumen  and  assumes  an  S-shape. 
The  lower  limb  of  the  S  becomes  a  Malpighian  body, 
the  upper  and  middle  limbs  become  convoluted  tu- 
bules, while  the  bend  between  them  develops  into  the 
Henle's  loop;  the  extremity  of  the  upper  end  joins  the 
collecting  tubule  and  forms  the  greater  part  of  the 
junctional  tubule.  The  cells  lining  the  tubules  are  at 
first  similar,  but  become  differentiated  as  the  organ 
functionates. 

The  careful  work  of  Schreiner,  of  Stoerk  and  of 
Huber  and  especially  the  instructive  and  convincing 
series  of  wax  plate  reconstructions  made  by  them  of 
the  developing  renal  tubule  and  its  efferent  apparatus, 
have  settled  beyond  any  reasonable  question  the 
point  which  has  so  long  been  debated,  and  the  practical 
agreement  of  these  three  workers  with  each  other  and 
with  Herring  on  the  dual  origin  of  the  kidney  makes 
the  conclusion  certain  that  the  secretory  portion  of 
the  kidney  tubule  arises  as  stated  from  the  nephro- 
genic tissue,  while  the  collecting  tubules  arise  from 
the  ureter,  an  offshoot  of  the  primary  excretory  duct. 
Fig.  3596  represents  a  most  convincing  series  of  models 
of  developing  renal  tubules  from  a  human  embryo  of 
the  seventh  month  as  reconstructed  bv  Huber. 


The    development    of    the    permanent    kidney    may 

then  be  divided  into  two  portions,  the  secretory  o"r 
actual  glandular  portion  and  the  efferent  apparatus. 
The  efferent  apparatui    develops  from   the  prim 

excretory  duct,   which   by   an   outgrowth   forms  on 

either  side  a  ureter.  This  ujm  m  e  to  B  eries  of 
tubules,  the  primary  collecting  tubules,  each  of  these 
to  secondary  ones,  these  again  to  tertiary  ones  and  SO  on 

until  finally  then,  is  formed  an  excretory  apparatus 
consisting  of   collecting  tubules  of  the  firsl    to 
twelfth  order  and  of  terminal  collecting  tubules. 


Fig.  3596. — A  Series  of  Models  showing  successive  stages  (A 
to  J)  in  development  of  tubular  anlagen  and  early  stages  in  the 
development  of  uriniferous  tubules,  with  a  portion  of  the  collecting 
tubule  to  which  each  is  attached;  from  a  human  embryo,  of  the 
seventh  month.      (Huber,  Am.  Journal  of  Anatomy.) 

The  secretory  metanephrogenic  tubules  develop 
from  the  posterior  portion  of  the  nephrogenic  cord 
and  unite  with  the  terminal  collecting  tubules.  The 
Bowman's  capsule,  first  and  second  convoluted  tu- 
bules, descending  and  ascending  limbs  of  Henle's  loop 
and  i  junctional  tubule  are  thus  developed  from  the 
nephrogenic  tissue. 

II.  Physiology  of  the  Kidney. — Two  portions  of 
the  kidney  have  been  regarded  as  of  primary  physio- 
logic importance  and  have  therefore  received  most  ex- 
haustive study — a  study  which  has  resulted,  however, 
in  views  which  are  most  widely  divergent.  These 
two  portions  are  the  glomeruli,  including  the  cap- 
sule of  Bowman,  and  the  convoluted  tubules,  in- 
cluding the  loops  of  Henle.  As  stated  under  the 
Anatomy  of  the  Kidneys,  the  glomeruli  consist  of 
branching  and  anastomosing  loops  of  capillaries,  be- 
tween which  is  a  small  amount  of  reticular  connective 
tissue,  the  entire  structure  being  imperfectly  divided 
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into  lobules  by  strands  of  connective  tissue.  The 
glomerulus  is  covered  by  a  single  layer  of  much  flat- 
tened epithelial  cells,  the  glomerular  portion  of  Bow- 
man's capsule.  Between  this  and  the  peripheral 
portion  of  the  capsule  is  a  space,  which  connects  with 
the  lumen  of  the  uriniferous  tubule  and  hence  forms 
the  beginning  of  this  structure.  We  have  therefore  a 
structure  analogous  to  that  of  the  lungs.  The  blood 
is  found  in  thin-walled  capillaries,  separated  from  the 
urinary  space  only  by  the  thin  wall  of  the  capillary  and 
a  single  layer  of  flattened  epithelium — the  typical 
condition  for  osmosis.  The  endothelium-like  cells  of 
Bowman's  capsule  have  been  carefully  studied  with 
the  view  of  determining  whether  any  changes  of 
structure  of  these  cells  occur  during  the  process  of 
secretion,  and  Van  der  Stricht  states  that  clear  drop- 
lets of  fluid  have  been  seen  by  him  in  these  cells  be- 
tween the  granules  of  protoplasm.  The  cells  lining 
the  convoluted  tubules  and  loops  of  Henle  have  been 
studied  by  various  methods  by  Heidenhain,  Henle, 
Krause,  Nussbaum,  Tornier,  Van  der  Stricht,  Zimmer- 
mann,  Sailer,  and  many  others.  The  rod  structure, 
ciliated  border  (Biirstensaum),  granular  and  vacuo- 
lated appearances  of  the  cells  have  been  described 
somewhat  in  detail  under  the  Anatomy  of  the  Kidney 
and  need  not  be  repeated  here.  Nicolas  states  that 
the  inner  portion  of  these  cells  is  destroyed  during 
secretion  as  in  the  cells  of  the  mammary  gland,  the 
cells  being  then  rebuilt  from  the  peripheral  portion  of 
the  cell.  Most  of  these  authors  agree  that  the  cells 
of  the  convoluted  tubules  and  Henle's  loops  undergo 
certain  important  changes  of  structure,  which  they 
ascribe  to  the  processes  of  secretion,  the  fluid  being 
collected  in  the  cell  as  granules  or  as  vacuoles,  and 
finally  extruded  into  the  lumen ;  Sauer,  however,  refuses 
to  admit  that  the  appearances  described  have  any- 
thing to  do  with  the  processes  of  secretion,  being  found 
in  all  phases  of  secretion  alike.  These  cells  are  in 
many  respects  like  the  cells  lining  the  intestinal  cavity, 
which  are  known  to  be  absorptive  rather  than  secre- 
tory in  their  function;  the  Biirstensaum  is  comparable 
to  the  striated  cuticular  border  of  these  cells  while  the 
striated  protoplasm  is  met  in  many  types  of  cells, 
especially  of  gland  ducts.  The  variations  observed 
by  different  authors  and  even  by  the  same  author  in 
different  preparations  may  be,  in  part  at  least,  due  to 
different  methods  of  fixation  or  to  other  differences  of 
technique. 

That  certain  portions  of  the  urine  are  excreted  by 
the  glomeruli  is  admitted  by  all  authors,  but  views 
differ  widely  in  regard  to  how  much,  what  constituents, 
and  whether  the  process  is  purely  physical,  a  process 
of  filtration,  or  whether  the  glomerular  epithelium  is 
actively  concerned  in  the  process,  so  that  it  becomes  a 
vital  process  of  secretion.  Many  physiologic  experi- 
ments have  been  undertaken  to  determine  these  points, 
and  two  diametrically  opposed  views  have  arisen,  each 
of  which  is  supported  by  a  long  line  of  investigators. 

1.  The  Bow?nan-Ilt nit  nli/iin  Vital  Theory. — This 
theory  was  first  formulated  by  Bowman  in  1842  on  a 
purely  anatomical  basis  and  it  was  later  (1874)  con- 
firmed by  Heidenhain  on  the  basis  of  experimental 
data.     It  is  briefly  stated  as  follows: 

"  (a)  In  the  kidney,  as  in  all  other  glands,  the  secre- 
tion depends  on  the  active  intervention  of  special 
secretory  cells. 

"(b)  The  first  type  of  these  cells  is  represented  by 
the  simple  layer  of  epithelium  covering  the  glomerular 
loop  of  capillaries.  The  office  of  these  cells  is  to 
secrete  water  and  such  salts  of  the  urine  as  are  found 
in  all  other  parts  of  the  body  in  watery  solution  (e.g. 
sodium  chloride). 

"  (c)  Another  system  of  secretory  cells,  forming  the 
lining  investment  of  the  convoluted  tubules  and  as- 
cending limb  of  the  loop  of  Henle,  secrete  the  specific 
constituents  of  the  urine  (urea,  uric  acid,  etc.). 

"Under  some  conditions,  they  may  also  secrete  a 
certain  amount  of  water. 
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"  ('/)  The  activity  of  the  two  kind-  of  secretory  cells 
is  determined :  (1)  By  the  amount  of  water  or  urinary 
constituents  contained  in  the  blood;  (2)  by  the  vel<" 
of  the  blood  flow  through  the  capillaries  of  the  kidney, 
inasmuch  as  on  this  factor  depends  the  supply  of 
oxygen  and  of  substances  to  be  secreted  to  the  cells. 

"  (e)  The  great  variability  in  the  constitution  of  the 
urine  may  be  explained  by  differences  in  the  secretory 
activities  of  these  two  types  of  cell." 

Heidenhain  based  his  conclusions  largely  on  the  fact 
that  after  the  injection  of  indigo  carmine,  the  cells  of 
the  convoluted  tubules  and  of  the  ascending  limb  of 
Henle's  loop  were  colored  by  the  dye,  while  the  other 
portions  of  the  kidney  were  quite  free  from  the  pig- 
ment. In  the  kidneys  of  birds,  crystals  of  uric  acid 
were  found  in  the  same  cells  by  Bowman  and  v.  Wittich , 
while  indigo  carmine,  carmine,  Ehrlich's  tricolor 
mixture,  and  other  dyes  have  been  used  by  other 
investigators  with  similar  results. 

Dreser  concludes  from  his  observations  that  the  pro- 
duction of  urine  is  attended  by  the  doing  of  work  on 
the  part  of  the  kidney  and  must  therefore  be  looked 
upon  as  a  process  of  secretion,  while  Adami  states  that 
the  glomerular  epithelium  must  be  looked  upon  as 
possessing  powers  of  a  selective  secretory  nature. 
Thompson  decides  from  his  experiments  with  atropine 
and  morphine  that  the  production  of  urine  is  to  a  cer- 
tain extent  analogous  to  the  manufacture  of  the  secre- 
tion of  other  glands  which  are  influenced  by  atropine. 
Magnus  and  Gottlieb  conclude  from  their  experiments 
with  diuretics  that,  while  there  is  usually  an  increase 
in  the  blood  content  of  the  kidney,  shown  oncometric- 
ally,  as  a  result  of  the  administration  of  diuretics,  yet 
diuresis  may  occur  without  a  corresponding  increase 
of  the  blood  flow  through  the  kidney.  The  increased 
flow  of  blood  is  regarded  as  an  auxiliary  factor  in  the 
increase  of  the  secretion,  and  the  diuresis  may  be 
checked  by  causing  contraction  of  the  renal  arterioles. 
From  these  data,  they  conclude  that  "the  relations 
between  the  circulation  and  excretion  in  the  kidney 
are  similar  to  those  in  the  salivary  glands." 

2.  Ludwig's  Mechanical  Theory. — In  1844  Ludwig 
presented  his  well-known  theory,  which  is  briefly 
formulated  as  follows: 

"  (a)  The  secretion  of  water  is  a  purely  mechanical 
process,  depending  only  on  the  blood  pressure  in  the 
glomerular  capillaries  and  the  permeability  of  the 
filtering  membrane. 

"  (b)  This  dilute  fluid  is  concentrated  in  the  tubules 
by  giving  up  its  water  to  the  surrounding  lymph,  in 
consequence  of  differences  of  concentration  between 
the  glomerular  fluid  and  the  lymph. 

"(c)  All  the  urinary  constituents  are  turned  out  of 
the  blood  with  the  water  through  the  glomeruli." 

This  theory  depends  on  the  connection  between  the 
circulation  through  the  kidney  and  the  amount  of 
urine  excreted.  A  mechanical  filtration  must  depend 
largely  on  differences  of  pressure  between  the  blood  in 
the  capillaries  and  the  urine  in  the  tubules;  partly  also 
on  the  rapidity  of  the  blood  flow  through  the  glomeruli. 

The  blood  pressure  is  raised:  (1)  By  a  rise  of  the 
general  blood  pressure;  (2)  by  dilatation  of  the  renal 
arterioles,  and  (3)  by  obstruction  of  the  renal  vein. 
This  last  factor,  while  it  raises  the  pressure  of  the  blood, 
will  also  retard  the  blood  flow  and,  as  shown  by  the 
work  of  De  Souza  and  others,  causes  a  diminution  or 
cessation  of  the  urinary  excretion. 

The  theory,  so  far  as  the  absorptive  function  of  the 
epithelial  cells  of  the  tubules  is  concerned,  is  confirmed 
by  the  facts  mentioned  by  Koranyi  that  the  concentra- 
tion of  the  urine  increases  with  the  length  of  the  con- 
voluted tubules  and  diminishes  in  proportion  to  the 
rapidity  with  which  it  passes  through  the  tubules,  as 
after  diuretics,  when  the  urine  is  very  dilute.  Dreser 
decides  that  the  wyork  of  the  convoluted  tubules  is 
purely  absorptive,  but  regards  this  as  a  vital  process, 
because  of  the  fact  that  in  pathologic  conditions,  when 
the  cells  of  the  tubules  are  diseased  and  incapable  of 
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doing  work,  the  urine  is  more  dilute.  Koranyi  draws 
the  conclusion  that  only  the  physical  processes  of 
metabolism  are  so  far  explained  and  that,  while  many 
facts  still  remain  tending  to  confirm  the  vitalistic 
theory,  these  are  becoming  fewer  and  fewer,  and  the 
probability  is  that,  with  the  further  advance  of  our 
knowledge  on  this  subject,  physical  processes  will  more 
and  more  predominate  over  the  vital. 

Cushney  states  that  the  relative  amounts  of  chloride 
and  sulphate  in  the  urine  vary  independently  of  their 
proportions  in  the  blood  plasma  and  also  of  the  degree 
in  which  each  is  present  in  excess,  a  fact  which  he  ex- 
plains by  saying  that  the  tubules  alter  the  glomerular 
fluid  by  absorbing  some  of  its  constituents,  the  sul- 
phates being  absorbed  with  greater  difficulty  than  the 
chlorides.  His  experiments  on  diuresis  have  so  im- 
portant a  bearing  on  the  settlement  of  this  vexed 
question  that  a  fuller  reference  to  them  will  not  be  out 
of  place  here.  He,  in  a  number  of  experiments,  in- 
jected into  rabbits  solutions  of  sodium  chloride,  sodium 
sulphate,  sodium  phosphate,  and  urea.  The  urine 
having  been  examined  before  the  experiment,  mixtures 
of  two  of  the  solutions  were  injected  into  the  jugular 
vein,  the  urine  being  collected  and  examined  at  fre- 
quent intervals.  In  the  first  stage  of  diuresis  after 
the  injection  of  the  mixture  of  chloride  and  sulphate, 
the  chloride  of  the  urine  was  to  that  of  the  plasma  as 
2:3,  while  in  the  last  phase  it  was  in  the  ratio  of  1:5. 
The  sulphate  in  the  first  phase  was  as  2: 1,  and  in  the 
last  phase  as  10: 1.  The  only  assumption  necessary 
to  explain  these  results  is  that  the  sulphates  are  ab- 
sorbed by  the  tubules  with  greater  difficulty  than  the 
chlorides,  an  assumption  which  is  in  accord  with  their 
behavior  toward  the  epithelial  cells  of  the  intestine, 
red  blood  cells,  and  others.  The  precipitation  of  the 
carbonates  in  the  normal  urine  of  the  rabbit  is  also 
better  accounted  for  by  the  reabsorption  of  the  solvent 
than  by  any  other  hypothesis.  This  absorption,  how- 
ever, he  regards  not  as  a  simple  diffusion,  as  Ludwig 
at  first  assumed,  but  there  must  be  an  unknown  force 
causing  a  current  from  the  lumen  toward  the  blood  as 
in  the  intestine.  Which  constituents  of  the  glomeru- 
lar fluid  shall  be  subjected  to  this  force,  however,  is 
determined  by  their  diffusibility  into  the  cells.  The 
injection  of  urea  resulted  in  similar  phenomena;  the 
percentage  was  high  in  the  normal  urine,  fell  during 
diuresis,  and  rose  gradually  as  the  quantity  of  urine 
returned  to  normal.  The  urea  thus  resembles  the 
sulphates  and  phosphates,  apparently  passing  through 
the  capsules  readily,  but  failing  to  penetrate  the 
epithelium  of  the  tubules  so  readily  as  the  chloride. 
Cushney,  therefore,  explains  his  results  in  conformity 
with  the  mechanical  theory  of  renal  secretion  modified 
by  the  acceptation  of  active  absorption  in  the  tubules. 
The  diuretics  cause  a  hydremia,  which  induces  an 
increased  flow  through  the  capsule,  the  fluid  carrying 
with  it  salts  in  the  same  proportion  in  which  they 
occur  in  the  plasma.  The  rapid  flow  through  the 
tubules  permits  of  only  imperfect  absorption,  but  a 
certain  amount  of  the  water  and  chloride  are  returned 
to  the  blood,  while  the  less  diffusible  bodies  are  ex- 
creted, it  may  be,  in  a  form  more  concentrated  than  in 
the  blood.  Later  more  perfect  absorption  takes  place 
and  the  urine  becomes  more  concentrated,  and  the  pro- 
portions are  changed.  Cushney'  concludes  his  argu- 
ment with  the  statement  that  "the  epithelium  lining 
the  renal  tubules  is  often  compared  to  that  of  a  true 
secreting  gland,  such  as  the  salivary,  but  it  resembles 
that  of  the  intestine  as  closely  histologically  and  in  its 
reaction  to  chlorides,  phosphates,  and  sulphates,  is 
analogous  from  a  physiological  point  of  view." 

On  the  other  hand,  the  work  of  Barcroft  and  Brodie 
on  the  gaseous  exchange  during  diuresis  and  during 
phloridzin  glycosuria,  in  which  they  found  that  during 
diuresis,  the  kidney  uses  more  oxygen  than  the  body 
generally  and  that  the  amounts  of  oxygen  used  and  of 
CO2  given  off  are  practically  the  same  showing  an 
intense   chemical   activity,   lends  no  support  to  the 


in'  chanical  theory  of  kidney  function.  Underbill, 
Wells,  and  Goldschmidt,  in  their  experiments  on  tar- 
trate nephritis,  in  which  the  tubular  epithelium  alone 
is  affected  while  the  glomeruli  functionate  normally, 
found  the  kidney  almost  impervious  to  nitrogen  com- 
pounds, but  not  tu  chlorides;  they  therefore  concluded 
that  normally  Na(.'l  and  ILO  are  eliminated  by  the 
glomeruli  while  the  tubular  epithelium  is  concerned 
in  the  secretion  of  urea.  They  saw  no  evidence  that 
t  be  glomeruli  could  take  over  the  urea-secreting  power 
of  the  tubules,  although  Brodie  and  Cullis  and  also 
Bainbridge  and  Beddard,  repeating  Nussbaum's  well- 
known  experiments  of  ligating  the  renal  artery  of  the 
frog,  thus  cutting  off  the  blood  supply  to  the  glomeruli, 
found  that  by  supplying  abundance  of  oxygen,  either 
by  keeping  the  frogs  in  nearly  pure  oxygen  as  in  Bain- 
bridge and  Beddard's  experiments,  or  by  injecting 
oxygenated  Ringer's  solution,  as  in  Brodie  and  Cullis's 
work,  the  epithelium  of  the  renal  tubules  could  be 
preserved  intact.  The  tubules  could  then  apparently 
assume  the  function  of  the  glomeruli  after  the  injection 
of  urea  and  secrete  a  urine  containing  not  only  urea, 
but  also  chlorides  and  sulphates  and  water. 

The  question  at  issue  cannot  then  be  regarded  as 
decided.  Some  physiologists  like  Cullis  regard  the 
entire  process  of  urine  formation  as  secretory,  believ- 
ing that  both  the  low  cells  of  the  glomerular  capsule 
and  the  higher  rodded  cells  of  the  convoluted  tubules 
are  true  glandular  cells  functionating  as  secreting 
epithelium.  The  greater  number  of  physiologists, 
however,  prefer  to  take  the  middle  ground  and  regard 
the  glomerular  activity  as  filtration  while  the  tubular 
epithelium  assumes  two  functions — the  secretion  of 
urea  and  like  substances  and  the  absorption  of  certain 
salts. 

We  may  therefore  conclude  with  Starling  that 
according  to  the  weight  of  evidence  at  present  known 
the  glomeruli  produce  by  osmosis  a  protein-free  filtrate 
having  the  same  crystalloid  concentration  as  the  blood 
plasma,  the  rate  being  regulated  by  blood  pressure 
and  velocity  and  by  colloid  content  of  plasma.  That 
the  cells  of  the  convoluted  tubules  may  take  up  from 
the  surrounding  lymph,  substances  like  urea,  uric  acid, 
etc.,  which  are  in  excess,  accumulate  them  in  vacuoles 
and  discharge  them  into  the  lumen  of  the  tubules. 
Besides  this  specific  secretory  activity  of  the  cells  of 
the  convoluted  tubules,  the  tubules  as  a  whole  have 
the  power  of  absorbing  both  water  and  dissolved  sub- 
stances from  the  fluid  in  the  lumen  and  that  the  rela- 
tive permeability  of  the  cells  to  these  constituents 
is  at  any  rate  one  factor  in  determining  the  substances 
absorbed.  As  a  result  of  these  processes,  the  glomeru- 
lar filtrate  is  greatly  modified,  receiving  urea,  uric 
acid,  phosphates  and  under  certain  conditions  water 
from  the  cells  of  the  convoluted  tubules  and  giving  up 
salts,  especially  NaCl  and  generally  water  to  the  same 
or  other  cells  of  the  tubules. 

The  question  of  renal  sufficiency  has  recently  been 
investigated  by  many  workers  and  by  various  methods. 

1.  The  functional  activity  of  the  kidney  has  been 
investigated  by  the  use  of  aniline  dyes,  especially 
methylene  blue;  the  important  points  observed  are 
the  time  of  the  first  appearance  of  the  blue  in  the  urine, 
the  intensity  of  the  excretion,  and  the  duration  and 
character  of  the  process.  All  these  factors  vary  in 
different  pathological  conditions. 

2.  Ureteral  catheterization  was  then  used  to  deter- 
mine in  these  experiments,  which  kidney  is  function- 
ating normally  or  abnormally. 

3.  Cryoskopie,  the  method  suggested  by  Koranyi, 
depends  for  its  value  upon  the  physical  principles  (a) 
that  the  osmotic  pressure  of  a  fluid  is  proportional  to 
its  concentration  (i.e.  to  the  number  of  molecules  dis- 
solved in  a  unit  of  volume). 

(ft)  Solutions  which  are  in  proportion  to  their 
molecular  weights,  volume,  and  temperature  being 
equal,  have  the  same  osmotic  pressure. 

(c)  The  freezing-point  of  solutions  is  lowered  in  pro- 
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portion  to  the  amount  of  solid  dissolved  (i.e.  the  con- 
centration). 

Hence  the  lowering  of  the  freezing-point  can  be  re- 
garded as  the  measure  of  molecular  concentration  and 
the  functional  sufficiency  of  the  kidney  can  be  esti- 
mated by  determining  the  difference  between  the 
lowering  of  the  freezing-point  of  blood  serum  and  of 
urine. 

Phloridzin,  because  of  its  power  of  causing  the 
■  i  ration  of  sugars  in  the  urine,  has  been  used  to  show 
the  functional  activity  of  the  kidney  from  the  stand- 
point of  its  glandular  power. 

More  recently  (1910)  a  method  of  determining  the 
functional  capacity  of  the  kidney  has  been  suggested 
by  Rowntree  and  Geraghty.  Phenolsulphonephthalin 
is  administered  subcutaneously  and  the  dye  in  normal 
individuals  appears  in  the  urine  in  about  ten  minutes. 
This  is  apparently  the  simplest  and  most  accurate  of 
the  functional  tests  yet  used.  The  dye  is  non-toxic, 
the  dose  needed  for  the  test  is  small  and  excretion  is 
rapid  if  the  kidneys  are  normal.  The  brilliant  red 
color  given  to  the  urine  is  not  modified  by  the  color 
of  the  urine  and  quantitative  determination  can  be 
made  easily  and  with  considerable  accuracy.  The  test 
has  been  used  by  many  workers  since  its  introduction 
and  reports  of  results  vary  so  much  that  the  method 
may  still  be  regarded  as  on  trial.  It  seems,  however, 
to  have  many  characteristics  which  make  it  a  distinct 
improvement  over  the  methods  previously  userl. 

The  urine  is  a  fluid  of  very  complex  composition,  ex- 
creted by  the  kidney  and  representing  many  of  the  end 
products  of  tissue  metabolism  in  the  body.  Its  com- 
position is  shown  in  the  following  tables  taken  from 
Schafer's  "Text-book  of  Physiology": 

I.  Parkes'  table  showing  normal  twrenty-four  hours' 
excretion  of  main  urinary  constituents. 


Urea,  CH1N2O 

Creatinin,  C4H7N3O 

Uric  acid,  CsHiNT<03   .    .    . 
Hippuric  acid.  C9H3NO3. .  . 
Pigment     and     other     organic 

substances 

Sulphuric  acid,  SO3 

Phosphoric  acid,  P:<  > 

Calcium 

Magnesium 

Potassium 

Sodium 

Chlorine 

Ammonia 


Percentage 
composi- 
tion of 
solids. 

Absolute 

weight  in 

grams. 

Weight 
per  1.000 
of  body 
weight. 

15.75 

33.18 

0.5000 

1.25 

0.91 

0.0140 

0.75 

0.55 

0.0084 

0.55 

0.40 

0.0060 

13.79 

10.00 

0.1510 

2.77 

2  ill 

0.0305 

4. 313 

3.16 

(i  0480 

0.35 

0.26 

0.0004 

0.28 

0.21 

0.0003 

3.45 

2   50 

0.0420 

1.5.29 

11.09 

0.1661 

10.35 

7.50 

0.1260 

1.06 

0.77 

0.0130 

100.00 

72   54 

1.1057 

II.  A  table  derived  from  Bunge,  representing  the 
twenty-four  hours'  excretion  of  a  young  man,  upon  a 
diet  consisting  in  one  case  entirely  of  beef  with  a  little 
salt  and  spring  water ;  in  the  second  case  of  bread  with 
a  little  butter  and  with  some  water. 


Meat    diet. 


Amount  of  urine  in  twenty-four  hour>  1672  c.c. 

Urea 67.2      gm. 

Creatinin 2.  163  gm. 

Uric  acid 1.398  gm. 

Sulphuric  acid  (total) 4.674  gm. 

Phosphoric  acid 3.437  gm. 

Lime 0 .  328  gm. 

Magnesia 0.294  gm. 

Potash 3.308  gm. 

Soda 3.991  cm. 

Chlorine   3  .  S17  gm. 


Bread  diet. 


1920  c.c. 
20.6  gm. 
0.961  gm. 
0.253  gm. 
1.265  gm. 
1 .658  gm. 
0.339  gm. 
0.139  gm. 
1.314  gm. 
3.923  gm. 
4.996  gm. 


III.  The  differences  bel  «  een  the  excrei  ion  oi  a  rtain 
constituents  of  the  urine  by  males  and  females  respect- 
ively is  indicated  in  the  following  table,  given  by 
Yvon  and  Berlicz: 


Mai.-. 

male. 

Per  liter.      Per  diem. 

Pit   liter.       Per   diem. 

Specific    gravity 
Volume 

I)  .")  ^ it i . 
2.5  gm, 

1.0225 
0  c.c. 
■  «m. 

0 . 6  gm. 

3    1  cm. 

19.0  gm. 
0.55  gm. 
2.4    gm. 

1 
1  1 "  j-  >  > 
20.5    gm. 

0.57  gm. 

2  6  gm. 

Phosphoric  acid 

A  human  adult  usually  excretes  from  1,200  to  1,700 
c.c.  of  urine  in  twenty-four  hours  and  the  specific  grav- 
ity varies  from  1.015  to  1.025,  and  is  in  general  in- 
versely proportional  to  the  amount  excreted. 

Normal  urine  gives  an  acid  reaction,  the  acidity 
being  due  to  the  fact  that  neutral  constituents  of  the 
food  give  rise  to  acid  end-products  in  metabolism. 
The  sulphur  of  proteins  is  converted  into  sulphuric 
acid  and  the  phosphorus  of  lecithins  into  phosphoric 
acid.  There  is  thus  a  preponderance  of  acid  radicles 
over  bases  in  ordinary  urine.  This,  however,  is  true 
only  of  man  and  the  carnivora.  In  herbivora,  the 
vegetable  acids  undergo  oxidation  to  carbonic  acid, 
which  with  the  alkaline  bases  forms  alkaline  carbon- 
ates. Such  urines  are  therefore  alkaline  in  reaction 
and  the  human  urine  can  be  made  alkaline  by  the  in- 
gestion of  large  quantities  of  vegetables  or  fruits. 
Dreser  and  others  concluded  as  the  result  of  their 
experiments  that  the  urine,  as  it  passes  through  the 
glomeruli  is  alkaline,  and  that  the  change  to  the 
acid  reaction  is  brought  about  in  the  cells  of  the 
convoluted  tubules.  Diuretics  often  cause  alkalinity. 
The  change  in  reaction  may  be  the  result  either  of  the 
secretion  of  acid  salts  or  the  absorption  of  alkaline 
salts,  by  the  cells  of  these  tubules. 

The  degree  of  acidity  is  a  resultant  of  two  opposing 
factors:  (1)  acid  production  in  metabolism;  (2)  the 
ingestion  of  unsaturated  or  unstable  basic  compounds, 
together  with  the  production  of  ammonia.  To  these 
should  be  added  the  elimination  of  acids  or  bases  by 
other  channels  than  the  kidney.  Thus  the  acidity  in- 
creases with  increased  protein  metabolism,  with  exer- 
cise, and  with  the  consumption  of  food  containing  but 
a  small  amount  of  the  bases,  especially  flesh  food. 
It  diminishes  when  the  food  contains  abundant  bases. 
This  explains  the  fact  that  the  urine  of  herbivorous 
animals  is  alkaline,  while  that  of  man  may  become 
alkaline,  at  least  for  a  time,  when  a  vegetarian  diet  is 
maintained  (Hopkins). 

Urea. — By  far  the  greater  part  of  the  nitrogen  elimi- 
nated from  the  body  is  eliminated  in  the  form  of  urea, 
a  nitrogenous  substance  first  demonstrated  by  Rouelle 
in  1773.  It  is  derived  by  the  metabolism  of  proteins 
and  is  the  most  important  index  to  the  protein  metabo- 
lism of  the  body.  The  proteins  form  ammonium 
carbamate,  which  is  changed  by  the  liver  cells  into 
urea.  This  was  shown  by  the  experiments  of  Schroe- 
der,  Schondorff,  and  others.  They  found  that  by 
passing  the  blood  of  a  dog  through  the  vessels  of  the 
liver,  there  was  a  marked  increase  of  the  urea  present; 
this  did  not  occur  if  the  blood  were  passed  through 
the  vessels  of  the  kidney  or  other  organs.  If  the  liver 
was  removed,  as  shown  by  the  experiments  of  Hahn, 
Pawlow,  Masson,  and  Nencki,  carbamates  appeared 
in  the  urine,  with  a  corresponding  decrease  in  the 
amount  of  urea.  Some  urea  is,  however,  found  in 
the  urine,  after  removal  of  the  liver,  so  it  is  probable 
that  some  other  organs  have  the  power  of  forming 
urea,  though  to  a  much  less  degree  than  the  liver. 
While  urea  is  neutral  to  litmus,  it  exhibits  weak  basic 
properties  and  forms  loose  compounds  with  acids,  so 
that  urea  nitrate,  urea  oxalate,  and  urea  phosphate  are 
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met.  About  thirty  grams  of  urea  are  excreted  in  the 
urine  in  twenty-four  hours,  but  the  amount  varies 
with  the  amount  of  protein  taken  as  food  and  is  also 
increased  by  any  condition,  such  as  fever,  which  causes 
a  rapid  disintegration  of  the  tissues.  Urea  itself 
crystallizes  in  the  form  of  colorless  needles  or  rhombic 
prisms,  while  its  salts  crystallize  in  various  forms. 

Creatinin is  a  crystalline  nitrogenous substancefound 
constantly  in  the  urine.  It  is  derived  partly  from  the 
creatin  in  the  meat  eaten  and  partly  from  the  destruc- 
tive metabolism  of  the  tissues  of  the  body.  As  not 
nearly  all  the  creatin  taken  into  the  body  is  excreted  as 
creatinin,  it  is  probable  that  a  portion  of  the  creatin 
is  changed  to  urea.  It  is  said  to  be  increased  during 
febrile  conditions  and  as  a  result  of  violent  muscular 
exercise. 

Uric  acid  is  found  constantly,  but  in  relatively  small 
quantities  in  the  urine  of  mammalia,  while  in  birds  it 
forms  the  main  urinary  constituent,  occupying  the 
same  place  with  them  that  urea  occupies  in  the  human 
urine.  In  birds  it  has  been  shown  that  the  uric  acid 
is  formed  in  the  liver,  as  the  urea  is  in  mammalia.  It 
has  been  suggested  that  uric  acid  represents  an  end- 
product  in  the  metabolism  of  leucocytes  and  the  spleen 
has  been  suggested  as  the  place  of  its  formation. 
Neumeister  states:  "The  spleen  stands  in  close 
relationship  to  uric-acid  formation,  as  is  evident  from 
experiments  on  animals  and  from  pathologic  observa- 
tions. This  function  is  simply  explained  by  the  rich- 
ness of  the  spleen  in  leucocytes  and  therefore  also  in 
cell  nucleins,  from  the  decomposition  products  of 
which — the  nuclein  bases — uric  acid  seems  to  arise,  at 
least  in  mammalia."  The  same  observations  were 
made  by  Hammarsten,  Horbaczewski,  Spitzer,  and 
others.  Mendel  and  Jackson,  however,  working  on 
splenectomized  animals  concluded  that  the  "spleen  is 
by  no  means  the  chief  organ  involved  in  uric-acid 
production  in  the  living  body,  if  indeed  it  normally 
plays  any  part  whatever  in  this  process.  After  the 
exclusion  of  the  liver  and  spleen,  it  is  natural  to  turn 
to  other  forms  of  lymphoid  tissue,  and  the  lymphatic 
glands  are  at  once  suggested.  It  might  be  supposed 
that  after  splenectomy  these  glands  would  take  up 
the  work  of  the  spleen.  Enlargement  of  the  lymphatic 
glands  has  been  recorded  after  removal  of  the  spleen 
in  man  But  the  investigations  of  Vincent,  made  to 
ascertain  this  fact  in  the  dog,  fail  to  bring  to  light  any 
permanent  hypertrophy  of  the  lymphatic  glands  after 
splenectomy.  It  seems  improbable,  therefore,  that 
the  formation  of  uric  acid  in  mammalia  can  be  assigned 
at  present  to  any  definite  organ  or  group  of  organs. 
While  the  amount  of  uric  acid  present  in  the  urine 
is  small,  it  is  of  considerable  importance  from  the 
pathologic  point  of  view,  since  it  is  increased  in  certain 
pathologic  conditions.  It  is  also  increased  when 
foods  are  ingested  rich  in  nucleins,  such  as  liver  or 
sweetbreads,  or  in  any  other  precursors  of  uric  acid, 
e.g.  hypoxanthin.  The  purin  bases,  xanthin,  hypo- 
xanthin,  and  adenin,  which  are  analogous  to  uric 
acid,  are  found  in  the  urine  in  variable  but  small 
amounts. 

Hippuric  acid  occurs  in  the  normal  urine  in  small 
amount,  the  quantity  varying  with  the  diet._  It  is 
derivedifrom  benzoic  acid  or  from  an  aromatic  sub- 
stance which  can  be  oxidized  to  benzoic  acid.  It  is 
not  entirely  eliminated  even  in  starvation,  however, 
so  that  it  arises  in  part  also  from  the  metabolism  of 
the  tissues.  A  fruit  diet  increases  the  amount,  and 
an  herbivora  it  is  present  in  much  larger  amounts. 

Albumin  in  traces  may  be  present  in  the  normal 
urine,  arising  probably  from  the  surface  of  the  urinary 
tract.  This  is  not,  however,  sufficient  to  react  to  the 
ordinary  tests  for  albumin.  After  violent  exercise  an 
appreciable  quantity  may  appear  in  the  urine. 

Normal  urine  has  been  found  to  contain  also  not 
only  glucose,  but  also  a  sugar  of  the  maltose  type, 
known  as  isomaltose. 

Oxalic  acid  is  found  in  small  amounts,  arising,  as 
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was  recently  shown  by  Lommel,  partly  from  the  oxalic 
acid  in  the  food  and  partly  from  the  carbohydrates  in 
the  food.  He  states  that  there  is  no  direct  relation  be- 
tween oxalic-acid  excretion  and  protein  metabolism, 
and  that  food  rich  in  nuclein  increases  both  the  uric 
acid  and  the  oxalic  acid  in  the  urine. 

The  inorganic  constituents  of  the  urine  are  derived 
mainly  from  the  food,  and  the  amount  and  the  form  in 
which  they  are  excreted  are  therefore  very  variable. 
A  portion  of  the  sulphuric  acid  occurs  in  the  form  of 
conjugate  sulphates,  the  acid  radical  being  combined 
with  an  aromatic  base,  so  that  we  find  indoxyl  and 
skatoxyl  sulphuric  acid.  About  nine-tenths  of  the 
sulphuric  acid  occurs  in  the  form  of  ordinary  sulphates, 
the  relation  being  changed  as  a  result  of  abnormal 
putrefactive  changes  in  the  body  and  also  when  a 
larger  amount  of  the  aromatic  bodies  are  ingested. 

Phosphates  and  chlorides  are  also  excreted  in  vary- 
ing amounts  and  combinations.  The  amounts  vary 
with  the  food  and  also  with  the  different  pathologic 
conditions. 

In  closing,  I  would  call  attention  to  some  experi- 
ments performed  by  Bradford  to  show  the  result  of 
the  excision  of  larger  or  smaller  portions  of  one  or  both 
kidneys.  He  states  that  the  excision  of  portions  of 
one  kidney  is  followed  by  an  increase  of  the  amount  of 
urine,  without  an  increase  of  the  solids  of  the  urine. 
The  excision  of  about  three-fourths  of  the  total  kidney 
weight  is  followed  by  a  very  great  increase  in  the 
amount  of  urine  and  also  an  increase  of  the  amount  of 
urea  excreted.  The  increased  output  of  urea  is,  how- 
ever, effected  by  the  excretion  of  very  large  amounts 
of  water,  the  urine  not  being  concentrated.  After 
excision  of  large  portions  of  the  kidney  substance, 
there  is  a  considerable  increase  in  the  nitrogenous  ex- 
tractives in  the  blood  and  tissues,  especially  in  the 
muscles,  the  quantity  being  too  great  to  be  accounted 
for  by  the  mere  retention  of  the  products  of  normal 
metabolism.  These  experiments,  as  well  as  some 
performed  by  other  investigators,  have  suggested  the 
possibility  of  an  internal  secretion  from  the  kidney, 
the  cessation  of  whose  action  causes  the  muscles  and 
other  tissues  to  break  down  and  liberate  urea.  Boyd 
recently  reported  the  results  of  the  excision  of  large 
portions  of  the  medulla  of  the  kidney,  in  which  he 
states  that  there  was  no  increase  in  the  secretion  of 
urine  or  of  urea,  and  no  increased  metabolism  of  the 
tissues.  If  the  conclusions  of  both  these  observers 
are  to  be  relied  upon,  it  would  seem  to  indicate  that 
the  increased  metabolism  reported  by  Bradford  is  due 
to  some  change,  possibly  the  withdrawal  of  an  internal 
secretion,  brought  about  by  the  loss  of  the  cortical 
substance  of  the  kidney.  Ltdia  M.  De  Witt. 
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Kidneys,  Anomalies  of  the. — Under  this  heading 
are  included  deviations  from  the  normal  position, 
size,  shape,  and  number.  Several  of  these  anomalies 
may  be  combined;  for  instance,  the  horsehoe  kidney  is 
usually  dislocated.  Aside  from  their  anatomical, 
embryologieal,  and  pathological  interest,  the  develop- 
mental  and   congenital   defects   of  the  kidneys   and 


ureters  have  a  special  significance.  Because  of  their 
relative  frequency — Motzfeldt  in  4,500 autopsies  found 
seventy-nine  deformities  of  the  urinary  apparatus,  1.75 
per  cent. — they  must  be  considered  in  every  problem 
of  surgical  interference  and  in  addition  the  anomalous 
condition  may  predispose  to  the  development  of 
disease.  In  this  article  attention  is  paid  chiefly  to  the 
congenital  variety.  The  acquired  anomaly  is  fre- 
quently recognized  during  life,  the.  congenital  very 
seldom,  since  there  may  be  an  entire  absence  of 
symptoms. 

Malformations. — Newman  classifies  the  malfor- 
mations of  the  kidney  as  follows:  A.  Displacements 
without  mobility.  (1)  Congenital  displacement;  (2) 
congenital  displacement  with  deformity;  (3)  acquired 
displacements.  B.  Malformations  of  the  kidney. 
(1)  Variations  in  number:  (a)  supernumerary  kid- 
ney; (b)  single  kidney,  congenital  absence  of  one 
kidney,  atrophy  of  one  kidney,  absence  of  both 
kidneys.  (2)  Variations  in  form  and  size 
general  variations  in  form,  lobulation,  etc.;  (b) 
hypertrophy  of  one  kidney;  (c)  fusion  of  two  kidneys, 
horseshoe  kidney,  sigmoid  kidney,  disc-shaped  kid- 
ney. C.  Variations  in  pelvis,  ureters,  and  blood- 
vessels. 

A.  An  otherwise  normal  kidney  may  be  found  in 
various  abnormal  positions.  It  may  lie  on  the  verte- 
bral column,  either  on  its  own  or  on  the  opposite 
side.  It  is  usually  in  the  neighborhood  of  the 
promontory  of  the  sacrum,  seldom  rising  as  high  as 
the  fourth  lumbar  vertebra;  but  on  the  other  hand,  in 
a  few  cases,  it  is  situated  deep  in  the  pelvis  in  the 
concavity  of  the  sacrum.  According  to  Kupfer,  these 
anomalies  depend  on  a  deficient  energy  in  the  move- 
ments of  the  embryonic  rudiments  of  the  kidneys, 
which  up  to  a  certain  time  are  situated  immediately 
in  front  of  the  point  of  bifurcation  of  the  aorta. 
Congenitally  dislocated  kidneys  are  usually  altered  in 
form.  They  may  be  flattened,  roundish  and  some- 
times three-  or  four-cornered.  The  hilus  is  directed 
forward.  Fetal  lobulation  of  the  surface  is  usually 
strongly  marked.  It  occurs  chiefly  in  men — and  the 
left  kidney  is  more  often  affected  than  the  right.  It 
is  impossible  to  differentiate  a  congenital  displace- 
ment from  a  floating  kidney  which  had  become  fixed 
later  in  life.  The  practical  importance  of  this  ab- 
normality is  slight.  A  deep-seated  kidney  might  be 
mistaken  for  a  tumor  in  the  pelvis.  A  complete  rectal 
examination  should  help  clear  up  the  diagnosis. 

B.  Anomalies  in  Form  and  Size. — Secondary  altera- 
tions in  the  form  of  kidneys  are,  of  course,  very  fre- 
quent and  are  produced  by  numerous  diseases  of  the 
kidney  itself,  such  as  cysts,  abscess,  hydronephrosis, 
chronic  nephritis,  new  growths  and  by  tumors  of 
neighboring  organs,  etc.  Congenital  anomalies  of 
this  type  not  infrequently  predispose  to  disease  con- 
ditions such  as  hydronephrosis,  pyonephrosis,  and 
calculus  formation.  Tuberculosis,  neoplasm,  and 
nephritis  occur  with  comparative  rarity. 

As  examples  of  congenital  alterations  in  form  may 
be  mentioned: 

(1)  The  Lobulaled  Kidney. — On  the  surface  of  this 
organ  there  are  shallow  grooves,  -which  mark  the 
boundaries  of  the  various  renculi.  This  is  a  relic  of 
the  fetal  condition,  which  usually  disappears  soon 
after  birth,  but  sometimes  persists.  From  seven 
to  twenty  renculi  are  found  in  the  state  of  permanent 
lobulation. 

(2)  Horseshoe  Kidney. — This  type  represents  a  com- 
bination of  anomalous  form  and  position.  The  fusion 
of  the  two  kidneys  occurs  at  three  points  according  to 
which  this  variety  of  deformity  is  divided  into  three 
classes,  (a)  The  most  common  anomaly  is  where  the 
fusion  takes  place  at  the  lower  ends  of  the  kidneys. 
This  represents  the  pure  type  of  the  horseshoe  kidney 
(ren  unguiformis,  renes  arcuati;  ren  soliformis).  The 
concavity  looks  inward  and  upward. 
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(b)  The  second  form  is  not  so  common.  In  it  the 
union  takes  place  in  the  middle  between  the  two  hila. 
There  may  be  only  a  thin  bridge  of  I  issue  between  the 
two  kidneys. 

(c)  The  third  form  is  the  rarest.  The  fusion  takes 
place  at  the  upper  end. 

In  the  highest  grade  of  this  variety,  the  fusion  may 
involve  almost  the  entire  kidney,  leaving  only  the 
lower  end  free;  at  times  they  are  separated  by  only 
a  shallow  depression.  The  fusion  may  be  such  as 
to  give  the  kidney  a  sigmoid  or  disc  shape. 

These  anomalous  forms  of  kidneys  may  prove  of 
surgical  interest  from  the  standpoint  of  diagnosis 
and  operative  treatment.  Landwith  mentions  a 
case  in  which  this  condition  was  mistaken  for  a 
dilatation  of  the  abdominal  aorta.  In  another  case, 
as  a  result  of  congestion  of  the  fused  kidney,  a  com- 
pression was  suddenly  exerted  upon  the  underlying 
vessels,  which  caused  a  thrombosis  of  the  large  veins; 
death  resulted  from  a  complete  arrest  of  the  circula- 
tion. Previous  to  this  time,  although  the  isthmus 
lay  over  the  abdominal  aorta  and  inferior  vena  cava, 
it  was  raised  with  each  arterial  pulsation,  thus  lessen- 
ing the  pressure  on  the  vena  cava. 

The  anomalous  form  and  position  of  the  kidneys 
may,  under  certain  circumstances,  be  responsible  for 
interference  with  the  escape  of  urine  with  a  fatal  ter- 
mination. Such  a  case  has  been  reported  by  Koster — 
the  pregnant  uterus  pressed  upon  the  displaced 
ureter  causing  a  pyelonephritis. 

B.  von  Langenbeek  has  seen  children  die  suddenly 
with  brain  symptoms,  probably  uremic,  in  whom  a 
horseshoe  kidney  was  found  at  autopsy. 

These  kidneys  are  usually  found  in  abnormal  posi- 
tions, even  in  the  true  pelvis,  lying  in  the  cavity  of  the 
sacrum.  Sometimes  they  are  on  one  side  and  may 
present  nodular,  irregular  masses  in  which  inflamma- 
tion and  suppuration  may  occur. 

In  any  case  of  a  single  kidney  the  possibility  of  it 
being  a  fused  kidney  must  be  considered.  Bach- 
hammer  gives  the  following  means  of  distinguishing 
between  them.  In  the  single  kidney  with  two  ureters, 
they  open  either  individually,  or  after  fusion,  into  the 
same  side  of  the  bladder.  A  fused  kidney  has  two 
ureters  which  open  into  the  bladder  normally. 

Most  cases  of  crossed  dystopia  occur  in  males. 
It  does  not  predispose  to  disease.  In  sixty  per  cent. 
of  cases  the  right  kidney  was  displaced.  The  fre- 
quency of  the  anomaly  is  very  small.  Morris  noted 
its  occurrence  only  once  in  14,318  autopsies  performed 
at  different  London  hospitals.  It  is  due  primarily  to 
a  fusion  of  the  two  metanephric  blastemata,  the 
dystopia  being  a  result  of  this.  Each  ureter  has  its 
own  clientele  of  pyramids. 

(3)  Absence  of  One  Kidney. — We  sometimes  meet 
with  cases  in  which  one  kidney  is  entirely  absent. 
These  must  not  be  confounded  with  cases  in  which 
there  is  great  congenital  atrophy  of  one  kidney  de- 
pendent on  rudimentary  development  of  renal  vessels. 

When  the  kidney  is  entirely  absent,  the  correspond- 
ing ureter  will  be  invariably  absent.  It  is  a  rare  thing 
for  the  ureter  of  a  solitary  kidney  to  cross  over  to  the 
opposite  side  before  it  opens  into  the  bladder.  There 
is  usually  no  disturbance  in  the  renal  function.  The 
kidney  is  hypertrophied  and  thus  takes  upon  itself 
the  work  of  two  kidneys.  Following  a  nephrectomy 
the  remaining  kidney  undergoes  hypertrophy.  If, 
however,  it  should  become  involved  in  disease,  or  the 
ureter  should  be  obstructed  by  a  calculus  or  com- 
pressed by  a  tumor,  very  alarming  symptoms  super- 
vene. In  twenty-four  cases  in  which  the  cause  of 
death  is  given,  in  twelve  it  was  due  to  the  anomaly; 
in  ten  it  was  due  to  the  presence  of  renal  calculi 
plugging  the  ureter,  in  two  to  pressure  on  the  ureter 
by  cancerous  tumors.  In  operations  upon  the  kidney 
the  surgeon  should  make  certain  that  his  patient  has 
more  than  one  kidney.  The  fused  kidney  is  most 
likely  to  deceive  the  surgeon;  it  is  enlarged  and  dis- 


placed and  may  be  mistaken  for  a  new  growth.  In 
Polk's  case  the  organ   was   removed   under  the   belief 

that  it  was  a  floating  kidney.  The  patient  lived  eleven 
days,  had  complete  anuria,  and  it  was  found  post- 
mortem that  the  patient's  only  kidney  had  been 
removed. 

The  cystoscopy  has  proved  of  great  value  in   i] 
nosing    the    presence    of    two    kidneys.       It    Could    ii"', 
however,    exclude    the     fused     kidney,    since    in     this 

variety  the  two  ureters  might  open  into  the  bladder  in 
the  normal  manner. 

Ballowitz  found  in  205  cases  of  absence  of  one  kid- 
ney that  in  fifty-seven  per  cent,  it  was  the  left  that 
was  lacking. 

(4)  Congenital    absence   of    both   kidneys  is  an   ex- 
tremely rare  condition,  occurring  only  with  extri 
defect  of  development.     It,  is,  of  course,  incompatible 

with  continued  existence. 

(5)  In  a  few  exceedingly  rare  cases  of  fused  kidney, 
the  supernumerary  renal  parenchyma  is  not  united 
to  the  two  kidneys,  so  that  the  middle  piece  con  ti- 
tute.s  an  independent  kidney,  which  receives  blood 
from  both  lateral  parts,  but  also  possesses  in  part 
independent  vessels. 

C.  Variations  inPelves,  Ureters, and  Blood-vessels. — 
When  only  a  single  kidney  is  present  there  may  be 
one  or  two  pelves  and  one  or  two  ureters.  These  may 
open  separately  or  they  may  fuse  and  have  but  a 
single  opening.  It  is  a  rare  thing  for  the  ureter  of  a 
solitary  kidney  to  cross  over  to  the  opposite  side  before 
it  opens  into  the  bladder.  In  the  different  varieties 
of  fused  kidneys,  the  veins  and  arteries  are  usually 
abnormal,  both  in  number  and  in  position.  Branches 
frequently  pass  to  the  kidneys  from  one  or  both  of 
the  common  iliac  arteries.  The  hila  occur  on  the 
anterior  surface  in  the  majority  of  cases,  consequently 
the  ureters  pass  in  front  of  the  kidneys.  In  the  dif- 
ferent varieties  of  congenitally  dislocated  kidneys  the 
renal  and  neighboring  vessels  have  anomalous  origins, 
their  number  is  usually  increased,  and  they  are 
shorter  than  normal.  The  ureters  are  also  shortened 
and  run  an  anomalous  course.  As  an  illustration  of 
an  unusual  abnormality,  may  be  mentioned  the 
presence  of  Muller's  duct. 

Congenital  cystic  kidney  is  perhaps  not  strictly 
speaking,  an  anomaly  but  certainly  deserves  mention 
in  this  place.  It  is  of  importance  since  it  is  not  in- 
frequently mistaken  for  a  new  growth.  It  is  easily 
recognized  at  operation  and  should  never  be  removed. 

Diagnosis. — Aside  from  movable  kidney  which  has 
been  considered  elsewhere,  the  question  of  anomaly 
should  be  considered  in  the  diagnosis  of  every  surgical 
condition  of  the  kidney.  At  the  present  time  we 
have  many  means  at  our  command  to  help  in  the 
making  of  such  a  diagnosis  and  if  necessary  all  should 
be  employed.  In  addition  to  the  usual  inspection, 
palpation,  and  percussion  of  the  routine  physical 
examination,  advantage  should  be  taken  of  rectal 
examination,  rontgenography  and  pyelography,  the 
injection  of  drugs  such  as  phenolsulphonephthalein, 
cystoscopy,  chromocystoscopy,  and  catheterization  of 
the  ureters  and  distention  of  the  colon.  Finally  at  the 
time  of  operation  a  direct  inspection  of  the  organ  may 
be  made  and  in  case  of  nephrectomy  the  other  kidney 
should  be  felt.  Any  congenital  anomaly  of  the 
genital  organs  should  cause  a  suspicion  of  the  urinary 
tract  for  anomalies  of  these  two  systems  are  very 
frequently  associated.  James  Rae  Arn"EILL. 

Revised  by  Ralph  G.  Stillman. 


Kidneys,  Calculous  Disease  of  the. — Synoriyms: 
Nephrolithiasis,  Stone  in  the  Kidney. 

This  disease  was  recognized  long  before  the  be- 
ginning of  the  Christian  era.  Hippocrates,  about 
400  B.C.,  not  only  accurately  described  many  of  the 
signs  and  symptoms  of  stone  in  the  kidney  but  re- 
ferred to  operative  treatment  and  is  himself  believed 
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to  have  operated  for  calculous  pyonephrosis.     Medical 

literature  of  later  centuries  contains  occasional  ref- 
erences to  operations  for  stone  in  the  kidney,  and 
there  is  no  doubt  of  the  authenticity  of  the  report 
that  in  the  seventeenth  century  an  Englishman  at 
Venice  was  successfully  operated  upon  for  calculous 
pyonephrosis  by  Marchetti  of  Padua.  This  was  the 
type  of  operation  undertaken  for  the  relief  of  nephro- 
lithiasis even  up  to  the  middle  of  the  nineteenth 
century.  In  the  latter  half  of  the  nineteenth  century 
the  surgery  of  the  kidney  rapidly  developed.  In 
1869,  Simon,  of  Heidelberg,  performed  the  first 
nephrectomy,  and,  shortly  after  this,  nephrectomy 
for  stone  was  done  by  several  surgeons;  in  October, 
1880,  Henry  Morris  did  the  first  nephrotomy  for  the 
removal  of  a  calculus  in  a  supposedly  comparatively 
healthy  kidney;  Czerny,  in  1880  (Pels-Leusden1)  or 
1881  (Kelly  and  Burnam2)  removed  a  pelvic  stone  by 
pyelotomy;  in  1881,  E.  Hahn,  of  Berlin,  established 
the  operation  of  nephropexy;  while  progress  in  renal 
surgery  since  those  epoch-making  contributions  has 
been  truly  remarkable. 

While  calculi  may  form  in  any  part  of  the  urinary 
tract,  by  far  the  greater  proportion  are  found  in  the 
kidney.  Numerous  minute  particles  of  uric  acid, 
acid  ammonium  or  acid  sodium  urate,  or  of  calcium 
phosphate  or  carbonate  may  be  deposited  in  the  renal 
parenchyma,  forming  uric  acid  or  lime  infarcts. 
These  seldom  result  in  true  calculus  formation.  The 
calculi  of  appreciable  size,  which  concern  the  surgeon, 
are  formed  in  the  papilla?,  calices,  and  pelvis.  These 
concretions  are  called  renal  calculi,  and  the  disease 
nephrolithiasis,  to  denote  the  specific  section  of  the 
urinary  tract  in  which  they  develop.  Strictly 
speaking,  they  are  urinary  calculi,  for  they  are  not 
formed  directly  by  the  renal  parenchyma  but  are 
composed  of  materials  derived  from  the  product  of 
renal  activity — the  urine.  These  stones  may  become 
dislodged  while  still  of  minute  size  and  be  passed  with 
the  urine,  in  the  form  of  sand  or  gravel,  without  being 
discovered  unless  the  urine  is  examined  after  the 
sediment  has  been  deposited.  In  other  cases  stones 
become  dislodged  after  having  attained  an  appreciable 
size  and  pass  through  the  ureter  easily  or  with  diffi- 
culty and  with  more  or  less  discomfort  to  the  patient. 
Upon  reaching  the  bladder  such  a  stone  may  be  passed 
with  the  urine  or  remain  and  form  the  nucleus  of  a 
vesical  calculus.  In  other  instances  a  stone  may  be- 
come lodged  at  a  constricted  portion  of  the  ureter, 
partially  or  completely  blocking  its  lumen.  Under 
such  circumstances  dilatation  always  takes  place 
above  the  point  of  impaction,  and  either  (1)  the  stone 
is  gradually  forced  down  into  the  bladder,  or  (2)  a 
channel  is  established  alongside  the  stone  by  which 
urine  passes,  or  (3)  the  ureter  remains  blocked  com- 
pletely, hydroureter  and  hydronephrosis  develop, 
usually  sooner  or  later  to  be  followed  by  infection  and 
pyonephrosis  with  ultimate  destruction  of  the  paren- 
chyma if  operative  relief  is  too  long  delayed.  Finally, 
stones  may  remain  fixed  at  the  original  site  of  forma- 
tion in  the  papilla?  or  calices,  or  slip  to  the  renal  pelvis 
and  continue  their  development  in  that  situation, 
while  others  may  develop  entirely  in  the  pelvis  and 
remain  there.  The  development  and  retention  of 
calculi  in  the  pelvis  and  calices  almost  invariably  lead 
to  more  or  less  severe  subjective  and  objective  symp- 
toms, interference  with  function  and  impairment 
of  kidney  structure,  the  details  of  which  will  be  con- 
sidered in  due  course. 

Etiology. — Renal  calculi  have  been  called  -primary 
when  their  exciting  cause  cannot  be  determined,  and 
secondary  when  due  to  bacterial  invasion  of  the  renal 
pelvis  and  calices.  In  spite  of  much  clinical  and 
experimental  investigation  to  determine  the  causation 
of  stone  formation  we  are  still  far  from  a  satisfactory 
solution  of  the  problem.  Most  renal  calculi  are  com- 
posed  of   uric   acid,   or  of   certain   salts   of  sodium, 

740 


potassium,  calcium,  ammonium,  and  magnesium,  or 
of  combinations  of  these  substances,  all  of  which  are 
normally  found  in  the  urine.  The  degree  of  con- 
centration of  the  urine  varies  in  every  individual,  not 
only  from  day  to  day  but  at  different  periods  of  the 
same  day,  and  why  precipitation  takes  place  and  why 
the  precipitated  particles  coalesce  in  one  case  and  not 
in  another  still  remains  shrouded  in  mystery.  Nu- 
merous theories  have  been  advanced.  Ebstein 
demonstrated  an  albuminous  framework  in  renal 
stories  whose  origin  was  ascribed  to  a  catarrhal 
condition  of  the  renal  epithelium;  but  it  was  shown 
later  that  an  albuminous  framework  is  present  in  all 
precipitates  in  the  urine.  Another  theory  suggested 
the  presence  of  a  foreign  body  to  act  as  a  nucleus, 
such  as  bacteria,  agglutinated  blood  or  pus  cells, 
parasites  or  shreds  of  tissue,  and  occasionally  such  a 
nucleus  has  been  demonstrated.  Without  doubt  in- 
fection of  the  pelvis  and  calices  may  favor  the  forma- 
tion of  stone  and  the  occasional  cellular  nucleus  may 
thus  be  accounted  for.  Usually,  however,  this  order 
is  reversed  and  the  nucleus  is  derived  from  the 
deposit  of  a  temporary  excess  of  one  of  the  normal 
constituents  of  the  urine,  the  infection  occurring  later 
if  at  all.  Rovsing,  quoted  by  Kelly  and  Burnam,2 
suggests  that  there  may  be  a  congenital  or  acquired 
diathesis  in  which  an  excessive  amount  of  certain 
salts  is  secreted;  while  from  time  immemorial  the 
gouty  and  rheumatic  diathesis  has  been  mentioned 
as  an  underlying  factor.  Spinal  injuries  have  often 
been  followed  by  stone  formation,  possibly  due  to 
bacterial  invasion  of  the  pelvis  or  secreting  structures. 
Finally,  sedentary  habits,  alcohol,  certain  articlesfof 
food,  particularly  those  rich  in  proteins,  and  the 
composition  of  the  drinking  water  in  certain  localities, 
have  been  considered  predisposing  factors.  The  in- 
fluence of  heredity  has  not  been  considered  of  much 
moment,  and  yet  it  is  interesting  to  note  that  Leroy 
d'Etiolles,  quoted  by  White  and  Martin,3  records  the 
fact  that  a  family  of  eight  brothers,  who  lived  in 
various  parts  of  Europe  under  different  conditions  of 
hygiene,  all  had  calculi.  One  of  the  most  remarkable 
facts  in  connection  with  the  occurrence  of  renal 
calculi  in  the  different  races  is  reported  by  Kelly  and 
Burnam.  They  state  that  in  spite  of  the  large  negro 
population  of  Baltimore,  not  one  of  those  treated  at 
the  Johns  Hopkins  Hospital  Clinic  has  ever  shown 
stone  in  the  kidney.  Outside  of  this  observation,  the 
geographical  location  seems  to  be  a  more  important 
factor  than  the  race  of  the  individual.  There  are 
certain  portions  of  Europe  where  stone  in  the  kidney 
seems  to  be  especially  common,  particularly  that 
section  of  England  referred  to  by  Osier  as  the  "stone 
counties."  Males  are  said  to  be  much  more  fre- 
quently affected  than  females,  although  in  statistics 
covering  a  large  series  of  cases  in  general  hospitals  the 
difference  in  percentage  is  not  great.  Formerly  the 
greater  number  of  cases  were  said  to  occur  in  the  early 
and  late  periods  of  life;  but  coincident  with  the  im- 
provement in  diagnostic  methods  and  operative 
technique  it  has  been  found  that  the  majority  of  cases 
coming  to  operation  correspond  to  the  early  adult  and 
middle  periods — twenty  to  forty-five. 

Renal  calculi  vary  greatly  in  size.  The  smallest 
are  often  called  sand;  those  corresponding  to  a 
medium-sized  pin  head  are  called  gravel;  while  all 
those  still  larger  are  comprised  by  the  term  stones. 
These  latter  range  in  size  from  small  shot  up  to  that 
of  the  so-called  coral  stones  rilling  the  entire  pelvis 
and  calices.  Most  Tenal  calculi  fall  into  one  ofjthree 
divisions,  based  on  their  composition:  (1)  uric  acid 
and  urates;  (2)  calcium  oxalate;  and  (3)  calcium 
and  triple  phosphates.  Rarer  forms  are,  in  order  of 
frequency,  those  composed  of  calcium  carbonate, 
cystin,  xanthin,  or  indigo.  Uric  acid,  urate,  and  cal- 
cium oxalate  calculi  are  developed  in  acid  urine,  the 
phosphatic  when  the  urinejis  alkaline.  A  calculus 
may  consist  of  one  of  these  substances  or  a  com- 
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bination  of  several,  in  accordance  with  the  varying 
conditions  existing  during  the  course  of  its  formation. 
Hence  we  may  see  calculi  with  a  uric  acid  center,  as 
the  most  frequent  nucleus,  then  a  layer  of  calcium 
oxalate,  with  an  outer  layer  of  phosphates.  The  pure 
uric  acid  and  urate  stones  are  a  dull  grayish  red  or 
brown  color,  are  very  hard,  usually  have  a  smooth 
surface,  and  seldom  reach  a  very  large  size.  Oxalate 
stones  are  usually  small,  are  extremely  hard,  have  a 
reddish,  brown,  or  black  color  and  a  very  rough 
surface,  forming  the  so-called  "mulberry"  stones. 
Phosphatic  calculi  are  found  of  all  shapes  and  sizes, 
the  enormous  coral  stones  being  composed  largely  of 
this  material.  The  surface  may  be  smooth  or 
granular;  the  color  usually  a  dirty  gray.  They  are 
comparatively  soft,  are  brittle  and"  easily  fragmented 
when  attempting  their  removal.  While  the  cut 
surface  of  the  uric  acid  and  oxalate  stones  shows 
fairly  regular  concentric  layers,  the  cut  surface  of 
pure  phosphatic  calculi  often  shows  that  the  deposit 
has  occurred  in  no  definite  order,  while  as  a  secondary 
deposit  different  portions  of  the  primary  calculus  may 
be  encrusted  to  varying  degrees  with  the  phosphates, 
which  show  an  amorphous  or  lamellated  arrangement. 
When  more  than  one  calculus  is  present  in  a  cavity  the 
contact  surfaces  are  usually  facetted,  and  this  is 
especially  true  of  those  composed  of  phosphates. 
The  number  of  stones  found  in  a  kidney  varies  from 
one  to  several  hundred.  In  approximately  one-half 
of  the  cases  a  solitary  stone  is  found.  The  right 
kidney  is  affected  a  little  more  frequently  than  the 
left.  Statistics  show  wide  variation  in  the  frequency 
of  bilateral  involvement,  the  figures  in  different  series 
ranging  from  16f  to  50  per  cent.  Probably  25  to  30 
per  cent,  would  be  a  fair  estimate. 

Pathology. — The  pathological  changes  in  the 
kidney  produced  by  stone  depend  upon  a  number  of 
factors,  among  which  are:  the  immediate  exciting 
cause  of  stone  formation,  its  size,  shape,  and  location, 
its  fixity  or  mobility,  and  the  presence  or  absence  of 
infection.  A  stone  composed  of  uric  acid,  urates  or 
oxalates,  remaining  at  rest  attached  to  adjacent 
tissues  in  a  situation  where  it  cannot  interfere  with 
urinary  outflow,  may  cause  no  appreciable  anatomic 
changes  or  functional  derangement  as  long  as  the 
urine  remains  acid  and  there  is  no  infection.  With 
change  of  one  or  more  of  these  conditions,  patho- 
logical changes  may  take  place  in  the  kidney  ranging 
all  the  way  from  slight  local  degeneration  of  paren- 
chyma and  interstitial  nephritis  to  complete  de- 
struction of  the  secreting  structures.  In  the  absence 
of  infection  or  interference  with  the  urinary  outflow, 
general  interstitial  nephritis  is  one  of  the  most  frequent 
changes  noted  in  the  kidney,  especially  when  there 
are  several  foci  of  stone  formation.  Often  there  is 
also  a  fibrofatty  change  in  the  capsule  and  peri- 
nephritic  tissues,  as  emphasized  by  Israel,  and  some- 
times this  process  extends  to  the  parenchyma]  itself 
resulting,  in  occasional  instances,  in  the  transfor- 
mation of  practically  the  entire  organ  into  a  fibro- 
fatty mass.  Interference  with  urinary  outflow  may 
occur  at  a  single  calyx,  in  which  case  cysts  may 
develop,  or  at  or  below  the  ureteropelvic  junction,  with 
resulting  intermittent  or  permanent  hydronephrosis, 
while  with  the  advent  of  infection  there  may  be  pye- 
litis, pyelonephritis,  pyonephrosis,  and  perinephritic 
abscess. 

With  unilateral  calculous  disease  the  other  kidney 
is  affected  to  a  greater  or  lesser  extent,  as  a  rule,  de- 
pending upon  the  amount  of  impairment  of  the 
calculous  kidney  and  the  presence  or  absence  of  in- 
fection. With  some  impairment  and  without  in- 
fection the  change  in  the  opposite  kidney  is  simple 
hypertrophy;  with  infection,  mild  or  severe  paren- 
chymatous degeneration  takes  place  in  the  previously 
healthy  kidney  because  of  the  constant  presence  of 
toxins  in  the  blood  passing  through  it,  or  it  may  in 


turn  become  infected,  while  aseptic  stone  formation  or 
septic  infection  with  the  development  of  secondary 
calculi  are  In  no  means  uncommon. 

Symptoms. — The   classical    symptoms   are   pain 
the  lumbar  region,  often    radiating  downward,  and 
hematuria.     Other   common   symptoms  are:  vesical 
irritation,  anuria,  tenderness  with  occasional  palpable 
enlargement  of  the  kidney,  and,  if  infection  has  ta 
place,  pyuria.     It  is,  ho 

one  or  mon     I maj  be  present  in  the  kidney  for 

years  without  giving  symptoms  sufficient  to  attract 
the  patient's  attention.  It  is  also  rattier  unusual  to 
ti ii' I  .-ill  the  above  symptoms  Combined  in  one  pal 
and  it  must  lie  borne  in  mind  that  anyone  or  all  may 
occur  from  other  renal  lesions  entirely  independent  of 
calculus  format  ion. 

The  pain  which  has  been  considered  characteristic 
of  stone  in  the  kidney  occurs  in  attacks  of  so-called 
renal  colic.  In  these  the  pain  usually  starts  in 
abruptly  in  the  region  of  the  affected  kidney,  is  of  an 
agonizing  character,  radiates  down  the  ureter  to  the 
testicle  or  ovary  and  inner  side  of  the  thigh,  is  accom- 
panied by  marked  prostration,  often  with  chills, 
fever,  nausea,  and  vomiting,  and  may  be  uncon- 
tnillable  by  even  unusually  larae  doses  of  morphine. 
In  some  attacks  the  pain  may  radiate  upward  toward 
the  shoulder,  to  the  region  of  the  appendix  or  gall- 
bladder, toward  the  opposite  kidney,  or  remain 
localized.  The  duration  of  these  attacks  may  be  a 
few  minutes  or  several  hours.  They  may  follow 
exertion,  a  sudden  jar,  a  blow  in  the  loin  or  may  arise 
without  apparent  cause.  They  occur  sooner  or  later 
in  about  50  per  cent,  of  the  cases  and  these  patients 
may  have  one  or  innumerable  attacks.  Braasch,4  in 
a  clinical  study  based  upon  the  histories  of  251 
patients  operated  upon  for  renal  stone  at  the  Mayo 
Clinic,  found  that  hematuria  and  acute  pain  referred 
to  the  area  of  the  kidney  with  anterior  and  downward 
radiation  was  present  in  46  per  cent,  of  the  cases. 
Kelly  and  Burnam  found  that  46  per  cent,  of  their 
cases  gave  a  history  of  pain  that  was  solely  in  the 
form  of  attacks,  while  11  per  cent,  had  occasional 
attacks  but  continuous  pain.  H.  Cabot5  found  a 
history  of  colic  in  54  per  cent,  of  his  cases.  In  a 
certain  proportion  of  the  remaining  cases  which  come 
to  operation  (Braasch  found  S  per  cent.)  pain  is  absent 
or  very  slight.  In  the  others  the  character  and 
location  of  the  pain  are  very  variable.  It  may  be 
localized  in  the  region  of  the  diseased  kidney,  where  it 
may  be  continuous  or  intermittent  and  vary  from  a 
dull  ache  to  pain  of  the  most  severe  type,  or  it  may 
be  referred  elsewhere,  particularly  to  the  region  of  the 
appendix,  gall-bladder,  or  lower  part  of  the  abdomen. 
Occasionally  with  unilateral  disease  pain  may  be 
referred  to  both  kidney  regions ;  while  in  rare  instances 
the  pain  has  been  referred  solely  to  the  sound  side. 
The  pain  often  varies  in  severity  in  almost  direct 
proportion  to  the  degree  of  activity  of  the  patient, 
being  slight  when  at  rest  but  almost  unbearable  if 
work  is  attempted. 

Hematuria  is  the  most  constant  of  all  the  symptoms 
of  renal  stone,  occurring  at  some  time  and  to  some 
degree  in  practically  every  case.  In  Braasch's  series 
blood  was  found  microscopically  in  91  per  cent,  of 
the  cases.  The  hemorrhage  may  be  microscopical 
for  long  periods  of  time,  is  usually  slight  in  amount  but 
occasionally  is  very  severe.  In  Kelly  and  Burnam's 
series  there  was  sufficient  bleeding  to  be  noted  by  the 
patients  themselves  in  50  per  cent,  of  the  cases,  while 
it  was  observed  by  56  per  cent,  in  the  series  reported 
by  Braasch.  When  marked  bleeding  occurs  it  is 
almost  invariably  associated  with  attacks  of  renal 
colic  or  exacerbations  of  pain.  This  is  well  shown 
by  Braasch's  statistics,  for  of  the  141  patients  re- 
porting having  noted  blood  in  the  urine  it  occurred 
with  typical  renal  colic  in  106  cases,  with  indefinite 
pain  in  twenty-four,   and  without  any  pain  in  but 
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eleven  cases.  Activity  of  the  patient  usually  increases 
the  amount  of  hemorrhage.  With  an  attack  of  renal 
colic  the  pain  may  disappear  abruptly  but  the  hemor- 
rhage gradually  lessens  under  the  influence  of  rest. 
There  is  nothing  characteristic  about  the  hemorrhage 
of  renal  calculus,  for  it  may  be  found  in  similar 
amounts,  with  and  without  pain,  in  many  other 
pathological  conditions  of  the  kidneys.  When  there 
is  no  infection  of  the  kidney  or  bladder  and  no  dilata- 
tion of  the  pelvis  the  blood  cells  appear  fresh.  Clots  are 
seldom  seen  unless  there  has  been  a  temporary  block- 
ing of  the  ureter  or  the  hemorrhage  is  unusually  severe. 

Vesical  and  urethral  irritation  may  occur  wit  h  or  with- 
out infection  of  kidney,  ureter,  or  bladder  and  the 
symptoms  vary  greatly  in  severity.  There  may  be  a 
slight  feeling  of  discomfort  at  the  neck  of  the  bladder 
or  end  of  the  urethra  at  the  close  of  urination.  In 
other  cases  there  is  marked  urgency,  frequency  and 
pain  on  micturition,  though  these  symptoms  are 
seldom  so  severe  as  in  most  eases  of  renal  tuberculosis. 
Occasionally  there  is  merely  a  slight,  though  rather 
persistent,  pain  in  the  bladder. 

Anuria  of  short  duration  and  of  no  special  prog- 
nostic significance  occurs  not  infrequently  coincident 
with  attacks  of  renal  colic,  the  kidneys  resuming  their 
function  upon  cessation  of  the  acute  pain.  When 
anuria  persists,  which  is,  fortunately,  a  comparatively 
rare  occurrence,  it  is  always  one  of  the  gravest  of 
symptoms.  Formerly  it  was  thought  that  when 
continued  suppression  occurred  the  ureter  on  the 
opposite  side  must  also  be  blocked,  or  that  the  patient 
had  a  solitary  kidney,  or  that  the  other  kidney  was  so 
diseased  as  to  be  functionless;  but  in  recent  years  it 
has  been  proven  that  the  suppression  may  also  be  of 
reflex  origin.  Numerous  reports  of  clinical  cases  as 
well  as  experimental  work  might  be  cited  in  proof  of 
the  accuracy  of  this  conclusion.  It  is  true  that  usually 
the  other  kidney  is  more  or  less  diseased  but  reflex 
anuria  may  occur  even  when  it  is  apparently  sound. 
If  not  soon  relieved  spontaneously  or  by  medical  or 
surgical  measures  death  is,  of  course,  inevitable. 

Pyuria  is  a  frequent  symptom  and  appears  with  the 
advent  of  pelvic  infection  if  the  path  to  the  bladder  is 
not  obstructed.  At  first  slight  in  amount  and  appre- 
ciable only  with  the  microscope,  as  the  process 
advances  pus  soon  becomes  plainly  apparent  and  may 
finally  be  present  in  great  quantities.  With  these 
cases  there  will  always  be  a  variable  number  of  red 
cells,  some  of  which  are  much  faded  and  known  as 
"phantom  corpuscles."  In  the  absence  of  symptoms 
of  cystitis,  usually  the  ordinary  chemical  and  micro- 
scopical examination  of  the  urine  is  sufficient  to  deter- 
mine the  renal  origin  of  the  pus;  but  when  bladder 
symptoms  are  present  cystoscopy  may  be  required, 
perhaps  with  ureteral  catheterization.  Sometimes 
the  urine  suddenly  becomes  clear  due  to  the  plugging 
of  the  abscess  cavity  or  of  the  ureter,  all  the  urine  then 
coming  from  the  unaffected  kidney.  When  this 
occurs,  and  in  the  absence  of  renal  colic,  massage  of 
the  kidney,  if  this  is  possible  in  the  individual  ease, 
will  often  cause  the  expulsion  of  thick  masses  of  pus 
followed  by  urine  of  the  usual  purulent  character. 
With  the  onset  of  infection,  particularly  with  pyo- 
nephrosis and  perinephritic  abscess,  there  may  be 
chills,  fever,  and  other  evidences  of  systemic  infection. 
The  infecting  organism  most  frequently  found  is 
the  colon  bacillus;  among  others,  staphylococci  and 
streptococci,  the  proteus,  typhoid,  and  tubercle  bac- 
illi and,  rarely,  the  pyocyaneus. 

Diagnosis. — While  occasionally  renal  stone  never 
gives  symptoms  sufficient  to  call  attention  to  the  con- 
dition, it  is  rare  that  one  or  more  of  the  above  symp- 
toms do  not  appear  at  some  time  in  the  course  of 
calculus  formation.  Sometimes  without  any  pre- 
monitory symptoms  its  presence  is  disclosed  by  a 
severe  attack  of  renal  colic;  sometimes  a  persistent 
dull  ache  in  the  loin  or  the  appearance  of  blood  in  the 

742 


urine  excites  suspicion  of  stone  in  the  kidney,  or  pos- 
sibly the  patient  consults  his  physician  for  supposed 
bladder  trouble  and  the  true  situation  is  discovered 
in  the  course  of  a  thorough  examination.  Many  times 
an  examination  of  t  he  urine  for  life  insurance  or  in  the 
course  of  an  attack  of  some  minor  ailment  has  dis- 
closed a  trace  of  albumin,  microscopic  blood  and  large 
quantities  of  uric  acid  or  calcium  oxalate  crystal-. 
It  may  then  be  found  that  there  have  been  vague 
feelings  of  discomfort  in  the  loin,  or  one  kidney  may 
be  found  tender  on  palpation  or  sensitive  to  fist  per- 
cussion by  Murphy's  method,  or  the  absence  of  other 
elements  suggestive  of  nephritis  may  cause  the  phy- 
sician to  insist  upon  radiography  of  the  urinary  tract. 
The  presence  of  any  of  the  above  symptoms  call  for 
careful  and  complete  examination.  Radiography 
holds  a  most  important  place  in  the  diagnosis  of  stone 
in  the  kidney  and  ureter — for  stone  in  the  ureter 
may  cause  all  the  symptoms  of  stone  in  the  kidney, 
including  localization  and  radiation  of  pain  and  even 
reflex  anuria — and  no  radiographic  examination  for 
stone  can  be  considered  complete  or  satisfactory  which 
does  not  include  kidneys,  ureters,  and  bladder.  With 
the  improvement  in  technique  and  in  the  experience 
of  experts  in  interpreting  radiograms  the  percentage 
of  error  is  now  very  small.  Yet  even  with  the  most 
perfect  apparatus  in  the  most  expert  hands  stones 
escape  detection  radiographically  in  some  cases. 
Among  reasons  for  these  failures  are:  the  corpulence 
of  the  patient,  the  location,  size  and  composition  of 
the  stone,  and  complications  that  may  have  arisen  in 
and  around  the  kidney.  According  to  Braasch,  the 
types  of  stone  that  may  not  be  shown  in  the  radio- 
gram are:  "(1)  The  soft  secondary  stone  obscured 
by  complicating  pyonephrosis;  (2)  the  small  stone, 
the  size  of  a  grain  of  wheat  or  smaller,  as  seen  with 
stone-forming  kidneys  or  so-called  oxaluria  dolorosa; 
and  (3)  cystin  and  uric  acid  stones."  By  combining 
radiography  with  collargol  injection  of  the  renal  pel- 
vis (pyelography)  it  is  usually  possible  to  rule  out 
errors  which  otherwise  occasionally  occur  due  to 
finding  shadows  on  the  plate  simulating  those  of  stone 
but  of  some  other  origin,  such  as  calcareous  deposits 
in  tuberculous  foci  or  cyst  walls  in  the  renal  paren- 
chyma, lymphatic  glands  or  other  structures,  or  from 
gallstones;  though  shadows  from  these  latter,  when 
present,  are  usually  in  the  form  of  characteristic  rings. 
The  position  of  the  ureter  and  its  relation  to  any 
shadow  along  its  course  is  also  distinctly  outlined; 
hence  the  use  of  this  method  tends  to  eliminate  the 
danger  of  operating  for  renal  or  ureteral  stone  when 
none  is  present — a  not  infrequent  occurrence  in  for- 
mer times. 

Further  aids  in  diagnosis  are:  The  evidence  to  be 
gained  by  cystoscopy,  by  employment  of  Kelly's 
method  of  catheterizing  the  ureters  with  the  wax- 
tipped  catheter,  by  the  use  of  functional  tests,  espe- 
cially phenolsulphonephthalein,  and  by  the  careful 
chemical  and  microscopical  examination  of  the  urine 
from  each  kidney.  The  evidence  obtained  by  these 
procedures,  by  radiography,  pyelography,  and  general 
physical  examination,  combined  with  the  history, 
should  result  in  a  correct  diagnosis  in  all  but  an  ex- 
tremely small  percentage  of  the  cases. 

Nephrolithiasis  must  be  differentiated  from  tuber- 
culosis and  tumors  of  the  kidney,  chronic  hemorrhagic 
and  other  types  of  nephritis,  from  movable  kidney, 
from  hydro-  and  pyonephrosis  of  other  origins,  from 
appendicitis,  gallstones,  intestinal  obstruction,  and 
various  other  extrarenal  conditions  giving  rise  to 
one  or  more  of  the  above  symptoms ;  while  it  must  not 
be  forgotton  that  appendicitis,  gallstones,  or  other 
abdominal  lesions  may  occur  coincidently. 

Treatment. — This  is  prophylactic,  palliative,  or 
operative.  Prophylactic  treatment  is  indicated  after 
the  passage  of  a  solitary  calculus,  when  a  patient 
habitually  passes  urine  that   is  hyperacid  and  often 
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contains  considerable  amounts  of  calcium  oxalate 
or  uric  acid  crystals,  or  when  a  patient  presents  other 
evidences  of  predisposition  to  stone  formation.  It 
consists  in  exercise,  a  proper  diet,  and  the  drinking 
of  sufficient  water,  with  or  without  drugs,  to  cause  :i 
copious  flow  of  slightly  acid  urine.  Palliative  treat- 
ment, directed  to  the  relief  of  pain  and  avoidance  or 
control  of  infection,  is  indicated  when  the  presence  of 
stone  is  suspected  or  discovered  dining  the  course  of 
some  other  more  serious  illness,  or  when  the  stone  is 
not  causing  appreciable  damage  to  the  kidney  ami  for 
any  reason  the  patient  is  a  poor  operative  risk,  or 
occasionally  when  the  stone  is  so  small  and  in  such  a 
situation  that  it  may  reasonably  be  expected  to  pass 
spontaneously  under  the  influence  of  strong  diuresis. 
Expectant  treatment  in  the  latter  type  of  cases  must, 
be  under  strict  supervision  and  operative  methods 
advised  at  the  first  sign  of  injury  or  infection  of  kidney 
or  ureter,  or  as  soon  as  it  becomes  apparent  thai  the 
stone  is  not  likely  to  pass  spontaneously. 

When  a  stone  is  once  formed  there  are  no  medicinal 
agents  which  will  cause  its  solution  in  situ,  though  its 
further  development  may  sometimes  be  temporarily 
held  in  abeyance.  Sooner  or  later  operation  will 
usually  be  necessary  and,  as  the  result  in  non-inter- 
vention is  generally  serious  impairment  if  not  ultimate 
complete  destruction  of  the  kidney,  procrastination 
is  dangerous  and  usually  unjustifiable.  During  the 
aseptic  period  the  stone  may  be  removed  by  pyel- 
otomy,  which  is  the  operation  of  choice  if  conditions 
are  favorable,  or  bv  nephrotomy.  With  mild  degrees 
of  pelvic  infection  pyelotomy  may  sometimes  be 
performed  though  it  is  usually  safer,  even  in  the  mild 
cases,  to  do  a  nephrotomy.  The  incision  in  the  kidney 
may  be  made  longitudinally  a  little  posterior  to  the 
convex  border,  the  usual  method,  or  Marwedel's 
method  of  incision  over  the  stone  in  a  line  radiating 
from  the  pelvis  (transverse  incision)  may  be  employed. 
When  there  is  marked  infection  and  there  has  been 
considerable  destruction  of  parenchyma,  the  decision 
between  nephrotomy  with  drainage  or  nephrectomy 
is  often  one  which  requires  the  exercise  of  the  nicest 
surgical  judgment.  When  the  kidney  is  clearly  de- 
stroyed beyond  hope  of  its  being  of  any  consider- 
able value  it  should  be  removed  at  once  (providing  the 
other  kidney  is  properly  functionating)  if  the  patient's 
condition  will  warrant  that  procedure,  otherwise  it 
is  drained  and  may  be  removed  later.  Opinion  is 
still  divided  as  to  which  kidney  to  operate  upon  first 
when  both  are  calculous,  or  whether  it  is  best  to  oper- 
ate upon  both  at  the  same  sitting.  The  decision  will 
often  depend  upon  the  result  of  functional  tests,  which 
should  always  be  made  in  cases  of  this  sort  even  if 
they  are  dispensed  with  in  the  simple,  aseptic,  uni- 
lateral type.  When  calculus  on  one  side  is  blocking 
the  ureter  and  pus  and  urine  are  collecting  behind  it, 
that  kidney  should  certainly  be  operated  upon  first 
if  the  condition  of  the  patient  will  not  allow  the 
bilateral  operation.  Persistent  anuria  demands  im- 
mediate operation,  which  should  be  nephrotomy  with 
or  without  decapsulation  as  circumstances  direct. 
The  possibility  of  calculus  formation  in  a  congenital 
solitary  kidney  must  be  borne  in  mind  and  forms 
another  cogent  reason  for  the  routine  employment  of 
cystoscopy,  ureteral  catheterization  and  the  phthalein 
functional  test  before  undertaking  an  operation  where 
the  question  of  the  removal  of  a  kidney  may  come  up. 
When  calculus  affects  a  congenital  solitary  kidney,  or 
when  the  other  kidney  has  already  been  removed  or  is 
known  to  be  practically  functionless,  the  treatment 
must  be  what  Lilienthal6  aptly  calls  "conservative 
surgery  de  luxe." 

After  a  stone  has  been  removed,  the  pelvis  and  cali- 
ces  should  be  explored  for  other  stones  or  fragments. 
If  a  stone  is  broken  in  attempting  its  removal  it  should 
be  reconstructed  to  see  that  all  fragments  have  been 
recovered  and  the  pelvis  washed  out  with  a  strong 
current  of  saline  to  remove  all  small  particles.     It  is 


often  advisable  to  pass  a  catheter  down  the  ureter 
to  insure  its  being  free  from  small  stones  or  fragments. 

To  make  sure  I  hat  all  small  calculi  have  been  removed 
from  the  kidney,  Squier'  makes  use  of  a  portable 
.r-iav  apparatus  and  specially  designed  right-angled- 
vision  Buoroscope  to  aid  in  their  detection  after  the 

kidney  has  been  expo  led  and  brought  out  on  the  loin. 
The  fluoroscope  is  covered  with  a  sterile  bag  and  sus- 
pended around  the  operators' neck  or  is  held  by  an 
assistant.  He  finds  that  with  the  use  of  this  appara- 
tus the  possibility  Of  any  calculus  escaping  detection 
is  obviated. 

Prognosis.  -The  prognosis  in  non-operated  cases 
has  already  been  sufficiently  discussed.  The  operat- 
ive mortality  varies  with  the  aseptic  or  septic  con- 
ditions in  the  kidney,  the  time  of  operation,  the  di  gri 
of  impairment  of  the  kidneys,  the  general  condition 
of  the  patient,  and  the  type  of  operation  that  is 
necessary.  In  the  early  cases,  where  there  is  no 
infection,  the  patient  is  in  good  condition  and  pyel- 
otomy or  nephrotomy  are  easily  performed,  the  oper- 
ative risk  is  small — almost  negligible.  In  the  infected 
cases,  in  those  with  bilateral  involvement,  and  espe- 
cially in  those  requiring  nephrectomy,  there  i-  a  con- 
siderable mortality  and  the  percentage  increa 
rapidly  in  the  more  serious  cases,  reaching  the  highest 
point  in  bilateral  calculous  disease  with  bilateral 
infection. 

Regarding  recurrence,  when  a  single  aseptic  stone 
has  been  removed  at  an  early  stage,  and  the  patient 
then  lives  in  accordance  with  reasonable  li\gienic 
and  dietetic  rules,  other  calculi  rarely  form  unless  the 
individual  is  one  of  those  unfortunates  who  seem 
especially  predisposed  to  calculus  formation.  When 
infection  has  already  taken  place  there  is  more  likeli- 
hood of  subsequent  calculous  disease,  not  only  in  the 
operated  but  also  in  the  unoperafed  kidney;  yet  even 
under  these  circumstances  further  stone  formation  is 
rather  uncommon.  Wesley  Grove  Vincent. 
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Kidneys,  Congestion  of  the. — Congestion  or 
hyperemia  of  the  kidneys  may  be  acute  or  chronic, 
active  or  passive. 

Active  congestion  of  the  kidneys  is  a  condition  of 
acute  or  active  engorgement  of  the  blood-vessels  of 
the  kidneys  unassociated  with  exudation.  In  most 
cases  it  represents  the  earliest  stage  of  acute  nephritis, 
in  other  cases  it  is  part  and  parcel  of  this  disease, 
and  inasmuch  as  it  is  extremely  rare  for  acute  con- 
gestion of  the  kidneys  to  exist  without  at  least  a 
slight  amount  of  exudation,  there  can  be  no  sharp 
dividing  line  between  such  acute  congestion  and 
acute  nephritis.  Indeed,  the  typical  examples  of 
"acute  congestion"  of  the  kidneys  encountered  after 
death  are  almost  exclusively  examples  of  acute 
Blight's  disease.  In  a  great  majority  of  cases  there- 
fore the  etiological  factors  of  active  congestion  of  the 
kidneys  are  the  etiological  factors  of  acute  nephritis 
{q.v.).  However,  it  is  likely  that  in  some  cases  con- 
gestion may  exist  alone — e.g.  in  conditions  of  mild 
toxemia  such  as  occur  in  certain  infectious  diseases; 
in  mild  poisonings  by  certain  drugs  and  chemicals, 
such  as  cantharides,  copaiba,  turpentine,  arsenic, 
carbolic  acid,  etc.;  after  the  use  of  certain  stimulating 
diuretics;  after  the  administration  of  ether  for  anes- 
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thesia,  etc.  It  has  been  attributed  also  to  sudden 
contraction  of  the  blood-vessels  of  the  periphery  of 
the  body  following  exposure  to  cold,  and  to  loss  of 
vasomotor  control.  It  probably  occurs  also  in  condi- 
tions of  increased  functional  activity,  such  as  occurs 
in  one  kidney  after  extirpation  of  its  fellow,  and 
when  one  kidney  has  been  rendered  funetionless  by 
the  blocking  of  its  ureter  with  a  calculus,  etc.  In 
acute  congestion  Ihe  kidney  is  enlarged,  somewhat 
softened  and  deep  red  in  color,  or  reddish  brown  and 
mottled.  Its  capsule  strips  readily  and  reveals  dis- 
tended and  congested  vessels,  and  on  section  tin- 
organ  drips  blood.  The  glomeruli  are  distended  and 
the  cells  are  the  seat  of  a  cloudy  swelling. 

In  general,  symptoms  are  wanting,  at  most  they  are 
indefinite.  In  cases  with  definite  symptoms  there 
is  more  or  less  disturbance  of  the  renal  epithelium, 
and  the  condition,  except  that  it  disappears  with 
the  removal  of  the  cause,  is  scarcely  to  be  distinguished 
from  acute  toxic  or  degenerative  nephritis,  or  the 
mildest  grades  of  acute  diffuse  nephritis. 

Passive  congestion  (mechanical  congestion)  of  the 
kidneys  occurs  most  frequently  in  conditions  of  gen- 
eral venous  stasis  and  less  frequently  in  cases  of  more 
or  less  obstruction  to  the  return  circulation  from  the 
renal  veins,  such,  for  instance,  as  may  result  from  pres- 
sure on  the  renal  vein  or  veins  by  a  tumor,  aortic  aneu- 
rysm, pregnant  uterus,  ascites,  deformities  of  the  verte- 
bra (causing  angulation  of  the  renal  vein),  and  in  cases 
of  thrombosis  of  the  ascending  vena  cava  and  the  renal 
vein  or  veins.  In  most  cases  it  is  associated  with 
failing  cardiac  compensation  due  to  valvular  disease 
of  the  heart,  fibroid  heart,  adherent  pericardium, 
emphysema,  interstitial  pneumonitis,  chronic  ad- 
hesive pleuritis  and  mediastinitis,  extensive  tubercu- 
losis of  the  lungs,  etc.  It  occurs  also  in  cases  of  cir- 
rhosis of  the  liver. 

The  kidney,  the  seat  of  passive  congestion  (cyanotic 
induration,  cardiac  kidney),  is  enlarged,  red,  and 
much  firmer  than  normally.  The  capsule  strips 
readily  and  reveals  distended  veins,  and  usually  a 
smooth  surface  that  is  dark  red  in  color.  The  cut 
surface  is  moist  and  succulent  and  the  glomeruli  are 
prominent.  The  color  is  much  darker  than  normally 
and  has  a  bluish  or  a  purplish  tinge.  This  hyperemia, 
if  long  continued,  leads  to  cyanotic  induration,  there 
occurs  hyperplasia  and  subsequently  contraction 
of  the  connective  tissue.  After  this  stage  the  kidney 
is  smaller  than  before,  the  capsule  strips  less  readily 
and  the  surface  is  slightly  granular  (the  congested 
and  contracted  kidney).  In  reality  this  condition 
is  a  diffuse  nephritis. 

The  symptoms  are  chiefly  a  diminution  in  the 
amount  of  urine — the  daily  quantity  in  some  cases 
being  less  than  200  c.c.  The  urine  is  concentrated, 
dark  in  color  and  of  a  high  specific  gravity.  It  usually 
contains  a  small  amount  of  albumin,  the  amount  de- 
pending upon  the  functional  activity  of  the  heart 
and  the  degree  of  associated  changes  in  the  renal 
epithelium.  The  sediment  usually  contains  a  few 
hyaline  casts.  Complications  such  as  nephritis, 
hemorrhagic  infarction,  etc.,  may  change  the  urinary 
picture  markedly.  In  uncomplicated  passive  con- 
gestion of  the  kidneys  uremia  is  practically  unknown. 

The  diagnosis  of  passive  congestion  of  the  kidneys 
usually  is  a  matter  of  comparative  ease.  The  symp- 
toms of  the  primary  condition  generally  predominate 
and  the  congestion  of  the  kidney  is  readily  recognized 
as  part  of  a  general  venous  congestion  in  failure  of  the 
circulation.  The  cyanosis  and  dropsy  contrast 
strongly  with  the  pallor  and  dropsy  of  Blight's  dis- 
ease. Further,  the  amount  of  urine  voided  daily, 
as  well  as  the  amount  of  albuminuria,  varies  from 
day  to  day  with  the  functional  activity  of  the  heart. 
The  urine  then  furnishes  trustworthy  evidence  of  the 
condition  of  the  venous  circulation.  In  some  cases 
with    marked   venous   congestion   difficulty   may   be 
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encountered  in  differentiating  the  condition  from  a 

condition  primarily  renal  and  secondarily  cardiac. 

The  prognosis  depends  wholly  upon  the  primary 
disorder  and  upon  whether  the  lesions  of  diffuse 
nephritis  have  developed.  Under  proper  treatment 
applied  early  in  the  disease,  the  kidney  may  be  com- 
pletely restored  to  normal.  The  advent  of  the  renal 
condition,  however,  may  increase  the  gravity  of  the 
prognosis  of  the  primary  condition. 

The  treatment  is  the  treatment  of  the  primary  dis- 
order. In  most  cases  then  it  is  the  treatment  of 
failing  cardiac  compensation.  Shelter,  warmth,  rest, 
and  good  food  are  indispensable.  Cardiac  stimulants, 
alkaline  diuretics  and  cathartics  are  the  drugs  used, 
the  most  important  one  of  all  being  digitalis. 

Aloysitts  O.  J.  Kelly. 
Revised  by  Ralph  G.  Stillman. 


Kidneys,  Infarcts  of  the. — It  has  long  been  known 
that  pathogenic  microorganisms  may  gain  access  to 
the  blood  by  absorption  from  the  intestine,  from  fur- 
uncles, carbuncles,  or  other  septic  foci,  and  in  the 
course  of  acute  infectious  diseases;  that  while  some 
may  pass  through  the  kidney  without  causing  appre- 
ciable damage,  others  produce  varying  degrees  of 
parenchymatous  nephritis,  and  still  others  may  be 
arrested  in  their  passage  through  the  kidney,  pro- 
ducing secondary  septic  foci  in  the  form  of  septic  in- 
farcts of  the  renal  cortex;  and  that  this  is  sometimes 
followed  by  extension  of  the  septic  process  into  the 
perinephritic  tissues  and  also  throughout  the  kidney, 
thus  producing  pyelonephritis  and  ultimately  result- 
ing in  pyonephrosis  with  the  destruction  of  practi- 
cally all  secreting  tissue.  While  sometimes  bilateral, 
as  would  be  expected,  it  was  found  that  frequently  the 
lesion  was  unilateral,  this  being  explained  by  assum- 
ing a  condition  of  diminished  resistance  in  that  kidney 
following  previous  injury  or  disease;  and  this  hypothe- 
sis was  borne  out  experimentally.  Many  such  ob- 
servations had  been  made  by  surgeons  and  path- 
ologists in  various  parts  of  the  world;  but  it  is  only  in 
recent  years,  and  due  almost  entirely  to  the  pioneer 
work  of  Brewer,  of  New  York,  that  the  relative  fre- 
quency and  surgical  importance  of  hematogenous  in- 
fection resulting  in  acute,  unilateral,  septic  infarction 
has  been  appreciated.  It  is,  therefore,  to  his  writings 
that  one  must  turn  for  detailed  reports  of  the  experi- 
mental work  and  a  comprehensive  review  of  other  data 
leading  to  the  recognition  of  this  condition  as  a  clin- 
ical entity;  while  it  is  also  his  observations  of  a  con- 
siderable number  of  clinical  cases  which  furnish  a  logi- 
cal foundation  for  the  description  of  the  manifold 
symptoms  and  appropriate  treatment  in  cases  of  sep- 
tic   infarction  of  varying  degrees  of  severity. 

Septic  infarcts  in  the  renal  cortex  are  due  to  the 
arrest  of  pathogenic  bacteria  alone  or  of  minute  bits 
of  infected  material.  The  organisms  most  frequently 
found  are  the  colon  bacillus,  typhoid  bacillus,  staphy- 
lococci and  streptococci;  rarely  the  pneumococcus  or 
Bacillus  pyocyaneus.  Over  eighty  per  cent,  of  the  cases 
have  occurred  in  women;  the  right  kidney  has  been 
involved  much  more  frequently  than  the  left;  and 
cases  have  usually  occurred  during  or  following  an 
acute  infectious  disease,  or  when  there  was  a  known 
septic  focus  elsewhere,  or,  occasionally,  after  simple 
abdominal  operations.  The  pathologic  conditions 
found  in  the  clinical  cases  are  identical  with  a  large 
proportion  of  the  results  obtained  in  animals  when 
broth  cultures  of  various  organisms  were  injected 
into  the  blood  stream  and  one  kidney  was  subjected 
to  varying  forms  and  degrees  of  trauma.  Brewer 
found  that  in  some  cases  where  the  organism  was 
of  great  virulence  lesions  were  produced  in  both 
kidneys,  but  those  in  the  uninjured  kidney  were  com- 
paratively trivial  and  usually  limited  to  more  or  less 
parenchymatous  degeneration  from  _  the  toxemia. 
His  experiments  showed   that  the  lesions  most  com- 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


Kidneys,  Injuries  of 


monly  found  in  the  injured  kidney  "are  due  to  a  plug- 
ging of  the  smaller  arteries  and  capillary  vessel ;  with 
groups  of  organisms.  These  minute  emboli  are  later 
surrounded  by  an  encircling  zone  of  round-cell  infil- 
tration. Where  the  larger  trunks  are  thus  involved, 
triangular  infarcts  are  present;  where  the  capillaries 
only  are  involved,  minute  abscesses  are  seen  through- 
out the  cortex  and  beneath  the  capsule.  If  the 
process  is  allowed  to  go  on,  the  bacterial  emboli  are 
rarely  recognized;  only  areas  of  necrosis  and  purulent 
infiltration  are  found.  At  a  still  later  stage  many  of 
these  collections  of  pus  coalesce,  forming  large  paren- 
chymatous abscesses,  which  may  rupture  through  the 
capsule  and  give  rise  to  a  perinephritis,  or  into  the 
pelvis,  giving  the  typical  picture  of  pyelonephritis. 
In  some  of  the  cases  the  condition  has  been  designated 
as  an  acute,  purulent,  interstitial  nephritis."  In  his 
opinion  all  of  these  appearances  are  but  different  stages 
of  the  same  process. 

Symptoms. — Brewer  recognizes  three  types  of  hem- 
atogenous infection :  the  hyperacute,  or  fulminating, 
the  intermediate,  and  the  mild.  In  the  fulminating 
cases  the  toxemia  is  sometimes  so  overwhelming  that 
the  patient  dies  before  symptoms  characteristic  of 
renal  sepsis  are  detected.  From  a  study  of  about 
twenty  cases  of  this  type  Brewer  summarizes  the  symp- 
toms as  follows:  "The  disease  may  or  may  not  be 
ushered  in  by  a  chill.  When  present  it  generally  indi- 
cates a  severe  type  of  infection .  The  initial  rise  of  tem- 
perature is  high,  generally  104°  or  105°  F.;  pulse  fre- 
quently 120  or  above.  The  toxemia  is  marked  from  the 
first  and,  with  high  fever,  suggests  often  an  acute  grippe, 
lobar  pneumonia,  or  one  of  the  exanthemata.  Then 
follows  a  more  or  less  vague  pain  in  abdomen  or  flank 
corresponding  to  the  side  of  the  lesion.  Tenderness 
and  muscular  rigidity  over  the  region  of  the  appendix, 
or  gall-bladder,  lead  often  to  error  in  believing  one  of 
these  organs  to  be  the  seat  of  disease.  As  the  urinary 
secretion  from  the  affected  kidney  is  greatly  diminished, 
and  is  largely  diluted  by  the  abundant  secretion  from 
the  unaffected  organ,  the  mixed  urine,  when  passed 
or  drawn  from  the  bladder  is  often  quite  normal  in 
appearance,  and  the  slight  trace  of  albumin,  blood,  and 
pus  is  often  overlooked  unless  a  more  than  ordinarily 
careful  examination  is  made.  The  one  pathogno- 
monic sign  present  in  all  cases  is  a  marked  unilateral 
costovertebral  tenderness."  Prostration  is  marked  in 
these  cases,  there  is  o'ften  headache  and  vomiting, 
severe  abdominal  pain  which  may  radiate  and  the 
patient  seems  desperately  sick.  Cystoscopic  exami- 
nation (if  the  patient  is  in  condition  to  stand  it)  will 
show  that  there  is  little  or  no  urine  coming  from  the 
affected  side;  while  if  a  specimen  is  obtained  by  ure- 
teral catheterization,  it  will  be  highly  albuminous  and 
contain  a  variable  number  of  blood  and  pus  cells. 
Upon  cutting  down  upon  these  kidneys  the  peri- 
nephritic  tissues  are  found  edematous,  the  kidney 
somewhat  enlarged  and  congested,  and  the  surface 
shows  numerous  elevated,  deep  red  spots  or  groups  of 
miliary  abscesses;  while  on  section  there  may  be 
numerous  suppurative  and  necrotic  areas  and  one  or 
more  triangular  infarcts. 

The  intermediate  type,  which  includes  the  majority 
of  cases,  "often  simulate  in  their  early  symptomatol- 
ogy, appendicitis,  cholecystitis,  or  abscesses  of  the 
liver."  There  is,  however,  costovertebral  tenderness 
and  decreased  urinary  output  from  the  affected  side 
as  shown  by  ureteral  catheterization.  In  these  cases 
the  initial  fever  may  be  high  but  begins  falling  within 
forty-eight  hours  while  there  is  less  prostration  and 
the  pulse  rate  and  quality  are  good.  The  pathological 
condition  is  similar  to  that  of  the  previous  type  but  of 
lesser  degree;  yet,  if  untreated,  extensive  destruction  of 
parenchyma  with  abscess  formation,  pyelonephritis, 
and  ultimate  pyonephrosis  may  be  the  final  outcome. 

In  the  mild  cases  subacute  appendicitis  is  sometimes 
simulated.     Pain  is  seldom  marked  and  may  be  en- 


tirely absent,  the  only  signs  being  costovertebral 
tenderness  and  the  pn  ence  <>f  a  small  amount  of 
albumin  in  the  urine  with  perhaps  a  few  red  blood  and 
pus  cells.  These  cases  sometimes  account  for  the 
slight  rise  in  temperature  noted  after  abdominal  opera- 
tions, and  if  pus  is  found  in  t  he  urine  are  usually  diag- 
nosed as  mild  pyelitis. 

Treatment. — In  the  fulminating  cases  prompt 
nephrectomy  apparently  offers  the  only  hope  of  cure. 
Brewer's  latest  report  (1913)  covers  sixteen  cases  of  this 
type,  of  which  two  with  no  treatment  died;  four  with 
nephrotomy  and  drainage,  all  died;  ten  with  early  neph- 
rectomy, all  survived.  In  the  intermediate  cases,  where 
the  temperature  begins  to  fall  within  forty-eight 
hours  and  there  is  coincident  apparent  improvement 
in  the  general  condition,  early  decapsulation,  with 
incision  and  drainage  of  any  abscesses  or  necrotic  areas 
found,  will  usually  suffice;  but  in  some  cases  secondary 
nephrectomy  has  been  necessary.  Hotchkiss  lias 
reported  two  cases  of  excision  of  the  infarct  and  estab- 
lishment of  drainage.  In  both  the  infarction  was 
limited  to  the  upper  pole,  and  both  patients  recovered. 
He  also  refers  to  the  fact  that  Woolsey  had  also  made 
use  of  this  procedure.  The  treatment  of  the  mild 
types  may  well  be  expectant  and  is  summed  up  by 
Brewer  in  three  words:  "Rest,  water,  urotropin." 
Wesley  Grove  Vincent. 
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Kidneys,  Inflammation  of  the.— See  Nephritis. 

Kidneys,  Injuries  of  the. — Injuries  to  the  kidney 
are  usually  produced  by  blows,  falls,  or  kicks,  but  may 
also  occur  when  the  lumbar  region  is  crushed,  as  under 
the  wheels  of  a  wagon  or  between  wagon  and  wall. 
Cases  have  also  been  reported  where  injury  was  caused 
by  sudden  change  in  posture  or  muscular  strain.  Usu- 
ally but  one  kidney  is  injured,  the  right  more  often 
than  the  left,  but  both  may  be  injured  in  severe  crush- 
ing accidents  or  in  falls  from  a  considerable  height. 
With  most  bilateral  injuries,  and  not  infrequently  in 
unilateral  cases,  there  are  also  injuries  to  other  struc- 
tures such  as  fractures  of  the  lower  ribs,  injuries  to  the 
liver,  spleen,  intestines,  etc.  According  to  Watson1 
such  complications  occur  in  about  twenty  per  cent,  of 
the  cases. 

Injuries  to  the  kidney  occur  with  and  without  an 
external  wound.  Without  an  external  wound  leading 
to  the  kidney  they  are  usually  classified  as  subparietal 
or  subcutaneous,  although  Lejars2  and  a  few  other 
writers  consider  all  grades  of  injuries  without  external 
wound  under  the  heading  of  contusions.  Brewer3 
divides  subparietal  injuries  into  three  grades :  Simple 
contusion  with  or  without  injury  to  the  capsule  and 
subcapsular  hemorrhage;  incomplete  rupture,  in 
which  the  parenchyma  is  fractured  but  without  open- 
ing of  the  pelvis;  and  complete  rupture,  in  which  the 
entire  organ  is  torn  across,  freely  opening  the  peh  ic 
cavity.  This  is  the  most  logical  classification,  not 
only  on  pathologico-anatomical  grounds  but  also 
because  the  severity  and  number  of  the  symptoms 
usually  vanr  in  approximately  direct  proportion  to 
those  three  grades  of  injury,  although,  and  I  wish  to 
strongly  emphasize  the  fact,  this  is  by  no  means  in- 
variably true.  With  subparietal  injuries,  a  slightly 
lacerated  kidney  and  the  resulting  hematoma  are  not 
primarily  infected,  unless  a  pre-existing  septic  focus 
has  been  opened  into,  and  infection  may  never  take 
place;  but  with  the  more  severe  grades  of  injury  and 
especially  in  those  communicating  with  a   calyx  or 
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splitting  open  the  pelvis,  allowing  extravasation  of 
urine,  infection  is  very  apt  to  occur  sooner  or  later  if 
t  he  case  is  allowed  to  drift.  The  source  of  infection 
may  be  the  urine  or  the  adjacent  intestine,  especially 
after  the  nutrition  of  its  wall  has  been  more  or  less 
compromised  by  the  pressure  of  extra vasated  urine 
or  a  large  hematoma;  or  infection  may  come  through 
the  lymphatics,  or  there  may  be  a  hematogenous 
infect  ion.  The  infecting  organism  most  frequently 
found  is  the  colon  bacillus;  among  others,  staphylo- 
and  streptococci  and  the  tubercle  bacillus,  the  latter 
usually  as  part  of  a  mixed  infection. 

With  contusion,  of  the  kidney  there  may  be  simple 
subcapsular  ecchymosis  or  a  separation  of  a  consider- 
able portion  of  the  unruptured  capsule  with  the  forma- 
1  ion  of  a  subcapsular  hematoma;  the  fatty  capsule  may 
be  torn,  with  or  without  fissures  in  the  true  capsule, 
and  this,  as  a  rule,  is  followed  by  slight  or  moder- 
ate bleeding,  though  occasionally  a  fairly  large  hem- 
atoma forms  from  this  apparently  insignificant  source. 
Rarely,  with  fissure  in  the  true  capsule  in  the  line  of 
laceration  of  the  fatty  capsule  there  is  extensive  decap- 
sulation of  the  kidney. 

With  incomplete  rupture,  where  the  parenchyma  is 
fractured  but  without  opening  the  pelvis,  fissures  of 
varying  length  and  depth  may  be  found  and  occasion- 
ally, as  in  a  case  of  Peyrot's  quoted  by  Lejars,  a  la  rge 
portion  of  one  pole  may  be  nearly  or  quite  separated 
from  the  rest  of  the  kidney.  The  amount  of  hemor- 
rhage in  these  cases  is  variable,  depending  upon  the 
direction  and  degree  of  laceration  of  the  parenchyma. 
Usually  the  fracture  lines  are  transverse  to  the  Long 
axis  of  the  kidney  and  parallel  to  the  course  of  the 
blood-vessels,  in  which  case  hemorrhage  is  moderate 
in  amount  unless  the  fractures  are  deep  or  unusually 
numerous;  but  in  some  cases  the  fractures  are  stellate 
or  across  the  line  of  blood  supply  and  then  hemorrhage 
is  apt  to  be  severe  and  accompanied  by  the  rapid 
development  of  a  large  perirenal  hematoma.  In 
these  also  there  is  much  less  tendency  to  spontaneous 
cessation  of  the  bleeding.  This  was  shown  particu- 
larly well  in  Peyrot's  case  where  he  found  profuse 
active  hemorrhage  upon  operation  about  six  weeks 
after  the  accident. 

Complete  rupture  includes  all  cases  where  there  is 
a  fracture  through  the  parenchyma  into  the  pelvis. 
In  these  the  degree  of  injury  varies  from  a  single  trans- 
verse fracture  to  almost  complete  pulpifaction  of  the 
kidney.  With  complete  rupture  hemorrhage  is 
usually  profuse  and  this  is  necessarily  accompanied 
by  extravasation  of  urine  into  the  perirenal  tissues. 
In  this  and  the  preceding  type  of  injury  a  tumor  is 
usually  demonstrable  in  the  loin,  while  extravasation 
may  also  take  place  into  the  peritoneal  cavity,  espe- 
cially in  children,  where  the  peritoneum  is  very  thin. 
This  may  occur  from  rupture  of  that  membrane  at  the 
time  of  the  accident  or  as  the  result  of  pressure  from 
extra  vasated  blood  and  urine.  In  these  two  types 
also  secondary  infection  is  a  frequent  occurrence, 
especially  when  there  is  urinary  extravasation. 
Rarely,  the  pelvis  alone  has  been  ruptured,  the  ureter 
torn  across  or,  without  injury  to  the  kidney  itself, 
one  or  more  of  the  vessels  of  the  pedicle  have  been  torn, 
usually  a  vein. 

Symptoms. — -As  a  rule,  these  vary  roughly  in  direct 
proportion  to  the  extent  of  injury  and  include  immedi- 
ate shock  and  collapse,  hematuria,  progressive  anemia, 
and  other  evidences  of  internal  hemorrhage,  pain  or 
tenderness  followed  by  gradually  increasing  tumor  in 
the  loin,  and  rise  of  temperature  which  is  accentuated 
later  if  infection  takes  place.  If  the  peritoneal  cavity 
is  invaded  by  extravasate,  or  with  coincident  injury 
to  liver,  spleen,  intestine,  or  other  intraabdominal 
organs,  peritonitis  and  other  symptoms  referable  to 
such  injured  organs  also  appear.  Occasionally,  with- 
out actual  intraperitoneal  injury,  symptoms  sug- 
gestive of  peritonitis  occur  such  as  nausea,  vomiting 
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and  moderate  tympanites,  caused  by  pressure  upon 
or  other  interference  with  the  adjacent  colon.  With 
simple  contusion  there  may  be  evanescent  slight  shock 
with  slight  hematuria  and  pain  or  tenderness  in  the 
loin,  both  of  which  disappear  in  the  course  of  a  few 
days.  With  the  more  severe  injuries  we  find  individual 
variations  in  the  symptoms  as  follows: 

,Stiock  is  very  profound  and  often  accompanied  by 
marked  symptoms  of  collapse  in  the  severe  types  of 
injury.  In  these,  shuck  usually  appears  at  once  but 
is  occasionally  slight  or  absent  at  first  and  develops 
rapidly  later,  especiall]  when  there  is  marked  internal 
hemorrhage. 

Hematuria  is  a  very  constant  symptom,  usually 
appearing  within  the  first  few  hours,  though  its 
appearance  with  slight  injuries  may  be  much  delayed. 
The  quantity  of  blood  in  the  urine  is  very  variable 
and  must  not  be  taken  as  an  index  of  the  degree  of 
injury;  for  with  the  most  severe  injuries,  where  the 
kidney  is  completely  disorganized,  hematuria  may  be 
absent  or  very  slight  in  amount  and  soon  cease  alto- 
gether, although  an  enormous  hematoma  may  be 
forming  in  the  loin  or  within  the  peritoneal  cavity. 
\t  other  times  there  is  a  profuse  hematuria  which 
suddenly  ceases,  due  to  blocking  of  the  ureter  with 
clots.  After  symptoms  of  renal  colic  the  clot  may  pass 
to  the  bladder  and  the  flow  of  bloody  urine  be  rees- 
tablished. Rarely  the  flow  of  blood  down  the  ureter 
is  so  rapid  and  excessive  that  the  bladder  becomes 
filled  with  clot  which  cannot  be  washed  out  by  ordi- 
nary means  and  may  require  the  Bigelow  evacuator  or 
a  suprapubic  cystotomy  for  its  removal.  That  the 
hematuria  is  not  due  to  rupture  of  the  bladder  is  shown 
without  cystoscopy  by  first  emptying  the  bladder  and 
then  injecting  a  measured  amount  of  sterile  fluid,  the 
same  amount  being  immediately  returned  through 
the  catheter. 

Pain  or  tenderness  in  the  loin  is  usually  well  marked 
in  the  more  serious  injuries  and  gradually  increases 
in  severity  as  hematoma  develops  and  when  infection 
supervenes.  In  the  latter  case  the  pain  is  often  throb- 
bing in  character.  With  any  considerable  extra- 
vasation a  tumor  may  be  felt  in  the  loin  which  may 
give  fluctuation. 

Elevation  of  temperature  may  at  first  be  moderate 
and  due  to  blood  absorption,  but  with  the  advent  of 
infection  there  is  a  sharp  rise,  the  pulse  rate  markedly 
increases  and  there  may  be  chills  and  other  evidences 
of  sepsis. 

Diagnosis. — This  rests  upon  a  consideration  of  the 
history,  the  presence  of  one  or  more  of  the  above 
symptoms,  cystoscopic  examination  with  or  without 
catheterization  of  the  ureters  and,  occasionally  at 
least,  the  evidence  furnished  by  the  x-ray.  In  typical 
cases  with  history  of  a  blow  or  fall,  some  degree  of 
shock,  tenderness  in  the  loin,  and  the  presence  of 
blood  in  the  urine,  diagnosis  is  easy.  Difficulty  is 
encountered  most  often  in  the  very  mild  and  some  of 
the  very  severe  cases.  When  shock  is  profound,  an 
accurate  history  unobtainable,  there  is  no  hematuria, 
cystoscopy  inadvisable  because  of  the  patient's  con- 
dition, while  there  is  a  question  as  to  injury  of  other 
viscera,  it  may  be  impossible  to  make  a  positive  diag- 
nosis until  a  tumor  can  be  felt  in  the  loin  together  with 
evidence  of  internal  hemorrhage  which,  with  the  non- 
development  of  focal  symptoms  elsewhere,  makes  the 
diagnosis  of  severe  injury  to  the  kidney  apparent. 
The  efficacy  of  pyelography  in  determining  the  pres- 
ence and  amount  of  kidney  injury  has  been  pointed  out 
recently  by  Luckett  and  Friedman.4  This  resource, 
employed  in  two  cases  by  Luckett  and  in  one  by 
Friedman,  was  of  great  service  in  showing  the  neces- 
sity of  early  operation  in  Luckett's  cases  and  the 
advisability  of  non-interference  in  that  of  Friedman. 

Treatment. — This  is  expectant  or  operative.  Ex- 
pectant treatment  comprises  proper  medical  treat- 
ment  of  the  initial  shock,  absolute  rest  secured  by 
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morphine  if  necessary,  the  administration  of  urinary 
antiseptics,  the  application  of  the  ice-bag,  and  the 
employment  of  any  other  non-operative  measures 
that  seem  advisable.  It  is  indicated  in  cases  of  ap- 
parent contusion  with  little  or  no  shock,  hi  He  if  any 
hematuria  and  no  evidence  of  the  formation  of  a 
perirenal  hematoma.  It  is  also  usually  indicated 
while  shock  is  profound  and  as  long  as  there  is  anj 
element  of  doubt  as  to  the  nature  and  approximate 
extent  of  the  injury.  Expectant  treatment  may  be 
continued  after  recovery  from  the  initial  shock  and 
when  the  symptoms  point  to  a  moderate  amount  of 


Fig.  3597. — Pyelography  in  the  Diagnosis  of  Kidney  Injury. 
Complete  laceration  of  lower  pole  (about  one-fourth)  of  right 
kidney  in  one  of  Dr.  Luckett's  cases.  (Luckett  and  Friedman, 
Annaia  of  Surgery,  December,  1914.) 

laceration  of  the  kidney,  even  with  the  presence  of  a 
hematoma,  as  long  as  there  is  no  indication  of  infec- 
tion or  excessive  hemorrhage  and  the  general  condi- 
tion of  the  patient  is  satisfactory.  Expectant  treat- 
ment under  these  conditions,  however,  is  fraught  with 
danger.  It  is  well  known  that  the  symptoms  some- 
times fail  to  correspond  for  a  time  with  the  seriousness 
of  the  lesion  and  the  patient  suddenly  passes  from  a 
condition  of  apparent  safety  to  one  of  extreme  hazard. 
The  bleeding  into  the  perirenal  tissues  may  soon 
cease  spontaneously  or  may  continue  for  weeks,  as 
in  Peyrot's  case  referred  to  above;  while  infection  is 
an'ever-present  possibility.  It  is  impossible  to  formu- 
late an  arbitrary  rule  by  which  one  may  recognize 
the  time  when  expectant  should  give  way  to  operative 
treatment.  This  is  a  matter  for  decision  in  the  indi- 
vidual case  and  requires  the  exercise  of  good  surgical 
judgment.  Most  experienced  surgeons  counsel  ex- 
ploratory operation  as  soon  as  it  seems  apparent  thai 
the  injury  is  more  than  simple  contusion.  In  such 
cases  Lejars  says:  "The  best  plan,  in  my  opinion,  is 
to  operate  as  soon  as  possible,  to  open  up  the  focus  of 
injury,  stop  any  bleeding,  and  so  prevent  the  develop- 
ment of  septic  complications."  This  decision  was 
forced  upon  him  by  encountering  cases  where  danger- 
ous complications  developed  insidiously  during  ex- 
pectant treatment.  Woolsey,5  on  the  other  hand,  is 
inclined  to  treat  cases  expectantly  unless  he  strongly 
suspects  a  severe  rupture,  and  provided  there  exist 
no  infection  of  the  urethra  or  bladder;  yet  he  takes 
pains  to  make  it  clear  that  he  believes  early  operation 


essential  when  there  i    e    <    ere  rupture.     As  already 

pointed     OUt,    the    symptoms    cannot    always    be    relied 

upon  as  .-in  index  of  the  extent  of  damage,  arid  when 
mass  is  present  early  operation,  even  in  cases  of 
apparently  moderate  severity,  surely  afford  thi 
guarantee  of  speedy  and  uncomplicated  recovery. 
In  most  statistic  the  mortality  with  expectant  treat- 
ment considerably  exceed  that  where  operation  has 
been  performed;  and  this  in  spite  ol  the  fact  thai  I  lie 
operative  percentage  has  doubtless  been  inordinately 

increased  because  in:un  operations  have  been  under- 
taken too  late,  arid  part  of  I  he  operative  mortality  is 
thus  really  chargeable  to  "  expectant "  procrastination. 

Lardennois"   in   an   exhi ve    studj    of   contusions, 

lacerations  and  ruptures  of  the  kidney,  found  the  aver- 
age   mortality    with    early    operation    to   be  about    ten 

per  cent.,  while  expectant  treatment,  with  or  wit] « 

secondary  operation,  gave  a  mortality  of  about  twenty- 
live  per  eeni .  \\  ill,  present-day  aids  to  early  and  accu- 
rate diagnosis  and  with  improved  operative  technique 
the  mortality  with  early  operation  is  certainly  less 
than  during  the  period  covered  by  Lardennois' 
statistics  or  those  of  Watson  m  this  country. 

Exploration  of  the  kidnej  should  usually  be  by  the 
lumbar  route.  When  intraabdominal  lesions  are 
also  present  anterior  incision  will  of  course  be  in 
sary,  but  even  in  these  cases  re1  roperitoneal  drainage 
through  the  loin  should  be  provided.  Forthe lumbar 
operation  the  Mayo  type  of  incision  should  be  used 
and  should  be  sufficiently  generous  to  afford  the  best 
possible  access  to  the  kidney  and  its  pedicle  as  soon 
as  the  perirenal  tissues  are  incised.  At  this  point 
one  must  be  prepared  to  encounter  almost  anything 
in  the  way  of  hemorrhage  from  a  harmless  mixture  of 
dark  fluid  blood,  urine  and  clots  to  a  continued  gush 
of  bright  red  blood.  Bleeding  is  controlled  as  soon 
as  possible,  clots  removed  and  the  cavity  sponged  out, 
then  the  extent  of  damage  to  the  kidney  is  deter- 
mined. The  kidney  should  be  treated  as  conserva- 
tively as  possible.  Unless  too  extensive  morcellation 
has  occurred  it  is  usually  possible  to  reunite  the 
fissured  parenchyma  and  to  control  the  hemorrhage 
by  suture,  by  packing,  or  by  a  combination  of  the  two. 
Sutures  should  be  reinforced  by  packing  in  all  cases 
where  there  is  any  danger  of  further  bleeding  of  any 
consequence.  If  one  pole  has  been  partially,  or  even 
completely,  separated  from  the  kidney,  and  the 
patient's  condition  is  good,  it  is  justifiable  to  attempt 
its  preservation  if  that  portion  of  the  kidney  can  be 
brought  up  sufficiently  to  allow  accurate  suturing; 
otherwise  it  is  removed,  through-and-through  sutures 
passed  to  control  the  hemorrhage,  or  the  hemorrhage 
is  controlled  by  packing  as  was  done  in  Luckett's  case 
herein  illustrated.  Nephrectomy  is  reserved  for 
those  cases  where  the  kidney  is  injured  beyond  hope 
of  repair,  where  the  blood  supply  seems  likely  to  be 
inadequate,  where  the  pelvis  or  ureter  are  irreparably 
injured,  and  when  the  condition  of  the  patient  will 
not  allow  time  for  the  practice  of  conservative  surgery. 
In  most  subparietal  cases  where  there  has  been  a 
hematoma  of  any  considerable  extent  and  in  nil  cases 
accompanied  by  an  external  wound  or  where  there  has 
been  extravasation  of  urine,  free  drainage  must  be 
provided. 

Wounds  of  the  Kidney. — These  are  usually  gun- 
shot or  stab  injuries,  though  they  may  result  from 
railroad  or  factory  accidents  or  from  numerous  other 
causes.  All  grades  of  injury  are  met  with  depending 
upon  the  character  of  the  etiological  factor  and  the 
force  with  which  it  acts.  In  these  cases  other  viscera 
are  very  apt  to  be  involved,  especially  in  the  case  of 
gunshot  wounds,  while  the  same  holds  true  in  regard 
to  stab  wounds  except  those  which  are  inflicted 
through  the  loin.  The  symptoms  may  be  slight,  as 
in  cases  where  stab  in  the  loin  has  merely  nicked  the 
cortex,  and  consist  of  slight  bleeding  through  the 
external  wound  with  or  without  hematuria;  or,  with 
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severe  injury,  there  may  be  profuse  hemorrhage 
through  the  wound,  marked  hematuria,  slunk,  and 
evidences  of  internal  hemorrhage.  Hematuria  is  the 
principal  diagnostic  sign,  for  unless  the  wound  in  the 
loin  is  large  it  is  often  impossible  to  know  whether  the 
blood  appearing  externally  is  coming  from  the  kidney 
or  not.  Hematuria  may  also  be  the  only  symptom 
pointing^definitely  to  the  kidney  when  there  are  con- 
comitant injuries  of  other  viscera. 

Trent  me  a  I  in  the  apparently  slight  wounds  mayprop- 
erly  consist  in  the  introduction  of  drainage,  making  sure 
that  it  reaches  to  the  bottom  of  the  wound,  and  insti- 
tuting expectant  treatment  along  the  lines  already  de- 
scribed. Meanwhile  the  urine,  pulse,  temperature, 
condition  of  the  wound  and  the  general  condition  of  the 
patient  will  be  watched  and  operation  performed  at 
the  first  evidence  of  sepsis  or  other  complications.  It 
should  be  stated,  however,  that  some  surgeons  believe 
in  immediate  exploration  when  convinced  that  the 
kidney  has  received  any  wound  whatever.  When  it  is 
evident  that  the  kidney  has  been  severely  wounded 
operation  should  be  performed  as  soon  as  possible, 
usually  disregarding  the  primary  wound  and  using 
the  usual  lumbar  incision  in  order  to  have  sufficient 
room  to  handle  whatever  conditions  may  be  found. 
This  incision  may  often  be  closed  after  treating  the 
injuries  in  accordance  with  the  rules  previously 
given,  the  primary  wound  being  used  for  drainage. 
It  is  of  course  understood  that  the  presence  of  lesions 
elsewhere  may  influence  the  decision  as  to  what  should 
be  the  proper  handling  of  the  kidney  injury  in  an 
individual  case.  (See  article  on  Gunshot  Wounds). 
Wesley  Grove  Vincent. 
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Kidneys,  Movable. — Synonyms:  Ren  mobilis, 
Nephroptosis,  Loose  Kidney,  Floating  Kidney. 

While  the  terms  floating  and  movable  kidney  are 
often  used  interchangeably,  floating  kidney  in  the 
strict  sense  is  a  congenital  abnormality  in  which  the 
peritoneal  reflection  around  the  kidney  and  its  pedicle 
is  as  complete,  or  nearly  as  complete,  as  in  the  case 
of  the  small  intestine,  and  there  is  thus  formed  a 
mesonephron.  Under  these  circumstances  the  kidney 
moves  within  the  peritoneal  cavity  and  there  may  be 
extreme  degrees  of  mobility,  the  kidney  sometimes 
reaching  the  true  pelvis  and  being  easily  pushed  over 
beyond  the  median  line.  These  kidneys  may  never 
give  symptoms  sufficient  to  call  attention  to  the  con- 
dition and  may  be  discovered  quite  by  accident.  This 
type  is  so  rare  that  many  operators  of  wide  experience 
do  not  hesitate  to  admit  that  they  have  never  en- 
countered this  anomaly. 

Movable,  or  loose,  kidney  has  normal  or  nearly 
normal  peritoneal  reflections  in  the  majority  of 
instances  and  in  its  descent  passes  down  behind  the 
peritoneum,  burrowing  its  way  through  the  post- 
peritoneal  fat  and  pushing  the  peritoneum  away  from 
the  posterior  abdominal  wall,  thus  forming  a  pouch 
in  which  it  usually  slides  up  and  down  with  each 
respiratory  cycle  when  the  patient  is  in  the  recumbent 
position,  and  to  the  bottom  of  which  it  falls  when 
the  patient  assumes  a  more  erect  position.  Three 
degrees  of  mobility  are  usually  described:  In 
mobility  to  the  first  degree  the  lower  pole  can  be 
felt — palpable  kidney;  in  the  second  degree  the  upper 
pole  can  be  felt — movable  kidney;  while  descent  to 
the  third  degree  has  been  considered  to  exist  when 
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the  kidney  drops  below  the  navel,  and  to  tin 
term  floating  kidney  has  often  been  applied,  although 
etiologically  and  clinically  there  is  no  reason  wh; 
level  of  the  navel  should  be  arbitrarily  chosen  for  a 
change  in  nomenclature.  The  term  displaced  kidney 
is  usually  applied  to  a  kidney  which  is  fixed  in  an 
ormal  position.  This  may  be  a  congenital 
anomaly,  or  a  previously  movable  kidney  may  have 
become  adherent  at  some  point  in  its  acquired  range 
of  descent. 

Incidence. — Movable  kidney  may  be  found  at  any 
age,  but  most  frequently  between  20  and  45.  The 
right  kidney  is  affected  much  more  often  than  the 
left,  the  proportion  being  about  12  or  15  to  1.  The 
frequency  of  movable  kidney  in  women  has  been 
estimated  by  Edebohls,  and  by  Lindner  and  Kiittner 
at  20  per  cent.;  by  Gl(5nard  at  22  per  cent.;  by  H. 
Morris  at  7  to  10  per  cent.;  and  by  various  other 
authors  from  as  low  as  4  to  56  per  cent.,  as  estimated 
by  Harris.  It  has  been  considered  about  four  or  five 
times  as  frequent  in  women  as  in  men,  but  this  ratio 
is  probably  too  high. 

Etiology. — The  kidney  is  supported  by  its  vessels; 
by  its  fatty  capsule,  around  which  there  is  a  well- 
defined  fibrous  layer  variously  designated  as  the 
lamina  fibrosa,  fascia  renalis  or  perirenal  fascia, 
which  sends  numerous  fibrous  bands  through  the  fatty 
tissue  to  form  a  loose  union  with  the  true  capsule;  by 
the  peritoneum  which  passes  in  front  of  it ;  by  intra- 
abdominal pressure;  and  by  the  more  or  less  deep 
shelf  upon  which  it  rests.  The  fa(t  that  congenital 
body  conformation  has  much  to  do  with  the  retention 
of  the  kidney  in  its  normal  situation  has  long  been 
recognized,  and  much  stress  was  laid  upon  this  point 
by  M.  L.  Harris  in  1901;  but  Goldthwait  of  Boston 
and  Coffey  of  Portland,  Oregon,  have  been  perhaps 
foremost  among  those  who  have  emphasized  this 
point  in  recent  years.  The  normal  kidney  does  not 
hang  suspended  by  the  above  mentioned  attachments, 
but  rests  upon  an  inclined  plane  formed  by  the  jutting 
forward  of  the  muscular  tissues  following  the  curve 
of  the  spine  at  that  point  and  by  the  psoas  muscle  as 
it  passes  from  its  spinal  attachment  to  the  iliac  fossa. 
Coffey,1  in  a  widely  quoted  and  elaborate  study  of 
ptosis  of  the  abdominal  viscera,  showed  that  in  a 
normal  man  this  supporting  plane  or  shelf  is  about  four 
inches  wride;  and  the  funnel  shape  of  the  kidney  region 
was  well  shown  by  the  fact  that  the  area  of  a  cross- 
section  of  the  abdomen  at  the  level  of  the  lower  pole 
of  the  kidney  was  forty-four  square  inches,  while  at 
the  level  of  the  base  of  the  appendix  it  was  but  four- 
teen square  inches.  In  women  this  space  is  regularly 
much  shallower.  But  while  the  depth  of  the  renal 
fossa  and  the  supporting  elements  mentioned  above 
may  be  normal.  Coffey,  finds  that  there  is  another 
condition  which  also  contributes  largely  to  the  stabil- 
ity or  instability  of  the  kidney,  namely,  the  degree  of 
rotation  and  the  lines  of  peritoneal  fixation  of  the 
cecum.  He  states  that  anatomists  have  found  that  in 
one  case  of  every  five  human  anatomical  subjects,  the 
ascending  colon  has  not  properly  fused  with  the  pari- 
etal peritoneum,  and  the  cecum  and  ascending  colon 
hang  by  a  mesentery.  Thus  when  the  colon  has  not 
rotated  over  beyond  the  edge  of  the  kidney  in  the  nor- 
mal way,  the  kidney  does  not  have  the  support  of  the 
ascending  mesocolon  but  lies  behind  a  single  layer  of 
the  peritoneum,  and  Longyear  is  quoted  for  the  state- 
ment that  in  these  cases  the  colon  seems  to  have  a  quite 
firm  attachment  to  the  lower  pole  of  the  kidney.  Cof- 
fey believes  that  a  unilateral  movable  right  kidney  is 
almost  never  seen  except  in  cases  where  there  has  been 
a  deficient  peritoneal  fusion  of  the  ascending  colon  and 
mesocolon  with  the  parietal  peritoneum  in  front  of 
the  kidney.  He  further  states  that  in  a  considerable 
portion  of  cases  the  descending  colon  has  also  failed 
to  fuse;  but  incomplete  fusion  is  not  so  serious  on  the 
left  side,  owing  to  the  costocolic  and    gastrosplenic 
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ligaments,  which  form  two  very  firm  additional  sup- 
ports and  thus  prevent  the  descending  colon  from 
prolapsing  and  dragging  the  left  kidney  down  with 
it.  Consequently  he  finds  that  a  floating  left  kidney 
is  the  one  positive  symptom  which  identifies  a  case 
of  general  ptosis,  as  the  left  kidney  practically  never 
goes  down  alone  and  never  until  the  splenic  flexure 
falls,  and  the  splenic  flexure  practically  never  does 
fall  until  the  fat  in  the  kidney  region  has  been 
absorbed.  He  therefore  concludes  that  in  a  normal 
individual  there  is  not  the  slightest  tendency  toward 
prolapse  of  the  kidney.  It  is  hardly  to  be  expected 
that  his  so  radical  conclusions  will  be  generally  ac- 
cepted, and  still  it  is  curious  to  note  that  twenty  years 
ago  Edebohls,  working  entirely  from  the  clinical  stand- 
point, concluded  that  movable  kidney  was  present  in 
twenty  per  cent,  of  all  women,  exactly  the  same  per- 
centage that  Coffey  cites  as  the  anatomists'  report  of 
improper  fusion  of  the  cecum  and  ascending  colon 
with  the  parietal  peritoneum.  While  there  can  be  no 
question  that  a  very  large  proportion  of  movable 
kidneys  are  accompanied  by  more  or  less  prolapse  of 
other  viscera,  it  is  equally  sure  that  there  are  numerous 
cases  where  the  kidney  has  been  the  only  prolapsed 
organ  and  where,  from  a  clinical  point  of  view,  the 
movable  kidney  has  been  the  primary  seat  of 
trouble. 

Aside  from  those  cases  depending  upon  the  anatom- 
ical considerations  already  referred  to,  and  those  where 
there  is  a  general  relaxed  condition  of  the  peritoneal 
attachments,  movable  kidney  may  be  caused  by 
wasting  diseases  which  result  in  the  rapid  absorption 
of  a  considerable  portion  of  the  perirenal  fat;  by 
multiple  pregnancies  and  by  the  removal  of  ascitic 
fluid  or  large  tumors,  causing  a  relaxation  of  the 
abdominal  wall;  tight  lacing  in  which  the  pressure  is 
applied  at  the  lower  thoracic  zone,  crowding  the 
abdominal  organs  downward;  prolonged  coughing 
such  as  occurs  in  pulmonary  tuberculosis  or  chronic 
bronchitis;  and  by  continued  slight  trauma,  as  in 
skipping  rope;  while,  in  rare  instances,  severe  acute 
trauma  such  as  a  fall  or  blow  over  the  kidney  region 
has  been  assigned  as  a  cause,  although  it  is  more  likely 
that  mobility  of  the  kidney  was  already  present  and 
the  trauma  merely  served  to  accentuate  or  call 
attention  to  the  condition. 

Symptoms. — In  the  vast  majority  of  cases  there  are 
no  symptoms  sufficiently  distinctive  to  call  attention 
to  the  kidney,  and  its  mobility  is  discovered  acciden- 
tally or  in  the  course  of  general  abdominal  examination. 
Edebohls  found  definite  symptoms  referable  to  the 
kidney  in  only  twenty  per'cent.  of  the  cases  where  there 
was  mobility,  or  four  per  cent,  of  all  women  examined ; 
and  this  estimate  is  probably  still  approximately 
correct,  though  possibly  too  low.  One  fact  that 
should  be  strongly  emphasized  at  the  outset  is  that 
the  intensity  of  the  symptoms  may  bear  but  little  rela- 
tion to  the  degree  of  mobility,  symptoms  of  all  grada- 
tions being  found  in  some  of  the  cases  where  the  kid- 
neys are  merely  palpable  as  well  as  in  nephroptosis  of 
greater  degrees.  The  usual  symptoms  are:  pain  in 
the  kidney  region,  nervous  and  digestive  disturbances, 
including  chronic  constipation  and,  as  particularly 
emphasized  by  Edebohls,  chronic  appendicitis.  The 
pain  varies  from  a  sense  of  discomfort,  a  dragging  or 
dull  ache  in  the  loin,  to  acute  attacks  simulating  true 
renal  colic.  Often  there  is  epigastric  pain  referred 
to  a  point  somewhat  to  the  left  of  the  median  line. 
The  renal  pain  may  remain  localized  or  radiate  in 
various  directions,  particularly  doWn  the  ureter  or 
in  accordance  with  the  distribution  of  the  ilio-hy- 
pogastric  nerve.  Sometimes  there  are  _  attacks  of 
agonizing  pain,  often  with  nausea,  vomiting,  chills, 
and  fever,  and  attended  with  marked  prostration — 
Dietl's  crises.  These  result  from  a  twist  or  traction 
of  the  renal  nerves  and  vessels,  from  torsion  or  sharp 
angulation  of  the  ureter,  or  from  a  combination  of 
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congestion  of  thi  kidney  and  temporary  aj  dronephro- 
sis,  and  tin'  enlarged  and  exqui  iterj   tender  kid 
may  be  easily   felt.     These  crises   may  follow  trau- 
ni.iii  in,  a  sudden  change  in  position,  or  may  have  no 
assignable  exciting  cause.     During  the  attack  there 

may  be  iniiiri;i    hut   after  the  kidney  has  resumed  its 

usual  position,  either  spontaneously  or  through  proper 
manipulation,  the  relief  of  pain  may  be  almost  in- 
stantaneous, while  if  tin  attack  has  existed  for 
some  hours  or  days  reposition  is  usually  followed  by  a 
copious  flow  of  urine  which  at  lirst  contains  albumin 
and  casts,  while  blood  is  always  present  in  micro- 
scopic or  even  macroscopic  amounts.  All  pain 
except  that  of  Dietl's  crises  usually  disappears  upon 
lying  down,  although  some  pain  may  persist  if  the 
patient  lies  upon  the  left  side.  The  nervous  symp- 
toms are  often  marked  and  may  be  much  in  evidence 
with  the  lesser  degrees  of  mobility.  One  of  the  most 
common  of  these  reflex  symptoms  is  palpitation  and 
these  attacks,  in  connection  with  the  generally  ex- 
citable state  of  the  individual,  may  be  particularly 
distressing.  There  may  be  marked  neurasthenia 
with  hysteria,  while  rarely  fhere  is  melancholia. 
The  gastric  symptoms  are  those  comprised  by  the 
term  nervous  dyspepsia,  the  tendency  to  eructations 
of  gas  being  especially  marked;  but  any  one  or  more 
of  the  whole  gamut  of  functional  disturbances  may 
be  brought  into  play.  The  bowels  are  usually  con- 
stipated, but  there  may  be  alternating  attacks  of 
diarrhea  and  constipation,  or  their  action  may  be 
perfectly  normal.  Chronic  appendicitis,  due  to  in- 
terference with  the  appendicular  blood  supply  by 
pressure  of  the  kidney  upon  the  superior  mesenteric 
vessels,  has  been  called  by  Edebohls  the  chief  symptom 
of  movable  right  kidney;  for  he  found  this  condition 
present  in  eighty  tc  ninety  per  cent,  of  all  women  having 
symptom-producing  mobility  of  this  organ.  The 
remarkable  frequency  of  at  least  coincident  in- 
volvement of  the  appendix  has  since  been  confirmed 
by  many  observers;  while  the  comparative  frequency 
of  associated  lesions  of  the  right  tube  and  ovary  has 
also  been  noted.  Among  other  symptoms  are: 
jaundice,  intermittent  hydronephrosis,  hematuria, 
polyuria,  and  painful  and  frequent  micturition.  As  a 
rule  the  average  quantity  of  urine  passed  each  24 
hours  is  rather  less  than  normal  and  often  contains  a 
faint  trace  of  albumin,  numerous  mucous  cylindroids, 
and  almost  invariably  a  few  red  blood  cells.  Finally, 
it  is  to  be  noted  that  many  of  the  symptoms  are  in- 
tensified during  the  menstrual  periods  and  also  that 
many  of  these  symptoms  are  common  to  other  con- 
ditions affecting  the  urinary,  digestive,  or  genital 
tracts,  so  that  careful  differentiation  is  often  neces- 
sary; while  it  must  not  be  forgotten  that  frequently 
movable  kidney  and  lesions  affecting  one  or  another 
of  these  tracts  may  coexist. 

Diagnosis. — As  most  of  the  cases  occur  in  fairly 
thin,  long-waisted  individuals,  it  is  usually  easy  to 
detect  abnormal  mobility  of  the  kidney  by  palpa- 
tion. This  is  performed  with  the  patient  in  the  recum- 
bent position  and  wdth  the  knees  drawn  up  so  as  to 
relax  the  abdominal  muscles.  It  is  also  an  advan- 
tage to  have  the  examining  table  slightly  tilted,  or 
hard  pillows  placed  under  the  shoulders,  so  that  the 
patient's  back  is  slightly  inclined  from  above  down- 
ward. By  this  means  slight  degrees  of  mobility 
may  be  recognized  which  would  perhaps  otherwise 
escape  detection,  owing  to  the  fact  that  the  kidney 
tends  to  remain  in  its  fossa  when  the  patient  is  lying 
on  a  level  surface.  To  feel  the  right  kidney  the  ex- 
aminer stands  on  the  right  side  of  the  patient,  his 
left  hand  brings  the  kidney  forward  by  firm  pressure 
in  the  loin  between  the  last  rib  and  the  crest  of  the 
ilium,  the  right  hand  resting  lightly  upon  the  upper 
part  of  the  abdomen  just  external  to  the  rectus 
muscle,  while  the  patient  inspires  deeply.     The  right 
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hand  is  then  gently  pressed  upward  and  inward  under 
the  edge  of  the  liver  and  during  expiration  the 
kidney  may  be  felt  to  glide  upward  to  its  fo  a 
or  remains  imprisoned  between  the  two  hands.  1 
would  especially  emphasize  the  necessity  for  gentle- 
ness in  palpating,  as  thus  not  only  is  reflex  muscular 
contraction  avoided  but  the  delicacy  of  the  sense 
of  touch  is  not  interfered  with  by  compression  anemia 
affecting  the  nerve  endings  at  the  finger  tips.  In  some 
instances  the  thumb  of  the  left  hand  may  be  used 
for  the  anterior  palpation,  the  right  hand  being  pres  i  d 
deeply  into  the  abdomen  at  or  below  the  level  'if  the 
navel  at  the  moment  of  expiration  (Glenard's  method), 
or  both  kidneys  may  be  palpated  simultaneously  bj 
pressure  of  the  fingers  in  the  loin  posteriorly  and  the 
thumbs  anteriorly  at  the  moment  of  expiration. 
Palpation  may  also  be  performed  with  the  patient 
sitting  and  leaning  forward  over  the  edge  of  the 
table,  or  standing  with  the  weight  resting  on  the  leg 
of  the  sound  side,  the  other  leg  being  flexed  and  rest- 
ing on  a  footstool.  Mobility  may  also  be  deter- 
mined by  means  of  the  x-ray,  particularly  when  the 
renal  pelvis  has  been  injected  with  collargol,  This 
procedure  is  especially  valuable  when  there  is  reason 
to  suspect  any  complication  affecting  the  kidney  or 
ureter,  and  occasionally  in  differentiating  from  extra- 
renal lesions. 

Movable  kidney  must  be  distinguished  from  other 
diseases  affecting  the  kidney  and  ureter,  from  a 
distended  gall-bladder  or  abnormal  lobe  of  the  liver. 
from  tumors  of  the  mesentery,  pylorus,  or  other 
structures  of  that  region,  and  from  ovarian 
with  a  long  pedicle.  Among  the  aids  to  differentia- 
tion from  other  lesions  is  the  fact  that  the  kidney  can 
usually  be  replaced  in  the  loin  and  that  there  is  a 
slight  pain  or  sickening  sensation  upon  light  com- 
pression of  the  kidney. 

Treatment. — This  may  be  palliative  or  operative. 
Palliative  methods  consist  in  rest  in  bed  for  a  long 
period,  combined  with  attempts  to  improve  the 
nutrition  and  increase  the  amount  of  perirenal  fat 
as  advised  by  S.  Weir  Mitchell;  or  the  wearing  of 
some  form  of  mechanical  support.  The  rest  cure  is 
seldom  feasible  and  practically  never  entirely  success- 
ful, though  there  may  be  temporary  symptomatic 
relief.  Pads  making  pressure  upon  or  near  the  kidney 
are  to  be  condemned.  Many  cases  are,  however,  pi  i- 
manently  relieved  by  wearing  a  belt  or  corset  which 
makes  firm  pressure  over  the  pubes  and  lower  portion 
of  the  abdomen  while  the  upper  portion  is  uncom- 
pressed. The  corset  devised  by  Gallant  fulfils  these 
indications  but  an  ordinary  "straight  front"  corset, 
one  or  two  sizes  too  small  and  fitted  with  two  laces, 
so  that  the  lower  part  may  remain  tight  while  the 
upper  part  is  allowed  to  flare,  gives  satisfactory  re- 
sults. The  patient  should  apply  the  corset  while 
lying  down  and  with  the  hips  elevated,  and  it  should 
be  fastened  from  below  upward. 

When  the  symptoms  are  not  relieved  by  palliative 
methods,  nephropexy,  perhaps  combined  with  other 
operations  on  the  genital  or  gastrointestinal  tract, 
is  indicated.  Nephrectomy  for  this  condition  is 
absolutely  unwarranted.  The  principal  indications 
for  operation  are:  constant  pain  in  the  kidney  region, 
Dietl's  crises,  beginning  hydronephrosis,  and  nervous 
and  digestive  symptoms  without  other  demonstrable 
cause.  Degree  of  mobility,  per  se,  should  not  be 
considered  an  indication  for  operation  for  reasons 
already  pointed  out.  One  further  point  which  should 
be  emphasized,  and  to  which  I  have  already  called 
attention  elsewhere2  is  that  inasmuch  as  chronic 
passive  congestion  is  often  followed  by  a  more  or  less 
severe  chronic  nephritis,  it  is  important  that  a 
movable  kidney  be  anchored,  even  if  otherwise 
giving  no  symptoms,  if  the  urine  continually  shows 
evidences  of  renal  congestion.  The  most  frequent 
additional  operation  that  will  be  necessary  in  cases 
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of  nephroptosis  is  appendectomy,  which  may  oc- 
casionally be  performed  through  the  lumbar  incision, 

but  it  is  usually  better  to  make  ;i  supplementary 
anterior  incision.  Some  believe  that  fixation  of 
the  cecum  is  also  usually  required,  and  Wilms, 
( loffey,  Duval,  and  others  have  devised  operations  to 
this  end. 

Technique  of  Operation. — Since  Hahn.  in  1881, 
performed  the  first  nephropexy,  almost  innumerable 
methods  of  performing  this  operation  have  been 
devised  i  l.uzoir3).  The  technique,  at  first  very  crude, 
has  been  gradually  perfected,  so  that  now  there  are 
several  good  methods  available  by  which  the  ki<: 
may  be  securely  anchored.  Most  of  these  agree  in 
principle  with,  and  are  useless  modifications  of.  the 
last  method  devised  by  Edebohls4  which  is  thus 
entitled  to  be  considered  the  standard  operation  in 
this  field.  Edebohls'  technique  for  nephropexy  is 
essentially  as  follows:  The  patient  lies  prone  with  an 
air-cushion  (Fig.  3598)  under  the  abdomen,  unless  a 
table  with  special  appliance  for  kidney  work  is  used, 
tin'  cushion  being  inflated  to  such  a  degree  that  the 
patient's  back  is  horizontal.  If  my  cushion  is  used, 
the  lower  compartment  is  inflated  sufficiently  to 
bring  the  patient  to  the  proper  position,  then  if  the 
upper  compartment  be  slightly  inflated  the  corners 
pout  up  at  each  side  and  the  patient  is  held  absolutely 
securely.  An  oblique  incision  is  then  made  along  the 
outer  border  of  the  erector  spina-,   from   the    lower 


Fig.    3598. — Vincent'; 


Kidney    Cushion, 
cember  6,  1913.) 


(Medical    Record,    De- 


border  of  the  last  rib  to  the  crest  of  the  ilium.  Keeping 
close  to  the  edge  of  this  muscle,  the  incision  is  carried 
through  the  lumbar  aponeurosis,  or  the  fibers  of  the 
latissimus  dorsi  are  bluntly  separated,  and  the  trans- 
versalis  fascia  incised  exposing  the  perirenal  fat. 
A vi  iid  injuring  the  iliohypogastric  nerve  which  follows, 
or  sometimes  crosses,  the  line  of  this  incision.  Incise 
the  perirenal  fat  and  deliver  the  kidney,  with  its 
fatty  capsule,  onto  the  back,  (providing  the  kidney 
is  sufficiently  movable  to  allow  this  to  be  done 
without  undue  tension  on  pedicle  or  anomalous  renal 
vessels)  then  dissect  off  and  remove  the  fatty  capsule. 
Incise  the  true  capsule,  on  a  grooved  director,  along 
the  convex  border  and  half  way  down  both  poles  of 
the  kidney.  Strip  back  the  capsule  to  a  point  about 
half  way  between  the  convex  border  and  hilus. 
Pass  four  fixation  sutures  of  forty-day  chromic  catgut 
through  both  the  reflected  and  still  attached  por- 
tions of  the  capsule  close  to  their  line  of  junction, 
without  penetrating  kidney  parenchyma.  Two  of 
these  are  placed  on  each  side  of  the  kidney,  one  at  the 
middle  of  its  upper  and  one  at  the  middle  of  its 
lower  half.  (Fig.  3599.)  Each  of  these  sutures 
should  be  about  fifteen  inches  long,  the  ends  of  each 
suture  being  clamped  for  identification  as  soon  as 
passed.  The  kidney  is  now  replaced  and  the  sheath 
of  the  quadratus  lumborum  muscle  opened  from  rib 
to  ilium,  for  it  is  to  this  muscle  and  not  to  fascia  that 
the  kidney  is  anchored.  The  fixation  sutures  are  now 
rethreaded  and  passed,  skipping  the  anterior  sheath 
but  going  through  muscle  and  posterior  sheath  of  the 
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quadratus  lumborum  ami  the  erector  spina'  in- 
ternally, through  the  transversalis  fascia  and  latis- 
simus  dorsi  externally,  tin-  highesl  sutures  emerging 
just  below  the  last  rib.  After  the  incision,  except 
the  skin,  has  been  closed  with  chromic  catgut,  the 
slack  in  the  fixation  sutures  is  gently  taken  up  ami 
these  sutures,  first  the  upper  then  the  lower  pair  . 
are  tied  and  the  ends  cut  short.  The  skin  is  then 
sutured  with  plain  catgut,  without  drainage,  and 
dressings  applied.  With  proper  technique,  ami 
if  the  patient  is  kept   <m  the  hark   for  the  next    three 


Fia.  3S99. — Suspension  Sutures  in  Nephropexy,  passed  through 
the  reflected  layers  of .  the  capsule  without  involving  the  kidney 
substance.  The  two  companion  sutures  on  the  other  side  of  the 
kidney  are  not  shown.     (Edebohls,  Annals  of  Surgery  A 

weeks,  the  kidney  will  practically  always  stay  firmly 
anchored.  The  old-fashioned  method  of  packing  or 
suturing  gauze  under  the  lower  pole  of  the  kidney 
is  not  only  unnecessary  but  absolutely  unwarranted. 
It  leaves  an  open  granulating  wound  liable  to  infection, 
besides  subjecting  the  patient  to  needless  pain  and 
prolonging  the  period  of  convalescence.  The  mor- 
tality from  nephropexy  is  about  1  per  cent. 

Results. — The  ultimate  results  after  nephropexy 
are  generally  good.  The  failures  arc  usually  due  to  in- 
complete surgery;  and  that  this  is  especially  true  when 
nephroptosis  is  accompanied  by  gastroptosis  has  been 
abundantly  proven  by  Rovsing's  brilliant  results  fol- 
lowing radical  surgery  of  all  organs  involved  in  this 
class  of  cases,  when  others,  content  with  half-way 
measures,  have  failed.         Wesley  Grove  Vincent. 
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Kidneys,  Tuberculosis  of. — While  calculous  dis- 
ease of  the  kidney  has  been  recognized  since  long  before 
the  beginning  of  the  Christian  era,  renal  tuberculosis 
was  not  recognized  at  all  until  about  a  century  and  a 
half  ago,  was  very  imperfectly  understood  even  thirty 
years  ago,  and  many  problems,  such  as  the  avenues 
of  infection  and  best  methods  of  treatment  under  vary- 
ing conditions,  are  still  sources  of  almost  endless  discus- 
sion. According  to  Kelly  and  Burnain1  the  first  re- 
corded case  was  reported  in  1767  by  Morgagni  who, 
while  doing  an  autopsy,  "found  that  the  left  kidney- 
was  tuberculous  through  an  extension  of  the  process 
from  a  large  mass  of  contiguous  lymph  glands."  The 
same  authors  state  that  Peters,  who  published  the 
report  of  his  case  in  1872,  performed  the  first  deliber- 
ate nephrectomy  for  renal  tuberculosis;  that  Bab£s  in 
1883,  first  demonstrated  tubercle  bacilli  in  the  urine 
of  a  patient  having  renal  tuberculosis,  and  that  Stein  - 
thai  (1885)  was  the  first  to  upset  the  view  that  renal 
tuberculosis  was  but  the  end  stage  of  a  tuberculosis 
of  the  entire  urinary  tract.     "  In  a  series  of  twenty-four 


autopsies  upon  patienl  offering  with  genitourinary 
tuberculosis  he  found  the  kidney  involved  in  every 

case;   the   lower    tract    in   only   fifty   per    cent,    of    the 

cases;  while  in  nine  instances  the  kidnej  alone  was 
involved."      Before  this,  had  shown  that   in 

about  one-half  of  the  eases  one  kidney  alone  was  in- 
volved,   hence    the    indication    for    nephrectomy    w  a 

established.  First  the  more  ventun  omi  bui  oon 
also  the  mote  conservative  surgeons  began  di 
nephrectomy  for  renal  tuberculosis;  and  the  study  of 
the  specimens  thus  obtained,  showing  the  early  as  well 
as  the  late  pathology,  together  with  the  development  of 
cystoscopy  with  ureteral  catheterization  and  animal 
experimental  ion,  have  Led  to1  he  pre  en1  concepl  ion  of 

tuberculous  processes   in    the   kidney.      from    this   we 

have  found  that  renal  tuberculosis  may  be  unilateral  or 
bilateral;  that  there  are  two  distinct  types,  acute  miliary 
ami  chronic  caseocavernous;  and  thai  the  kidney  is 
almost,  invariably  the  primary  focus  in  the  urinary 
tract  from  which  the  ureters  ami  bladder  are  infected 
secondarily. 

While  it  is  within  the  bounds  of  possibility  for  tu- 
berculosis  to  be  primary  in  the  kidney  and  a  scant 
half-dozen  such  cases,  as  apparently  shown  by 
autopsy  findings,  have  been  reported,  for  all  practical 
purposes  renal  tuberculosis,  regarded  from  the  stand- 
point of  pathology,  may  be  considered  as  always  sec- 
ondary to  tuberculous  infection  elsewhere  in  Hie  body. 
In  the  living  pal  ient,  however,  no  other  focus  may  be 
discoverable  hence,  from  the  clinical  point  of  view,  we 
are  justified  in  speaking  of  renal  tuberculosis  as  often 
being  primary  in  the  kidney,  and  of  t  he  manifest  at  ions 
in  the  ureter  and  bladder  as  being  secondary  to  t  ha 
the  primary  focus. 

Renal  tuberculosis  occurs  at  all  ages  but  is  most  com- 
mon in  children  and  between  the  ages  of  twenty  and 
forty.  Broadly  speaking,  it  is  three  times  as  common 
in  children  as  in  adults.  Males  are  affected  much  more 
often  than  females,  the  proportion  in  various  statistics 
ranging  as  high  as  3:1;  though  this  is  certainly  far 
beyond  the  absolute  average.  Kelly  and  Burnam 
consider  involvement  of  the  genito-urinary  system  as  a 
whole  to  be  as  frequent  in  women  as  in  men. 

Since  tuberculosis  is  such  a  widespread  disease,  it  is 
not  surprising  that  most  statistics  covering  a  thousand 
or  more  consecutive  autopsies  in  a  general  hospital 
service  show  tuberculous  foci  in  adult  kidneys  in  from 
four  to  six  per  cent,  of  the  cases,  the  average  being  about 
five;  while  in  various  series  of  cases  coming  to  autopsy 
with  active  tuberculous  processes  elsewhere  in  the  body 
tin'  percentage  of  kidney  involvement  has  been  found 
to  range  between  twelve  and  fifty,  the  immediate  cause 
of  death  again  being  disregarded.  In  long-standing 
cases  dying  of  pulmonary  tuberculosis  the  pereeir 
of  renal  involvement  is  usually  very  high.  Murphy- 
states  that  renal  tuberculosis  occurs  in  five  to  ten  per 
cent,  of  all  early  cases  and  in  practically  all  advanced 
eases.  Barthez  and  Rilliet  (quoted  by  Kelly  and 
Burnam)  found  that  in  children  the  percentage  of  renal 
involvement  was  about  fifteen  in  deaths  from  all 
causes,  and  sixty-eight  per  cent,  with  active  tubercu- 
losis elsewhere.  In  both  children  and  adults  suffering 
from  acute  general  miliary  tuberculosis  the  kidneys 
are  practically  always  involved  and,  with  very  rare 
exceptions,  both  are  affected.  In  the  chronic  case- 
ating  type  the  infection  is  usually  if  not  always  origi- 
nally unilateral;  but  it  becomes  bilateral  in  from  ten 
to  forty  per  cent,  of  the  cases  by  the  time  they  come 
to  operation,  and  usually  in  more  than  fifty  per  cent, 
of  the  cases  coming  to  autopsy.  Macklem3  finds  that 
tuberculosis  occurs  in  the  kidneys  as  frequently  as 
in  all  other  genito-urinary  organs  combined.  It  oc- 
curs in  the  right  kidney  more  often  than  the  left. 
While  it  is  thus  seen  that  renal  tuberculosis  is  an 
extremely  common  affection,  tuberculosis  affecting 
horseshoe  kidney  is  exceedingly  rare.  Thevenot4  re- 
ports one  case  and  could  collect  but  ten  others  from 
the  literature. 
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Avenues  op  Infection. — Four  routes  by  which  the 
tubercle  bacilli  may  reach  the  kidney  have  been 
suggested:  (1)  By  direct  invasion  from  tuberculosis  of 
contiguous  structures;  (2)  as  an  ascending  infection 
through  the  ureter  from  a  tuberculous  focus  in  the 
lower  genito-urinary  tract;  (3)  through  the  lymphatics; 
and   (  li  through  the  blood. 

Infection  by  Direct  Invasion. — Though  the  capsule 
of  the  kidney  usually  forms  a  very  efficient  barrier  to 
the  extension  of  a  tuberculous  process  originating 
either  within  or  without  the  kidney,  cases  of  undoubted 
authenticity  have  been  reported  in  which  the  kidney 
has  been  involved  by  direct  extension  from  a  pre-exist- 
ing  focus  in  the  adrenals,  lymph  glands,  spine,  and 
other  contiguous  structures.  It  must,  therefore,  be 
admitted,  that  in  rare  cases  the  kidney  may  be  involved 
by  contiguity. 

Ascending  Infection  through  the  Ureter. — Previous 
to  Steinthal's  report  (1885)  this  was  considered  the 
avenue  of  infection  in  practically  all  cases  and,  indeed, 
it  was  not  until  long  afterward  that  any  considerable 
proportion  of  observers  would  admit  that  this  was  the 
unusual  rather  than  the  common  route.  During  the 
past  fifteen  years  opinion  has  rapidly  swung  away  from 
the  ascending  theory  and  to  such  an  extent  that  now 
some  insist  that  ascending  infection  through  the 
ureter  never  occurs.  H.  Kiimmell6  voices  current 
opinion  regarding  urogenital  tuberculosis  when  he 
savs:  "We  know  that  the  kidney  is  the  primary  site 
of  tuberculous  infection  of  the  urinary  tract,  and  that 
from  this  focus  infection  gradually  extends  to  the 
ureter  and  bladder."  Most  surgeons,  however,  admit 
the  possibility  of  ascending  infection  and  there  are 
occasionally  cases  which  seem  to  prove  such  an  origin. 
Murphy  states  that  in  some  cases  the  infection  is  an 
ascending  one  by  way  of  the  ureter  from  the  bladder, 
prostate,  seminal  vesicles,  epididymis,  or  testis;  yet 
Kelly  and  many  others  hold  that  when  renal  and  epi- 
did}''mal  tuberculosis  occur  together  they  are  inde- 
pendent affections.  Brewer  admits  ascending  infec- 
tion but  states  that  it  is  rare.  Tracy6  thinks  that  the 
kidney  seldom  becomes  involved  from  the  infection 
extending  upward,  but  that  this  may  occur  if  the  lower 
end  of  the  ureter  be  infiltrated  and  allow  the  urine  to 
regurgitate.  LeVy-Weissman7  considers  that  reflux 
occurs  because  of  the  irritability  of  the  bladder  and  the 
fact  that  as  the  bladder  contracts  violently  the  sphinc- 
ter at  its  neck  also  contracts  and  thus  the  urine  is 
forced  up  the  ureter.  This  may  account  for  ascending 
infection  of  the  second  kidney  after  the  ureter  on  the 
originally  infected  side  has  become  strictured  or  oc- 
cluded. "  Marogna,8  from  a  study  based  on  material 
from  the  Institute  of  Surgical  Pathology  at  Pisa, 
concludes  that  ascending  infection  is  possible  but  very 
rare.  An  apparently  good  example  of  ascending 
tuberculous  infection  of  the  pelvis  is  reported  by 
Escat.9  In  his  case  there  was  a  tuberculosis  of  one  of 
the  trochanters,  followed  by  extension  through  the 
lymphatics  to  glands  in  relation  with  the  bladder  and 
ureter.  These  organs  were  involved  by  contiguity, 
the  walls  of  the  ureter  infiltrated  and  its  lumen  sten- 
osed,  and  nephrectomy  apparently  showed  that  there 
had  been  a  direct  upward  extension  to  the  renal  pelvis. 
In  another  case  reported  by  Escat  and  Dor,9  bladder 
symptoms  had  persisted  for  thirteen  years,  the  left 
ureter  was  stenosed  and  upon  nephrectomy  the  pelvis 
and  papilla}  were  involved  while  there  were  no  lesions 
in  the  cortex.  This  they  considered  a  typical  case 
of  ascending  infection ;  but  as  the  process  in  the  pelvis 
was  well  advanced  the  evidence  is  not  convincing. 

Infection  through  the  Lymphatics. — The  lymphatics 
as  a  portal  of  infection  have  received  little  serious 
consideration  for  the  reason  that  the  lymphatic 
flow  is  from  and  not  to  the  kidney.  Infection  by  this 
route,  described  by  Tendeloo  and  Brongersma,  is  not 
admitted  by  Marogna  and  is  dismissed  in  a  few  words 
or  ignored  by  most  writers.  The  chief  exponent  of 
this  route  is  Noel  Hall610  who,  while  admitting  that 


cortical  lesions  are  generally  of  hematogenous  oi 
believes  that  most,  tuberculous  infections  of  the  pi 

i-alices  originate  in  the  lymphatics.  He  also 
believes  t  bat  t  he  infection  of  the  other  kidney  usually 
occurs  through  the  lymphatics  and  discards  Albanian's 
suggestion  of  its rurrence  through  a  venous  anasto- 
mosis between  the  two  kidneys. 

Hematogenov  Infection. — There  are  but  few  at  the 
present  time  who  do  not  consider  that  practically  all 
tuberculous  infections  of  the  kidney  are  blood  borne. 
There  is  no  room  for  doubt  that  such  is  the  case  when 
acute  miliary  tuberculosis  of  the  kidneys  develops 
in  the  course  of  a  general  miliary  tuberculosis,  and  the 
evidence  is  overwhelming  that  in  the  chronic  forms  also 
the  infection  almost  invariably  comes  through  the 
arterial  blood  supply.  This  has  been  proven  by  the 
distribution  of  the  lesions  as  found  at  autopsy  or  after 
nephrectomy,  by  clinical  observation,  and  by  animal 
experimentation.  While  it  has  been  repeatedly- 
shown  experimentally  that  tubercle  bacilli  reaching 
the  kidney  through  the  renal  artery  may  be  eliminated 
in  the  urine  without  leaving  any  trace  of  their  passage 
through  the  kidney,  it  has  also  been  shown  that  they 
may  be  arrested  in  any  part  of  the  renal  arterial 
system,  most  frequently  in  the  glomeruli;  and  clinic- 
•illv  it  has  been  found  that  the  cortex  of  the  kidney  is 
in  most  cases  involved  first,  the  pyramids  next,  and 
the  pelvis  last.  Kelly  and  Burnam  consider  that  in- 
fection of  the  pelvis  and  ureter  in  most  cases  would 
seem  to  be  by  the  urine;  and  state  that  the  tubercle 
bacilli  implanted  on  the  mucous  surface  pass  through 
the  epithelium  and  begin  to  produce  typical  tubercu- 
lous lesions  in  the  layer  of  the  mucosa  immediately 
under  the  surface  epithelium. 

Pathology. — Both  the  acute  miliary  and  chronic 
caseocavernous  types  of  tuberculosis  are  found  in 
the  kidney.  H.  Morris,11  summarizing  the  statistics 
of  numerous  authors,  concludes:  "(a)  That  miliary 
tuberculosis  of  the  kidney  is  twice  as  common  as  the 
caseating'form;  (6)  that  miliary  tuberculosis  affects 
children  under  ten  years  of  age  in  a  large  proportion  of 
cases,  whereas  the  caseous  variety  is  at  least  somewhat 
exceptional  in  children  below  ten;  (c)  that  miliary 
tuberculosis,  with  rare  exceptions,  affects  both  kidneys 
though  not  to  an  equal  degree  in  all  cases,  whereas  the 
caseating  form  affects  both  kidneys  only  a  little  more 
often  than  it  does  one  kidney  alone;  (d)  that  the  case- 
ating form  of  the  disease  is  more  especially  an  affection 
of  young  and  middle  adult  life,  but  occurs  also  in  per- 
sons past  middle  age." 

In  miliary  tuberculosis  small  gray  or  grayish-white 
tubercles  may  be  found  scattered  throughout  the  kid- 
ney, but  are  most  numerous  in  the  cortex.  Sometimes 
the  distribution  is  confined  to  the  territory  supplied  by 
one  small  branch  of  the  renal  artery.  Each  small 
speck  corresponding  to  the  point  of  lodgment  of  tu- 
bercle bacilli  gradually  increases  in  size,  and  a  nodule 
is  formed  by  hyperplasia  of  the  endothelial  cells  lining 
the  blood-vessel  and  round-cell  infiltration  of  the  con- 
nective tissue.  The  center  of  the  nodule  may  become 
necrotic  and  these  nodules  are  often  surrounded  by  a 
hemorrhagic  areola.  Coming  as  part  of  a  general  in- 
fection, and  practically  invariably  bilateral,  giving 
rise  to  no  characteristic  symptoms  or  with  the  symp- 
toms overshadowed  by  those  of  the  general  infection, 
these  cases  are  of  no  surgical  significance  and  no  special 
treatment,  other  than  that  of  the  general  disease,  is 
indicated.  Death  usually  follows  in  a  few  weeks  or 
months. 

In  the  chronic  caseocavernous  type,  the  primary  lesion 
is  again  the  miliary  tubercle  and  again  by  far  the  most 
frequent  initial  site  is  the  cortex.  Sometimes  the  pap- 
illae may  be  involved  primarily — rarely  the  pelvis. 
In  the  cortical  cases  as  the  tubercles  increase  in  num- 
ber they  coalesce,  necrosis  takes  place  in  the  center  and 
cavities  of  various  shapes  and  sizes  are  formed  which 
are  filled  with  cheesy  material  or,  in  case  of  mixed  in- 
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fection,  with  pus.     Coincident  with  the  develop nl 

of  tuberculous  nodules  there  is  degeneration  and  ulti- 
mate destruction  of  secreting  tissue.  The  tubercu- 
lous process  may  be  limited  to  a  small  area  of  the  kid- 
ney, most  often  in  one  of  the  poles,  or  may  develop 
from  separate  foci  in  various  parts  of  the  kidney, 
cavities  being  formed  which  may  remain  distind  or 
fuse  with  others.  This  fusion  sometimes  occurs  to 
such  an  extent  that  the  greater  part  of,  or  the  entire 
kidney,  is  ultimately  converted  into  a  huge,  multilocu- 
lar  pus  sac.  As  the  process  advances  from  the  cor- 
tex the  pyramids  are  involved  at  their  bases  and  finally 
the  process  extends  to  the  papilla-,  whose  apice  are 
broken  down  and  infection  of  the  pelvis  and  ureter  1  hen 
follows.  The  kidney  may  be  much  or  little  enlarged, 
and  this  may  be  symmetrical  or  irregular.  This  is 
the  normal  evolution  of  originally  closed  parenchy- 
matous foci.  In  addition  to  cavity  formation  there 
is  often  diffuse  tuberculous  infiltration  and  parenchy- 
matous degeneration.  There  may  also  be  diffuse  fi- 
brous or  fibrofatty  change,  and  there  is  always  marked 
thickening  of  the  capsule  when  there  are  adjacent 
subcortical  foci.  Comparatively  rarely  ulceration 
takes  place  through  the  capsule,  giving  rise  to  tuber- 
culous perinephritis  or  perinephritic  abscess.  Peri- 
renal infection  may  also  take  place  by  way  of  the  blood- 
vessels or  lymphatics. 

Sometimes  encapsulation  takes  place  and  the  process 
is  temporarily  arrested  while  still  confined  to  the  cor- 
tex or  to  the  base  of  the  pyramid ;  but  this  is  excep- 
tional and  permanent  cure  by  this  process,  such  as 
sometimes  occurs  in  the  lung,  is  excessively  rare  if,  in- 
deed, it  ever  occurs.  Albarran  has  never  seen  a  case 
of  spontaneous  healing  and,  as  Woolsey12  remarks,  but 
few  if  any  specimens  of  healed  tuberculous  kidneys  are 
found,  while  they  should  be  not  uncommon  if  spon- 
taneous recovery  is  common. 

Ordinarily  the  process  is  steadily  progressive;  one  or 
more  of  the  abscesses  break  through  into  the  pelvis, 
the  initial  subepithelial  infiltration  of  the  pelvis  and 
ureter  is  succeeded  by  an  extension  of  the  tuberculous 
process  to  their  deeper  layers  and  to  the  bladder. 
Ulceration  of  the  mucous  surfaces  then  takes  place  and 
infiltration  of  the  deeper  tissues  with  thickening  of  the 
pelvic  and  ureteral  walls,  thus  giving  rise  to  strictures, 
which  are  common,  or,  very  rarely,  to  complete  oc- 
clusion of  the  pelvis  or  ureter.  In  either  case  dilata- 
tion occurs  above  the  point  of  obstruction.  As  Keyes, 
Jr.13  says:  "Inasmuch  as  the  cavity  of  the  kidney 
pelvis  itself  often  becomes  almost  obliterated  by  this 
process,  the  dilatation  may  affect  only  one  portion  of 
the  kidney.  Exceptionally  the  obstruction  is  in  the 
ureter  and  the  pelvis  itself  is  widely  dilated  instead  of 
being  contracted." 

When  the  obstruction  of  the  pelvis  or  ureter  is  com- 
plete, we  have  a  closed  tuberculous  pyoneplirosis  and 
the  process  is  called  aulonephrectomy.  This  unusual 
complication  is  well  described  by  Kowler14  who  finds 
that  there  are  two  main  groups  of  cases — (1)  those 
with  renal  distention  and  the  presence  of  a  tumor  in 
the  loin,  the  more  common  type  and  showing  the  so- 
called  massive  degeneration  of  Tuffier;  and  (2)  those 
without  distention,  in  which  the  kidney  is  atrophic. 
In  these  latter  the  kidney  may  be  very  small  as  the 
result  of  cavity  formation  with  subsequent  replace- 
ment by  fatty  and  fibrous  tissue  and  at  operation  may 
be  found  buried  in  dense  fibrous  tissue. 

Primary  involvement  of  the  papilla;  is  rare.  In  the 
series  of  100  cases  observed  by  Kelly  and  Burnam  the 
apices  of  the  papilla?  were  involved  in  twenty-seven 
specimens,  but  in  only  one  case  was  there  solitary 
involvement  of  this  part  of  the  kidney.  Clinically, 
a  very  large  proportion  of  tuberculous  kidne3'S  show 
lesions  at  the  apices  of  the  papilla?,  but  this  of  course 
includes  those  secondary  to  extension  from  a  cortical 
focus.  With  the  primary  origin  in  the  papilla?  mixed 
infection  is  usually  soon  added  and  the  progress  of  the 
disease  is  consequently  rapid. 
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Primary  tuberculous  pyelitis  withoul  involvement  of 

olhcr  portions  of  the  kidney  is  very  rare.  At  the 
October,  1913,  meeting  of  the  Congres  de  l'Association 
Prancaised'Urologie,  at  Paris,  Vincent,"  of  Tours,  and 
Gauthier16  reported  g  reat  rarities. 

The  statement,  of  the  relative  frequency  of  the 
forms  of  renal  tuberculosis  as  met  by  Halle'  in  100 
autopsy  and  101)  nephrertonn/.ed  kidneys  furnishes 
considerable  food  for  thought.  He  divides  them  into 
four  groups,  as  shown  in  the  following  comparative 
table: 

Autopsy.       Nephrectomy. 
Closed    parenchymatous   tuberculosis.  36  30 

Tuberculous  pyelitis 35  24 

Mixed  (parenchymatous  with  pyelitis).         20  42 

Aberrant  cases  (secondary  to  congeni- 
tal or  acquired  previous  alterations 
such  as  lobulated,  cystic,  or  poly- 
cystic kidney,  hydronephrosis,  etc.).  9  4 


100 


100 


One  may  well  question  the  occurrence  of  so  large  a 
percentage  of  cases  showing  tuberculous  pyelitis  alone 
(it  being  assumed  from  the  method  of  classification 
that  there  were  no  antecedent  cortical  foci);  but  since 
all  specimens  were  examined  by  the  same  individual 
the  percentage  of  error  in  classification  should  be  the 
same  in  the  two  tables. 

Symptoms. — These  depend  to  a  great  extent  on  the 
location  and  extent  of  the  lesion.  If  situated  solely 
in  the  parenchyma  there  are  no  symptoms  or  they  are 
so  slight  and  of  so  general  a  nature  that  they  mislead 
rather  than  point  to  the  diagnosis  and  the  possible 
role  of  the  tuberculous  kidney  in  their  production  is 
entirely  overlooked.  On  the  other  hand,  as  soon  as  the 
papilla?  or  any  part  of  the  pelvis  and  calices  become 
involved,  characteristic  symptoms — localizing,  vesical, 
urinary — of  varying  degrees  of  severity  are  very  soon 
established.  The  course  of  events  with  cortical  le- 
sions is  well  explained  by  Keyes,  Jr.,  who  says:  "It 
is  not  generally  appreciated  that  the  variations  in  the 
patient's  general  health  as  well  as  in  his  renal  or 
vesical  symptoms  are  due  to  alterations  in  retention 
(renal  or  vesical)  or  to  changes  in  the  activity  of  pelvic 
or  vesical  lesions  rather  than  to  changes  in  the  kidney 
parenchyma.  Every  case  of  early  renal  tuberculosis 
submitted  to  operation  places  in  our  hands  a  patholog- 
ical specimen  suggestive  of  the  fact  that  the  renal 
lesions  are  far  older  than  the  duration  of  the  symptoms 
would  suggest.  Indeed,  the  mere  presence  of  surgical 
tuberculosis  in  the  parenchyma  of  the  kidney  causes 
no  symptom.  Upon  this  fact  it  is  scarcely  necessary 
to  insist.  The  familiar  case  history  with  its  exclusively 
vesical  symptoms  is  sufficient  evidence  that  the  lesion 
in  the  kidney  parenchyma  does  not  make  itself  felt 
until  one  of  two  things  happens.  Either  it  extends 
through  the  capsule  and  excites  perinephritis,  or  else 
it  extends  to  the  pelvis  and  there  sets  up  a  tuberculous 
pyelitis.  Perinephritis  is  rare  *  *  *  tuberculous  pyeli- 
tis is  common.  Doubtless  the  painful  and  frequent 
urination,  which  is  so  often  the  most  prominent  early 
symptom  of  the  disease,  is  at  the  outset  due  entirely  to 
tuberculosis  of  the  pelvis  and  ureter." 

With  this  introduction  let  us  consider  the  symptoms 
in  detail,  under  the  following  four  headings,  into  which 
they  naturally  fall :  General;  Local;  Bladder  Manifesta- 
tions; and  Urinary  Symptoms. 

General  Symptoms. — Often  for  some  time  before  a 
renal  lesion  is  suspected  there  are, vague  evidences  of 
some  constitutional  disturbance.  These  may  con- 
sist in  malaise,  anorexia,  anemia,  slight  loss  of  weight 
and  mild  digestive  disturbances,  which  may  or  may  not 
be  coupled  with  more  or  less  mental  and  physical 
weakness.  In  some  cases  there  is  a  slight  afternoon  or 
evening  rise  of  temperature  and  a  common  diagnosis 
at  this  time  is  the  old  stand-by  malaria.  When  such 
symptoms  are  not  otherwise  explicable  Murphy  says 
the  first  question  you  should  ask  yourself  is,  Is  this  the 
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initial  stage  of  a  tuberculosis?  As  the  disease  pro- 
gresses the  constitutional  symptoms  usually  become 
more  pronounced,  especially  as  regards  loss  of  weight 
and  strength,  the  temperature  ranges  may  remain 
low  but  are  apt  to  be  wider  and  often  accompanied  by 
sweats,  while  with  the  advent  of  mixed  infection  there 
are  often  chills.  Usually  those  with  pyonephrotic 
kidneys,  especially  those  with  mixed  infection,  show 
the  most  severe  general  symptoms.  On  the  other 
hand,  many  patients  show  but  little  if  any  interference 
with  their  general  health  in  the  earlier  stages,  and 
this  is  occasionally  true  even  with  extensive  kidney 
involvement. 

Local  Symptoms. — In  some  cases  the  first  symptom 
which  sends  the  patient  to  the  surgeon  is  pain  in  the 
lumbar  region.  This  may  be  a  dull  ache,  a  feeling  of 
weakness  in  the  back,  or  pain  of  a  more  severe  char- 
acter, which  may  remain  localized  or  radiate  down  t  lie 
course  of  the  ureter.  Usually  pain  is  a  late  rather 
than  an  early  symptom,  though  in  Braasch's18  report 
it  was  found  early  in  twenty-five  per  cent,  of  the  cases. 
Occasionally  it  is  colicky  in  character  suggesting  stone 
and  due  to  the  passage  of  blood  clot  or  cheesv  masses 
through  the  ureter.  Pain  in  the  loin  mav  also  be  due 
to  distention  of  the  pelvis  by  associated  hvdro-  or 
pyonephrosis,  to  perinephritis,  or  to  perinephritic 
abscess.  When  the  ureter  has  become  thickened  and 
tends  to  contract  there  may  be  a  dragging  pain  re- 
ferred to  the  region  of  the  kidney  or  corresponding  to 
some  point  in  the  course  of  the  ureter.  Minet17  re- 
ports such  a  case  in  which  the  most  prominent  symp- 
tom was  persistent  pain  and  occasional  crises  at  one 
point  along  the  right  ureter  and  with  no  bladder 
symptoms  for  a  long  time,  except  at  periods  corre- 
sponding to  the  ureteral  crises,  so  that  the  diagnosis 
of  renal  tuberculosis  was  long  in  doubt. 

While  the  incidence  of  pain  in  the  lumbar  region  is 
variable,  there  is  almost  always  more  or  less  tenderness 
to  deep  palpation  and  percussion,  with  the  possible 
exception  of  certain  cases  in  which  the  process  is 
limited  to  the  upper  pole.  Rarely  the  first  svmptom 
noted  by  the  patient  is  finding  a  tumor  in  the  kidnev 
region.  When  tumor  can  be  felt  it  may  present  the 
outline  of  symmetrical  renal  enlargement,  or  it  may 
be  an  irregularly  lobulated  mass. 

Bladder  Manifestations. — The  bladder  usually  fur- 
nishes the  first,  the  most  persistent,  insistent,  and 
characteristic  symptoms  of  renal  tuberculosis.  In 
from  sixty  to  eighty-five  per  cent,  of  the  cases  vesical 
irritability  is  the  initial  symptom  and  it  is  almost  al- 
ways present  at  some  stage  of  the  disease.  This  was 
complained  of  in  a  large  proportion  of  Fullerton's18 
cases,  was  the  initial  symptom  in  approximately 
sixty-two  per  cent,  of  the  cases  studied  by  Rafin,'19 
was  the  initial  symptom  in  seventy  per  cent,  and 
present  at  some  stage  in  ninety  per  cent,  of  Kelly 
and  Burnam's  series,  and  as  a  primary  symptom  in 
eighty-six  per  cent,  of  the  203  cases  operated  upon  at 
the  Mayo  Clinic  and  reported  by  Braasch.  In  the 
early  stage  the  irritability  is  diurnal,  later  nocturnal 
also;  and  with  the  frequency  of  micturition  there 
is  associated  urgency,  a  variable  amount  of  pain  in 
the  bladder  ar.d  end  of  the  urethra,  and  often  finally 
marked  tenesmus.  In  one  case  reported  by  H.  Morris 
very  painful  micturition  occurred  an  average  of  160 
times  each  twenty-four  hours.  Upon  cystoseopic  ex- 
amination during  the  early  period  of  vesical  irrita- 
tion the  bladder  mucosa  may  appear  normal,  the 
frequency  of  urination  then  being  explained  as  :i  re- 
flex nervous  phenomenon.  As  the  bladder  irritability 
increases,  incontinence  develops,  first  at  night,  but 
may  soon  occur  at  any  time.  It  is  always  more 
marked  at  night  and  the  patient  mav  pass  urine 
without  awakening. 

Urinary  Symptoms. — These  include  polyuria,  hem- 
aturia, and  pyuria  :  while  in  the  sediment  is'to  be  found 
the  tubercle  bacillus.  Polyuria  is  generally  considered 
1"  be  one  of  the  early  symptoms  but  it  is  more  likely 
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that  the  increase  in  the  urinary  output  in  the  early 
stages  is  more  apparent  than  real — there  being  an 
increased  number  of  voidinge  of  small  amounts  rather 

than  an  absolute  increase  in  the  twenty-four  hour 
quantity.  Later  there  is  usually  an  absolute  increase 
brought  about  by  the  development  of  the  interstitial 
nephritis  which  regularly  accompanies  tuberculous 
invasion  of  the  parenchyma.  In  the  advanced  cases, 
while  the  quantity  excreted  may  be  large,  perhaps 
even  larger  than  that  of  the  sound  side,  the  percentage 
of  solids  is  usually  very  low.  Still  later,  as  the  secret- 
ing structures  are  gradually  destroyed  by  the  tubercu- 
lous process  or  by  replacement  fibrosis,  the  urinary 
output  from  the  diseased  kidney  decrea  I  and  may 
finally  cease  altogether.  Hematuria  is  almost  always 
present  at  some  stage  and  may  be  the  first  symptom 
noted.  It  is  usually  small  in  amount,  the  quantity 
being  more  often  micro-  than  macroscopic.  How- 
ever, in  some  cases  the  hemorrhage  may  be  severe, 
particularly  when  the  apices  of  the  pyramids  are  in- 
volved. When  severe  hemorrhages  occur  it  is  usually 
fairly  early  in  the  progress  of  the  disease,  they  are 
usually  intermittent  and  often  with  long  periods  be- 
tween the  attacks.  Later  there  is  usually  but  a 
moderate  sprinkling  of  red  cells  along  with  the  pus. 
The  amount  of  hematuria  bears  little  or  no  relation 
to  the  activities  of  the  patient  and  the  first  hemorrhagic 
urine  may  be  noted  when  voiding  after  a  sound  sleep 
as  well  as  after  a  hard  day's  work.  Braasch20  has 
found  that  hematuria  in  exceptional  cases  may  be  not 
only  the  first  but  the  only  evidence  of  renal  tubercu- 
losis; and  that  in  such  cases  the  hematuria  will  usually 
be  well  marked  and  persist  but  a  day  or  two,  often 
showing  but  one  hemorrhage.  He  states  that  of  three 
cases  of  hematuria  regarded  on  clinical  examination 
as  being  essential,  two  were  proved  to  be  tuberculous 
on  subsequent  examination  and  in  one  the  patient 
was  reported  to  have  died  of  renal  and  pulmonary 
tuberculosis.  Pyuria  varies  in  amount  from  a  few 
scattered  pus  cells  to  the  sea  of  pus  that  accompanies 
mixed  infection  of  the  pelvis  and  pyonephrosis. 
Rarely  it  is  the  first  symptom  noted  by  the  patient. 
Usually  vesical  irritability  or  hematuria  bring  the 
patient  for  examination  and  the  pyuria  is  discovered 
by  the  examiner.  It  is  present  to  some  degree  almost 
invariably.  Occasionally  in  a  case  where  there  is 
usually  considerable  pus  the  urine  may  clear  at  in- 
tervals, due  to  the  temporary  blocking  of  the  ureter, 
all  the  urine  then  coming  from  the  sound  side;  or  it 
may  practically  disappear  if  permanent  occlusion  of 
the  pelvis  or  ureter  occurs.  Of  other  urinary  symp- 
toms the  presence  of  variable  amounts  of  albumin 
needs  mention,  for  this  has  often  resulted  in  an  erro- 
neous diagnosis  of  Bright's  disease.  The  frequent 
decrease  in  the  amount  of  solids,  apparent  in  exami- 
nation of  two  ureter-catheter  specimens,  should  also 
be  remembered. 

Diagnosis. — This  is  sometimes  an  easy,  sometimes 
an  extremely  difficult  matter.  The  first  step  con- 
sists in  obtaining  an  adequate,  detailed  history,  taking 
into  consideration  not  only  the  present  symptoms  but 
also  the  family  history,  predisposing  factors  such  as 
mode  of  life,  occupation,  and  home  conditions,  the 
history  or  discoverable  evidences  of  tuberculosis  else- 
where in  the  body,  whether  active  or  not.  and  making 
inquiry  leading  to  the  elicitation  of  such  early  general 
symptoms  as  have  already  been  mentioned  under  that 
heading.  Continued  diurnal  vesical  irritability,  even 
without  other  positive  signs,  is  always  suggestive  or 
renal  tuberculosis  when  it  occurs  with  acid  urine  and 
without  local  evidence  or  apparent  cause  for  posterior 
urethritis  or  simple  cystitis.  If  to  this  vesical  irrita- 
bility is  added  even  a  slight  degree  of  pyuria  of  renal 
origin,  with  or  without  hematuria,  one  should  leave 
no  stone  unturned  in  the  attempt  to  satisfy  one[s  self 
as  to  the  presence  or  absence  of  renal  tuberculosis;  for 
it  is  upon  early  diagnosis  and  early  treatment  that  the 
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patient's  safely  depends.  The  next  step  consists  in  a 
thorough  physical  examination  including  thai  oi  the 
urine,  the  examination  of  a  catheterized  specimen  for 
tubercle  bacilli,  and  cystoscopic  examination  of  I  lie 
bladder.  If  tin;  bacilli  are  not  found  in  stained,  sedi- 
mental  preparations  (and  Braasch'-'1  believes,  contrary 
to  general  opinion,  that  they  can  be  found  in  prac- 
tically every  case  of  early  renal  tuberculosis  if  looked 
for  repeatedly)  guinea-pig  inoculation  may  be  re- 
sorted to,  a  test  which  Braasch  has  found  practically 
infalliable.  None  of  the  tuberculin  tests  are  reliable 
in  the  adult,  as  far  as  localization  to  the  kidney  is 
concerned,  since  there  are  certainly  but  few  who  do 
not  harbor  a  tuberculous  focus  somewhere  which  might 
give  a  reaction.  If,  with  vesical  irritation,  tubercle 
bacilli  are  demonstrated  to  be  present,  it.  is  practically 
certain  that  there  is  renal  tuberculosis;  for  primary  tu- 
berculosis of  the  bladder  or  its  secondary  invoh  ement 
from  any  other  source  than  the  kidney  is  very  rare. 
Many  authors  go  so  far  as  to  state  that  bladder  involve- 
ment is  always  secondary  to  renal  infection.  Tracy, 
for  instance,  considers  that  primary  tuberculosis  of  the 
bladder  "is  a  delusion  of  the  diagnostician,  represents 
a  mistake  in  diagnosis,  and  is  evidence  of  an  incom- 
plete examination."  But  whether  tubercle  bacilli 
have  or  have  not  been  found  in  the  urine,  a  cystoscopic 
examination  is  of  the  greatest  importance  and  should 
always  be  made  when  one  has  the  slightest  suspicion  of 
renal  tuberculosis.  By  this  means  we  may  discover 
lesions  of  the  bladder  mucosa  suggestive  or  charac- 
teristic of  tuberculosis,  and  their  situation  often  points 
at  once  to  the  diseased  kidney  or  suggests  the  proba- 
bility of  bilateral  involvement,  which  point  may  be 
cleared  up  by  ureteral  catheterization  and  examination 
of  the  separate  urines;  or  it  is  found  that  one  ureter  is 
strictured  while  the  other  is  normal  in  caliber,  or  one 
ureter  is  totally  occluded.  I  cannot  refrain  from 
quoting  Macklem's  excellent  description  of  the  usual 
bladder  findings:  "Usually  the  superior  and  posterior 
walls  show  no  involvement,  the  trigone,  especially  the 
region  surrounding  the  ureteral  orifices,  displaying  the 
most  marked  evidences  of  the  secondary  infection. 
This  consists  in  the  presence  of  yellowish-white  miliary 
tubercles  surrounded  by  a  congested  zone.  Some  will 
be  seen  to  have  broken  down  into  ulcers,  which  are 
either  single  or  multiple,  show  more  or  less  infiltration 
according  to  duration,  have  thinly  elevated  edges,  and 
irregular  outlines.  They  are  usually  of  small  size  and 
are  frequentlv  surrounded  by  other  groups  of  miliary 
tubercles.  The  remaining  mucous  membrane  is  usu- 
ally more  or  less  congested  and  may'  exhibit  varying 
degrees  of  contraction,  due  to  a  frequently  coexisting 
pericystitis  emanating  from  an  outward  extension  of 
the  inflammation."  Two  other  conditions  may  some- 
times be  noted.  One  is  the  so-called  "golf-hole" 
appearance  of  the  ureter  opening,  due  to  thickening 
and  retraction  of  the  ureter;  the  other,  and  a  very 
important  one  from  the  standpoint  of  early  diagnosis, 
is  an  edema  around  one  ureteral  orifice  which  may  often 
be  observed  before  tubercles  are  to  be  found  on  the 
mucous  surface.  While  this  is  not  characteristic  of 
tuberculosis  it  is  very  suggestive,  especially  when 
occurring  in  the  presence  of  other  suspicious  symptoms. 
Buerger,  upon  several  occasions,  has  excised  a  portion 
of  this  edematous  tissue  through  the  operating  cysto- 
scope  and  has  found  tubercle  bacilli  in  the  tissue,  thus 
leading  to  a  much  earlier  positive  diagnosis  than 
would  have  been  otherwise  possible.  Finally,  by 
means  of  the  cystoscope  and  ureteral  catheterization 
we  are  enabled  to  determine  the  functional  worth 
of  the  supposedly  healthy  or  least  diseased  kidney,  a 
matter  of  great  importance  in  contemplated  nephrec- 
tomy. It  is  thus  seen  that  even  after  a  diagnosis  of 
tuberculosis  has  been  made  certain  by  the  combinat  ion 
of  symptoms  and  finding  the  tubercle  bacilli  in  the 
urine,  we  are  dependent  upon  the  cystoscope  for  the 
localization  of  the  process  and  for  aid  in  determining 
the  proper  course  to   pursue  as  regards   treatment. 
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thickened  ureter  by  rectal  oi  vaginal  examination, 
and  of  nodular  enlargement  ol  the  prostate  or  epi- 
didymis. Braasch  considers  thai  when  such  enlarge- 
ment is  found  in  a  young  adult,  without  recent  vene- 
real infection  or  nocturnal  frequency,  the  diagnosis  of 
renal  tuberculosis  can  safely  be  made.  On  the  con- 
trary, Barney"  studied  154  cases  of  epididymal  tu- 
berculosis and  found  the  kidney  involved  m  but  eight- 
een, in    only  seven  of  which  did    he  think  the  kidney 

involved  first.  It  is  necessary  to  add,  however,  that 
in  a  large  pro  port  ion  of  t  he  eases  his  Opinion  as  to  the 
kidney  condition  is  based  upon  clinical  observation 
rather  than  upon  direct  examination  of  the  kidney  at 
operation  or  autopsy.  Cole,"  in  1906,  made  a  diag- 
nosis of  tuberculous  kidney  by  means  of  t  he  ./'-ray  alone, 
and  has  succeeded  in  doing  this  in  a  number  of  in- 
stances since  that   time.     Radiography,  however,  is 

seldom  of  value  except  in  differential  diagnosis  and 
with  tuberculous  kidneys  pyelography,  except  in  the 
most    skilled   hands,   is  a   dangerous  procedure. 

Closed  tuberculous  pyonephrosis  requires  special 
mention.  Smirnow,  according  to  Fowler,  dr. 
these;  cases  into  three  groups  from  the  standpoint  of 
diagnosis:  "(1)  The  bladder  is  tuberculous.  In  the 
region  of  the  supposedly  diseased  kidney  a  large  tumor, 
the  pyonephrotic  sac,  is  found.  The  ureter  on  this 
side  is  impermeable.  Diagnosis  easy.  (2 1  The 
bladder  is  normal.  One  ureter  is  impermeable  and  on 
this  side  there  is  a  tumor  in  the  kidney  region.  Diag- 
nosis is  possible  from  the  history  of  the  case  and  symp- 
toms referable  to  other  organs.  (3)  The  tuberculous 
involvement  of  the  bladder  is  far  advanced;  cystoscopy 
is  impossible.  An  enlarged  kidney  can  be  palpated. 
Diagnosis  is  only  possible  by  exploratory  incision,  as 
the  enlarged  kidney  may  be  only  hypertrophied  while 
the  other  kidney  is  atrophic  and  tuberculous." 

Differential  Diagnosis. — The  greatest  pitfall 
should  not  be,  but  is,  cystitis.  Occasionally  unilateral 
pyelitis  of  non-tuberculous  origin  and  pyonephrosis 
may  require  differentiation.  In  all  these  cases  cysto- 
scopy and  ureteral  catheterization  combined  with  care- 
ful search  for  the  tubercle  bacillus,  sometimes  with 
guinea-pig  inoculation,  will  practically  always  clear 
up  the  situation  sooner  or  later  and  usually  at  once. 
Other  conditions  sometimes  requiring  differentiation 
are  renal  tumor  and  renal  or  ureteral  calculus.  In 
these  the  x-ray  and  pyelography  are  of  assistance. 
The  value  and  limitations  of  the  x-ray  in  these  cases 
have  recently  been  well  pointed  out  by  Krotoszyner.24 

Prognosis. — The  prognosis  in  the  individual  case 
depends  upon  so  many  factors,  such  as  the  location 
of  the  lesion,  the  patient's  occupation,  his  general 
physical  condition  and  the  surroundings  in  which  he 
lives,  that  in  one  ease  the  prognosis  may  be  fair  and  in 
another  hopeless.  The  prognosis  as  to  cure  without 
operation  is  practically  nil;  for  while  in  rare  instances 
total  occlusion  leads  to  the  atrophic  form  of  closed 
pyonephrosis,  there  is  always  a  tuberculous  focus  re- 
maining which  may  burst  into  activity  at  any  mo- 
ment. Keyes,  Jr.  and  many  other  writers  have  re- 
ported cases  where,  after  a  longer  or  shorter  period  of 
quiescence,  symptoms  have  reappeared  and  been  soon 
followed  by  a  fatal  termination.  The  average  expec- 
tation of  life  in  untreated  and  medically  treated  cases 
has  been  given  by  various  investigators  as  from  three 
to  five  years  after  the  beginning  of  symptoms. 

Treatment. — There  is  but  one  method  of  treatment 
which  offers  any-  hope  of  permanent  cure — in>'hj 
a,  phrectomy;  for  by  this  means  and  by  thin  only  can 
the  focus  be  totally  eradicated.  There  are  no  spon- 
taneous or  medical  cures  in  the  sense  that  all  tuber- 
culous foci  in  an  affected  kidney  are  completely 
destroyed,  although  there  are  often  remissions  of 
symptoms  which  mayr,  in  rare  instances,  extend  over 
a  period  of  years.     Medical  treatment  has  no  place  in 
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the  treatment  of  renal  tuberculosis  except  as  an  ad- 
junct to  surgery  and  in  cases  which  are  inoperable 
when  first  seen  by  the  surgeon.  One  could  not  ask 
better  proof  of  the  truth  of  this  statement  than  is 
shown  by  the  statistics  compiled  by  Wildbolz26  of  316 
cases  treated  non-surgically  in  Switzerland  under 
what  are  supposed  to  be  the  most  perfect  hygienic  and 
climatic  conditions  obtainable.  Of  these  316  cases 
ninety  per  cent,  died  iviihin  five  years  after  the  onset  of 
the  disease;  in  but  five  per  cent,  had  all  symptoms  dis- 
appeared over  five  years;  and  only  one  case  was  en- 
tirely well.  And  yet,  Why  are  these  cases  so  late  in 
getting  to  the  surgeon?  It  is  partly  because  the  gen- 
eral practitioner  does  not  recognize  the  significance  of 
the  early  vesical  irritability  and  because,  as  Braasch 
says,  there  exists  a  widespread  belief  that  renal 
tuberculosis  can  frequently  be  cured  by  means  other 
than  surgical,  particularly  through  the  use  of  tubercu- 
lin. Israel,  in  the  light  of  his  very  extensive  experience, 
has  come  to  the  conclusion  that  tuberculin  is  of  abso- 
lutely no  value  in  these  cases  and  should  never  be 
used  as  a  curative  agent,  not  even  in  the  earliest  stages. 
There  are  no  drugs  which  have  the  slightest  effect  upon 
the  progress  of  a  tuberculous  process  in  the  kidney, 
hence  medical  treatment  is  limited  to  those  measures — ■ 
dietetic,  hygienic,  climatic — -which  help  build  up  the 
patient's  general  health  and  natural  powers  of  re- 
sistance and  to  the  treatment  of  complications  or  meet- 
ing other  indications  as  they  arise.  To  procrastinate 
under  the  guise  of  employing  medical  treatment  in  the 
early  stages  of  the  disease  is  to  deprive  the  patient  of 
the  only  chance  he  has  for  its  total  eradication;  for, 
as  in  the  case  of  "watching"  a  supposedly  benign 
tumor  of  the  breast  one  has  no  means  of  knowing  the 
precise  time  when  the  change  to  malignancy  takes 
place,  since  no  characteristic  symptoms  are  to  be 
found  until  long  after  the  change  has  occurred,  so  in 
the  medical  treatment  of  a  ease  of  renal  tuberculosis 
it  is  only  after  secondary  infection  of  other  structures  is 
well  established  and  begiiis  to  give  symptoms  that  the 
spread  of  the  disease  can  be  appreciated. 

We  then  come  back  to  nephrectomy  as  the  treat- 
ment par  excellence,  it  always  being  understood  that 
the  other  kidney  is  present  and  functionally  competent. 
In  the  early  cases  and  with  the  other  kidney  healthy 
there  should  certainly  be  no  delay  in  removing  the 
diseased  organ.  Nephrectomy  should  also  be  done 
even  when  there  is  some  involvement  of  the  other 
kidney  if  functional  tests  show  that  the  better  kidney 
is  able  to  take  up  the  total  burden  of  urinary  secretion ; 
for  often  that  kidney  has  been  doing  all  or  most  of  the 
work  and  it  has  also  been  shown  that  with  the  hypere- 
mia accompanying  the  development  of  compensatory 
hypertrophy  there  often  occurs  a  marked  amelioration 
or  even  occasionally  a  total  cessation  of  symptoms 
from  the  remaining  kidney.  Abadie26  remarks  that 
at  different  Congresses  how  early  one  is  justified  in 
removing  a  tuberculous  kidney  has  often  been  dis- 
cussed, but  he  asks  "Just  at  what  moment  is  one  justi- 
fied in  still  removing  a  tuberculous  kidney  with  a  valid 
hope  of  cure?"  For  him  there  is  but  one  absolute 
contraindication — bilateral  involvement  with  insuffi- 
ciency of  the  kidney  least  affected.  Other  contraindi- 
cations may  be:  advanced  pulmonary  tuberculosis, 
marked  bilateral  involvement,  and  multiple  tubercu- 
lous foci  elsewhere.  In  some  cases,  as  with  mixed 
infection  of  a  tuberculous  pyonephrosis  or  when,  for 
any  reason,  the  patient  is  in  very  poor  condition,  a 
preliminary  nephrotomy  with  drainage  may  be  advis- 
able, but  the  kidney  should  be  removed  at  a  second- 
ary operation  as  soon  as  possible.  Partial  nephrectomy, 
when  the  infection  seemed  limited  to  one  pole,  has  been 
advocated  by  some;  but  since  nothing  less  than  micro- 
scopical examination  of  the  entire  kidney  will  furnish 
positive  proof  that  there  is  no  other  focus,  this  pro- 
cedure is  to  be  absolutely  condemned. 

The  method  of  treating  the  ureter  varies  with  differ- 
ent surgeons.     Some  remove  it  in  lolo;  some  inject 
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ninety-five  per  cent,  carbolic,  tie  it,  and  lei 
situ;  while  others  inject  carbolic  and  suture  it  into  the 
angle  of  the  wound.  Lilienthal,27  in  1911,  made  a 
strong  plea  for  its  total  removal  when  diseased  or 
badly  drained  because  of  stricture  at  its  lower  end. 
Later,  Tracy  insisted  upon  its  complete  removal  in 
every  case  and  Lilienthal,  in  a  later  communication, 
states  that  he  has  done  this  operation  about  twenty 
times  and  in  each  instance  it  has  been  most  satisfac- 
tory. As  a  rule,  the  ureter  as  well  as  the  kidney  should 
certainly  be  removed;  for  otherwise,  and  especially 
when  there  are  strictures  at  the  lower  end,  a  persistent 
tuberculous  sinus  may  result,  while  in  addition  one  is 
deliberately  leaving  a  focus  from  which  further  in- 
fection may  proceed;  and  although  the  ureter  may  give 
no  trouble  and  the  bladder  symptoms  often  clear  up 
after  the  kidney  has  been  removed,  there  is  no  reason 
why  one  should  heedlessly  invite  possible  disaster  by 
leaving  an  infected  ureter  and  hoping  no  harm  will 
come  from  it.  Take  it  out  and  be  sure  of  it!  With- 
out removal  of  the  ureter  fistulae  are  of  frequent  occur- 
rence. This  is  well  shown  by  Israel's  statistics,  quoted 
by  Levy-Weissman.  In  11.5  per  cent,  of  1,023  neph- 
rectomies for  renal  tuberculosis,  fistulae  occurred, 
some  of  which  persisted  for  a  number  of  years.  Reflex 
of  urine  has  also  been  met  with  occasionally.  It  is 
thus  seen  that  in  many  cases  persistent  fistulae  may 
entail  a  secondary  operation  if  complete  nephro- 
ureterectomy  is  not  done  in  the  first  place.  (For 
technique  see  article  on   Nephrectomy.) 

Most  operators  have  drained  the  lumbar  wound  if 
the  perinephritic  tissues  have  been  infiltrated  or  if 
there  has  been  any  soiling  with  tuberculous  material; 
but  W.  J.  Mayo28  reports  that  since  1910  such  wounds 
at  the  Mayo  Clinic  have  been  filled  with  salt  solution 
and  closed  without  drainage,  and  that  the  results  have 
been  much  better  than  formerly  when  it  was  the  rule 
to  drain. 

Results  of  Treatment. — The  results  in  medically 
treated  cases  have  already  been  mentioned.  With 
nephrectomy  the  primary  mortality  in  early  cases 
where  the  disease  is  confined  to  one  kidney  is  practi- 
cally nil.  In  large  series  of  cases,  comprising  those  of 
all  stages  in  which  nephrectomy  has  been  done,  the 
primary  mortality  in  recent  statistics  has  ranged  from 
2.9  per  cent,  for  203  nephrectomies  at  the  Mayo 
Clinic  to  seven  per  cent,  as  computed  by  Legueu  in 
combining  the  statistics  of  many  European  surgeons. 
The  average  primary  mortality  seems  to  be  about  four 
per  cent.  The  secondary  mortality  varies  widely, 
depending  upon  the  duration  of  the  disease  at  the 
time  of  operation  and  the  degree  of  secondary  involve- 
ment of  the  bladder  and  other  structures.  Braasch 
reports  that  of  the  203  cases  of  renal  tuberculosis  of  all 
types  and  degrees  of  involvement  upon  whom  neph- 
rectomy had  been  done  at  the  Mayo  Clinic,  seventy 
per  cent,  had  been  traced.  Of  these  eighteen  per  cent, 
were  reported  dead;  and  of  this  eighteen  per  cent., 
sixty  per  cent,  had  died  during  the  first  year  after 
operation  and  fifteen  per  cent,  had  lived  over  three 
years.  Of  the  eighty-two  per  cent,  remaining  alive,  all 
but  thirteen  per  cent,  reported  improvement  or  re- 
covery from  their  previous  bladder  symptoms.  He 
believes  that  we  can  expect  a  permanent  cure  in  fully 
seventy-five  per  cent,  of  the  patients  operated  on. 
Kelly  and  Burnam  report  a  primary  death  rate  in  100 
cases  of  four  per  cent. ;  a  secondary  mortality,  covering 
a  period  of  from  one  to  nearly  twenty  years,  of  10.9  per 
cent.,  and  a  rate  of  cure  of  81.9  per  cent.  Compare 
these  results  with  those  shown  in  Wildbolz's  statistics 
of  medically  treated  cases  as  quoted  above.  The 
conclusion  is  inevitable  that  the  successful  treatment 
of  renal  tuberculosis  predicates  two  things:  early 
diagnosis,  and  early  nephrectomy.  As  Gordon29  has 
said,  the  importance  of  early  diagnosis  of  tuberculosis 
is  fully  recognized  when  the  lungs  are  involved.  It 
should  be  as  fully  recognized  when  its  main  focus  is 
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in  the  kidney;  for  it  is  usually  unilateral  at  first , 
the  whole  focus  can  be  removed  and  the  patient  cured. 
When  early  diagnosis  and  early  nephrectomy  are  com- 
bined all  statistics  show  an  almost  negligible  primary 
mortality  and  a  very  high  percentage  of  permanent 
cures;  with  delay  in  either  of  these  factors  the  per- 
centage of  cures  decreases  with  startling  rapidity. 
Wesley  (Jrove  Vincent. 
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Kidneys,  Tumors  of  the. — The  kidney  is  the  seat 
of  tumor  growth  much  more  rarely  than  would  be  ex- 
pected. This  is  strikingly  shown  by  W.  R.  Williams's1 
statistics  of  malignant  tumors  occurring  in  adults. 
He  found  that  in  a  series  of  8,371  cases  of  malignant 
tumors  of  all  parts  of  the  body  only  twenty-five  in- 
volved the  kidney.  Both  benign  and  malignant 
growths    are    occasionally  found. 

Benign  growths  of  any  consequence  are  rare  and 
unless  they  have  undergone  malignant  change  few, 
except  those  situated  in  the  pelvis,  require  surgical 
intervention.  Benign  growths  seldom  reach  any  con- 
siderable size,  but  few  of  them  give  symptoms,  and 
they  are  usually  discovered  by  accident  in  the  course  of 
operation  for  some  other  renal  condition  or  are  autopsy 
findings.  Among  those  sometimes  found  are  fibro- 
mata, lipomata,  rnyxomata,  papillomata,  angiomata, 
encapsulated  adenomata,  and  dermoids.  Papillo- 
mata and,  occasionally,  angiomata  are  found  in  the 
pelvis  and  of  these  the  papillomata,  together  with 
adenomata  developing  in  the  parenchyma,  are  espe- 
cially prone  to  malignant  change.  The  papillomata 
usually  develop  slowly  but,  with  angiomata,  are  the 
most  likely  to  cause  symptoms,  particularly  hematuria. 
This  is  sometimes  very  profuse  and  may  be  accom- 
panied by  considerable  pain  partially  due  to  intermit- 
tent blocking  of  the  ureter  with  clots  and  the  ureteral 
colic  which  marks  their  passage  to  the  bladder.     When 


benign  tumors  cause  symptoms  they  should  a 
removed,  no  to  nlv  toairordsymptoi  f,  but  also 

because  of  the  marked  tendency  of  symptom-producing 
benign  growths  in  become  malignant. 

Mention  must  also  be  made  "I  the  inclusion  tumors 
from  the  mesonephro.  \\  olffiarj  body,  and  suprarenal, 
of  simple  cysts,  and  of  polycystic  kidney. 

Simple  cysts  found  in  (lie  kidney  include  dermoids  (so 
rare  that  Kelly  and  Burnam3  could  find  but  three 
cases  reported  in  the  literature,  though  lately  Bald- 
win8  has  found  five  cases  in  the  literature  and  repi 
one  more),  reten  i  inn  cj  ts,  and  serous  or  serosanguin- 
eous  cysts.  The  retention  cysts  may  lie  very  small  or 
reach  a  considerable  size,  depending  upon  the  extent 
of  blocking  of  the  tubules  or  one  or  more  papillae. 
Serous  or  serosanguineous  cysts  are  also  rare,  may  be 
very  small  or  of  such  enormous  size  as  to  nearly  fill 
the  abdomen.  When  large  and  occurring  in  females 
they  are  usually  mistaken  for  ovarian  cysts.  About 
forty  cases  have  been  reported  and  nearly  half  of 
these  have  originated  in  the  lower  pole.  Besides  these, 
numerous  small  cysts  are  sometimes  found  beneath  the 
capsule  as  the  result  of  aseptic  embolic  infarction; 
while  there  are  also  occasionally  cysts  of  parasitic 
origin,  particularly  echinococcus,  these  latter  being 
not  at  all  infrequent  in  some  countries. 

Polycystic  kidneys4  may  be  of  congenital  origin  or 
may  be  due  to  true  tumor  growth — cystadenoma. 
When  congenital  the  disease  is  almost  invariably  bi- 
lateral, though  not  necessarily  affecting  the  two  kid- 
neys to  an  equal  degree.  Polycystic  disease  is  usu- 
ally observed  in  early  life  or  not  until  the  age  of  forty 
to  sixty.  The  cysts  vary  widely  in  size,  some  being 
of  microscopic  proportions,  others  of  various  dimen- 
sions up  to  the  size  of  a  walnut  or  even  larger.  They 
may  be  few  in  number  or  almost  innumerable;  the 
kidney  may  be  slightly  enlarged  or  reach  enormous 
proportions,  even  to  the  extent  of  impeding  delivery 
of  the  fetus.  Numerous  theories  have  been  sug- 
gested as  to  the  causation  of  polycystic  kidneys. 
Virchow  held  that  there  was  an  interstitial  inflamma- 
tion of  the  papillae  resulting  in  occlusion  of  many  of 
the  tubules;  but  the  theory  most  generally  accepted 
at  the  present  time  is  that  there  has  been  a  failure  of 
junction  of  the  secreting  and  collecting  tubules,  espe- 
cially as  there  are  often  associated  developmental 
anomalies  elsewhere. 

Symptoms  and  Diagnosis. — With  congenital  poly- 
cystic disease  many  of  these  fetuses  are  born  dead, 
most  of  the  others  die  from  anuria  or  uremia  shortly 
after  birth,  while  a  few  survive  for  a  variable  number 
of  months  or  even  years,  these  latter  representing  the 
cases  where  one  kidney  at  least  has  not  been  exten- 
sively diseased  at  birth;  but  since  the  disease  is  al- 
ways progressive  the  span  of  life  is  usually  short.  In 
those  cases  which  are  fatal  soon  after  birth  there  is 
usually  a  palpable  tumor  in  one  or  both  kidney  regions 
and  early  marked  symptoms  of  renal  insufficiency. 
When  polycystic  disease  develops  in  the  adult  the 
symptoms  are  very  variable  and  positive  diagnosis 
has  seldom  been  made  without  exploratory  operation. 
The  enlargement  of  the  kidneys  may  be  very  slow  and 
unaccompanied  by  symptoms  sufficient  to  call  atten- 
tion to  kidney  impairment  until  the  process  is  far 
advanced.  The  late  symptoms  and  physical  signs 
consist  of  renal  enlargement,  discoverable  by  palpation 
or  x-ray  examination,  with  or  without  collargol  in- 
jection of  the  pelvis,  and  the  group  of  symptoms  in- 
cluded in  the  classical  descriptions  of  the  later  stages 
of  interstitial  nephritis.  Pain  may  or  may  not  be 
present  and  the  same  may  be  said  of  hematuria,  though 
the  latter  is  rather  rare.  Differentiation  from  other 
renal  lesions,  particularly  closed  hydronephrosis,  is 
sometimes  possible  by  cystoscopy,  ureteral  catheteri- 
zation, and  functional  tests.  If  these  kidneys  be- 
come infected  the  symptoms  of  sepsis — local  pain, 
tenderness,  and  systemic  reaction — are  superadded. 

Treatment. — The    congenital,    bilateral    polycystic 
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cases  are  practically  hopeless.  When  polycystic 
disease  has  occurred  later  in  life  and  the  other  kidney 
has  appeared  to  be  functionally  competent,  nephrec- 
tomy has  occasionally  been  practised  but  with  very 
discouraging  results.  Albarranand  Imbert  (quoted  by 
Kelly  and  Burnam)  have  reported  thirty-four  nephrec- 
tomies with  nine  primary  deaths,  one  a  few  Weeks  after 
operation,  and  four  within  a  year;  while  only  two  of 
the  cases  followed  up  lived  seven  years.  Other  meas- 
ures include  decapsulation,  nephrotomy  with  estab- 
lishment of  copious  drainage,  and  puncture  of  the 
larger  cysts,  none  of  which  procedures  offer  much  hope 
of  more  than  temporary  improvement,  and  prac- 
tically none  of  cure.  Simple  cysts  may  sometimes  be 
enucleated,  as  has  been  reported  by  Tuffier,  Albarran, 
and  others,  may  be  treated  by  nephrotomy  and  drain- 
age, by  partial  nephrectomy  if  limited  to  one  pole, 
or  by  total  nephrectomy  if  the  other  kidney  is  func- 
tionally competent.  C.  E.  Barnett5  has  collected 
statistics  of  2ol  American  cases  which  he  considered 
authentic:  150  bilateral,  and  101  unilateral.  Of 
these,  nine  unilateral  cases,  where  nephrectomy  was 
done,    were    still    alive. 

Malignant  Growths. — The  primary  malignant 
growths  affecting  the  parenchyma  include  hyper- 
nephroma, sarcoma,  carcinoma,  and  mixed  tumors  of 
embryogenetic  origin — embryomas,  Wilms's  tumors. 
In  the  pelvis,  carcinomata  and  papillomata  apparently 
follow  chronic  irritation,  usually  due  to  stone,  while 
very  rarely  squamous-celled  epithelioma  of  embryo- 
genetic  origin  has  been  reported.  With  pelvic  growths 
of  the  papillary  type,  transplantation  of  tumor  tissue 
and  development  of  secondary  growths  in  the  ureters 
and  bladder  is  not  at  all  infrequent.  W.  E.  Lower6 
reports  a  remarkable  case  of  this  nature,  summarizes 
eighteen  others  from  the  literature,  and  appends  an 
exhaustive  bibliography.  Primary  sarcoma  originat- 
ing in  the  pelvis  is  exceedingly  rare.  Secondary 
growths,  both  sarcoma  and  carcinoma,  are  not  infre- 
quent and  reach  the  kidney  by  metastasis  or  by  direct 
extension  from  neighboring  organs.  It  is  hard  to 
imagine  a  wider  variance  of  opinion  as  to  the  proper 
classification  and  relative  frequency  of  the  malignant 
growths  occurring  in  the  kidney  than  has  existed  and 
still  seems  to  exist.  There  is  but  one  point  upon 
which  all  pathologists  seem  to  agree,  namely,  that  the 
most  frequent  tumor  is  that  commonly  called 
hypernephroma. 

Hypernephromata. — -In  various  recent  statistics  from 
fifty  to  seventy-five  per  cent,  of  all  malignant  tumors 
studied  appear  in  the  tabulation  as  hypernephromata; 
and  yet  the  origin  of  these  tumors  is  still  in  question 
and  the  histological  structure  is  so  diverse,  especialhr  in 
the  larger  tumors,  that  areas  characteristic  of  various 
types  of  sarcoma  and  carcinoma  are  often  found  in  dif- 
ferent parts  of  the  same  tumor.  It  is  undoubtedly 
this  polymorphism  of  cells  in  hypernephromata  that 
accounts  for  the  fact  that  in  former  years  many  more 
cases  of  sarcoma  of  the  kidney  were  reported  than  is 
the  case  at  present,  sections  of  those  tumors  happening 
to  be  made  in  areas  where  the  growth  presented  the 
histological  characteristics  of  sarcoma.  It  is  also  likely 
that  these  tumors  are  responsible  for  the  present  con- 
flicting statements  as  to  the  relative  frequency  of 
sarcoma  and  carcinoma,  some  eminent  pathologists 
and  clinicians  holding  that  sarcoma  is  frequently  en- 
countered and  carcinoma  comparatively  rare  while 
others,  equally  eminent,  hold  that  most  of  the  re- 
ported sarcomata  belong  in  the  group  of  hyperneph- 
romata and  that  carcinomata  rank  next  to  hyper- 
nephromata in  point  of  frequency.  The  recognition 
of  hypernephroma  as  a  distinct  type  of  tumor  dates 
from  1S83  when  Grawitz7  first  described  them,  hence, 
they  have  frequently  been  called  Grawitzian  tumors. 
He  "concluded  that  these  tumors  owed  their  origin  to 
atypical  development  of  aberrant  adrenal  gland  tis- 
sue— adrenal   rests — hence,   designated   them   hyper- 


nephromata. His  reasons  for  assuming  this  origin 
summed  up  by  Wilson"  as  follows:  "(1)  thetumon 
situated  immediately  beneath  the  capsule  of  the  kid- 
ney; (2)  their  cells  are  different  from  those  of  the 
epithelium  of  the  uriniferous  tubules;  (3)  the  cells  con- 
tain fat  which  is  normally  absent  from  the  renal  epi- 
thelium but  frequently  present  in  the  suprarenal  epi- 
thelium; (4)  the  capsule  of  the  tumor  is  similar  to  that 
which  is  found  around  suprarenal  rests  within  the 
kidney  but  which  are  not  changed  into  tumors;  (5)  the 
cells  of  the  tumors  are  sometimes  disposed  in  more  or 
less  regular  cordons  which  resemble  those  of  the 
suprarenal  cortex."  This  theory  was  accepted  al- 
most without  question,  except  by  Sudeck,9  until  1908 
when  Stoerck'  published  the  results  of  his  observa- 
tions, apparently  effectively  disposed  of  the  adrenal 
rest  theory,  and  offered  one  of  his  own.  Stoerck's  ob- 
jections to  Grawitz's  theory  are  stated  by  Wilson  as 
follows:  "(1)  the  Grawitzian  tumors  most  frequently 
develop  at  the  lower  pole  of  the  kidney  where  adrenal 
rests  are  not  found;  (2)  the  so-called  fat  of  the  cells  of 
the  Grawitzian  tumors  is  usually  not  fat  but  a  vacuo- 
lation  related  to  the  glycogen  content  of  the  cells; 
(3)  the  Grawitzian  tumor  is  a  tumor  of  the  renal  cortex 
and  not  of  the  renal  capsule  in  which  adrenal  rests  are 
usually  found;  and  that  (4)  though  the  Grawitzian 
tumors  do  frequently  contain  cordons  which,  however, 
only  remotely  resemble  those  found  in  the  suprarenal, 
yet  they  also  almost  invariably  contain  tubules,  the 
analogues  of  which  are  never  seen  either  in  the  normal 
suprarenal  or  in  the  tumors  of  that  gland."  The  new 
theory  advanced  by  Stoerck10  was  that  hypernephro- 
mata develop  from  regenerating  convoluted  tubules 
in  an  atrophic  kidney — a  far  from  convincing  conclu- 
sion. Wilson,  who  has  had  an  unusual  opportunity 
to  study  these  growths,  has  urged  the  hypothesis  that 
these  tumors  "are  mesotheliomas,  or  more  definitely 
nephromas;  that  is,  that  they  are  elaborated  from 
masses  of  nephrogenic  tissue  which  have  never  become 
connected  with  the  renal  pelvis  and  which  have  never 
attained  adult  type  either  in  form  or  function." 
He  also  states  his  belief  that  as  the  evidence  accumu- 
lates it  will  show  that  the  so-called  Grawitzian  tumors 
have  nothing  whatever  to  do  with  a  suprarenal  origin. 
He  found  but  one  tumor  from  inclusion  of  adrenal 
tissue  in  the  renal  cortex  in  the  92  malignant  renal 
tumor  specimens  representing  the  entire  operative 
and  autopsy  material  of  the  Mayo  Clinic  up  to  the 
latter  part  of  the  year  1912,  while  Glynn  could  col- 
lect but  17  cases  from  the  literature,  to  which  number 
he  added  2  of  his  own.  The  diagnoses  in  the  92  cases 
from  the  Mayo  Clinic  reported  by  Wilson  were :  meso- 
thelioma (hypernephroma)  71;  sarcoma,  7;  carcinoma 
of  the  renal  pelvis,  4;  papilloma  of  renal  pelvis,  3;  em- 
bryoma,  3;  Wolffian  tumor,  adenoma,  fibroma,  and 
squamous-celled  epithelioma,  1  each.  Hypernephro- 
mata originate  in  any  portion  of  the  renal  cortex,  most 
frequently  at  or  near  the  lower  pole.  Those  occurring 
in  the  upper  pole  of  the  kidney  are  usually  small,  well 
encapsulated,  often  markedly  resemble  adrenal  cortical 
tissue,  and  are  apt  to  be  benign.  Those  occurring  else- 
where also  originally  have  a  definite  capsule,  may  be 
small  but  more  often  reach  a  large  and  sometimes  enor- 
mous size,  may  contain  some  areas  suggesting  adrenal 
tissue  but  the  bulk  of  the  tumor  is  composed  of  tissue  of 
an  entirely  different  character.  These  growths  may  be 
benign  or  they  may  merely  remain  quiescent  for  an  in- 
determinate period,  finally  showing  characteristics  of 
marked  malignancy,  rapidly  developing  to  a  large 
size,  invading  the  pelvis  and  renal  vein,  and  giving  rise 
to  metastases  in  various  parts  of  the  body,  particularly 
the  lungs  and  bones.  Metastasis  is  usually  through 
the  blood  stream,  the  neighboring  lymphatic  glands 
often  escaping  involvement  even  in  cases  where  there 
are  rather  extensive  metastases  elsewhere.  Hemor- 
rhage into  the  pelvis  is  absent,  moderate,  or  excessive, 
depending  upon  the  situation  of  the  tumor  in  the  kid- 
ney, the  stage  of  development,  the  rapidity  of  the 
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growth,    and    the    type    of    predominating    cellular 

elements. 

Sarcomata. — These  are  usually  found  in  childhood 
and  early  adult  life,  though  it  is  probable  that  most 
of  those  reported  in  childhood  would  now  be  classi- 
fied as  embryomas,  while  their  relation  In  hyperneph- 
romata  has  already  been  referred  to.  Sarcoma 
usually  begins  in  the  capsule  and  invades  the  paren- 
chyma secondarily  but  occasionally  these  tumors  origi- 
nate in  the  deeper  structures.  Sometimes  their  deri- 
vation from  pre-existing  fibromas  or  other  benign 
types  of  tumors  can  be  demonstrated.  Both  large 
and  small  round-celled  and  the  spindle-celled  types  are 
seen.  These  growths  are  very  apt  to  involve  the  other 
kidney  secondarily.  Murphy11  has  found  that  sar- 
coma almost  always  recurs  in  the  other  kidney  if  1 1n- 
patient lives  a  period  of  three  years.  If  the  tumor  is 
composed  principally  of  small  round  cells,  growth  is 
usually  rapid  and  large  tumors  are  formed;  but  with 
other  types  development  is  said  to  be  comparatively 
slow  and  the  tumors  usually  do  not  attain  great  size. 
Hemorrhage  into  the  pelvis  is  usually  less  severe  than 
in  carcinoma. 

Carcinomata. — -These  are  sometimes  primary  but 
more  often  secondary.  The  primary  growths,  except 
the  pelvic  tumors  already  referred  to,  originate  in  the 
parenchyma,  sometimes  from  pre-existing  adenomata, 
the  cells  usually  presenting  the  arrangement  of  adeno- 
carcinoma, occasionally  of  alveolar  carcinoma,  and 
they  infiltrate  toward  both  capsule  and  pelvis.  In 
one  of  my  nephrectomies,  hitherto  unreported,  the 
tumor  was  found  to  be  the  very  rare  primary  scirrhous 
carcinoma  of  the  kidney.  This  specimen  was  studied 
and  the  diagnosis  confirmed  by  H.  T.  Brooks.  Carcino- 
mata seldom  reach  large  size  because  of  the  early 
metastasis  which  practically  always  takes  place.  Me- 
tastases may  be  widespread  and  when  the  growth  pene- 
trates the  capsule  the  overlying  colon  and  other  ad- 
jacent structures  are  often  directly  invaded.  Since 
cancer  cells  are  not  so  stable  as  those  of  mesoblastic 
origin,  necrosis  and  consequent  presence  of  pus  in  the 
urine  is  more  common  with  these  than  with  other 
types  of  renal  tumor.  Certain  of  the  carcinomata  re- 
semble the  large  hypernephromata  in  that  they  invade 
the  pelvis  and  renal  vein  and  upon  section  show  many 
large  hemorrhagic  areas. 

Embryomata. — These  are  the  usual  malignant  renal 
tumors  of  childhood  but  are  excessively  rare  in  the 
adult.  One  or  both  kidneys  may  be  involved. 
These  tumors  represent  malignant  degeneration,  to  a 
greater  or  lesser  degree,  of  all  the  elements  concerned 
in  the  formation  of  the  kidney.  They  are  often  very 
large  and  grow  into  the  pelvis  and  renal  vein,  in  this 
respect  resembling  the  hypernephromata;  but  the 
formation  of  metastases  occurs  relatively  late  and 
hematuria  is  much  less  frequent,  often  the  only  symp- 
toms being  tumor   and   cachexia. 

Symptoms. — The  classical  symptoms  are  hematuria, 
tumor,  pain,  and  cachexia.  Hematuria  is  the  most 
important  for  many  reasons.  It  is  often  the  first 
symptom  noted  by  the  patient,  often  occurs  long  be- 
fore the  tumor  is  palpable  and  before  the  onset  of  pain, 
and  may  thus  serve  to  call  the  surgeon's  attention  to 
the  need  for  cystoscopic  examination  with  consequent 
determination  of  the  renal  origin  of  the  bleeding  and 
exploratory  operation  before  metastasis  has  occurred. 
The  amount  of  hematuria  varies  with  the  type  of 
tumor  and  its  situation  in  the  kidney.  When  the 
pelvis  is  invaded  the  hemorrhage  is  usually  severe. 
Among  the  characteristics  of  tumor  hemorrhage,  out- 
side of  its  quantity,  are  its  intermittence,  its  spontane- 
ous and  often  painless  appearance,  apparently  having 
no  relation  to  the  activities  of  the  patient  and  often 
occurring  at  night,  and,  finally,  clot  formation  giving 
rise  to  earthworm-like  casts  of  the  ureter,  for  it  has 
been  my  experience  that  these  are  rarely  seen  except 
with  the  copious  bleeding  of  renal  tumor.  Braasch,12 
in  an  article  presenting  the  clinical  data  of  83  cases  of 


mabgnanl    tumor;     of    the    kidney   operated    upon  at 
I  lie  Mayo  Clinic  up  to  July   I,   1012,  found  that  hem- 
aturia  was   given    as   a   symptom  observed  bj    th< 
patient  in   53  cases,  as  a  primary  symptoi 
and    as    the    only    symptom    in    10   of    thi      i 
Tumor,   usually  the  first  symptom   noted   in   children, 

may  be  an  earlj  or  very  late  symptom  in  adults, 
while   in    the   case   of  small    tumors  and   in  many  of 

those  involving  the  upper  pole  it  mav  never  be  pos- 
sible to  determine  by  palpation  oi  percu  ion  that 
there  isa  pathological  enlargemenl  of  the  kidn 
Braasch's  statistics  reported  a  palpable  tumor  in  65 
Oi  the  83  patients;  its  existence  was  known  to  28 
patients;  it  was  the  first  evidence  of  disease  in  12 
eases;  :i7   patients  were   unaware  oi  ,  nee;  and 

n  was  given  as  the  only  symptom  by  5  patients.  Pain 
is  a  very  variable  and  often  very  misleading  mptom. 
It  is  misleading  for  the  reason  that  it  is  so  of  ten  re- 
ferred to  various  other  regions  of  the  abdomen.  At 
first  slight,  and  better  described  as  a  dull  ache  than  as 
actual  pain  while  the  tumor  merely  causes  slightly  in- 
creased intrarenal  tension,  it  usually  later  becomes 
rather  severe,  may  radiate  in  various  directions,  is 
often  lancinating  in  character,  and  when  clots 
pass  through  the  ureter  may  simulate  the  colic  of 
calculous  disease.  On  the  other  hand,  even  with  very 
large  tumors  there  may  be  little  or  no  pain;  and  this  is 
especially  true  with  the  embryomas  of  childhood. 
Braasch  found  abdominal  pain  of  varying  degree  was 
complained  of  by  68  of  the  83  patient,-;  it  was  given 
as  the  primary  symptom  by  27  and  as  the  onlj 
symptom  by  14.  The  pain  was  referred  to  the  af- 
fected kidney  region  in  50  and  elsewhere  in  33  of  the 
cases.  Cachexia,  usually  a  late  symptom,  mav  occur 
early  or  even  be  the  first  symptom  noted.  Besides 
these  symptoms,  metastasis,  particularlv  in  bone  or 
in  the  lungs,  may  serve  to  call  attention  to  the  kidney; 
while  there  are  also  certain  circulatory  disturbances 
of  sinister  significance,  such  as  dilatation  of  the  veins 
of  the  scrotum,  the  otherwise  inexplicable  development 
of  hemorrhoids  and  especially  of  varicocele  in  a  man 
over  forty,  and  the  dilatation* of  the  veins  around  the 
ureter  and  the  base  of  the  bladder  generally. 

Diagnosis. — The  three  cardinal  symptoms,  hematu- 
ria, tumor,  and  pain,  are  all  present  in  hardly  more 
than  one-third  of  the  cases,  and  this  includes  many 
who  have  already  reached  the  inoperable  stage.  Diag- 
nosis is  thus  based  upon  the  presence  of  one  or  more  of 
the  symptoms  enumerated  above,  upon  cystoscopy, 
usually  with  ureteral  catheterization,  and,  occasionally 
at  least,  upon  pyelography.  Functional  tests  are  not 
to  be  too  much  relied  upon  in  these  cases  for  it  has  been 
repeatedly  shown  that  even  with  extensive  invasion 
of  the  kidney  by  malignant  growths  its  functional  ac- 
tivity may  apparently  be  in  nowise  impaired.  Tumor 
of  the  kidney  must  be  differentiated  from  other  renal 
lesions,  from  retroperitoneal  tumors  of  the  lymph 
glands  and  from  enlargements,  benign  or  malignant, 
of  the  spleen,  liver,  gall-bladder,  mesentery,  and  colon. 

Treatment. — Symptoms  exciting  even  "suspicion  of 
malignancy  in  the  kidney  warrant  exploratory  opera- 
tion. When  malignant  growth  is  found,  if  the 
other  kidney  is  functionally  competent  and  if  the 
growth  has  not  invaded  the  surrounding  tissues  or 
known  to  have  given  rise  to  metastases,  the  kidney 
should  be  removed.  No  other  treatment  is  conceiv- 
able under  such  circumstances.  If,  after  nephrectomy, 
irremovable  metastatic  involvement  is  discovered, 
and  in  cases  found  to  have  reached  an  inoperable  stage 
when  first  seen,  the  x-ray  and  radium  may  be  tried, 
but  with  practically  no  hope  of  a  favorable  outcome. 

Prognosis. — This  is  always  bad  unless  nephrec- 
tomy is  done  very  early.  Braasch's  report  of  tin- 
results  at  the  Mayo  Clinic  shows  that  of  61  patients 
in  whom  nephrectomy  was  done  7  died  in  the  hos- 
pital. Of  the  others,"  51  were  traced.  Of  these,  10 
were  operated  upon  less  than  a  year  previously, 
I   17  were  alive  more  than  one  year.  12  after  three  years, 
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4  after  five  or  more  years,  and  1  after  eight  years.  It 
will  thus  be  seen  that  the  only  hope  of  permanent  cure 
lies  in  earlier  diagnosis  and  prompt  nephrectomy  while 
the  growth  is  still  localized. 

Wesley  Grove  Vincent. 
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Kinases. — Certain  indefinite  substances  of  an 
enzyme-like  nature  are  called  kinases  because  their 
presence  is  necessary  for  the  activation  of  zymogens, 
that  is,  precursors  of  enzymes.  The  best  known  ex- 
ample of  a  kinase  is  that  of  enterokinase  which  has  the 
power  of  transforming  trypsinogen — the  precursor  of 
trypsin  and  without  action  upon  proteins — into  tryp- 
sin an  enzyme  with  a  very  marked  digestive  power  upon 
protein.  Again  it  has  been  assumed  that  a  kinase, 
thrombokinase,  is  necessary  for  the  transformation 
of  prothrombin  into  thrombin  during  blood  coagula- 
tion. In  the  latter  instance  the  kinase  is  furnished  by 
the  form  elements  of  the  blood.  Enterokinase  as  its 
name  implies  is  furnished  by  the  mucous  membrane  of 
the  intestine  and  hence  comes  into  direct  contact 
with  the  pancreatic  juice  as  the  latter  is  poured  in  the 
intestinal  lumen.     See  Enterokinase  and  Enzymes. 

F.  P.  Underhill. 


Kinesthesia. — The  term  is  plain  Greek  for  the 
"feeling  of  movement,"  and  motion-sensation  is 
for  the  most  part  what  this  word,  more  and  more 
frequent  and  as  important  in  philosophy  as  in  medicine, 
means.  In  defining  the  denotation  of  the  term,  how- 
ever, it  must  be  noted  that  nowadays  "sensation" 
needs  not  to  be  actually  sensed,  i.e.  conscious,  for 
most  sensory,  that  is,  afferent,  neurokinesis  (neurility) 
is  not  directly  experienced,  the  "sense"  organs  being 
now  technically  spoken  of  as  receptors,  on  the  other 
hand,  kinesthesia  stands  for  neurokinesis  which  pro- 
duces only  molecular  movement  and  so  only  in- 
creased tonus  (and  not  molar  "movement")  in  the 
body  by  way  of  the  muscles;  furthermore,  recent 
research  suggests  strongly  (see  below)  that  a  phase 
of  kinesthesia  is  preventive  of  movement,  that 
is  inhibitory,  and  not  actuative  at  all — in  the  modern 
sense  of  inhibition  by  an  active  process.  Lastly,  it 
is  accurate  if  not  traditional  to  include  tactile  sen- 
sations in  kinesthesia,  since  they  require  movement 
(Van  Biervliet)  for  their  origination.  With  these 
four  adaptations  of  the  term  movement-sensation, 
each  in  accord  with  modern  neurologic  terminology 
and  understanding,  the  convenient  term  kinesthesia 
is  entirely  satisfactory  as  terms  go  in  our  complex 
modern  science.  Philosophically  and  psychologically 
kinesthesia  gets  an  ever  increasing  notice  in  part  from 
the  circumstance,  basal  in  the  all-important  rela- 
tions of  body  and  mind,  that  it  is  the  chief  sense,  in 
fact  the  sense  proper,  by  which  subjective  bodilj' 
movement  in  space  is  somehow  made  concomitant 
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or  correlative  to  the  subjective  mental  "movement" 
(succession)  in  time,  James's  "stream  of  conscious- 
ness" in  the  flow  of  which  all  our  being  in  mortal 
days  is  passed.  Such  being  obviously  the  case,  it  is 
not  strange  that  advanced  thinkers  (in  Europe  foi 
example  Ribot,  McDougall,  Bergson)  are  attempting 
its  more  precise  correlation  with  the  fundamental 
being  of  the  empirical  mind.  In  medicine  the  im- 
portance of  kinesthesia  is  not  only  academically 
scientific  but  underlies  various  aspects  of  diagnosis — 
gaits,  postures,  fatigue,  hysterical  paralysis,  abulia, 
genetic  physiology,  feeble-mindedness  perhaps,  to  a 
greater  or  a  less  extent,  to  cite  examples  almost  at 
random.  Altogether,  it  is  obvious  that  kinesthesia  is 
the  most  important  human  "sense." 

Let  us  first  summarize  what  little  is  known  about 
the  kinesthetic  receptors.  These  are  located  more 
or  less  abundantly  in  all  parts  of  the  human  action- 
system  (joints,  muscles,  and  tendons),  in  the  bones, 
and  in  the  skin  over  the  moving  parts  especially. 
There  is  still  much  uncertainty  as  to  their  respective 
functions  and  as  to  their  precise  respective  frequency 
in  different  parts  and  tissues. 

Compared  with  the  great  sense-organs  of  vision 
and  of  hearing,  these  sensory  nerve-endings  in  the 
muscles,  tendons,  and  joints  are  simple  structures. 
They  are,  as  Huber  calls  them,  the  "peripheral 
teleodendra  or  dendrites  of  peripheral  sensory  neu- 
rones." The  forms  of  the  nerve-endings  already  de- 
scribed by  histologists  are  various  and  consist  of 
two  general  varieties  free  and  encapsulated.  The 
free  endings  have  not  been  discovered  in  muscle  or 
tendons,  but  they  occur  in  mucosae  and  in  epithelium. 

Afferent  Endings  in  Muscle. — These  are  of  several 
forms  whose  shapes  more  or  less  merge  into  each  other. 
They  are  probably  all  actuated  by  mechanical 
pressure. 

The  cylindric  end-bulb  of  Krause  is  found  in  cross- 
striated  muscle  and  in  tendon  as  well  as  in  the  skin 
and  mucous  membranes.  It  consists  of  a  thin  nu- 
cleated capsule  investing  a  semi-fluid  core  containing 
the  nerve-fiber.  It  is  obvious  that  such  an  instru- 
ment among  the  fibers  of  muscle  or  tendon  will  be 
stimulated  when  the  muscle  hardens  in  contraction 
or  when  the  fibrous  bundles  of  the  tendon  are  drawn 
together  as  the  tendon  is  put  on  stretch.  The  Vater- 
Pacinian  corpuscle  is  built  on  the  same  plan  as  the 
preceding,  but  it  is  on  a  larger  scale  and  more  elabo- 
rate. They  are  sometimes  3  mm.  long  and  1  or  2 
broad  and  have  as  many  as  60  fibrous  lamellae,  each 
of'  which  according  to  Schwalbe  is  covered  on  both 
surfaces  by  a  layer  of  endothelial  plates.  These 
end-organs  are  of  many  varieties  and  are  found  in 
many  kinds  of  places.  They  are  in  the  skin  especially 
of  the  foot  and  the  hand  near  the  joints  and  particu- 
larly on  the  flexor  sides  of  the  latter,  in  the  periosteum 
of  the  bones,  in  the  tendons  of  intermuscular  septa, 
in  the  muscles  themselves,  and  in  the  coverings  of 
the  viscera  and  of  the  nerves.  Of  a  different  nature 
(and  function  who  can  doubt?)  are  the  neuromuscular 
and  neurotendinous  end-organs  described  by  Sherr- 
ington and  Golgi.  Instead  of  being  compact  and 
rounded  organs,  these  apparently  are  the  means  by 
which  the  neve  ends  freely  among  the  muscular  and 
tendinous  fibers.  These  are  the  so-called  muscle- 
spindles  of  Kiihne  and  Sherrington.  To  each  of  these 
end-organs  go  two,  three,  or  four  large  medullated 
nerve-fibers,  which,  after  dividing,  end  in  fibrils 
wound  about  the  fibers  of  the  muscle  or  else  in  ir- 
regular discs.  They  are  found  in  nearly  all  cross- 
striated  muscle  save  the  intrinsic  eye-muscles  and 
those  of  the  tongue  and  larynx.  They  are  especially 
abundant  in  the  delicate  muscles  of  the  hand  and  the 
foot.  Kerschner  supposes  that  these  are  stimulated 
by  the  electrical  action-current  of  the  muscle  rather 
than  by  compression.  It  is  suggestive  that  these 
are  found  only  in  cross-striated  voluntary  muscle. 
Perhaps  they  represent,  therefore,   the  active  con- 
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traction  of  the  muscle  rather  than  its  passive  move- 
ment. 

Afferent  Endings  in  Tendons. — The  neuroten- 
dinous nerve  end-organs  ("the  Golgi  organs"  of 
Sherrington)  are  constructed  on  a  similar  genera] 
plan.  These  are  found  only  in  tendons  and  thc\  Imi 
are  especially  numerous  in  connection  with  the  small 
muscles  of  the  hand  and  foot. 

The  Afferent  Endings  in  the  Joints,  Etc. — Less  is 
known  about  these  than  about  the  end-organs  of  the 
muscles  and  tendons.  Kolliker  has  described  the 
sensory  nerves  of  bone.  In  the  periosteum  nerves 
are  also  found,  but  they  are  smaller  and  less  numerous. 
There  are  in  the  joints  the  so-called  articular  end-bulbs 
which  are  in  connection  with  the  Pacinian  corpuscles 
already  described.  The  four  articular  regions  (bone, 
periosteum,  synovial  membrane,  and  skin  over  the 
joints)  probably  combine  to  send  to  the  brain  important 
knowledge  of  the  movements  of  the  limb  at  a  joint. 

Kinesthetic  Function. — Such  are  the  most  impor- 
tant of  the  known  afferent  organs  serving  the  kines- 
thetic sense.     The  general  purpose  of  all  these  afferent 
impulses  is  to  furnish  the  person  information  as  to  the 
postures  and  relative  activity  of  his  limbs  and  other 
bodily  muscular  parts.     More  important  than  these 
ideas  of  posture  ordinarily  are  the  impressions  we 
receive  from  these  end-organs  concerning  the  move- 
ments of  our  limbs  and  muscles,  active  or  passive, 
of  which  the  active  are  the  more  important.     Mus- 
cular action,   reflex    or    voluntary,    depends  for  its 
usefulness  in  nearly  all  cases  upon  its  guiding  coordi- 
nation from  the    central    nervous   system.     In    the 
complex  voluntary  actions  of  life  especially  one  sees 
the  essential  importance  of  these  myo-tendo-artieular 
impulses  or  sensations,  for  skill,  culture,    and   even 
civilization  itself  in  part  depends  on  the  fine  adjust- 
ment of  voluntary  muscles  in  ever  new  and  more 
delicate    ways.     Imagine    a    "laborer"    accustomed 
only  to  the  rough  use  of  the  pick  and  shovel  in  a 
trench,  attempting  to  engrave  a  delicate  monogram  on 
a  small  seal-ring.     The  inability  in  such  a  case  might 
be  due  wholly  to  the  lack  of  this  complex  sense  of 
delicate  voluntary  movement.     These  conditions  are 
present  everywhere  and  always  in  our  motor  activities. 
Take  for  another  example  the  act  of  walking.     This  is 
almost  a  reflex  action  in  the  person  more  than  three 
years  old.     As  one  walks,  continuous  streams  of  im- 
pulses are  passing  upward  into  the   gray  Imatter   of 
several  segments  of  the  cord  and  into  the  cerebelum  and 
probably    into    the    posterior    and    anterior    central 
cortex  cerebri.     These  come  from  every  part  of  every 
muscle  and  tendon  of  the  legs  and  from  many  of 
those  of  the  trunk  and  neck  engaged  in  the  body's 
equilibrium.     From    all   the    joints    concerned    (hip- 
joints,  knees,  ankles,  feet,  spine,  etc.)   other  sets  of 
impulses  pass  similarly,  and  from  the  skin,  especially 
over  the  joints   and  "wherever  it   comes    in  contact 
with  our  "garments.     Moreover,  we   are  kept   dimly 
aware  of  the  nature  of  the  path  we  walk,  whether  hard 
or  soft  or  rough  or  smooth,  by  these  same  sets  of 
impulses.     These    too    help    reflexly    to    direct    the 
spinal   and  other  centers  in  their  complex  task   of 
control  over  these  multifarious  walking-parts.     One 
may  similarly  trace  the  same  process    in    speaking, 
swallowing,    chewing,    and    numerous    other    move- 
ments, as  well  as  in  thousands  of  purely  voluntary 
actions  known  to  the  many  trades,  occupations,  and 
amusements.     It  is,  in  short,  only  on  the  information 
furnished   by   these   numberless   incoming   messages 
that  the  centers   directing  movement  can  do  their 
work.     When  we  make  voluntary  movements,  espe- 
cially with  the  arms  and  hands,  the  eyes  usually  follow 
the  movements  and  we  are  apt  to  think  that  it  is 
by  vision  that  they  are  directed.     They,  however, 
can  be  made  even  better  in  many  cases  after  some 
practice  without  any  use  of  the  eyes  whatever.     Unless 
there  were  sent  into  the  kinesthetic  centers  information 


of  an  exact  naturi       mcerning  the  rela  i.-eof 

contraction  of  each  muscle-fib  <otor 

cells  could  not  proi  A 

partly  contracted  fiber,  for  example,  would  need  a 
different  degree  of  stimulus  from  one  contracted 
fully.  Not  only  must  a  number  of  different  muscles 
be  made  to  contract,  but  each  one  often  in  a  particular 
way,  hard  enough  but  not  too  hard  am  I  i  actly 

the  right  time  and  for  exactly  the  right  period.  In 
short,  amaze  of  relations  exists  which  would  make  of  a 
movement  not  thus   minutely    directei  '-rent 

messages  a  mere  jerk  or  convulsion.     Never  v 
we    have    the    wonderfully    adapted,    perfect,    and 
certain  action  we  are  familiar  with.     The  i 
of  de  Pachmann  differ  from  the  drumming  of  oui 
but   misguided    neighbor   in   the   next   house   chiefly 
because  in  de  Pachmann  this  sense  we  are  considering 
is  developed  to  its  human  limit,  while  in  her  apparently 
it  is  not. 

Another  use  of  the  muscular  nerve  impulses  com- 
bined with  those  from  the  tendons,  joints,  etc., 
is  the  direction  of  the  power  of  contraction  needful 
to  overcome  a  required  resistance,  as,  for  example, 
that  of  gravity  in  lifting  a  weight.  This  estimate  is 
made  by  the  intellectual  "centers"  of  the  brain,  but 
only  from  repeated  experiences  given  through  the 
afferent  muscular  and  other  senses.  The  effort 
is  expended  under  the  guidance  of  impulses  coming 
from  the  contracting  muscle. 

That  kinesthesia  has  paths  of  its  own  up  the  spinal 
cord  is  made  evident  by  the  occasional  cases  in  which 
this  sense  alone  is  lost,  those  of  the  skin,  the epicritic, 
sensations  being  retained.  On  the  other  hand,  the 
discriminating  sensitivity  of  the  skin,  or  some  of  it.' 
numerous  and  complex  aspects,  may  be  disturbed  or 
lost  and  kinesthesia  preserved  entirely  normal. 

In  order  to  appreciate  the  necessary  way  of  consider- 
ing (as  a  matter  of  physiologic  habit,  so  to  say), 
where  the  "center"  of  the  kinesthetic  sense  may  be, 
it  is  needful  to  consider  the  status  of  this  sense  in 
comparison  with  others.  When  its  relative  nature  is 
considered,  it  is  at  once  obvious  that  it  can  have  'no 
sharply  delimited  region  for  its  proper  integration, 
since,  on  one  hand,  practically  all  parts  of  the  body 
(muscle,  skin,  joints,  bones,  and  tendons  especially) 
are  concerned  in  its  reception  and  forwarding  inward, 
and,  on  the  other  hand,  every  aspect  and  phase 
of  mind  and  most  all  active  tissues  of  the  body,  are 
concerned  intimately  with  its  central  functions,  since 
mind  has  universal  muscular  reference,  is  inherently 
motor  in  its  physical  relationship.  We  cannot  imagine 
clearly  a  mental  process  without  the  innervation  of  its 
expression-mechanism  On  the  other  side,  body 
without  universal  movement  is  without  its  mean- 
ing, its  final  purpose;  is  dead  and  not  a  body  properly 
speaking;  at  all,  but  a  cadaver,  a  corpse.  For  reasons, 
then,  which  the  foregoing  suggests  only  most  remotely 
and  inadequately,  kinesthesias  "center"  must  be  the 
whole  great  cortex,  the  upper  (neopallium)  layers 
and  the  lower  (archepallium)  of  the  cortex  cerebri. 
Still,  in  a  sense  which  it  would  be  pedantic  at 
the  present  time  to  attempt  to  explain  definitely, 
the  anterior  and  posterior  central  convolutions,  the 
region,  mesial  as  well  as  parietal,  on  all  sides  of  Rol- 
ando's fissure,  is  in  some  way,  a  special  kinesthetic 
center.  Adequate  stimulation  here  produces  in  the 
highest  mammals  twitching  of  the  various  muscular 
parts  of  the  body,  and  overstimulation  or  stimuli 
diffused  across  country,  so  to  say,  by  fatigue,  almost 
universal  convulsions.  In  some  sense  then  the 
Rolandic  region  is  the  kinesthetic  center,  since  in 
popular  traditional  estimation  (see  the  writer's 
"Notes  on  the  Neurology  of  Voluntary  Movement, 
Medical  Record,  May  18,  1912,  pp. "  927-939,  to 
the  contrary)  this  region  is  "the  center  of  volun- 
tary movement."  Yet  this  is  a  relic  certainly  of  a 
phrenology  almost  as  crass  as  that  of  Goll  and 
Spurzheim  or  that  of   Des   Cartes's  pretended  loca- 
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tion  of  the  soul  in  the  little  pineal  gland — a  state- 
ment this  truly  learned  philosopher  never  could  have 
really  believed  any  more  than  that  monkeys  and  dogs 
and  horses  were  wholly  "unconscious  automata,"  as 
he  found  it  expedient  to  claim  that  he  thought. 

No  one  to-day  can  be  far  wrong,  then,  who  thinks 
the  whole  cerebral  cortex  the  representative  of  the 
afferent  as  well  as  the  efferent  neurility  which  stands 
for  the  body's  moments  in  our  universal  (mental) 
space  of  three  dimensions.  It  is  now  fairly  certain 
that  these  essential  impulses  integrating  the  body's 
less  habitual  movements  pass,  part  through  the  cere- 
bellum and  part  directly  through  the  brain-stem  into 
the  optic  thalamus.  There  apparently  they  are 
coordinated  with  the  other  sensory  impressions  and 
are  distributed,  as  part  of  the  very  complex  cortical 
radiations,  into  every  portion  of  the  great-cortex 
neurility  reservoir,  beneath,  above,  and  on  every  side 
in  every  direction.  Just  what  part,  if  any,  the  ad- 
jacent corpus  striatum  takes  in  this  essential  coordi- 
nation and  distribution  of  the  kinesthetic  intelligence, 
remains  to  be  demonstrated.  Many  further  details 
have  been  printed  (for  example  by  Bastian,  Lewand- 
owsky,  v.  Bechterew,  Cajal,  Starr)  but  so  great  is 
the  lack  of  agreement  up  to  this  time  that  the  mi- 
nutiae may  be  properly  omitted  from  this  brief  sketch. 
Experiments  (well  confirmed  by  other  evidence) 
made  by  the  writer  recently  and  published  (Jour- 
nal fur  Psychologie  und  Neurologie,  Leipzig,  Bd.  xx., 
Hft.  1  u.  2,  1913,  S.  62-73)  suggests  very  strongly 
that  kinesthesia  is  in  two  phases.  One  of  these  has 
actuating  influence  continually  on  the  voluntary 
musculature;  is  intimately  related  to  the  visual  and, 
to  a  less  extent,  to  the  auditory  impressions;  and  is 
essentially  subconscious.  The  other  kinesthetic  phase 
appears  to  be,  on  the  other  hand,  inherently  inhibi- 
tory in  its  influence  on  the  action-system  of  any 
particular  moment  of  behavior;  is  the  essence  of 
personal  voluntary  movement  and  so  is  eminently 
conscious  whenever  not  drowned  out  by  the  flooding 
experience  of  vision.  The  fusion  of  these  two  phases 
of  the  movement-sense  in  current  voluntary  control 
constitutes  the  essence  of  (motor)  skill:  which  may  be 
spoken  of  as  a  trained  fusion,  then  of  the  extrinsic  motor 
ideas  and  the  intrinsic  inhibitory  conscious  control. 

Just  as,  psychologically  considered,  vision  is  un- 
doubtedly the  "queen"  of  the  senses,  so  physiologic- 
ally the  processes  inherently  relating  to  movement, 
posture,  weight,  spatiality,  etc.,  are  assuredly  the 
most  important.  In  the  universal  integration  of 
sensations,  vision  in  a  way  may  even  be  considered 
the  mental  homologue  of  the  bodily  kinesthesia  as  a 
little  thought  readily  shows.  Only  now  are  educa- 
tors beginning  to  relaize  the  indispensable  usefulness 
always  and  everywhere  of  kinesthesia,  the  "feelings 
of  movement."  Kinesthesia  is  about,  however,  to 
come  into  its  own  as  the  primary  and  essential  sense. 
Without  it,  coordinated  and  adapted  bodily  move- 
ment and  strain,  concomitant  to  every  kind  of  mental 
process,  is  inconceivable,  for  the  (psycho)  motor 
centers  in  the  brain  have  no  known  clairvoyant  powers 
and  therefore  their  function  of  carefully  coordinating 
the  distant  muscles,  e.g.  of  foot  or  hand,  is  entirely 
dependent  on  their  continual  reception  of  detailed 
information  as  to  the  relative  tonal  and  contractural 
status  of  all  the  active  parts  to  one  another.  Simple 
as  this  idea  is,  the  immense  practical  importance  for 
education  has  as  yet  hardly  begun  to  seep  into  the 
effective  minds  of  educators. 

Some  of  the  directions  of  this  importance  have  been 
recently  indicated  by  the  present  writer  in  an  article 
on  "Kinesthesia  and  the  Intelligent  Will"  (American 
Journal  of  Psychology,  vol.  xxiv.,  No.  2,  April,  1913). 
This  little  monograph  contains  a  kinesthetic  bibli- 
ography of  eighty-two  items.  The  subject  is  appar- 
ently now  in  its  relative  infancy  as  a  topic  of  study, 
for  it  underlies  many  phases  of  life  and  of  mind. 
The  direct  medical  applications  of  kinesthesia  ob- 

762 


viously  lie  chiefly  in  its  conditions  of  defect  and  this 
mode  of  defect  is  ataxia,  (including  aphasia,  apraxia, 
etc.).  Alcoholic  intoxication  is  obviously  parakin- 
esthesia,  for  example.  Partial  loss  of  the  kinesthetic 
sense  produces  a  greater  or  less  degree  of  ataxia,  or 
imperfect  muscular  adjustment  and  coordination 
such  as  is  seen,  e.g.  in  ataxic  aphasia,  in  locomotor 
ataxia,  and  in  paralytic  dementia  ("paresis").  The 
spinal  afferent  fibers  are  disturbed  or  destroyed  in 
these  conditions.  A  heightening  of  this  sense  be- 
yond its  normal  state  is  produced  by  small  doses  of 
alcohol,  and  is  felt  more  normally  whenever,  be- 
cause of  a  lack  of  muscular  exercise,  the  irritability 
of  the  muscles  and  their  tonic  balancing  back  and 
forth  is  increased.  This  condition  is  all  too  familiar 
to  persons  of  sedentary  habit.  They  feel  "fidgety," 
and  yet  nothing  is  necessary  to  relieve  the  unpleas- 
ant feeling  but  vigorous  muscular  exercise  with  its 
accompanying  aeration  of  the  tissues  and  the  re- 
moval of  accumulated  metabolic  substances  from  the 
muscles  and  the  nerve-centers.  It  is  one  of  the 
functions  of  these  essential  afferent  end-organs 
then  to  incite  the  individual  to  a  normal  amount  of 
physical  exercise.  Thus,  indirectly,  one  maintains 
the  normal  metabolism  in  the  muscles  (about  half 
the  mass  of  the  body)  and,  by  increasing  the  flow  of 
lymph,  invigorates  and  stimulates  all  the  essential 
organs  of  the  body.  George  V.  N.  Dearborn. 

Kino. — "The  inspissated  juice  of  Plerocarpus 
marsupium  Roxb.  (fam.  Leguminosm),"  U.  S.  P. 
Many  substances,  from  different  parts  of  the  earth 
and  different  plants,  have,  at  one  time  or  another, 
appeared  under  this  name.  That  which  is  in  the 
market  at  present  is  chiefly  the  product  of  various 
species  of  Eucalyptus,  the  official  article  being  very 
scarce  and  dear.  Recently,  however,  it  has  been 
reported  that  extensive  new  districts  have  been  opened 
up,  capable  of  yielding  any  required  amount  of  official 
kino  at  a  low  price.  The  plant  yielding  the  latter  is  a 
large,  handsome  Indian  tree,  whose  wood  is  also  valued 
for  timber.  In  common  with  other  species  of  Plero- 
carpus, this  tree  contains  a  bright-red  juice,  which 
exudes  upon  incisions  being  made  in  the  trunk,  and 
hardens,  upon  evaporation  and  drying,  into  dark, 
reddish-brown,  brittle  tears. 

This,  the  East  Indian  (Malabar)  kino,  has  been 
imported  since  the  beginning  of  the  present  century, 
and  for  medical  purposes  has  superseded  the  African 
and  other  varieties  which  were  then  used.  It  always 
comes  in  fragments  or  angular  pieces,  generaly  not 
larger  than  split  peas,  and  oftener  considrably 
smaller;  occasionally  these  fragments  cohere  together 
in  crumbly  lumps.  Kino  is  of  resinous  luster  and 
fracture,  very  brittle,  its  pieces  are  smooth  and  shin- 
ing, opaque  except  at  their  edges,  where  they  are 
ruby-red  andtransparent;  general  color  dark  reddish- 
brown,  sometimes  almos  black;  odor,  none;  taste 
very  astringent  and  sweetish.  The  saliva  is  colored 
bright  red  when  kino  is  chewed.  It  is  partially  soluble 
in  cold  water,  wholly  so  in  boiling  water  and  in  alcohol, 
not  in  ether. 

Kino  is  a  homogeneous  uncrystallizable  substance, 
related  to  the  tannic  acids  of  cinchona  and  krameria, 
and  more  closely  to  catechu.  Its  deep  red  solution 
becomes  violet  on  addition  of  a  proto-,  and  dirty 
green  with  a  persalt  of  iron.  It  appears  to  consist 
principally  of  kino-lannic  acid,  a  red,  transparent 
substance,  soluble  in  alcohol  and  water,  and  capable 
of  decomposing  upon  long  standing  in  watery  solution 
into  insoluble  kino-red;  kino'in  and  catechin  may  be 
obtained  from  it  in  small  quantity,  and  pyrogallic 
acid,  by  distillation  and  other  means. 

Action  and  Use. — Kino  is  an  active  astringent  of 
the  logwood  and  catechu  kind,  and  is  employed  for 
exactly  the  same  purposes.  For  subacute  or  chronic 
diarrhea  or  dysentery  it  is  equally  good  with  other 
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astringents,  and  less  unpleasant  than  many  of  them. 
As  a  local  application  or  injection,  tannic  acid  is  to  be 
preferred.  Kino  can  be  given  in  substance,  if  desired 
— dose,  gr.  xv.  (1.0),  or  in  aqueous  infusion;  as  the 
latter  is  apt  to  gelatinize,  it  should  he  made  freshly. 
The  official  tincture  (Tincture  Kino,  I'.  S.  1'. ;  strength 
,',,,  with  fifteen  parts  of  glycerin)  keeps  better,  and  is 
the  most  generally  useful  form,  but  this  also  shows  a 
strong  tendency  to  gelatinize  after  a  time. 

II.    II.    Hisin. 


Kissing=bug. — A  name  given  to  various  true  bugs, 
Hemiptera,  which  are  supposed  to  st  inn  t  he  lips  or  face 
of  man.  The  term  has  arisen  largely  through  popular 
superstition  and  ignorance.  Many  of  the  bugs  to 
which  the  term  has  been  applied  never  attack  man. 
See  Insects,  Poisonous.  A.  S.  P. 


Kissingen. — Kissingen,  one  of  the  most  important 
and  best  known  of  the  German  spas,  is  a  town  of 
5,500  inhabitants,  beautifully  situated  in  the  valley 
of  the  Saale  in  Bavaria,  about  sixty  miles  from  Frank- 
fort-on-the-Main.  It  is  554  miles  from  Paris  vi& 
Frankfort  and  Wurzburg,  and  can  be  reached  from 
the  former  city  in  eighteen  hours.  It  is  about  600 
feet  above  sea-level,  and  is  surrounded  by  wooded 
hills  affording  opportunity  for  the  "Terrain-Cur." 
In  the  circular  valley  in  which  it  lies  are  extensive 
pleasure  grounds  and  promenades.  The  climate  is 
mild,  although  there  is  considerable  rain.  The  mean 
yearly  temperature  is  45.1°  F.  and  the  mean  monthly 
is :  May,  54.8°  F. ;  June,  60.2°  F. ;  July.  62.7°  F. ;  August, 
60.4°  F.;  September  54.3°  F.  The  yearly  rainfall  is 
25.3  inches. 

The  season  extends  from  May  1  to  October  1, 
and  during  this  time  a  large  number  of  visitors  fre- 
quent this  spa;  in  1899,  the  number  was  19,416,  the 
majority  of  whom  were  Germans.  The  accommoda- 
tions are  excellent  and  sufficient  for  three  or  four 
thousand  persons.  The  drinking-water  is  from  well 
source,  but  said  to  be  good,  and  the  drainage  is  efficient. 
The  springs  are  cold  saline,  the  principal  constituents 
being  chloride  of  sodium,  ferrous  carbonate,  sulphate 
of  magnesium,  carbonate  of  calcium,  and  free  carbonic 
acid.  Three  of  the  springs:  the  Rakoczy,  Pandur, 
and  Maxbrunnen  are  situated  in  the  town,  and  two, 
the  Schonbornsprudel  and  the  Sool  or  Salinensprudel, 
a  short  distance  beyond  the  town  limits.  The 
Rakoczy,  Pandur,  and  Maxbrunnen  are  used  for 
drinking  and  the  Soolsprudel  and  Pandur  are  the 
ones  principally  used  for  baths. 

The  following  is  the  analysis  (from  Eulenburg) 
of  the  five  springs: 


Number  of  Grams  op  Solid  Constituents  in  Each  Liter  op 
Water. 
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There  arc  three  bath  establishments,  the  property 
of  the  Government;  (a)  tin-  Kurhaue  with  forty 
bathrooms;  (6)  the  Saline  with  one  hundred  bath- 
rooms; (c)  the  formerly  called  "  Utienbad  ' 
.in.-  hundred  and  twenty  bathrooms,  for  bathing 
purposes  the  waters  of  the  Sool- or  the  SchSnborn- 
sprudel  are  often  rendered  more  stimulating  by  the 
addition  of  the  mother  liquor  remaining  after  the 
extraction  of  the  sodium  chloride  at  the  salt  works. 
There  are  also  carbonic-acid  gas  baths,  mud  baths, 
inhalation  rooms,  douches,  massage,  and  a  medico- 
mechanic  institute.  There  arc  also  pre.  iti  anatoria 
for  the  treatment  of  various  diseases.  The  Kakoczy 
is  the  best-known  spring,  and  over  four  hundred 
thousand  bottles  oftni  »  a  I  er  are  sent  abroad  every 
year.  The  usual  time  for  drinking  the  waters  is 
before  breakfast,  from  seven  to  nine,  from  two  to 
six  glasses  are  drunk,  a  fifteen  minutes'  walk  being 
taken  after  each  glass. 

Kissingen  waters  are  recommended  for  a  variety  of 
maladies:  Hemorrhoidal  troubles,  constipation,  catar- 
rhal conditions  of  the  stomach  and  bowels,  gouty 
and  rheumatic  affections,  uric-acid  diathesis,  bronchi- 
tis, anemia,  scrofula,  amenorrhea,  functional  ner- 
vous disorders,  glycosuria,  obesity,  malaria,  neuralgia, 
the  headache  from  dysmenorrhea,  cardiac  diseases, 
and  some  chronic  skin  affections.  According  to 
Dr.  Thomas  More  Madden,  "the  mother  lye  or  con- 
centrated saline  water  of  the  Soolensprudel,  is 
applied  with  wonderful  results  as  a  local  applica- 
tion to  scrofulous  glandular  swellings  and  similar 
affections." 

It  is  well  to  advise  the  visitor  that  here  as  at  all 
other  spas,  the  waters  and  baths  should  lie  used  only 
under  the  direction  of  one  of  the  local  physicians,  as 
otherwise  harm  instead  of  benefit  might  ensue.  It 
is  not  only  the  use  of  the  waters,  but  quite  as  much 
the  carefully  arranged  daily  plan  of  life  as  to  diet, 
rest,  exercise,  etc.,  which  produces  favorable  results. 

Edward  O.  Otis. 


Kiwisch,  Franz,  von  Rotterau. — Born  at  Klattau, 
in  Bohemia,  April  30,  1814.  He  studied  medicine  at 
the  University  of  Prague,  and  received  the  degree  of 
Doctor  of  Medicine  from  that  institution  in  1837.  A 
few  months  later  he  also  obtained  the  degrees  of 
Doctor  of  Surgery  and  Master  of  Obstetrics.  During 
the  years  1838-1840  he  was  Assistant  in  the  Obstetri- 
cal Clinic.  In  1S42,  after  he  had  successfully  passed 
the  examinations  required  of  those  who  propose  to 
give  instruction  in  midwifery,  he  was  given  charge  of 
the  Section  for  Diseases  of  Women,  newly  established 
at  Prague.  In  1845  he  accepted  an  invitation  to 
occupy  the  regular  Chair  of  Obstetrics  and  Gynecology 
in  the  University  of  Wurzburg.  During  the  five 
years  that  he  spent  at  this  university  he  greatly  in- 
creased his  reputation  by  the  satisfactory  character 
of  his  teaching  and  by  his  success  as  an  obstetrician 
and  as  a  gynecologist.  In  1850  he  was  given  the  regu- 
lar Chair  of  Obstetrics  and  Gynecology  in  Prague. 
He  held  this  last  position,  however,  only  a  very  short 
time,  as  his  death  (from  tuberculosis  of  the  lungs  and 
spinal  column)  took  place  October  24,  1852. 

On  the  authority  of  Pagel  we  may  state  that 
Kiwisch  had  already,  before  his  death  at  the  very 
early  age  of  thirty-seven,  attained  the  rank  of  one  of 
the  leaders  of  modern  obstetrical  science  and  gyne- 
cology. Of  the  few-  writings  which  he  published  during 
his  short  career  the  following  deserve  to  receive  special 
mention:  "Geburtskunde,"  1.  und  2.  Abtheil,  I. 
Heft,  Erlangen,  1851;  "Vortrage  liber  specielle 
Pathologie  und  Therapie  der  Krankheiten  des  weib- 
lichen  Geschlechtes,"  Prague,  three  volumes,  1851- 
1853  (both  of  the  preceding  are  incomplete,  and  yet 
full  of  original  matter);  and  "Beitragezur  Geburts- 
kunde," Wurzburg,  1846,  184S.  A.  H.  B. 
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Klamath  Hot  Springs.— Siskiyou  County,  Califor- 
nia. Location. — These  springs  axe  twenty  miles  from 
Ager,  a  point,  on  the  Shasta  Route  of  the  Southern 
Pacific,  387  miles  north  of  San  Francisco  and  about  the 
same  distance  soutli  of  Portland.  Comfortable  six- 
horse  stages  leave  Ager  daily  over  an  exceptionally 
safe  road.  The  (rip  may  be  made  also  by  autostage. 
The  road  is  open  to  automobiles.  The  climate  is 
superb,  never  too  hot  or  too  cold.  The  elevation  being 
2,700  feet  insures  cool  nights  and  a  pure  dry  air, 
at  once  invigorating  and  with  no  humidity.  The 
Springs  nestle  among  the  pines  in  the  immense  timber 
belt  of  the  Siskiyou  mountains.  At  this  point  the 
valley  of  the  rushing  Klamath  River  narrows  and  the 
site  of  the  springs  affords  a  view  of  mountain  and 
river  unsurpassed,  while  in  the  distance  to  the  south 
can  be  seen  Mt.  Shasta,  and  to  the  north  Mt.  Pitt 
rises  majestically  to  a  height  of  10,000  feet  on  the 
western  shore  of  Upper  Klamath  Lake  in  Oregon. 
These  wonderful  views  are  within  a  few  minutes 
walk   of   the    hotel. 

The  main  hotel  is  built  of  stone  and  is  surrounded  by 
a  wide  veranda.  The  table  is  supplied  with  whole- 
some food  well  cooked.  The  vegetables,  fruits, 
dairy  products,  and  meat  are  produced  on  the  farm 
belonging  to  Klamath  Hot  Springs.  There  is  fine 
fishing  and  hunting. 

Near  the  river  is  the  mud  bath  house,  the  sulphur 
bath  house,  and  the  steam  room.  The  whole  flat 
on  which  these  bath  houses  rest  is  naturally  heated 
from  beneath,  and  numerous  hot  springs  nearby 
furnish  a  bountiful  supply  of  mineral  water  for  tub 
baths  and  showers  for  the  mud  bath  rooms. 

The  following  analyses  were  made  by  William 
Irelan,  Jr.,  ex-state  Mineralogist,  San  Francisco,  Cali- 
fornia, in  1896: 


Spring     No.     1. 

Temperature 

156°  F. 

Grains  per 

gallon. 

Spring     No.     2. 

Temperature 

112°  F. 

Grains  per 

gallon. 

4.799 
31.024 
50.257 

3.675 

2S.954 

12.311 

23.162                   29.633 

8.176 
0.630 
0.673 
0.535 

3.715 

0.181 

Magnesium  chloride. .      

2.780 
0.241 

24.901 

Total 

119.256 

106.391 

The  waters  are  alkaline,  saline,  and  sulphurous- 
Some  of  them  are  carbonated.  The  springs  have  gained 
considerable  celebrity  in  the  treatment  of  chronic 
rheumatism,  gout,  synovitis,  malaria,  liver  and 
kidney  disorders,  catarrh,  dyspepsia,  and  other  ills. 

There  are  ample  accommodations  for  invalids  and 
guests.     The  place  is  open  throughout  the  year. 

Emma  E.  Walker. 


Klebs,  Edwin. — Born  at  Konigsberg,  East  Prussia, 
in  1834.  He  studied  under  Virchow  at  Wiirzburg, 
and  became  his  assistant  at  Berlin  in  1861,  serving 
until  1866  when  he  accepted  the  chair  of  pathology 
at  Bern.  He  was  successively  professor  of  pathology 
at  Wursburg,  in  1872,  Prague*  in  1873,  Zurich  in  1882, 
and  Rush  Medical  College,  Chicago,  in  1896,  after 
which  he  lived  in  retirement  at  Dortmund  and  Bern. 
He  numbered  among  his  pupils  many  men  who  have 
made  brilliant  careers  for  themselves,  particularly 
E.  Ziegler,  von  Jaksch,  Fischl,  and  Zahn.  He  died 
at  his  home  in  Bern  on  October  25,  1913. 


Klebs  was  the  last  of  the  great  pioneers  of  the  bac- 
terial theory  of  infection.  He  was  in  every  sense  a 
path-maker  in  the  new  fields  of  investigation,  dis- 
covering and  formulating  many  facts  and  truths  which, 
owing  to  his  restless  temperament,  he  never  carried 
to  completion,  allowing  his  contemporaries  and  pupils 
to  complete  the  work  and  reap  the  reward.  He  op- 
posed the  solidist  theories  of  Virchow,  and  held  the 
theory  that  postmortem  findings  are  only  end  results 
and  that  infectious  diseases  are  caused  by  micro- 
organisms and  their  chemical  products.  In  1871  he 
worked  out  the  bacterial  investigation  of  the  trau- 
matic infections,  seven  years  before  Koch  went  over 
the  same  ground,  and  was  the  first  to  study  the 
bacteriology  of  gunshot  wounds,  which  he  did  during 
the  Franco-Prussian  War  in  1870-71.  In  1871  he 
proved  that  the  virus  of  anthrax  was  non-filterable, 
and  in  1873,  for  the  first  time,  produced  tuberculous 


Fig.  3600.— Edwin  Klebs. 

lesions  in  animals  by  feeding  them  with  Perlsucht  milk. 
In  1876  he  succeeded  in  producing  endocarditis  by 
mechanical  means  combined  with  general  infection. 
In  1881  he  found  the  typhoid  bacillus,  before  Eberth 
had  demonstrated  it  to  the  world.  The  discovery 
of  the  diphtheria  bacillus  (Klebs-Loefner),  by  which  he 
is  best  known,  occurred  in  1883.  Loeffler's  name  is 
always  associated  with  that  of  Klebs  in  this  discov- 
ery. In  1900  he  treated  tuberculosis  with  the 
bacilli'tof  cold-blooded  animals,  and  he  was  one  of  the 
first  to  advance  the  theory  of  the  parasitic  cause  of 
syphilis.  His  most  important  writings  were  a  short 
discourse  on  medical  history  delivered  at  Bern  in 
1868,  his  Handbook  on  Pathological  Anatomy  published 
in  1869-76,  and  his  larger  Allgemeine  Pathologie 
produced  in  1887-89. 

He  was  founder  and  co-editor  of  the  Correspondenz- 
blalt  fur  schweizer  Aerzte  in  1871,  and  in  1876  of  the 
Prager  medicinische  Wochenschrift.  He  was  also,  with 
Naunyn  and  Buchheim,  in  1872  a  founder  and  co- 
editor  of  the  Archiv  fur  experimentelle  Pathologie  und 
Pharmakologie.  E.  L.  J. 


Knapp,  Hermann. — Born  at  Danborn,  Prussia, 
March  17,  1832.  He  received  the  degree  of  Doctor 
of  Medicine  from  the  University  of  Giessen,  in  1854. 
He  settled  in  Heidelberg,  and  was  appointed,  first 
(1860)  Lecturer  in  the  University,  and  then  (1865) 
Profesor  of  Ophthalmology.  In  1868  he  resigned  his 
professorship  and  settled  in  New  York.  In  1869  he 
founded  the  New  York  Ophthalmic  and  Aural  Institute, 
a  hospital  and  school  for  the  treatment  and  study  of 
eye  and  ear  diseases;  and  at  about  the  same  time  he 
began  the  publication,  in  German  and  in  English,  of 
the  Archives  of  Ophthalmology  and  Otology.  In  1876 
he  was  appointed  Lecturer  on  Eye  and  Ear  Diseases 
in  the  Spring  Faculty  of  the  College  of  Physicians 
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and  Surgeons,  New  York  City;  and  in  1888,  upon 
the  death  of  Dr.  C.  R.  Agnew,  who  had  up  to  that- 
time  held  the  chair,  he  was  made  full  Professor  of 
Ophthalmology.     His  death  occurred  in  1908. 

Dr.  Knapp  was  for  many  years  one  of  the  most 
industrious  workers  in  the  field  of  ophthalmology. 
He  conducted  a  large  and  constantly  growing  prn  ate 
practice;  he  was  assiduous  in  his  attention  to  I  .Ik;  work 
of  his  private  hospital;  he  gave  courses  of  instruction 
in  ophthalmology  to  private  classes;  and  he  conducted 


Fig.  3601. — Hermann  Knapp. 

his  special  journal  in  an  admirably  thorough  and 
acceptable  manner.  Long  before  he  died  he  had 
secured  for  himself  a  world-wide  reputation  as  a  skil- 
ful ophthalmic  surgeon  of  vast  experience. 

A.  H.  B. 
Knee=jerk. — See^Reflexes. 

Knee=Joint. — -(Articulatio  genu,  BNA;  Articula- 
tion du  genou,  Fr.;  Kniegelenk,  Ger.)  The  articula- 
tion between  the  thigh  and  the  leg,  formed  by  the 
adaptation  of  the  distal  end  of  the  femur  to  the  proxi- 
mal end  of  the  tibia  and  the  posterior  surface  of  the 
patella.  It  is  the  most  complicated  and  extensive 
joint  in  the  body,  with  surfaces  necessarily  large  to 
support  the  superincumbent  weight,  a  great  extent  of 
synovial  membrane  that  predisposes  it  to  inflammation, 
and  an  exposed  situation  that  renders  it  liable  to  in- 
jury. On  the  other  hand,  though  its  articular  sur- 
faces are  only  in  partial  contact,  the  strength  of  the 
surrounding  muscles,  ligaments  and  fascia  is  such  that 
it  is  able  to  withstand  the  leverage  of  the  two  longest 
bones  in  the  body,  and  .^dislocation  is  rare. 

Unlike  the  elbow,  the  corresponding  joint  of  the 
thoracic  limb,  the  lateral  bone  of  the  next  segment 
(the  fibula)  is  excluded  from  the  articulation.  True 
pronation  and  supination,  so  marked  a  feature  of 
the  radiohumeral  joint,  is  therefore  impossible. 
Stability  is  much  increased  by  this  exclusion  which  is 
effected  by  the  rapid  growth  of  the  large  proximal 
epiphysis  of  the  tibia  cutting  off  the  fibula  from  its 
primitive  share  in  the  articulation  preserved  through- 
out life  by  most  mammals.  This  may  reasonably  be 
considered  an  adaptation  to  the  erect  position  char- 
acteristic of  man. 

Flexion  and  extension  being  the  main  movements 
of  the  articulation,  it  is  usually  classed  as  a  ginglymus 
or  hinge-joint.  The  tibia  may,  however,  slide  back 
and  forth  on  the  femoral  condyles,  and,  during  partial 
flexion,  may  rotate  slightly  about  a  vertical  axis.  A 
more  accurate  characterization  would  therefore  be  to 
call  it  a  ginglymoid  joint  or  ginglymoarthrosis. 

Topography  and  Relations. — In  front  the  joint  is 
closed  by  the  tendon  of  the  quadriceps  femoris  com- 
irg  down  from  the  thigh,  embracing  the  sesamoid 
patella  and  .continuing  downward  as  the  patellar  liga- 
ment to  the  tuberosity  of  the  tibia.  The  skin  over 
the  patella  is  fairly  thick  and  sometimes  rugous,  espe- 


cially in  slaters,  miners,  and  others  who  work  while  rest- 
ing on  the  knees.     The  subcutaneous  fascia  is  lo 
laminated  in  front,  perm  Ming  considerable  mobility 
of  the  skin.     Several  bursa;  occur  in  this  region.     Even 
in  fat  people  there  is  not  much  adipose  I  re,  so 

that  tln-ii  i.i 3  appear  proportions 

there  lies  on  each  side  of  the  patellar  ligament  a  cir- 
cumscribed mass  of  fat  that  may  impart  an  impulse 
like   fluctuation   when    palpated. 

At  the  sides  the  joint  capsule  is  covered  only  by  skin 
that  readily  reveals  the  subjacent  structures  and  move- 
ments. In  extension  the  medial  border  of  the  patella 
is  more  prominent  than  the  lateral  one,  exceeding  also 
the  medial  condyle  of  the  tibia.  The  reverse  occurs 
on  the  lateral  aspect.  When  extended,  a  marked  de- 
pression is  seen  on  each  side  of  the  patella.  In  semi- 
flexion a  triangular  depression  that  indicates  the  posi- 
tion of  the  joint  is  seen  on  the  medial  side  between  the 
border  of  the  patella,  the  condyle  of  the  femur  and  the 
proximal  edge  of  the  condyle  of  the  tibia,  The  inter- 
articular  line  between  the  tibia  and  the  femur  may  be 
felt  here  a  little  above  the  apex  of  the  patella  in  exten- 
sion and  level  with  it  when  the  knee  is  slightly  flexed. 
The  great  saphenous  vein  and  the  saphenous  nerve  are 
found  on  the  medial  side,  and  laterally  the  iliotibial 
band  of  the  fascia  lata  passes  to  a  tubercle  that  may 
be  felt  on  the  margin  of  the  lateral  condyle  of  the  tibia, 
between  the  apex  of  the  patella  and  the  head  of  the 
fibula. 

Posteriorly  the  joint  is  covered  by  the  boundaries 
and  contents  of  the  popliteal  fossa.  The  skin  is  quite 
movable,  delicate  and  smooth,  rich  in  sudoriparous 
and  sebaceous  glands.  Medicaments  placed  on  the 
surface  are  readily  absorbed.  The  transverse  lines  of 
flexion  often  seen  here  are  some  distance  above  the 
articulation  and  do  not  serve  as  a  guide  to  the  joint. 
A  dense  sheet  derived  from  the  fascia  lata  stretches 
across  the  fossa  and  when  the  knee  is  extended  ob- 
scures the  subjacent  structures  and  quite  obliterates 
the  hollow  that  occurs  when  the  knee  is  flexed.  It 
confines  fluids  originating  in  the  fossa  or  extending 
into  it  from  above.  The  tendons  of  muscles  above 
and  below  the  knee  circumscribe  the  fossa,  bounding  a 
lozenge-shaped  space  composed  of  a  proximal  or  fem- 
oral triangle  and  a  distal  or  tibial  one  much  the 
smaller  of  the  two.  The  tendons  of  the  femoral  tri- 
angle are  those  of  the  semitendinosus  and  the  semi- 
membranosus medially  and  the  biceps  laterally.  These 
embrace  the  tendons  bounding  the  tibial  triangle  de- 
rived from  the  two  heads  of  the  gastrocnemius. 
Within  this  lozenge-shaped  space  the  joint  is  clothed 
with  a  soft,  fatty  tissue  in  which  are  embedded  the 
popliteal  vessels,  the  tibial  and  common  peroneal 
nerves,  the  termination  of  the  small  saphenous  vein, 
the  terminal  branches  of  the  obturator  and  posterior 
femoral  cutaneous  nerves  and  a  few  lymphatic  glands. 
The  popliteal  artery  lies  next  the  joint  capsule,  the 
vein  is  next  and  the  tibial  nerve  is  most  superficial. 
These  structures  lie  nearly  in  the  long  diagonal  of  the 
lozenge.  The  common  peroneal  nerve  is  close  to  the 
tendon  of  the  biceps  at  the  lateral  border  of  the  femoral 
triangle.  The  short  saphenous  vein  enters  at  the 
apex  of  the  tibial  triangle  and  joins  the  popliteal  vein. 

Articular  Surfaces. — At  the  distal  end  of  the  fe- 
mur (Fig.  3602)  the  articular  surface  is  divided  by 
faint  grooves  into  three  parts,  of  which  the  medial  and 
lateral  ones,  situated  on  the  condyles,  are  for  articula- 
tion with  the  tibia,  the  intermediate  or  intercondylar 
one  (facies  patellaris,  BXA)  is  for  the  patella.  The 
condylar  surfaces  follow  the  curve  of  a  spiral,  that  is 
to  say,  the  radius  of  curvature  decreases  from  before 
backward.  Considering  the  condyles  as  wheels  or 
rollers,  it  will  be  observed  that  they  are  obliquely  in- 
clined to  each  other,  diverging  distally  and  backward. 
Their  surfaces  also  curve  slightly  from  side  to  side. 
The  cartilaginous  covering  is  from  2.6 to  3.2  millimeters 
thick.     The  intercondylar  or  patellar  surface  is  troch- 
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lear  or  saddle  shaped,  that  is  to  say,  it  is  curved  from 
above  downward,  cont  inning  approximately  the  curva- 
ture of  the  posterior  portion  of  the  condyles,  and  con- 
cave from  side  to  side.  It  ascends  further  on  the 
lateral  than  on  the'media)  side  and  the  lateral  edge  is 
somewhat  more  prominent.  In  the  central  port  ion  the 
cartilage  is  3.5  millimeters  thick. 


Fig.  3602. — Distal  Surface  of  Femur  and  Ligaments  of  Knee-joint- 
(Sappey).  1,  Intercondylar  or  patellar  surface;  2,  lateral  edge:  3, 
medial  edge,  less  elevated  than  the  other;  4,  lateral  condyle;  5,  fibular 
collateral  ligament,  cut;  6,  cut  tendon  of  popliteus  muscle,  directed 
downward  and  laterally  and  covered  by  the  fibular  collateral  liga- 
ment; 7,  medial  condyle;  S,  tibial!  collateral  ligament,  cut;  9, 
intercondyloid  fossa;  10,  cut  end  of  the  anterior  cruciate  ligament 
inserted  upon  the  posterior  part  of  the  deep  surface  of  the  lateral 
condyle;  II,  cut  end  of  the  posterior  cruciate  ligament  inserted 
upon  the  anterior  part  of  the  deep  surface  of  the  medial  condyle. 

The  articular  surface  of  the  patella  is  adapted  to  the 
shape  of  the  femoral  surface  on  which  it  glides,  being 
provided  with  a  vertical  median  ridge  that  fits  into 
the  trochlear  groove.  The  cartilage  on  this  ridge  is 
thicker  than  on  any  other  articular  surface  in  the 
body,  attaining  a  thickness  of  from  5.4  to  6.4  millimeters. 
On  either  side  of  this  ridge  are  lateral  facets  that  impinge 
against  the  condyles.  A  narrow  portion  of  the  medial 
facet  is  usually  marked  by  contact  with  the  border  of 
the  medial  condyle  in  extreme  flexion.  There  may 
usually  be  made  out  on  either  side  of  the  median  ridge 


Fig.  3603. — Proximal  Surface  of  Tibia  showing  Menisci  and 
Ligaments  of  Knee-join't.  (Sappey.)  1,  2,  3,  Medial  meniscus; 
4.  its  attachment  behind  the  intercondyloid  eminence;  5,  its  ante- 
rior attachment;  6,  that  part  of  the  medial  glenoid  cavity  not 
covered  by  the  meniscus;  7,  lateral  meniscus;  S,  its  anterior  attach- 
ment in  front  of  the  intercondyloid  eminence;  9,  its  posterior 
attachment;  10,  part  of  lateral  glenoid  cavity  not  covered  by  men- 
iscus; 11,  transverse  ligament;  12,  patellar  ligament  cut;  13,  bursa 
infrapatellaris  profunda,  cut:  14,  tibial  insertion  of  the  anterior 
cruciate  ligament;  15,  of  the  posterior  cruciate  ligament;  16, 
bundle  of  fibers  from  lateral  meniscus;  17,  tendon  of  biceps,  cut; 
IS,  fibular  collateral  ligament,  cut;  19,  groove  for  tendon  of  pop- 
liteus; 20,  popliteal  bursa;  21,  orifice  occasionally  found  by  which 
the  tibiofibular  articulation  communicates  with  the  knee-joint. 

three  additional  impressions  corresponding  to  various 
degrees  of  flexion.  These  vary  considerably  in  races 
that  habitually  sit  with  the  knees  tightly  bent. 

The  proximal  surface  of  the  tibia  (Fig.  3603)  is  not 
always  quite  horizontal,  being  often  inclined  slightly 
downward  and  backward,  differing  in  individuals  and 
at  different  ages.     This  appears  to  be  a  persistence  of 
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the  fetal  condition  caused  by  the  bent  position  of  tin- 
knees  in  utero.  It  is  marked  in  young  infants  anil 
decreases  as  the  child  learns  to  walk.  It  is  more  notice- 
able in  savages  and  in  persons  who  walk|habitually 
with  the  knees  slightly  bent. 

This  surface 
presents  two  ar- 
ticular facets  with 
an  hour-glass 
B  h  :i  ped  interval 
between.  Upon 
these  facets  rest 
the  femoral  con- 
dyles and  corres- 
ponding to  them 
the  medial  is 
larger,  oval,  with 
its  long  axis  an- 
teroposterior, 
while    the    lateral 

■  is  smaller  and 

rounder.  The  me- 
dial one  is  also  con- 
ca-ve  both  from 
before  backward 
and  from  side  to 
side,  while  the  lat- 
eral one,  slightly 
concave  from  side 
to  side,  is  slightly 
convex  from  be- 
fore backward 
when  covered  by 
cartilage  which  is 
here  4  to  5  milli- 
meters thick  in  the 
m  i  d  d  1  e.  thinning 
to  2  millimeters  at 
the  edge.  On  the 
hour-glass  surface 
eminences  and  de- 
pressions occur 
for  the  attachment 
of  the  cruciate  lig- 
aments and  the  ex- 
tremities of  the  C- 
shaped  menisci 
that  surround  the 
articular  facets. 

These  menisci 
(semilunar  fibro- 
cartilages,  C-car- 
tilages)  are  strips 
of  dense  fibrous 
tissue  interspersed 
with  elastic  fibers  and  cartilage  cells  that  adapt  the 
nearly  flat  surfaces  of  the  tibia  to  the  rounded  ends 
of  the  femoral  condyles  and  make  the  joint  more  se- 
cure. Their  breadth  is  not  sufficient  to  cover  the 
whole  of  the  articular  surfaces  and  they  are  thick  and 
rounded  at  the  periphery  where  they  are  attached  to 
the  capsule  and  associated  structures  and  are  beveled 
to  a  sharp  internal  edge.  The  upper  surface  is  con- 
cave, adapting  itself  to  the  curvature  of  the  condyles, 
the  lower  surface  is  nearly  flat.  Their  pointed  ends  or 
eornua  are  attached  to  the  interspace  between  the 
articular  surfaces.  Their  elasticity  and  mobility  are 
such  that  they  readily  adapt  themselves  to  slight 
changes  of  position  of  the  condyles.  Unlike  hyaline 
cartilage,  they  are  abundantly  supplied  with  vessels 
and  nerves.  The  medial  meniscus  is  C-shaped,  com- 
prising from  one-third  to  three-fourths  of  an  elliptical 
curve,  its  eornua  embracing  those  of  the  lateral  men- 
iscus which  is  O-shaped,  forming  nearly  a  complete 
circle.  Between  the  two  anterior  eornua  is  the  tibial 
insertion  of  the  anterior  cruciate  ligament,  while  the 
posterior  cruciate  ligament  is  situated  behind  the  pos- 
terior eornua,  receiving  a  bundle  of  fibers  from   the 


Fig.  3604. — Anterior  Surface  of  the 
Knee-joint,  (Sappey.)  1,  Ligamentum 
patellae;  2,  its  expansion  over  the  patella; 
3,  its  insertion  upon  the  tibia;  4,  tendon 
of  the  quadriceps  extensor  femoris;  5, 
fibular  collateral  ligament:  6,  its  inser- 
tion upon  the  head  of  the  fibula;  7,  ten- 
don of  the  popliteus;  8,  tibial  collateral 
ligament;  9,  tendon  of  the  adductor  mag- 
nus;  10,  fascial  expansion  of  the  medial 
hamstring  tendons  (palte  d'oie);  11,  ten- 
don of  the  sartorius;  12,  tendon  of  the 
gracilis;  13,  tendon  of  the  semiten- 
dinosus;  14,  medial  meniscus;  15,  the 
proximal  synovial  cavity  of  the  joint;  16, 
distal  synovial  cavity,  separated  from 
the  preceding  by  the  meniscus. 
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lateral  meniscus.*  A  variable,  rounded  band  (trans- 
verse ligament)  connects  the  anterior  margins  of  the 
two  menisci. 

Abtictjlar  Capsule.— The  johrf  is  surroui .!  by  a 

thin,  hbrous  investment  that  forms  a  loose  and  capaci- 
ous sleeve,  so  inextricably  blended  with  strengthening 
expansions  from  muscles,  tendons  and  fascia  thai  it  is 
difficult  always  to  demonstrate  its  separate  continuity 
It  extends  farther  up  in  front,  where  it  reaches  from 
i  to  2  centimeters  above  the  articular  cartilage  than 
upon  the  sides  and  behind,  where  it  leaves  the  epicon- 
dyles  and  the  adductor  tubercle  free  and  is  attached 
to  the  intercondyloid  line.     On  t he  tibia  it  is  attached 

a  little  below  the 
margin  of  the  ar- 
ticular cartilage. 
The  line  of  union 
of  thedist.il  epiph- 
ysis of  the  femur 
is  partly  within  the 
capsule  and  partly 
without  it,  that  of 
the  proximal  epiph- 
ysis of  the  tibia 
is  wholly  intracap- 
sular. 

The  strong  ten- 
don of  the  quadri- 
ceps together  with 
the  patella  and  its 
ligament  form  an 
12  efficient  protection 
in  front,  constitut- 
■13  ing  an  anterior  lig- 
ament for  the  joint 
|l5  (Fig.  3604).  Ex- 
pansions from  the 
vasti  muscles  and 
from  the  i  fascia 
lata  blend  with 
this  on  either  side, 
forming  what  are 
known  as  the  Ret- 
inacula  patellse. 
The  patella  itself 
so  penetrates  the 
capsule  that  its  ar- 
ticular surface  pre- 
sents free  within  it. 
Posteriorly  (Fig. 
3605)  the   capsule 


Fig.  3605. — Posterior  Surface  of  the 
Knee-joint.  (Sappey.)  1,  1,  Tibial  col- 
ateral  ligament;  2,  tendon  of  the  semi- 
membranosus; 3,  its  anterior  or  reflected 
portion;  4,  its  middle  portion  attached 
to  the  posterior  part  of  the  medial  con- 
dyle of  the  tibia.  From  this  middle  por- 
tion two  expansions  extend — one  reaches 
the  lower  part  of  the  medial  condyle,  the 
other  is  continuous  with  the  aponeurosis 
of  the  popliteus;  5,  posterior  portion  of 
the  tendon  of  the  semi-membranosus.  It 
forms  a  posterior  ligament  (ligamentum 
popliteum  obliquum)  directed  upward 
and  outward,  to  be  inserted  upon  the 
lateral  condyle;  6,  7,flbres  of  this  tendon 
directed  vertically  upward;  8,  tendon 
of  the  adductor  magnus;  9,  tendon  of  the 
medial  head  of  the  gastrocnemius;  10, 
orifice  often  found  in  the  fibrous  capsule 
over  the  medial  condyle;  11,  fibular  collat- 
eral ligament;  12,  tendon  of  thepopliteus; 
13,  tendon  of  the  biceps;  14,  tendon  of  the 
lateral  head  of  the  gastrocnemius 


forced  by  an  expan- 
sion from  the  ten- 
don of  the  semi- 
m  embranosus 
which  is  reflected 
obliquely  toward 
the  lateral  condyle 
of  the  femur,  the 
origins  of  the  plan- 
taris  and  the  lat- 
eral head  of  the 
gastrocnemius, 
forming  what  may 
be  considered  a 
posterior  ligament 
(Ligamentum  pop- 
'iteum     obliquum, 


-,   15,  the 
posterior  proximal  tibiofibular  ligament 

DMA         T    •  HbCUJ 

BIN  A:  Ligamentum  posticum  Winslowi).  On  the  lat- 
eral portion  of  the  posterior  surface  a  variable  band  is 
' 'This  is  not  mentioned  in  the  BNA.  By  Fick  it  is  called  the 
Kadix  obliqua  menisci  lateralis  (Weitbrechti).  In  the  recent 
fcng  ish  edition  of  Gray's  Anatomy,  edited  by  Howden,  it  is  called 
the  Ligament  of  Wrisberg.  Fick  says  that  Weitbrecht  described  it 
in  1742,  Wrisberg  not  until  1780.  Both  Toldt  and  Rauber  call  it 
the  Ligamentum  menisci  lateralis  (Roberti). 


found  closely  connected  with  the  tendon  of  origin  of 
1  he  popliteu  mu  cle,  .-ncimi"  t.,,,,,  it,,.  1 . 1 1 . - 1 .- . i .  pi.-,,,,- 
<i\  le  under  the  oblique  ligamenl  and  losing  itself  on  the 
capsule.  'I  in  i  the  o-called  arcuate  ligament.  An 
inconstanl  offset  from  it,  passing  to  the  hi  e  fib- 
ula, was  formerly  called  the  horl  external  lateral  liga- 
ment, bui  is  known  in  the  BNA  as  therein,:,. 
the  arcuate  ligament.  Between  theband  hen 
tioned  the  continuity  of  the  capsule  if  interrupted  by 
numerous  intrusions  of  fattj  tissue,  and  is  pi 

vessels  and  nerves. 

On    both    sides   of   the   joint    collateral    ligaments 
afford    ellnient    protection    (Figs.    3606    and    3607). 

The  fibular  collateral  long  external  lateral  ligament',) 
is  a  strong  rounded  cord  usually  separated  from  the 
capsule  by  fatty  tissue,  attached  above  to  the  lat- 
eral epicondyle  of  the  femur,  distal  to  the  lateral  in- 


Fio.  3606.— \  ,ew  of  the  Knee-joint  from  the  .Medial  Side.  (Sap- 
pey.) 1,  1,  Tibial  collateral  ligament;  2,  its  insertion  upon  the  me- 
dial epicondyle;  3,  its  insertion  upon  the  medial  meniscus-  4  its 
insertion  upon  the  proximal  end  of  the  medial  surface  of  the  tibia- 
5,  bursa  ansenna;  6,  tendon  of  the  sartorius;  7,  tendon  of  .the 
gracilis;  8,  tendon  of  the  semitendinosus;  9,  ligamentum  patella; 
10,  bursa  subpatellans;  11,  adipose  tissue  near  its  proximal  part- 
12,  proximal  synovial  cavity;  13,  tendon  of  the  quadriceps  exten- 
sor; 14,  bursa  suprapatellar;  15,  tendon  of  the  addmni  i 
18,  17  tendon  of  the  semimembranosus;  18,  its  middle  portion; 
18,  tendon  of  the  medial  head  of  the  gastrocnemius;  20  the  dod- 
uteus. 

termuscular  septum,  and  inserted  below  on  the  lateral 
edge  of  the  head  of  the  fibula.  It  is  supposed  by 
button  and  others  to  be  a  detached  portion  of  the  ten- 
don of  the  peroneus  longus  that  formerly  arose  from  the 
femora]  condyle,  a  permanent  condition  in  many 
animals.  Its  proximal  part  crosses  over  the  tendon 
ol  the  popliteus,  its  middle  is  against  the  lateral 
meniscus  and  its  distal  portion  is  embraced  by  the 
tendon  of  the  biceps  femoris  which  here  divides  into 
two  parts,  connected  with  the  ligament  by  loose 
connective  tissue.  The  ligament  is  tense  wlien  the 
knee  is  extended,  loose  when  the  knee  is  flexed. 

The  tibial  collateral  (internal  lateral  ligament)  is  a 
broad,  flattened  band,  closely  united  to  the   capsule. 
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It  arises  from  the  medial  condyle  of  the  femur,  just 
below  the  adductor  tubercle,  and  descending,  divides 
into  a  long,  anterior,  superficial  portion  and  a  short, 
posterior,  deeper  one.  The  superficial  slip  is  inserted 
on  the  medial  surface  of  flit;  tibia  and  is  overlaid  by  1  he 
insertion  of  the  medial  hamstring  tendons;  the  deeper 
slip  inclines  backward  and  is  inserted  on  the  medial 
meniscus  and  on  the  head  of  the  tibia,  above  the  groove 
for  the  semimembranosus.  In  the  fetus  this  ligament 
is  plainly  seen  to  be  a  continuation  of  the  tendon  of  the 
adductor  magnus  which  later  on  withdraws  its  distal 
insertion  to  the  adductor  tubercle,  leaving  the  aban- 
doned portion  to  become  a  ligament  of  the  joint. 


Fia.  3607. —View  of  the  Knee-joint  from  the  Lateral  Side. 
(Sappey.)  1,  Fibular  collateral  ligament;  2,  its  attachment  to  tin- 
lateral  condylej  3,  its  attachment  to  the  lateral  part  of  the  head  of 
the  fibula;  4,  tendon  of  the  popliteus;  5,  tendon  of  the  biceps;  6, 
its  attachment  to  the  apes  of  the  head  of  the  fibula;  7,  the  anterior 
or  reflected  part  of  this  tendon,  passing  under  the  fibular  collateral 
ligament,  to  be  inserted  upon  the  medial  condyle  of  the  tibia  above 
the  anterior  ligament  of  the  proximal  tibiofibular  articulation;  8, 
tendon  of  the  lateral  head  of  the  gastrocnemius;  9,  anterior  liga- 
ment of  the  proximal  tibiofibular  articulation;  10,  ligamentum 
patella;  11,  bursa  subpatellaris;  12,  collection  of  fat  which  fills 
the  anterior  part  of  the  inter-condyloid  fossa.  On  each  side  it 
passes  beyond  the  ligamentum  patella? ;  13,  lateral  meniscus;  14, 
the  proximal  synovial  cavity,  opened  to  show  how  it  terminates 
upon  the  proximal  edge  of  the  meniscus;  15,  distal  synovial  cavity 
also  opened  to  show  its  relation  to  the  same  meniscus;  16,  bursa 
suprapatellar^. 

Intraarticular  Structures. — On  examining  at- 
tentively the  interior  of  the  joint  it  seems  clear  that 
we  ought  to  regard  it  as  a  fusion  of  three  articulations : 
one  between  each  condyle  of  the  femur  and  the  tibia, 
one  between  the  patella  and  the  femur.  This  is  more 
evident  in  some  other  animals,  but  there  are  in  the 
human  species  sufficient  remains  of  primitive  struc- 
tures to  amply  confirm  this  view.  These  are  the  cru- 
ciate ligaments  and  the  patellar  and  alar  synovial 
folds. 

The  cruciate  ligaments,  so-called  from  their  inter- 
crossing like  an  X,  are  two  strong  bands  situated  in  the 
middle   of  the  joint,   passing  respectively  from   the 
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anterior  condyloid  depression  of  the  tibia  to  the  medial 
condyle  of  the  femur  (anterior  cruciate  ligament)  and 
from  the  posterior  condyloid  fossa  to  the  lateral  con- 
l  le  (posterior  cruciate).  They  are  distinct  from  each 
other  with  separate  synovial  coverings.  The  ante- 
rior ligament  is  tense  in  a  position  of  extension,  the 
posterior  in  one  of  flexion. 

The  synovial  membrane  of  the  joint  cavity  is  heavily 
charged  with  fat  which  pads  out  the  intervals  between 
the  bones  and  between  the  bones  and  the  adjacent 
structures.  A  well-marked  collection  of  this  sort 
(infrapatellar  pad)  is  found  in  the  triangular  space 
between  the  patella,  the  tibia  and  the  femoral  con- 
dyles. From  it  passes  a  fold  of  the  membrane  (plica 
synovialis  patellaris,  BNA;  patellar  synovial  fold, 
ligamentum  mueosum)  that  appears  to  represent  a 
primitive  septum  partially  dividing  the  joint.  It  is 
attached  by  its  apex  to  the  intercondyloid  notch,  and 
its  edges  are  known  as  the  alar  synovial  folds  (plica? 
alares,  BNA;  ligamenta  alaria).  The  synovial  mem- 
brane clothes  both  upper  and  lower  surfaces  of  the 
menisci,  extends  upward  a  variable  distance  under  the 
extensor  tendon  and  usually  communicates  there  with 
a  large  bursa  (B.  supra- 
patellaris).  Another  con- 
stant communication  is 
with  the  bursa  under  the 
tendon  of  the  popliteus 
(Fig.  3603),  and  from  this 
there  is  an  occasional  di- 
verticulum connecting 
with  the  proximal  tibio- 
fibular articulation.  A 
third  communication  is 
with  the  large  bursa  under 
the  internal  head  of  the 
gastrocnemius.  M  a  n  y 
other  bursa;  are  found  near 
the  joint  (see  article  on 
Bursce,  vol.  ii.),  and  some 
of  them  may  occasionally 
connect,  so  that  extreme 
care  is  always  required  in 
operations  in  this  (region, 
lest  the  opening  of  one  of 
these  sacs  should  involve 
the  joint  cavity. 

The  movements  of  the  patella  are  not  only  gliding, 
but  slightly  rolling  or  coaptative.  The  bone  is  adapted 
to  the  shape  of  the  patellar  surface  between  the 
condyles  by  a  ridge  which  divides  it  into  two  unequal, 
lateral  portions.  Each  of  these  is  again  divided  into 
facets,  so  that,  taken  from  above  downward,  the  con- 
tact of  the  bone  with  the  femur  is  but  slight,  espe- 
cially during  flexion.  It  is  this  circumstance  that  causes 
the  frequent  fracture  of  the  patella  by  muscular  action. 
It  forms  a  wedge-like  body,  in  contact  with  the  articu- 
lar surface  only  by  a  narrow  edge,  and  the  tendinous 
attachments  are  so  arranged  as  to  pull  at  right  angles 
to  each  other  directly  over  this  edge.  Any  sudden 
jerk  in  this  position  has  the  same  effect  upon  the  bone 
as  a  sudden  shock  upon  a  stick  over  the  edge  of  a  table. 
It  is  not  strange,  therefore,  that  it  is  more  frequently 
broken  by  muscular  action  than  any  other  bone  in  the 
body. 

Atmospheric  pressure  is  not  without  effect  on  the 
joint.  In  conditions  of  health  it  holds  the  patella 
firmly  down  and  prevents  its  dislocation.  In  cases  of 
opening  the  joint,  or  where  there  is  effusion,  the  bone 
becomes  much  more  movable  laterally,  and  may  be 
spontaneously  dislocated. 

The  movement  of  the  tibia  upon  the  femur  is  such 
that,  with  flexion  and  extension,  a  slight  degree  of  ro- 
tation always  takes  place.  This  is  due  to  the  peculiar 
shape  of  the  condyles  above  mentioned,  which  permits 
a  considerable  amount  of  lateral  motion.  This  is 
most  free  in  the  semi-flexed  state,  and  may  then  amount 
to  forty  degrees.     It  is  sometimes  called  pronation 


Fia.  3608. — Sagittal    Section 
the  Knee-joint. 
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(which  turns  the  toes  in),  and  supination  (turning 
them  out),  but  is  not  produced  by  the  same  mechan- 
ism as  the  motions  of  the  same  name  in  1  he  elbow-joint . 
The  movements  of  flexion  and  extension  do  not  exceed 
an  arc  of  160  degrees. 

The  joint  is  copiously  supplied  with  vessels  from  the 
femoral,  popliteal,  and  anterior  tibial  arteries.  The 
nerves  are  from  both  the  sacral  and  the  Lumbar  plex- 
uses, the  former  through  the  tibial  and  common 
peroneal,  the  latter  through  the  femoral  and  gen- 
iculate branch  of  the  obturator.  It  is  interesting  to 
note  that  interference  with  these  nerves  at  any  pari  of 
their  course,  or  centrally,  is  followed  by  pain  in  the 
knee.  The  phenomenon  known  as  "hysterical  knee- 
joint,"  in  which  there  is  pain  accompanied  by  no  lesion 
in  the  joint  proper,  is  usually  thus  explained. 

Frank  Baker. 


Knock-knee. — Synonyms:  Genu  Valgum,  In- 
knee.  In  the  erect  posture  the  femora  whose  upper 
extremities  are  separated  by  the  pelvis,  incline 
slightly  inward  to  the  knee,  forming  angles  at  this 
point  opening  outward  of  about  one-hundred  and 
seventy-two  degrees.  The  angle  varies  with  the 
breadth  of  the  pelvis,  and  in  adult  females,  what  may 
be  called  normal  genu  valgum,  is  often  present.  In 
compensation  for  the  inclination  of  the  femur  the 
internal  condyle  is  slightly  longer  than  the  external; 
thus  the  plane  of  the  knee-joint  is  horizontal. 

If  the  inward  projection  of  the  knees  is  increased  to 
deformity  the  tibia;  are  no  longer  perpendicular,  and 
in  the  erect  posture  the  feet  are  separated  when  the 
knees  are  in  contact.  In  other  words,  the  knees  are 
in  contact  when  the  feet  are  in  the  proper  attitude  for 
walking,  hence  the  term  knock-knee. 

In  the  slighter  grades  of  knock-knee,  due  in  great 
part  to  laxity  of  the  ligaments,  the  deformity  appears 


Fig.  3609. — Typical  Rachitic  Knock-knees. 

only  in  the  upright  posture,  but  in  more  marked  cases 
it  persists  when  the  weight  of  the  body  is  removed 
because  it  is  caused  bj'  distortion  of  the  bones. 

As  has  been  stated,  in  the  normal  subject  the  inward 
inclination  of  the  femur  is  compensated  by  the  greater 
length  of  the  internal  condyle;  and  in  the  deformity  of 
knock-knee  the  plane  of  the  knee-joint  is  still  pre- 
served by  what  is  apparently  a  further  elongation  of 
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this  part  of  the  bone      I  n  fai  !    M  one 

time  that  the  cause  of  knock-knee  was  hypertrophy 
of  the  internal  condyle,  bu1  it  is  now  generally 
accepted  that  the  apparent  lengthening  is  < 

deformity  of  the 
lower  extremity  of 
the  shaft  of  the 
femur.    This  is  beni 

\\  il  li    I  he    emu  . 

inward,  so  thai  I  he 
epiphyseal  line  has 
an  increased  obliq- 
uity.  Thus  it  is 
apparent    thai    the 

internal  condyle  is 
lowered  by  a  de- 
formity of  the  shaft 
of  the  femur  and 
not  by  a  change  in 
the  epiphysis  itself. 
In  most  instances 
there  is  a  similar, 
although  usually 
slighter,  deform  it  j 
of  the  upper  extrem- 
ity of  the  tibia,  so 
that  when  the  bone 
is  placed  in  the  per- 
pendicular position 
its  internal  condylar 
surface  is  higher 
than  the  external. 
In  rather  unusual 
cases  the  deformity 
may  be  confined 
practically  to  the 
tibia. 

In  addition  to 
these  direct  deform- 
ities there  is  a  more 
or  less  constant 
change  in  the  rela- 
tion of  the  two 
bones,  the  femur  is 
rotated  inward  and 
the  tibia  is  rotated 
outward.  In  some 
instances  there  is  a 

certain  degree  of  overextension  at  the  knee;  this  is 
more  often  observed  in  the  adolescent  type,  which  is 
more  directly  dependent  upon  laxity  of  ligaments.  In 
the  ordinary  form  of  rachitic  knock-knee  in  child- 
hood, however,  the  typical  attitude  is  one  of  slight 
flexion  of  the  knees,  and  in  well-marked  cases  there 
may  be  limitation  of  the  range  of  extension  at  the  knee 
and  at  the  hip  also. 

The  deformity  of  knock-knee  is  most  marked  when 
the  limb  is  fully  extended,  because  the  shortens  1 1  i  - 
on  the  outer  aspect  of  the  joint  become  tense  and  be- 
cause the  outward  rotation  of  the  tibia  is  increased.  A  s 
the  leg  is  flexed  the  deformity  lessens,  and  in  complete 
flexion  it  disappears.  This  is  explained  by  the  fact 
that  the  posterior  surface  of  the  condyles  is  not  af- 
fected by  the  deformity  of  the  shaft,  while  the  relaxa- 
tion of  the  ligaments  and  the  outward  rotation  of  the 
femora  permit  the  tibiae  to  become  parallel  with  one 
another.  Thus  slight  flexion  at  the  knees,  which 
lessens  the  deformity,  is  the  attitude  which  is  often 
unconsciously  assumed  by  patients 

The  outward  inclination  of  the  leg  increases  the  strain 
upon  the  foot  and  tends  to  induce  the  attitude  of 
valgus,  and  rachitic  knock-knee  in  the  progressive 
stage  is  almost  always  accompanied  by  flat-foot. 
After  recovery  from  the  local  or  constitutional  weak- 
ness the  efforts  of  the  patient  to  restrain  the  abnormal 
separation  of  the  feet  may  induce  the  opposite  at- 
titude of  inversion.  In  fact,  extreme  knock-knee  is 
usually  accompanied  by  a  slight  degree  of  fixed  varus, 

769 


)  i',    3610.— Knock-knee  and  Bow-leg. 


K I,-I,||.  . 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIEN' 


and  in  the  mildest  type  of  knock-knee  this  compensa- 
tory effect  of  nature,  shown  by  the  so-called  pigeon- 
toed  walk,  may  be  the  most  noticeable  symptom  of 
the  deformity. 

As  a  rule,  genu  valgum  is  bilateral,  but  not  infre- 
quently it  is  unilateral,  and  again  unilateral  knock- 
knee  may  be  accompanied  by  outward  bowing  of  its 
fellow. 

In  the  slighter  degrees  of  rachitic  deformity  out- 
ward bowing  of  the  tibia  may  accompany  inward 
inclination  at  the  knee.  Thus,  in-knee  and  bow-leg 
may  be  present  in  the  same  limb.  In  the  marked 
distortions  of  the  lower  extremity  that  are  the  result 
of  rachitis  the  bones  may  be  bent  and  twisted  in  vari- 
ous directions.  For  example,  the  femora  may  be  bent 
forward  and  outward  above,  and  inward  and  backward 
below;  the  tibise  may  be  bent  inward  above  and  out- 
ward and  forward  below.  This  is  sometimes  called 
"cork-screw"  distortion,  of  which  the  outward 
expression  is  knock-knee. 

In  the  more  extreme  deformities  caused  by  rachitis 
the  shape  as  well  as  the  contour  of  the  bones  is  changed. 
For  example,  the  internal  border  of  the  tibia  may 
become  very  prominent  at  its  upper  extremity  and  pro- 
ject beneath  the  skin  like  an  exostosis.  A  change  in 
the  contour  of  the  fibula  accompanies  and  corre- 
sponds to  that  of  the  tibia,  but  it  is,  as  a  rule,  less 
marKed. 

Pathology. — In  rachitic  knock-knee,  the  changes 
in  the  bones  and  in  the  epiphyseal  cartilages  are 
characteristic  of  that  disease.  In  the  milder  degrees 
of  deformity,  however,  aside  from  the  change  in  shape 
and  the  accompanying  transformation  of  the  internal 
structure  of  the  bones,  there  is  little  that  is  note- 
worthv.  The  tissues  on  the  internal  aspect  are  re- 
laxed," those  on  the  outer  side,  the  lateral  ligaments, 
the  capsule,  and  the  biceps  muscle,  are  contracted. 
Within  the  joint  slight  changes  in  the  articulating 
surfaces  of  the  bones  and  evidences  of  chronic  irritation 
of  the  synovial  membrane  are  sometimes  seen. 

Symptoms. — The  deformity  and  the  effects  of  the 
deformity  on  the  gait  and  attitude  are  the  most  im- 
portant symptoms,  as  they  are  of  other  distortions  of 
similar  origin.  The  gait*  of  the  patient  with  well- 
marked  genu  valgum  is  peculiarly  awkward  and 
shambling.  The  knees  "interfere"  and  must  be 
assisted,  as  it  were,  in  the  effort'to  pass  one  another  in 
walking.  In  the  slighter  cases  the  thigh  is  abducted 
and  rotated  outward  at  the  moment  of  passing  its 
fellow,  the  movement  being  then  reversed,  as  it,  in  its 
turn,  supports  the  weight;  but  in  the  more  severe 
type  this  voluntary  effort  of  the  muscles  of  the  leg  is 
not  sufficient,  and  the  body  is  swayed  from  side  to  side, 
the  legs  being  alternately  swung  outward  and  lifted 
past  one  another. 

In  unilateral  knock-knee,  the  leg  being  shortened 
by  the  distortion,  a  limp  replaces  the  swaying  gait. 

Etiology. — Knock-knee  is  a  deformity  characteristic 
of  weakness.  The  distortion  is  an  exaggeration  of  the 
attitude  of  rest,  and  it  may  be  assumed  that 
in  many  instances  the  more  or  less  constant  assump- 
tion of  the  passive  attitude,  induced  probably  by  weak- 
ness of  the  supporting  muscles,  is  the  cause  of  the 
deformity,  the  changes  in  the  contour  and  in  the  in- 
ternal structure  of  the  bones  being  simply  adapta- 
tions to  the  habitual  posture.  In  the  great  majority 
of  the  cases  the  direct  cause  of  the  distortion  is 
rachitis,  and  it  develops  therefore  when  the  erect 
posture  is  assumed.  In  such  instances  a  common 
attitude  of  the  weak  child  is  slight  flexion  at  the  three 
joints  of  the  lower  extremity,  the  knees  being  in  con- 
tact with  one  another.  To  the  habitual  assumption 
of  a  somewhat  similar  attitude  is  ascribed  the  fre- 
quency of  knock-knee  among  adolescent  and  adult 
bakers.  It  is  probable  also  that  postures  assumed 
by  the  weak  child  in  sitting  and  creeping  before  it 
begins  to  walk  may  determine  the  character  of  the 


subsequent  distortion  when  weight  is  thrown  upon 
the  limb.  One  of  the  explanations  of  combined  bow- 
leg and  knock-knee  is  that  the  child  has  been  habitu- 
ally held  upon  the  mother's  arm  in  a  manner  to  in- 
duce the  deformity  by  direct  pressure.  Typical 
knock-knee  is  a  deformity  of  childhood,  but  under 
favoring  circumstances  it  may  develop  in  adolescence. 
It  is  probable,  however,  that  in  many  of  these  cases 
a  slight  degree  of  deformity  was  present  in  childhood, 
which  later  developed  to  noticeable  distortion. 
Genu  valgum  may  be  induced  directly  by  traumatism 
or  by  disease,  and  it  may  be  a  secondary  or  compen- 
satory effect  of  deformity  at  the  hip-  or  ankle-joint. 
These  causes  are,  however,  relatively  insignificant. 

Treatment. — Treatment  of  the  deformity  may  be 
characterized  as  expectant,  mechanical,  and  operative. 
During  the  expectant  treatment  the  cause  of  the  de- 
formity, in  most  instances  rachitis,  should  receive 
proper  medicinal  and  dietetic  treatment.  If  possible 
the  direct  exciting  causes  of  the  deformity  should  be 
removed;  that  is  to  say,  the  improper  attitudes  or  the 
predisposing  occupations  should  be  discontinued. 

In  the  slighter  degrees  of  deformity,  more  par- 
ticularly in  weak  or  rachitic  children,  the  limbs 
should  be  vigorously  massaged  at  morning  and  at 
night,  and  forcibly  straightened.  The  latter  pro- 
cedure is  conducted  as  follows:  The  patient  is  seated 
in  a  chair ;  the  leg  is  fully  extended  in  order  to  make  the 
deformity  as  extreme  as  possible;  one  hand  then  clasps 
the  knee,  the  palm  lying  against  its  inner  aspect;  the 
calf  is  grasped  firmly,  and  the  limb  is  gently  straight- 
ened over  the  fulcrum  formed  by  the  palm  of  the  hand. 
This  manipulation  should  be  continued  with  gradu- 
ally increasing  force,  although  not  to  the  extent  of 
causing  pain,  for  ten  minutes,  at  least  twice  a  day, 
and  oftener  if  possible.  This  type  of  knock-knee, 
which  is  in  itself  an  indication  of  weakness,  is  usually 
accompanied  by  flat-foot;  thus  the  soles  of  the  shoes 
should  be  made  thicker  on  the  inner  border,  as  is 
described  in  the  treatment  of  weak  foot.  If  possible 
the  patient  should  be  instructed  to  walk  with  the 
feet  parallel  with  one  another,  and  tip-toe  or  other 
exercises  in  which  the  limbs  are  fully  extended  should 
be  encouraged.  A  careful  record  of  the  deformity 
should  be  kept  during  this  tentative  treatment,  and  if 
there  is  some  improvement  one  is  justified  in  delaying 
more  radical  measure. 

There  is,  practically  speaking,  no  spontaneous  out- 
growth of  knock-knee  deformity,  such  as  is  not  infre- 
quently observed  in  the  opposite  distortion  of  bow- 
leg. 

Treatment  by  Braces. — The  most  efficient  brace  in  the 
treatment  of  genu  valgum  is  the  simple  straight  steel 
bar  or  splint  extending  from  the  trochanter  to  the 
heel  of  the  shoe,  without  joint  at  the  knee.  The 
greater  efficacy  of  the  rigid  bar  as  compared  with  the 
jointed  brace  is  explained  by  the  fact  that  the  recti- 
fying force  acts  constantly  when  the  joint  is  fixed, 
preventing  the  attitude  of  flexion  so  characteristic  of 
the  deformity. 

The  simplest  and  cheapest  brace  is  that  of  Thomas 
(Fig.  3611),  which  consists  of  a  light  steel  bar  provided 
with  a  pad  at  its  upper  end  for  pressure  against  the  tro- 
chanter, while  the  lower  rounded  extremity  is  turned 
inward  at  a  right  angle,  to  pass  through  the  heel  of  the 
shoe.  The  knee  is  fixed  by  a  posterior  bar  attached  to 
a  thigh  and  calf  band,  as  illustrated  in  the  figure. 
When  the  brace  is  applied  the  knee  is  drawn  back- 
ward and  outward,  and  is  attached  firmly  to  the 
brace  by  a  roller  bandage. 

In  the  more  extreme  cases,  in  which  the  knees  and 
thighs  are  habitually  flexed,  the  addition  of  a  pelvic 
band  attached  to  the  uprights  by  a  free  joint  at  the 
hips,  adds  to  the  comfort  and  efficiency  of  the  appara- 
tus, as  the  attitude  of  the  feet  can  be  regulated  by 
twisting  the  uprights  slightly,  or  the  pelvic  band  may 
be  divided,  the  two  halves  being  attached  to  one  an- 
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other  by  straps  and  buckles  (Fig.  3C12).  The  up- 
rights may  be  bent  somewhat  inward  at  first,  and  as 
the  legs  become  straighter  they  are  straightened  and 
finally  bent  outward  to  allow  for  the  overcorrection 
of  the  deformity.  Twice  a  day  the  braces  should  be 
removed  to  allow  massage,  manip- 
ulation, and  voluntary  exercises  of 
the  legs.  In  most  cases  the  braces 
are  not  employed  at  night,  al- 
though the  rectification  of  the 
deformity  may  be  hastened  by 
their  constant  use.  It  is  of  course 
evident  that  mechanical  treatment 
would  be  more  effective  if  the  child 
were  not  allowed  to  stand;  as  a 
rule,  however,  the  brace  must  be 
employed  as  an  ambulatory  ap- 
pliance. 

If  the  deformity  is  unilateral  so 
that  a  brace  is  required  for  one 
leg  only,  the  other  shoe  should  be 
raised  by  a  cork  sole  about  three- 
quarters  of  an  inch  in  thickness  to 
make  walking  easier.  Children 
soon  become  accustomed  to  the 
braces  and  walk  easily  in  spite  of 
the  absence  of  joints. 

The  duration  of  the  brace  treat- 
ment depends  of  course  upon  the 
degree  of  the  deformity  and  the 
age  of  the  child;  from  six  months 
to  a  year  is  the  ordinary  period. 
Cure  is  assured  by  the  gradual 
adaptation  of  the  parts  to  the  new 
static  conditions,  and  by  the 
transformation  of  the  internal 
structure  of  the  bone  which  ac- 
companies the  rectification  of  the 
deformity.  When  the  braces  are 
discarded  attention  should  be  paid 
to  the  attitudes,  and  exercises  and 
massage  should  be  continued  with 
the  aim  of  strengthening  the  mus- 
cles of  the  limb. 

If  the  bones  are  very  flexible, 
as  in  deformity  due  directly  to 
rachitis  in  young  children,  it  may 
'  be  corrected  rapidly  by  the  re- 
peated application  of  plaster 
bandages.  This  method  is  not 
often  employed  except  in  dispensary  practice. 

Operative  Treatment. — Immediate  correction  of  de- 
formity, when  it  is  at  all  marked,  is  as  a  rule  indicated 
after  the  age  of  three  or  four  years.  For  although  it 
may  be  possible  to  correct  the  distortion  by  mechanical 
treatment  in  cases  far  beyond  this  limit  of  age,  yet 
the  time  required  and  the  incidental  discomfort  ex- 
clude it  from  consideration  in  all  but  very  exceptional 
cases.  Immediate  correction  of  the  deformity  may 
be  attained  by  osteotomy  or  by  osteoclasis. 

Osteotomy. — The  so-called  subcutaneous  osteotomy 
is  the  operation  of  choice.  The  limb  having  been 
prepared  in  the  usual  manner  is  semi-flexed  and  the 
inner  surface  of  the  knee  is  placed  on  a  sand  bag. 
With  the  fingers  the  femur  is  firmly  grasped  just  above 
the  condyles  so  that  the  size  and  position  may  be 
accurately  determined,  and  a  sharp  osteotome  about 
the  size  of  a  lead  pencil  is  forced,  with  its  cutting  edge 
parallel  with  the  axis  of  the  leg,  down  to  the  bone,  at 
a  point  about  one  and  a  half  inches  above  the  tuber- 
osity of  the  external  condyle.  While  it  is  held  firmly 
in  position  against  the  bone,  it  is  turned  to  the  trans- 
verse direction  and  is  then  driven  through  the  cortex. 
When  it  enters  the  medullary  canal,  as  is  made  evident 
by  the  lessened  resistance,  it  is  partly  withdrawn  and 
moved  slightly  to  one  side  and  the  other  and  driven 
through  the  cortical  substance,  until  with  gentle 
force  the  bone  may  be  fractured.     The  osteotome  is 


Fio.  36 1 1  .—The  Thomas  , 
Knock-knee  Brace. 


then  withdrawn,  the  minute  wound  is  covered  with  a 
pad  of  dry  gauze,  or,  if  the  oozing  lie  profuse,  it  may 
be  closed  with  a  catgut  suture.  The  deformity  is 
then  overcorrectcd  by  bending  the  cortex  on  the 
inner  side  and  opening  a  wedge-shaped  gap  in  the 
bone,  sufficient  to  make  the  put  ient  somewhat  bow- 
legged  when  the  plaster  bandage  is  applied.  If  the 
deformity  is  double,  both  limbs  are  operated  upon, 
and,  in  order  to  assure  better  fixation,  it  is  the  rule  to 
apply  a  spica  bandage,  double  or  single  as  the  case 
may  be,  which  includes  the  foot  as  well. 

The  plaster  support  is  continued  for  from  four  to 
six  weeks,  and  it  is  then  usually  supplemented  by  a 
brace.  This  may  be  worn  with  advantage  for  several 
months,  because  of  the  laxity  of  the  ligaments  of  the 
knee-joint  which  is  usually  present  in  this  type  of  de- 
formity of  rachitic  origin.  In  less  marked  cases, 
particularly  those  in  older  subjects,  the  support  is 
unnecessary.  Massage  and  exercises  during  the 
stage  of  recovery  should  be  employed  if  possible. 

In  the  more  extreme  cases  of  general  rachitic  de- 
formity of  the  lower  extremity  osteotomy  below  the 
knee  may  be  required  also,  and  there  are  cases  in  which 
the  knock-knee  is  caused  directly  by  the  inward  bowing 
of  the  tibia  which  alone  requires  correction.  As  a 
rule  when  the  tibia  is  divided  the  fibula  may  be 
bent  or  broken  by  manual  force.  In  such  cases  it  is 
better  to  perform  the  second  operation  at  a  later  time 


Fig.  3612. — The  Modified  Thomas  Brace  with  Pelvic  Band,  show- 
ing Overcorrection  of  Deformity. 

in  order  that  the  effect  of  the  first  procedure  may  be 
observed.  In  certain  extreme  cases  cuneiform  os- 
teotomy of  the  tibia  may  be  indicated  in  preference 
to  simple  division. 

Osteoclasis. — Osteoclasis  by  means  of  the  Grattan 
osteoclast  is,  from  the  standpoint  of  the  result,  an 
equally  efficient  treatment.  With  this  instrument 
the  bone  may  be  broken  above  the  condyles  at 
the  desired  point.  It  may  be  employed  in  preference 
to  osteotomy  in  rachitic  cases  in  which  correction  of 
both  thigh  and  leg  is  performed  at  one  sitting. 
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The  adolei  eenl  I  s  pe  of  genu  valgum  is  not  often  ex- 
treme and  as  a  rule  the  distortion  of  the  bone  is 
comparatively  slight,  the  deformity  being  exaggerated 
by  laxity  of  ligaments  and  by  the  habitual  attitude. 
In  the  more  chronic  cases  osteotomy  above  the  con- 
dyles may  be  performed  in  the  manner  described,  but 
in  Berlin  and  Vienna  where  the  deformity  is  more 
common  than  in  New  York,  other  procedures  are 
often  employed. 

One  method  is  that  of  Wolff,  who  by  means  of  the 
"  Etappen  Verband, "  gradually  corrects  the  deformity. 
The  patient  is  anesthetized,  and  the  limb  having 
been  carefully  protected  with  cotton,  particularly 
about  the  malleoli,  the  patella  and  the  inner  condyle 
are  enveloped  in  a  firm  plaster  bandage  reaching  from 
the  malleoli  to  the  pubes.  When  the  plaster  begins  to 
harden  one  assistant  steadies  the  pelvis,  another  holds 
the  inner  condyle,  while  the  operator  draws  the  leg 
inward  with  moderate  but  persistent  force  against 
the  fulcrum  formed  by  the  hand  of  the  second  assistant 
and  holds  it  firmly  in  the  partly  corrected  position 
until  the  bandage  is  hard.  About  three  days  later  a 
wedge-shaped  section  of  the  bandage,  about  one  inch 
in  width,  is  removed  from  the  part  that  covers  the 
inner  half  of  the  knee,  the  other  half  of  the  bandage 
being  simply  divided.  The  leg  is  then  forced  inward 
until  the  two  sections  are  again  brought  into  contact. 
The  position  is  retained  by  an  additional  plaster 
bandage  about  the  weakened  part.  This  procedure 
is  repeated  at  intervals  until  the  leg  is  completely 
straightened,  a  result  that  is  often  accomplished  in  a 
few  weeks.  No  anesthetic  is  required  for  the  secondary 
treatment.  When  the  deformity  has  been  corrected 
the  patient  is  allowed  to  walk  about,  and  for  con- 
venience the  plaster  bandage  is  divided  into  a  thigh 
and  leg  part,  which  are  attached  by  lateral  joints 
incorporated  in  the  substance  of  the  plaster,  so  that 
movement  is  allowed.  This  apparatus  must  be 
worn  for  several  months,  and  is  of  course  to  be  supple- 
mented by  massage  and  exercises. 

Another  means  of  correction  of  deformity  without 
open  operation  is  that  employed  by  Lorenz,  what  he 
calls  "Intrnarticulare  modelirende  Redressement. " 
In  this  operation  the  deformity  is  reduced  under 
anesthesia  at  one  sitting,  by  the  gradual  application 
of  force  by  means  of  his  osteoclast.  The  distortion 
is  corrected  partly  by  stretching  the  external  ligaments 
and  partly  by  straightening  the  bones.  A  plaster 
bandage  is  worn  for  six  weeks  when  it  is  replaced  by  a 
jointed  brace.  As  a  rule,  the  patient  is  allowed  to 
walk  about  in  a  few  days  after  the  operation. 

Rotal    Whitman. 


Koch,  Robert. — Born  at  Klausthal,  Germany, 
December  11,  1843.  He  studied  medicine  at  the  Uni- 
versity of  Goettingen,  receiving  his  degree  there  in  1866. 
His  earlv  struggles  to  gain  a  practice  were  interrupted 
by  the  Franco-Prussian  war  during  which  he  served 
as  surgeon.  At  the  close  of  the  war  he  was  appointed 
district  physician  at  Wollstein.  It  was  here  that 
he  began  the  work  which  was  to  bring  him  undying 
fame  as  the  founder  of  the  modern  scientific  method 
of  bacteriological  research.  His  first  investigation 
was  into  the  microparasitology  of  anthrax,  and  in 
1876  he  announced  that  he  had  succeeded  in  obtain- 
ing pure  cultures  of  the  anthrax  bacillus  and  in 
tracing  its  life  history.  This  immediately  attracted 
the  attention  of  the  scientific  world  and  in  1880 
Koch  was  called  to  a  position  in  the  Imperial  Health 
Department  at  Berlin.  In  1S82  he  discovered 
the  tubercle  bacillus  and  in  the  following  year  the 
comma  bacillus  and  the  bacillus  of  infectious  con- 
junctivitis, called  usually  the  Koch-Weeks  bacillus. 
In  1885  he  was  appointed  professor  of  hygiene  and 
bacteriology  at  the  University  of  Berlin.  On  the 
occasion  of' the  International  Medical  Congress,  held 
in  Berlin  in  1S90,   Koch  announced  the  discovery  of 


tuberculin  which  he  hoped  would  prove  curative  of 
tuberculosis.  He  was  led  to  make  this  announcement 
prematurely,  through  the  insistence  of  his  lay  superiors 
in  the  Imperial  Board  of  Health,  before  he  had  ex- 
perimented sufficiently  to  satisfy  himself  that  the 
substance  was  really  curative,  and  the  result  was  a 
cruel  disappointment.  In  1891  he  was  appointed 
director  of  the  Institute  for  Infectious  Diseases  just 
established  in  Berlin.  In  1896  he  went  to  South 
Africa  at  the  request  of  the  British  Government  to 
study  the  rinderpest  and  suggest  means  for  its  sup- 
pression or  cure.  In  1897  he  introduced  a  new 
tuberculin  (T.R.).     In  1898  he  went  to  Italy  to  study 
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Fig.  3613. — Robert  Koch. 

malaria  in  the  Roman  Campagna.  In  1900,  at  the 
Tuberculosis  Congress  in  London,  he  startled  the 
medical  world  with  the  assertion  that  bovine  and 
human  tuberculosis  were  distinct  diseases  and  that 
tuberculosis  in  man  was  not  caused  by  drinking  the 
milk  of  tuberculous  cows.  This  view  was  strongly 
opposed  by  the  great  majority  of  phthisiologists  in 
all  countries  but  Koch  maintained  to  the  end  of  his 
life  his  belief  in  the  substantial  correctness  of  this 
contention.  In  1905  he  was  awarded  the  Nobel  Prize 
for  physiology.  In  1906  he  went  to  South  Africa  to 
study  the  sleeping  sickness  and  recommended  atoxyl 
in  its  treatment,  but  the  remedy  was  abandoned  when 
it  was  found  frequently  to  cause  blindness.  In  1907 
he  studied  leprosy  in  Hawaii,  and  in  1908  attended  the 
Tuberculosis  Congress  at  Washington,  upon  which 
occasion  he  again  expressed  his  conviction  that  bovine 
tuberculosis  was  not  communicable  to  man.  He  died 
of  disease  of  the  heart  in  Baden  on  May  27,  1910. 

The  following  are  the  titles  of  some  of  the  more 
important  of  the  contributions  of  Koch  to  medical 
literature;  these  and  many  more  are  to  be  found  in  the 
"Gesammelte  Werke  von  Robert  Koch,"  in  two  vol- 
umes, published  in  Leipzig  in  1912;  "Die  Aetiologie  der 
Milzbrandkrankheit,"  Cohn's  Beitrage,  1876;  "Unter- 
suchungen  fiber  die  Aetiologie  der  Wundinfektions- 
krankheiten,"  Leipzig,  1878;  "Zur  Untersuchung  von 
Pathogenen  Organismen,"  Berlin,  1881;  "Ueber 
Desinfektion,"  Berlin,  1881;  "Ueber  die  Aetiologie 
der  Tuberkulose,"  Berlin,  1882;  "Die  Aetiologie  der 
Tuberkulose,"  Berlin,  1884;  "Ueber  die  Cholera- 
bakterien,  Deutsche  med.  Wochenschrift,  No.  45,  1884; 
"Ueber  bakteriologische  Forschung,"  Berlin,  1890; 
"Weitere  Mitteilungen  fiber  ein  Heilmittel  gegen  Tu- 
berkulose," Deutsche  med.  Wochenschrift,  No.  3,  1891; 
"Ueber  neue  Tuberkulin-praparate,"  Deutsche  med. 
Wochenschrift,  No.  14,  1897;  "Reiseberichte  fiber 
Rinderpest,  Bubonenpest,"  etc.,  Berlin,  1898;  "Seuch- 
enbekampfung  im  Kriege,"  KUnisches  J ahrbuch,  1902. 
The  above  is  an  imperfect  chronicle  of  the  activities 
of  this  wonderful  man,  almost  every  year  of  whose 
professional  life  was  marked  by  some  discovery  either 
directly   or  indirectly   of  benefit  to  mankind.     But 
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more  than  all  else,  he  was  the  founder  of  the  scientific 
method  of  bacteriological  research;  others  might,  and 
doubtless  would  in  time,  have  discovered  the  patho- 
genic agents  of  tuberculosis,  of  anthrax,  and  of 
cholera,  for  he  had  blazed  the  path  and  made  the  way 
easy,  but  it  is  not  certain  that  others  would — certainly 
none  did,  lay  so  securely  the  foundations  of  modern 
bacteriology.  Immeasurably  great  is  the  benefit 
conferred  upon  mankind  by  Robert  Koch,  and  his 
name,  with  that  of  Pasteur,  deserves  to  be  held  in 
grateful  remembrance  by  the  inhabitants  of  every 
country  on  the  face  of  the  globe,  for  thousands  in 
every  land  owe  their  health  and  their  lives  to  the 
science  so  firmly  established  by  him.  T.  L.  S. 


Koelliker,  Rudolf  Albert. — Born  at  Zurich, 
Switzerland,  July  6,  1817.  He  studied  medicine  at 
the  universities  of  Bonn,  Berlin,  and  his  native  city, 
and  received  the  degree  of  Doctor  of  Philosophy  from 
the  latter  institution  in  1841.  During  the  following 
year  he  received  his  degree  of  M.  D.  from  the  Uni- 
versity of  Heidelberg.  In  1842  he  was  an  Assistant 
in  Anatomy  at  Zurich,  under  Professor  Henle.  In 
1843  he  was  made  a  Privatdozent,  and  in  1845  he  was 


Fig.  36 14.— Rudolf  Albert  Koelliker. 

given  the  Chair  of  Physiology  and  Comparative 
Anatomy  in  the  same  university.  From  1847  to 
1866  he  held  the  same  professorship  in  the  University 
of  Wurzburg;  but  from  the  latter  date  to  1892,  when 
he  celebrated  the  fiftieth  anniversary  of  the  year  in 
which  he  received  his  medical  degree,  he  taught  an- 
atomy, microscopv,  and  embrvology.  In  1S96  he  was 
made  a  Knight  of  the  "Order  of  Merit."  He  died 
in  1905. 

_  Koelliker  occupies  a  very  distinguished  place  in  the 
history  of  medicine  as  a  biologist.  Of  his  numerous 
published  writings  the  following  deserve  to  receive 
special  mention:  "Handbuch  der  Gewebelehre  fur 
Aerzte  und  Studierende,"  two  volumes,  Leipzig,  1852 
(the  latest  edition  in  1896);  "Entwickelungsgeschichte 
des  Menschen  und  der  hoheren  Thiere,"  Leipzig, 
1861  (also  later  editions);  and  "Die  Entwickelung 
des  Auges  und  Geruchsorganes  menschlicher  Em- 
bryonen,"  Leipzig,  1883.  A.  H.  B. 

Kola  Nut.— See  Cola. 

Koprosterin,  Koprosterole. — By  this  term  is  des- 
ignated a  substance  occurring  in  human  feces  related  to 
cholesterole  by  being  a  reduction  product  of  the  latter. 
Its  formula  is  probably  C27H480  and  it  may  be  regarded 
as  a  dihydrocholesterole.  It  was  first  prepared  by 
Flint  and  by  hkn  called  stercorin.  Koprosterin  is 
soluble  in  cold  absolute  alcohol,  ether,  chloroform, 
and  benzene  and  crystallizes  in  fine  needles  having  a 
melting-point    of    95-96°    C.     It    is  dextrorotatory, 


(a)D  =  -f24°  and  yields  nearly  all  the  reactions  given 
by  cholesterole.  In  the  feces  of  the  horse  may  be 
found  a  .similar  substance,  hippokoprosterin,  <",?HmO. 

V.  P.  U. 


Korsakoff's  Psychosis. 

Addiction. 


-See  Alcoholic  and  Drug 


Kramer,  Wilhelm. — Born  at  Halberstadt,  <)<r- 
many,  Dec.  17,  1801.  He  studied  medicine  in  Goetting- 
en  and  Berlin,  and  received  the  degree  of  Doctor 
of  Medicine  from  the  latter  university  in  1823.  About 
two  years  after  graduation  he  began  to  devote  his 
attention  seriously  to  etology,  and  he  continued  to 
make  this  his  special  fiold  of  labor  during  the  follow- 
ing fifty  years.  During  the  latter  half  of  his  life 
the  title  of  "Geheimer  Sanitiitsrat"  was  conferred 
upon  him  in  recognition  of  his  valuable  contributions 
to  this  department  of  medical  knowledge.  He 
died  at  Berlin  December  7,  1875. 

Kramer  was  one  of  the  first  physicians  in  Germany 
— probably  in  Europe — to  devote  himself  exclusively 
to  otology.  His  first,  and  at  the  same  time  his  most 
important,  contribution  to  medical  literature  bears 
the  title:  "Erfahrungen  iiber  die  Kenntniss  und 
Heiiung  der  langwierigen  Schwerhorigkeit,"  Berlin, 
1833.  In  1849  the  book  was  thoroughly  revised,  and 
was  then  published  under  the  title:  "Die  Erkenntniss 
und  Heiiung  der  Ohrenkrankheiten."  Kramer  is 
credited  by  Pagel  with  the  distinction  of  having  been 
the  first  to  employ  the  catheter  and  auscultation  in  as- 
certaining the  condition  of  the  middle  ear;  to  pass 
bougies  through  the  catheter;  and  to  treat  affections 
of  the  middle  ear  which  are  not  associated  with  a  per- 
forated drum  membrane,  by  means  of  the  catheter  and 
the  elastic  air  bag.  Of  Kramer's  other  published 
writings  the  following  deserve  to  be  mentioned:  "Die 
Heilbarkeit  der  Taubheit,  zur  Beherzigung  fur  Ohren- 
kranke  und  deren  Aerzte,"  Berlin,  1845;  and  "Ueber 
den  Werth  der  ohrenarztlichen  Erfahrungen,  mit 
besonderer  Riieksicht  auf  Schmalz's  Erfahrungen  und 
Beitrage,"  Berlin,  1842.  A.  H.  B. 


Krameria. — Rhatany.  The  dried  roots  of  several 
species  of  Krameria,  especially  of  A'.  Iriandra  R.  et 
P.,  K.  ixina  L.,  and  K.  argentea  St.  Hil.  (fam.  Krameri- 
acecs). 

The  Kramerias  are  low  or  semi-prostrate  shrubs  of 
tropical  or  warm  temperate  parts  of  America.  They 
have  very  long,  thick  roots,  noted  for  the  thickness 
of  their  bark.  Since  the  active  constituent  exists 
mostly  in  the  cortex,  the  thicker  barked  varieties  are 
the  better.  The  first-named  grows  in  the  higher 
Andes  and  yields  Peruvian  Krameria,  the  poorest 
variety.  The  second  comes  from  the  Santa  Marta 
region  of  Colombia,  and  is  about  intermediate  in 
quality  between  the  first  and  the  third,  which  latter 
comes  from  Northern  Brazil.  This  is  usually  sold  as 
Savanilla,  the  genuine  Savanilla  now  reaching  the 
market  only  occasionally.  K.  lanceolala  Torr.,  of  the 
Southwestern  United  States  and  Northern  Mexico, 
yields  a  good  Krameria,  but  it  is  scarcely  a  commercial 
article. 

Description. — Peruvian  Krameria. — Root  branches 
usually  occurring  with  several  or  many  attached  to  a 
short,  hard,  and  woody  tap  root,  which  is  1.5-4  cen- 
timeter (j-lf  inch)  thick,  roughly  fissured  and  sup- 
ports a  knotty,  several-  to  many-headed  crown;  of 
indefinite  length,  rarely  exceeding  50  centimeters  (20 
inches)  and  usually  less  than  1  centimeter  (;  in.)  thick, 
cylindrical,  flexuous  or  wavy,  very  flexible;  externally 
light  red-brown,  more  or  less  marked  with  dark,  scaly 
patches,  especially  upward,  otherwise  smoothish, 
devoid  of  transverse  fissures;  fracture  tough  and 
splintery,    the    pinkish-brown    bark    occupying   less 
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than  one-third  of  the  radius,  the  wood  yellowish  or 
pinkish-white,  finely  radiate;  inodorous  and  of  a 
very  astringent  taste. 

Brazilian   Krameria. — Branches   usually  occurring 
detached  from  the  tap  root  and  crown,  less  flexuous 

than  those  last  de- 
scribed, externally  of  a 
deep  purple-brown  or 
chocolate-brown  and 
with  numerous  trans- 
verse cracks  or  fissures; 
fracture  less  tough  than 
that  of  the  last,  the 
bark  and  wood  both 
darker,  the  former  oc- 
cupying two-fifths,  or 
even  more,  of  the  ra- 
dius, the  taste  more 
astringent  than  that  of 
the  last. 

The  most  important 
constituent  is  from 
eight  to  twenty  per 
cent,  of  krameria-lannic 
acid  or  rhataniatannic 
acid,  a  brilliant  deep 
red  amorphous  mass, 
soluble  in  alcohol  and, 
if  pure,  in  water  also. 
It  is  usually  only  partly 
water-soluble,  owing  to 
the  change  of  a  portion 
of  it  to  phlobaphene  by 
dehydration.  Krame- 
ria-tannic  acid  gives  a 
dull  green  color  with 
diluted  acids,  and  is 
flesh-colored  with  gela- 
tin. It  is  decomposed 
by  dilute  mineral  acids 
into  sugar  and  rhatania 
red. 

Published  statements 
as  to  the  relative  per- 
centages of  tannin  in 
the  different  varieties 
are  not  reliable,  since 
it  is  the  very  common- 
est occurrence  for  the 
varieties  to  be  confused 
in  commerce  and  in  ex- 
periments. 

Rhatany  is  a  reliable 
and  useful  astringent, 
owing  to  its  tannin,  and 
is  applicable  to  all  con- 
ditions in  which  gallic  or  tannic  acid  is  useful.  The 
crude  drug  may  be  given  in  powder,  in  doses  of  gr. 
xv.-xxx.  (1.CH2.0),  though  a  liquid  preparation  is 
preferable.  The  pharmacopoeia  provides  an  extract, 
the  dose  of  which  is  two  to  four  grains,  a  fluid  ex- 
tract, dose  fifteen  to  thirty  minims,  and  a  twenty  per 
cent,  tincture,  the  dose  of  which  is  from  one  to  two 
fluidrams.  Heney  H.  Rtjsbt. 


Kronecker,  Hugo. — Born  in  Liegnitz,  Silesia,  in 
1839.  His  medical  education  was  obtained  in  Heidel- 
berg and  Berlin  where  he  was  graduated  in  1863. 
At  the  time  of  his  graduation  he  evinced  a  fondness 
for  physiology,  his  dissertation  dealing  with  muscular 
fatigue.  He  acquired  his  practical  knowledge  of 
medicine  as  assistant  physician,  under  Traube,  and 
served  in  the  campaigns  of  1866  and  1870-71  as  an 
army  surgeon,  for  which  services  he  received  the 
decoration  of  the  Iron  Cross.  In  1868  he  was  called 
to  Leipsic  and  became  assistant  to  Carl  Ludwig.  In 
1872  he  was  made  privat-docent,  and  in   1875  was 
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Fig.  3615. — Krameria  Triandra 
transverse  section  of  root.  (Bail 
Ion.) 


elected  professor  extraordinary  in  the  University. 
In  1877  he  was  called  to  Berlin,  where ;he  remained 
until  1885  when  he  became  professor  in  Berne,  and 
in  the  line  of  succession  of  Haller.  He  termed  his 
institution  in  Berne  the  "Hallerianum."  Hisjdeath 
occurred  suddenly  on  March  12,  1914,  at  Nauheim, 
where  he  had  gone  to  attend  a  meeting  of  the  German 
Physiological  Society. 

Kronecker  was  one  of  the  best  known  and  most 
distinguished  of  the  physiologists  of  the  twentieth 
century.  He  wrote  comparatively  little,  but  his  work 
has  made  a  distinct  impression  and  influence  on  the 
knowledge  of  physiology.  He  is  best  known  by  his 
dissertation  "On  the  Fatigue  and  Recovery, of  Cross- 
striped  Tissue,"  published  in  1872.  For  some  years 
together  with  Senator,  he  edited  the  Ceniralblall 
fur  die  medizinisch.cn  Wissenschaften.  His  studies 
on  muscle  form  the  basis  of  our  knowledge  of  the 
laws  governing  muscular  fatigue.  His  researches  on 
excised  living  organs,  especially  the  heart,  uterus, 
and  vagina;  his  study  of  reflex  action,  respiratory 
movements,  swallowing  of  fluid,  sources  of  animal 
heat,  the  action  of  cardiac  poisons  show  his  many- 
sidedness  in  the  realm  of  physiology.  He  discovered, 
independently  of  Marey,  that  during  the  first  part  of 
a  cardiac  contraction  the  heart  is  irresponsive  to 
stimuli.  Kronecker's  center  or  point  in  the^heart 
is  the  same  given  to  the  inhibitory  cardiac  center. 
During  the  latter  part  of  his  life  he  made  important 
studies  on  the  effects  of  rarefied  air  on  the  circulation, 
which  have  borne  practical  results  in  the  process  of 
tunnelling  through  mountain  masses. 

E.  L.  J. 


Kuehne,  Willy. — A  distinguished  German  physi- 
ologist of  the  nineteenth  century.  Born  at  Ham- 
burg, March  28,  1837,  he  received  his  professional 
training  at  the  universities  of  Goettingen,  Jena, 
Berlin,  Paris,  and  Vienna,  mainly  under  the  guidance 
of  such  eminent  teachers  as  Woehler,  R.  Wagner, 
Weber,  Henle,  Lehmann,  Virchow,  Claude  Bernard, 
Ludwig,  Bruecke,  and  DuBois-Reymond.  In  1856 
he  obtained  the  degree  of  Doctor  of  Philosophy,  and 
in  1862  that  of  Honorary  Doctor  of  Medicine  was 
given  to  him.  In  1868  he  received  the  appointment 
of  Professor-in-Ordinary  of  Physiology  at  Amster- 
dam, and  three  years  later  he  was  given  the  same 
position  at  the  University  of  Heidelberg,  with  the 
added  duty  of  acting  as  Director  of  the  Physiological 
Institute.     He  died  in  1900. 

The  following  are  the  titles  of  some  of  his  more 
important  published  writings:  "Myologische  Unter- 
suchungen,"  Leipzig,  1860;  " Untersuchungen  iiber 
das  Protoplasma  und  die  Contractilitat,"  Leipzig, 
1864;  "Physiologie  des  Gesichtssinnes,"  in  Hermann's 
Handb.  der  Physiol.,  1879;  and  numerous  shorter 
essavs  in  Untersuchungen  aus  dem  phvsiologischen 
Institute  zu  Heidelberg,  1877-1882. 

A.  H.  B. 


Kuhn,  Adam. — Born  in  Germantown,  Pennsyl- 
vania,  November  28, 1741.  From  his  father,  who  was 
a  physician  by  profession  and  a  liberally  educated 
man,  he  received  a  careful  elementary  training  in 
the  classics  and  also  to  some  extent  in  medicine.  In 
1761  he  went  to  Europe  and  resorted  to  Sweden  for 
instruction  in  botany  and  materia  medica  at  the 
hands  of  Linnaeus,  the  famous  naturalist.  He  sub- 
sequently went  to  Edinburgh,  and  received  the  degree 
of  Doctor  of  Medicine  from  the  University  of  that 
city  in  1767.  On  his  return  from  Europe  he  settled 
in  Philadelphia  and  practised  medicine.  In  January, 
176S,  he  was  appointed  the  Professor  of  -Materia 
Medica  and  Botany  in  the  Medical  College  of  Phila- 
delphia, and  in  November,  1789,  he  became  the 
Professor  of  the  Theory  and  Practice  of  Medicine  in 
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the  University  of  Pennsylvania.  He  was  also  one  of 
the  physicians  of  the  Pennsylvania  Hospital,  from 
May,  1775,  to  January,  1708.     He  died  July  5,  1817. 

A.  H.  B. 


Kumyss  is  the  mixture  of  substances  obtained 
from  mare's  milk  when  it  has  been  subjected  to  the 
action  of  alcoholic  and  lactic  acid  fermentation.  See 
Kephir.  F.  P.  U. 


Kussmaul,  Adolf. — Born  at  Graben,  near  Karls- 
ruhe, Germany,  February  22,  1822.  He  studied  medi- 
cine at  Heidelberg,  Vienna,  and  Prague.  After  practis- 
ing for  a  few  years  he  was  obliged,  owing  to  illness,  to 
abandon  all  work  for  some  time.  In  1857  he  was 
chosen  Professor  Extraordinary  in  the  University  of 
Heidelberg,  and  in  1859  he  accepted  a  call  to  Erlangen, 
to  occupy  the  regular  chair  of  internal  diseases.  Later 
he  accepted  a  similar  position  in  the  University  of 
Freiburg  (in  Breisgau) ;  and  finally,  in  1876,  he  be- 
came a  member  of  the  Faculty  of  Strassburg.  He 
died  in  1902. 

Of  his  numerous  contributions  to  medical  litera- 
ture the  following  deserve  to  receive  special  mention : 
"  Untersuchungen  uber  das  Seelenleben  des  neuge- 
borenen  Menschen,"  Leipzig,  1859  (3d  edition, 
Tubingen,  1896);  "Ueber  die  Behandlung  der  Mag- 
enerweiterung  durch  eine  neue  Methode,"  Freiburg 
in  Breisgau,  1869  (the  employment  of  the  stomach 
pump  in  the  treatment  of  affections  of  the  stomach 
is  here  advocated  for  the  first  time);  and  "Die 
Storungen  der  Sprache,"  in  von  Ziemssen's  Handb. 
der  Pathologie,  1877  (2d  edition,  1881). 

A.  H.  B. 


Kyphosis. — The  term  "kyphosis"  is  derived 
from  the  Greek  nv<t>6s  meaning  humpbacked,  bent 
forward,  and  signifies  of  course,  only  a  symptom, 
but  one  which  is  present  in  a  number  of  conditions 
both  of  disease  and  of  injury.  It  always  refers  to  the 
spine,  and,  inasmuch  as  tuberculosis  of  the  spine  is  the 
disease  which  almost  invariably  presents  this  symp- 
tom as  its  most  conspicuous  clinical  feature,  the  term 
kyphosis  is  perhaps  most  generally  supposed  to  refer 
to  this  disease.  It  always ,  signifies  an  anteroposte- 
rior curvature. 

We  will  consider  the  spinal  "column  a  moment  from 
an  anatomical  point  of  view  before  taking  up  the 
pathological  changes  causing  kyphosis.  The  column 
above  the  sacrum  is  composed  of  vertebra?  which 
diminish  in  size  as  one  approaches  the  atlas;  these  are 
separated  by  fibrocartilaginous  discs  which  equal 
one-fifth  of  the  whole  bony  column  inTieight  and  are 
more  or  less  elastic  and  compressible.  The  vertebra? 
are  kept  in  place  by  ligaments  outside  the  vertebral 
canal  as  well  as  within  the  canal  itself.  These  have 
some  elasticity  and  allow  motion  of  the  vertebra?  on 
their  articular  facets.  In  addition  to  the  support 
afforded  by  the  ligaments  the  column  is  maintained 
erect  by  the  powerful  spinal  muscles,  and  in  the 
lumbar  region  by  a  fibrous  aponeurosis  as  well.  When 
these  anatomical  features  are  present  in  a  normal 
condition,  under  normal  relations  one  to  the  other, 
then  the  column  in  the  erect  position  presents  certain 
normal  physiologico-anatomical  curves  dependent 
chiefly  upon  where  the  center  of  gravity  passes 
through  the  column.  In  a  normal  individual  this  is 
as  follows:  A  perpendicular  line  should  pass  through 
the  odontoid  process,  and  then  through  the  body  of 
the  second  dorsal  vertebra;  thence  it  should  inter- 
sect the  column  at  the  tenth  and  eleventh  dorsal 
vertebra?  and  then  pass  on  down  through  the  sacrum. 
It  is  important  to  remember  this  because  a  lack  of 
familiarity  with  the  normal  curves  of  the  spine  and  the 
variations  which  may  take  place  in  it  within  normal 


limits  is  the  source  of  much  confusion  and  oftentimes  of 
positive  wrong,  particularly  in  medicolegal  work. 
Certain  vertebras  at  the  junction  of  the  cervical  and 
dorsal  portions  of  the  spine  are  invariably  more  promi- 
iirni  than  elsewhere.     Again,  in  the  lower  doi  al  and 

upper  lumbar  regions  there  are  also  two  or  three 
spinous  processes  whiel i  are  more  conspicuous  than 
their  fellows,  particularly  in  flexion  of  the  column. 
Posture,    occupation,   etc.,    readily    aggravate   such 

conditions,    when    once    they    are    pre  enl       

also  the  lack  of  subcutaneous  fat.  There  are  also 
congenital  defects  in  the  spine  which  give  rise  to  a 
bending  forward  of  the  column,   oi  i    an   ap- 

parent bending  of  it.  Certain  of  the  anomalies  of 
development  which  may  cause  a  modification  of  the 
lumbar  curve,  transforming  it  sometimes  even  from 
a  lordosis  to  a  kypho  i  .  are  concerned  with  the 
lumbosacral  and  sacroiliac  joints.  Traun 
inflicted  upon  these  abnormal  articulations  may 
so  disturb  them  that  the  spasm  of  muscles  so  in- 
duced will  flex  the  spine,  creating  the  impression 
that  a  structural  anteroposterior  deformity  is  pres- 
ent. The  defects  are  most  commonly  in  the  cer- 
vical region  and  in  the  lower  dorsal  or  the  lumbar 
region.  In  the  latter  region  occur  the  spina?  bifida?; 
in  the  former,  the  meningo-encephaloceles. 

1.  To  distinguish  normal  curves  from  pathological 
ones  is  not  commonly  difficult.  The  meningo-encepha- 
loceles are  the  result  of  a  failure  of  the  posterior  neural 
arches  to  unite,  and  a  protrusion  of  the  coverings  of 
the  cord  ensues,  either  complete  or  partial.  Many  of 
these  cases  do  not  live  longer  than  through  the  period 
of  infancy,  but  occasionally,  when  the  bony  arch  has 
not  failed  completely  to  unite,  the  patients  survive 
and  have  a  very  short  neck  with  high  standing 
shoulders  and  considerable  deformity.  The  spina? 
bifida?,  which  commonly  occur  in  the  lower  dorsal  or  the 
lumbar  region,  are  readily  recognized  hy  the  soft  and 
fluctuant  character  of  the  swelling,  which  is  in  the 
median  line,  and  is  accompanied  usually  by  more  or 
less  ;paralysis  of  the  lower  extremities,  both  sensory 
and  motor.  The_kyphosis  is  not  due  to  alterations 
in  the  bone. 

2.  Trauma  may  cause  kyphosis,  and  frequently 
does.  Under  this  head  come  the  fractures  of  the 
spine  which  are  commonly  accompanied  by  consider- 
able deformity  and  by  more  or  less  paralysis  below 
the  deformity,  both  motor  and  sensory,  involving  the 
sphincters  also.  The  bend  is  sharp,  and  involves  as  a 
rule  only  two  or  three  vertebra?  at  the  most. 
Dislocations  of  the  spine  cause  kyphosis  frequently. 
They  are  more  common  in  the  cervical  region.  They 
are  not^apt  to  cause  as  complete  paralysis  as  do  the 
fracture's,  and  they  are  amenable  to  treatment. 
Another  sort  are  the  so-called  "torsions,"  or  ruptures 
of  spinal  ligaments  in  which  there  is  more  or  less 
motor  and  sensory  disturbance  below  the  seat  of  in- 
jury; a  kyphosis  is  present  on  flexing  the  trunk,  with 
an  aggravation  of  the  above-mentioned  symptoms, 
which  disappear,  as  does  also  the  kyphosis,  when  the 
trunk  is  hyperextended.  This  kyphosis  manifests 
itself  in  the  form  of  a  sharp  bend  involving  two  or 
three  vertebra?. 

3.  In  young  children  with  acute  rickets  a  kyphosis 
is  very  common.  This  curve  is  a  long  sweeping  one, 
involving  pretty  much  the  entire  dorsal  portion  of  the 
column,  but  is  not  accompanied  by  muscular  spasm; 
the  curve  disappears  entirely  on  hyperextension  of  the 
trunk,  and  the  child  commonly  presents  the  other 
evidences  of  acute  rickets,  viz.,  pain  on  handling, 
enlarged  epiphyses,  rosary,  prominent  abdomen,  etc. 

4.  Osteoarthritis  frequently  attacks  the  spine  and 
causes  anteroposterior  deformity.  This  occurs  most 
often  in  adults,  usually  men.  The  forward  and  back- 
ward motions  of  the  spine  are  restricted;  the  kyphosis 
involves  several  of  the  vertebra?  and  is  produced  by  the 
lipping  of  the  cartilages  about  the  vertebral  bodies,  and 
this  lipping  is  so  situated  on  the  anterior  portions  of 
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the  vertebral  bodies  that  the  complete  flexion  and  ex- 
tension of  the  spine  are  limited.  These  deposits  are 
analogous  to  Heberden's  nodes  in  the  terminal  pha- 
langes of  the  fingers. 

5.  Rheumatoid  arthritis  seldom  attacks  the  spine, 
but  when  it,  does  it  causes  an  atrophy  of  the  inter- 
vertebral discs,  as  a  result  of  which  the  spine  manifests 
a  long  sweeping  curve,  which  cannot  usually  be  cor- 
rected without  pain  and  spasm.  Other  joints  invari- 
ably manifest  the  characteristic  lesions.  It  is  a  disease 
of  young  adult  life,  and,  so  far  as  it  involves  the  spine, 
is  apparently  more  common  in   men. 

6.  Osteit  is  deformans,  or  Paget 's  disease  of  bone,  is  a 
disease  of  late  adult  life,  occurring  in  men  usually  and 
resulting  in  an  anteroposterior  flexion  of  the  whole 
spinal  column  together  with  considerable  thickening 
and  bowing  of  the  long  bones.  The  column  becomes 
usually  completely  ankylosed.  The  kyphosis  shows 
itself  in  these  cases  in  the  form  of  a  long  sweeping 
curve. 

7.  Osteomalacia,  most  often  seen  in  women  in  adult 
life  and  during  the  parturient  state,  causes  occasionally 
a  kyphosis.  As  a  result  of  the  slow  softening  which 
takes  place  in  the  bony  structures  of  the  spinal  column 
in  this  disease  the  latter  gradually  assumes  a  mod- 
erately pronounced  degree  of  curvature — one  quite 
different  from  the  sharp  bend  that  follows  the 
inflammatory  type  of  bone  disease.  At  the  same 
time  evidences  of  the  same  morbid  process  will  be 
observed  in  other  bones  of  the  body. 

8.  By  far  the  greater  number  of  anteroposterior 
curves  in  the  spine  are  caused  by  tuberculosis  (Pott's 
disease).  In  these  cases  the  spine  becomes  sharply 
bent,  during  the  active  stage  of  the  disease,  at  some  one 
point,  owing  to  the  fact  that  at  this  time  only  one  or  two 
vertebra  are  involved.  The  disease  is  most  common 
in  childhood,  and  is  about  equally  distributed  as  to  sex. 
It  may  involve  any  part  of  the  spinal  column,  but  is 
most  common  in  the  dorsal,  somewhat  less  so  in  the 
lumbar,  and  least  common  in  the  cervical  region.  It 
cannot  be  obliterated  by  hyperextension,  and  is  ac- 
companied by  muscular  spasm  in  the  spinal  muscles 
at  the  seat  of  the  disease.  It  is  by  no  means  uncommon 
in  adults,  either  as  an  acute  or  as  a  chronic  process,  as 
late  as  middle  life.     It  is  usually  slow  in  development. 

i  9.  Acute  osteomyelitis  attacks  the  spine  not  infre- 
quently. It  is  acute  in  onset  and  may  follow  some 
septic  process  such  as  tonsillitis  or  other  infectious 
disease.  It  causes  some  kyphosis,  though  not  the 
acute  bending  of  the  spine  that  is  observed  in  Pott's 
disease.  Th?re  is  much  pain,  chiefly  local  in  character, 
and  considerable  fever  is  present.  In  most  cases  sup- 
puration takes  place  and  sequestra  are  formed.  The 
whole  course  is  much  shorter  than  in  Pott's  disease,  and 
the  deformity  is  much  less  and  is  due  more  to  muscle 
spasm  than  to  destruction  of  vertebral  substance. 

10.  Malignant  disease,  both  carcinoma  and  sar- 
coma, is  said  to  occur  primarily  in  bone,  but  is  much 
more  commonly  secondary  to  malignancy  elsewhere — 
in  the  case  of  the  carcinomata  usually  the  breast,  the 
prostate,  or  the  intestine.  The  bend  in  the  spine  is 
generally  of  small  size,  and  is  due  to  the  destruction  of 
the  bone  trabecular  by  the  cancerous  infiltration.  The 
most  striking  feature  is  the  great  pain  of  which  these 
patients  complain.  The  disease  develops  slowly  and  is 
characterized  by  marked  cachexia,  and  the  peripheral 
sensory  disturbances  predominate  over  the  peripheral 
motor  disturbances,  the  reverse  of  the  condition  seen 
in  Pott's  disease.  Malignant  disease  occurs  in  adults 
and  rather  more  frequently  in  women  than  in  men. 

Sarcomatous  kyphoses  may  be  either  primary  or 
secondary,  the  latter  usually  following  sarcoma  in  the 
kidney.  They  occur  in  childhood  most  commonly, 
and  are  more  rapid  in  development  than  those  due  to 
carcinoma. 

11.  Occasionally  the  muscular  dystrophies,  by  caus- 
ing a  sharply  limited  muscular  atrophy,  give  rise  to  an 
apparent  kyphosis  where  the  atrophy  of  the  spinal 


muscles  stops  and  tin-  normal  muscle  commeno 
This  ought  to  cause  no  difficulty  in  diagnosis,  as  tin; 
atrophy  which  could  possibly  cause  any  .such  confusion 
is  usually  confined  to  the  scapular  group  of  muscles  and 
the  spinal  muscles  in  the  immerli.-ilc  vicinity,  and  the 
atrophy  and  loss  of  power  in  the  scapular  groups  would 
show  clearly  the  diagnosis,  aside  from  thi  ab  ence  of 
other  spinal  symptoms. 

12.  In  this  same  category  we  have  infantile  paral- 
ysis, involving  the  trunk  muscles  and  causing  a  long 
sweeping  curve  in  the  spine  with  prominence  of  several 
spinous  processes.  The  patients  are  unable  to  sit 
erect,  and,  besides  the  history  of  infantile  paralysis  and 
the  usual  presence  of  paralysis  elsewhere — e.g.  in  the 
extremities,  the  muscles  being  flaccid — there  is  ab- 
normal mobility  in  the  spinal  column  in  all  directions, 
with  entire  absence  of  muscle  spasm. 

13.  Certain  functional  conditions  in  the  region  of 
the  spine  may  also  cause  a  kyphosis.  They  are 
associated,  as  a  rule,  with  the  neurasthenic  state,  but 
sometimes  they  are  simply  the  result  of  the  loss  of 
muscular  tone  in  rapidly  growing  children,  particularly 
girls,  or  in  patients  who  are  convalescing  from  preg- 
nancy or  from  some  acute  disease.  Finally,  they  are 
also  observed  in  the  blind  as  a  result  of  an  habitually 
faulty  posture.  The  curve  observed  in  such  cases  is  of 
the  long,  sweeping  character,  and  may  easily  be  cor- 
rected by  suitable  manipulations.  It  is  not  accom- 
panied by  spasm,  but  in  the  neurasthenic  it  is  fre- 
quently associated  with  hyperesthesia  along  the  spin- 
ous processes. 

Under  this  functional  head  should  be  included  the 
hysterical  curvatures. 

14.  Syphilis.  The  tertiary  manifestations  of  this 
disease  are  occasionally  seen  to  cause  an  anteropos- 
terior curvature  of  the  spine.  The  character  of  the 
bend  in  the  spine  and  the  symptoms  which  occur 
differ  but  little,  if  at  all,  from  those  seen  in  Pott's 
disease,  and  the  history  must  be  chiefly  relied  upon 
for  establishing  the  diagnosis.  These  cases  will 
respond  to  antisyphilitic  treatment,  and  they  are  less 
apt  to  be  accompanied  by  a  cold  abscess. 

15.  Typhoidal,  Gonococcal,  and  Postscarlatinal 
Kyphosis.  In  the  kyphoses  which  are  due  to  these  dis- 
eases the  absence  of  any  protrusion  along  the  course  of 
the  spine  or  of  an}'  suggestive  symptoms,  prior  to  the 
onset  of  the  acute  disease,  must  first  of  all  be  es- 
tablished. The  deformity  in  these  cases  develops 
much  more  rapidly  than  it  does  in  other  forms  of  the 
disease;  furthermore,  the  first  evidences  of  the  change 
are  usually  observed  during  the  acute  stage  or  at  least 
early  in  that  of  convalescence.  The  entire  course  of 
the  disease  is  of  much  shorter  duration  than  it  is  in 
any  of  the  other  forms  of  kyphosis.  The  results  ob- 
tainable from  treatment  are  also  apt  to  be  better. 

16.  Mollifies  Ossium,  Hydatids,  Actinomycosis,  and 
Aneurysms.  A  very  rare  cause  for  kyphosis  is  the  proc- 
ess of  bone  softening  known  as  mollifies  ossium.  This 
occurs  more  commonly  in  children  than  in  adults,  and 
the  spinal  column  is  just  as  liable  to  be  affected  as  are 
any  other  parts  of  the  bony  framework.  The  fact  that 
the  softening  rarely  if  ever  affects  any  one  part  of  this 
framework  alone  should  aid  one  materially  in  making 
the  differential  diagnosis. 

The  presence  of  hydatids,  forming  cysts  in  the 
vertebral  bodies,  is  extremely  rare,  but  has  occurred. 
A  correct  diagnosis  can  of  course  be  made  only  after 
the  discovery  of  the  hooklets  in  the  contents  of  the 
opened  cyst. 

Of  about  equal  rarity  is  the  occurrence  of  actinomy- 
cosis as  a  cause  for  kyphosis;  this  also  could  be  demon- 
strated as  the  cause  only  by  finding  the  fungus  in  any 
pus  coming  from  the  spine  of  a  patient  thus  affected. 

The  pressure  made  by  an  adjoining  aneurysm  may 
cause  erosion  of  one  of  the  vertebral  bodies  and  thus 
lead  to  a  kyphosis  having  an  anteroposterior  curve. 
The  pain,  while  this  process  is  going  on,  is  very  severe. 
Such  cases  occur  almost  always  in  middle  adult  life, 
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and  careful  examination  at  repeated  and  short  intervals 
may  clear  the  diagnosis. 

The  foregoing,  in  brief,  are  the  principal  causes  for 
kyphosis. 

The  nature  of  the  process  that  gives  rise  to  a  bony 
kyphosis  must  be  determined  through  a  consideration 
of  (a)  the  history,  (b)  the  duration,  (c)  the  onset,  ((/) 
the  presence  or  absence  of  muscular  spasm,  or  of  bony 
ankylosis,  (e)  the  presence,  either  immediate  or  remote 
of  diseases  elsewhere  in  the  body  which,  if  present  in 
the  spine,  would  cause  a  kyphosis,  and  lastly  (/)  the 
presence  or  absence  of  paralytic  conditions  in  (lie 
spinal  muscles.  CHARLES    F.    Painter. 


Kyrine. — By  hydrolytic  cleavage  of  gelatin  and 
certain  ■  ther  proteins  a  basic  body  may  be  obtained 
which  is  regarded  by  some  investigators  as  const  ii  ut- 
ing  a  portion  of  the  original  protein  molecule.  This 
substance  has  been  called  kyrine.  The  various  ky- 
rines  show  a  different  composition,  as  measured  by  the 
products  they  yield,  according  to  the  nature  of  the 
protein  from  which  they  were  derived.  F.  P.  U. 


Labiatae. — (The  Mint  Family.)  A  very  large 
family  of  more  than  one  hundred  and  fifty  genera 
and  about  three  thousand  species,  growing  in  almost 
all  parts  of  the  world.  The  constituents  and  proper- 
ties of  these  plants  are  so  uniform,  and  so  important, 
that  their  recognition  is  highly  desirable.  They  have 
square  stems,  opposite,  and  most  always  aromatic, 
but  not  punctate  leaves,  the  corolla  usually,  and 
the  calyx  frequently,  bilabiate,  the  stamens,  two,  or 
four  and  didynamous,  the  ovary  two-carpelled 
and  maturing  in  the  form  of  four  one-seeded  nutlets. 
The  last  character  distinguishes  them  from  the  closely 
related  Scrophulariacese,  which  are  frequently  poison- 
ous, while  the  Labiatae  never  are.  These  plants  are 
often  exceedingly  showy.  Their  only  other  value 
resides  in  their  almost  invariably  aromatic  proper- 
ties, due  to  the  presence  in  them  of  volatile  oils. 
The  mints,  lavender,  rosemary,  pennyroyals,  thyme, 
and  many  others  of  the  family  are  treated  in  this  work 
in  their  proper  order.  A  host  of  others  might  be 
enumerated.  Some  of  those  more  commonly  used  are 
the  sweet  marjoram  (Origanum  major  anal,.),  summer 
savory  (Satureja  hortensis  L.),  dittany  (Cunila 
mariana  L.),  hyssop  (Hyssopus  officinialis,  L.),  Ajuga, 
Cedronella,  various  species  of  Monarda,  Koellia  (Pyc- 
nanthemmn),  Calaminlha,  and  Orthosiphon.  Others 
contain  a  bitter  substance  also,  and  are  used  as 
aromatic  bitters.  Representatives  of  this  class,  treated 
in  this  work,  are  horehound  and  sage.  Those  of 
minor  importance,  of  the  same  class,  deserving  of 
mention,  are  wild  origanum  (0.  vulgare  L.),  glechoma 
or  ground  ivy  (Glechoma  hederacea  L.),  germander 
(Teucrium  chavioedrys  L.  and  various  other  species 
of  Teucrium),  motherwort  (Leonurus  cardiaca  L.  and 
other  species  of  Leonurus),  many  species  of  Meso- 
sphwrum  (Hyptis)  and  Ocimum,  and  several  of 
Lamium,  heal-all  or  Prunella  (Brunella),  Lycopus,  or 
bitter  bugle  and  Scutellaria  or  skull-cap.  Occasionally 
these  plants,  as  in  the  case  of  salvia,  combine  a  con- 
siderable amount  of  tannin  with  their  volatile  oil  and 
amaroid,  and  have  distinctly  astringent  properties. 

Henhy  H.  Rushy. 


Labor. — In  the  following  article  this  subject  will 
be  considered  under  the  heads  of  A.  Physiology, 
including  mechanism;  B.  Pathology;  and  C.  The 
management  of  normal  and  abnormal  labor. 

Definition. — The  term  labor  is  applied  to  that  proc- 
ess which  results  in  the  expulsion  of  the  mature,  or 
nearly  mature,  product  of  conception  from  the  interior 
of  the  uterus. 


A.  Physi*  ilog  r  of  the  Coin  I    bo       i        i  ■*. — 

Both  speculative  and  scientific  research  have  been 
called  upon  to  explain  the  reason  foi  :  I  of  nor- 

mal labor  at  the  end  ol  period  which  has  been  found 
to  include  about  280  da;     after  tin  thi 

last  menstrual  period.      No  Batisfai  p lunation 

has,  however,  been  discovered  and  among  the  many 
theories  which  have  been  advanced,  attention  may 
be  called  to  the  following  summary  (based  on  J.  W. 
U  illiams'  text-book),  as  being  the  most  important 
and  reliable. 

1.  Increased  Sensitiveness  of  the  Uterus  to  Slimvl  > 
the  End  of  Pregnancy . — It  is  well  known  that  the  uterus 
reacts  to  stimulation  both  from  external  and  internal 
sources  during  the  latter  months  of  pregnancy  much 
more  readily  than  at  other  times,  and  the  regular 
intermittent  contractions  of  the  organ  which  may  be 
noted  during  pregnancy  itself  come  on  more  frequent!}' 
during  this  period  and  also  with  greater  intensity. 
For  this  reason  irritants  or  other  stimuli  transmitted 
through  the  nervous  musculature  or  digestive  systems 
may  serve  to  start  the  process.  We  know  for  example 
that  an  attack  of  acute  indigestion,  nervous  shock, 
muscular  exertion,  intestinal  colic,  and  a  number  of 
other  conditions  may  promptly  induce  labor  by  an 
apparently  reflex  stimulation  of  the  nerve  supply  or 
musculature  of  the  uterus. 

2.  Increasing  Distention  of  the  Uterus  by  its  Contents. 
— Any  hollow  viscera  which  is  distended  beyond  a 
certain  point  ordinarily  begins  to  contract  and  empty 
itself.  We  see  this  exemplified  in  the  stomach  and 
also  the  rectum,  and  the  presumption  seems  to  be 
supported  by  the  fact  that  premature  births  frequently 
occur  in  cases  of  hydramnios  or  twin.pregnancies.  On 
the  other  hand,  we  often  find  that  i distention  beyond 
a  certain  point  seems  to  produce  a  paralysis  of  the 
organ  and  is  accordingly  met  with  in  cases  of  prolonged 
pregnancy,  especially  with  very  large  children. 

3.  The  Dilatation  of  the  Cervix  by  the  Presenting  Part. 
— This  is  a  theory  already  proposed  by  Galen,  who 
believed  that  the  pressure  of  the  presenting  part  on 
the  cervix  was  sufficient  to  bring  about  its  dilatation. 
We  find,  however,  in  multipara',  a  degree  of  cervical 
dilatation  existing  for  weeks  before  labor  which  ap- 
parently controverts  this  theory. 

4.  'Increasing  Distention  of  the  Lower  Uterine  Seg- 
ment with  Pressure  upon  the  Neighboring  Nervous 
Structures. — This  theory  does  not  seem  to  afford  a 
satisfactory  explanation,  as  we  find  labor  coming  on 
in  many  cases  where  the  presenting  part  is  not  at  all 
in  contact  with  the  lower  uterine  segment  and  no 
possible  pressure  effect  can  take  place. 

5.  Changes  in  the  Decidua.— The  claim  has  been 
made  that  the  decidua  in  the  later  weeks  of  pregnancy 
undergoes  fatty  degeneration  which  results  in  the 
partial  separation  of  the  ovum  and  its  practical  con- 
version into  a  foreign  body.  The  latter  gives  rise  to 
uterine  contractions  as  in  the  case  of  any  other  hollow 
viscus,  but  investigation  has  shown  that  fatty  de- 
generation, if  it  does  occur,  is  not  a  normal  state. 
Whether  the  ovum  becomes  separated  by  the  thinning 
out  of  the  spongy  layer  of  the  decidua  in  the  last  few 
weeks  of  pregnancy  is  doubtful. 

6.  Excess  of  Carbon  Dioxide  or  Lack  of  Oxygen  in  the 
Placental  Blood  Acting  on  the  Nerve  Centers. — Brown- 
Sequard  first  demonstrated  in  1853  that  an  excess  of 
carbon  dioxide  in  the  blood  led  to  energetic  uterine 
contractions.  Although  this  may  be  true  it  has  not 
been  shown  why  sudden  increase  in  the  carbon  dioxide 
in  the  blood  occurs  at  a  stated  time,  although  it  has 
been  claimed  that  this  gas  in  the  placental  blood  is 
markedly  increased  as  the  result  of  progressive  throm- 
bosis of  the  decidual  vessels.  Later  investigators 
claim  that  no  contractions  arise  as  the  result  of  an 
excess  of  carbon  dioxide  in  the  blood. 

7.  Circulation  of  Fetal  Metabolic  Products  Acting 
upon  Similar  Centers. — It  is  claimed  that  the  mature 
fetus  needing  materials  for  its  sustenance  other  than 
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those  furnished  by  the  placenta,  certain  substances 
are  excreted  which  gain  access  to  the  maternal  circu- 
lation and  thus  stimulate  the  uterus.  A  great  many 
observations  have  been  made  along  these  lines  which 
seem  to  indicate  that  the  ultimate  cause  of  labor  may 
be  a  substance  circulating  in  the  maternal  blood,  of 
the  nature  and  origin  of  which  we  are,  however,  ignor- 
ant. It  has  been  shown  that  a  uterus  which  is  cut  off 
from  all  connection  with  the  central  nervous  system, 
will  go  into  labor  at  the  usual  time  and  proceed  to 
empty  itself  normally.  The  process  does  not  therefore 
seem  to  be  dependent  upon  the  stimulation  of  centers 
situated  in  the  central  nervous  system,  but  is  due  to 
the  stimulation  of  intrauterine  ganglia  by  substances 
either  brought  to  the  uterus  by  the  circulating  blood 
or  originating  in  the  fetus  itself. 

8.  Menstrual  Periodicity. — The  increased  tendency 
toward  uterine  contractions  at  what  would  have  been 
menstrual  periods  is  believed  to  reach  its  acme  at 
about  the  time  of  the  tenth  menstrual  period  and  thus 
gives  rise  to  labor.  Observations  of  this  character 
point  toward  the  possibility  of  an  ovarian  hormone 
being  the  exciting  cause. 

9.  Anaphylactic  Action  of  the  Fetal  Blood. — It  is 
claimed  that  in  a  certain  proportion  of  cases,  labor 
will  follow  intravenous  injection  of  a  small  quantity 
of  fetal  serum.  In  normal  pregnancy  fetal  substances 
are  constantly  gaining  access  to  the  maternal  circu- 
lation which  give  rise  to  definite  antibodies.  As  full 
term  approaches  and  excessive  quantities  of  the  fetal 
antigens  enter  the  maternal  blood,  in  the  reaction 
which  ensues  between  the  latter  and  the  existing  anti- 
bodies, substances  are  set  free  which  give  rise  to  labor. 
There  is,  however,  very  little  confirmatory  evidence 
to  support  this  view. 

10.  Heredity  and  Habit. — This  theory  is  based  on 
the  fact  that  Nature  after  the  lapse  of  many  ages  has 
found  that  the  tenth  lunar  month  is  the  most  suitable 
time  for  the  delivery  of  the  fetus.  At  this  period  the 
relations  between  the  average  child  and  the  maternal 
pelvis  are  such  that  it  is  born  with  the  least  difficulty, 
whereas,  if  the  process  is  prolonged  beyond  this  date, 
the  death  of  the  fetus  is  apt  to  result  from  the  pro- 
longed and  difficult  labor,  and  if  born  at  an  earlier 
period  it  is  insufficiently  developed  to  maintain  its 
existence  and  perishes. 

11.  Senility  of  the  Placenta. — The  frequent  occur- 
rence of  infarct  formation  in  the  placenta  at  term  has 
been  accepted  as  evidence  of  its  senility  and  is  analo- 
gous to  atrophy  of  the  chorion  at  an  earlier  period. 
This  interferes  with  the  nutrition  of  the  fetus  and  pos- 
sibly results  in  the  formation  of  metabolic  products 
which  stimulate  the  uterine  centers  to  contraction. 

None  of  these  theories  can  be  applied  universally 
and  in  the  majority  of  cases  the  onset  of  labor  is 
probably  due  to  a  combination  of  several  of  the  above- 
mentioned  causes.  On  the  other  hand  it  is  possible 
that  some  law  may  be  discovered  which  will  explain 
the  physiology  of  the  various  sexual  functions  in 
women,  including  menstruation  as  well  as  the  onset 
of  labor.  Williams  has  shown  that  a  marked  change 
in  metabolism  occurs  immediately  before  and  at  the 
time  of  labor,  which  he  believes  probably  stands 
in  some  causal  relation  to  the  same.  This  includes 
a  diminution  in  the  nitrogen  output  through  the  urine, 
while  at  the  same  time  a  marked  diuresis  occurs,  thus 
a  complete  reversal  of  what  ordinarily  takes  place 
during  the  last  months  of  pregnancy.  Although  long 
believed  that  the  central  nervous  system  included 
in  the  medulla  a  center  for  uterine  contractions,  which 
could  be  stimulated  by  anemia  and  the  presence  of 
various  toxic  substances,  recent  investigations  render 
it  probable  that  the  only  uterine  center  is  situated 
in  the  lumbar  portion  of  the  cord  and  that  this  is  not 
absolutely  essential  to  the  process  of  normal  labor. 
It  may  be  concluded  therefore  that  the  intrinsic 
nerves  of  the  uterus  are  the  most  important  factors 
in  the  production  of  the  contractions  of  this  organ 
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and  that  the  central  nervous  system  exerts  merely  a 
regulative  function,  making  possible  the  perception 
of  pain  and  the  control  of  the  reproductive  organs, 
whereas  the  sympathetic  system  regulates  the  vascu- 
lar conditions. 

Labor  Pains. — The  onset  of  labor  is  marked  by  the 
change  in  the  character  of  the  intermittent  contrac- 
tions of  the  uterus  which  have  existed  throughout  the 
pregnancy  and  which  instead  of  being  comparatively 
painless,  are  felt  to  a  greater  or  less  degree  by  the 
patient.  The  contractions  of  the  uterus  are  inde- 
pendent of  voluntary  effort,  and  can  be  neither 
directly  increased  nor  diminished  by  this  means. 
Emotional  stress,  however,  may  either  increase  or 
stop  them  entirely.  Although  labor  theoretically 
begins  with  the  process  which  finally  results  in  the 
expulsion  of  the  fetus,  we  are  accustomed  to  compute 
the  length  of  the  pains  from  the  time  when  the  pains 
become  perceptible.  Analysis  of  each  pain  shows  that 
it  begins  slowly,  and  gradually  reaches  a  point  which 
is  synchronous  with  the  transitory  tonic  contractions 
of  the  uterus.  Up  to  the  latter  point  the  pains  are 
effective  in  dilating  the  lower  uterine  segment  and  the 
cervix  but  at  the  height  of  the  period  they  are  of  no 
value  from  a  mechanical  standpoint  and  it  is  essential 
that  complete  relaxation  results  before  the  advent  of 
another  pain.  The  so-called  labor  pains  vary  in 
different  individuals,  but  they  usually  begin  in  the 
back  and  in  time  extend  around  to  the  front  of  the 
abdomen.  The  intensity  of  the  pain  usually  varies 
with  the  progress  of  the  labor.  At  the  beginning  they 
may  be  very  slight  and  amount  to  a  sense  of  mere 
discomfort,  whereas  toward  the  end  of  the  stage  of 
dilatation  they  may  be  severe  and  excruciating  in 
character.  The  interval  also  varies  from  a  period  at 
the  beginning  of  one-half  an  hour  or  more  to  a  fre- 
quency of  every  two  or  three  minutes.  The  average 
duration  also  varies  from  a  half  minute  to  a  minute. 
The  duration  of  the  pain  is  not,  however,  synchronous 
with  the  uterine  contraction  and  we  may  find  the 
uterus  beginning  to  contract  before  the  pain  becomes 
evident.  During  the  stage  of  dilatation  the  character 
of  the  pains  depends  somewhat  on  the  resistance  of 
the  cervix  and  we  find  that  where  this  does  not  dilate 
readily,  as  in  a  dry  labor  or  in  the  presence  of  scar 
tissue,  the  severity  of  the  pains  may  be  very  much 
increased. 

The  force  of  the  labor  pains  has  been  calculated  by 
a  number  of  investigators  and  experiments  have 
shown  that  a  force  of  as  much  as  fifty  pounds  pressure 
may  be  exerted  during  the  height  of  the  expulsive 
effort. 

Clinical  Course  of  Normal  Labor;  Stages,  Duration. — 
It  is  convenient  to  divide  the  course  of  a  normal  labor 
into  three  stages.  The  first  includes  the  time  from 
the  beginning  of  the  real  pains  to  the  complete  dilata- 
tion of  the  cervix  and  may  be  called  the  stage  of  dilata- 
tion. The  second  is  the  period  of  expulsion  and  dates 
from  the  completion  of  the  dilatation  of  the  cervix  to 
the  birth  of  the  child.  The  third  or  placental  stage 
lasts  from  the  time  of  the  birth  of  the  child  to  the 
expulsion  of  the  placenta.  During  the  first  stage  the 
involuntary  contractions  of  the  uterus  are  the  chief 
factor  and  bring  about  a  dilatation  of  the  softened 
cervix  by  the  intermittent  protrusion  of  the  bag  of 
membranes  through  the  same.  During  this  time  the 
latter  become  separated  from  the  lower  uterine  seg- 
ment and  a  bloody  discharge  may  be  noted.  As  a 
rule  the  patient  experiences  no  sensations  between 
these  pains  and  is  preferably  up  and  about  during 
this  period.  This  stage  of  the  labor  may  vary  in 
extent  from  a  few  to  many  hours  and  its  end  is  often 
marked  by  the  rupture  of  the  amniotic  sac  at  the  time 
of  full  dilatation  when  drainage  of  the  contained 
liquor  occurs.  In  other  cases  the  membranes  may 
rupture  before  complete  dilatation  and  in  such  cases 
the  labor  is  apt  to  be  more  prolonged  because  dilata- 
tion of  the  cervix  is  gained  by  the  impact  of  the  hard 
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and  more  unyielding  head  or  breech  rather  than  by 
the  soft  fluid  wedge  of  the  amniotic  sac.  Where 
rupture  occurs  early  in  the  process  the  term  "dry 
labor"  is  applied.  This  will  be  further  discussed  in 
the  section  on  the  pathology  of  labor.  After  full  dila- 
tation is  complete  and  the  membranes  are  ruptured, 
the  pains  increase  in  severity  and  the  involuntary 
uterine  contractions  are  supplemented  by  voluntary 
expulsive  efforts  made  by  the  patient  with  her  ab- 
dominal muscles.  The  patient  during  this  stage  is 
very  apt  to  lie  down  or  assume  a  crouching  position. 
The  pains  normally  are  increased  in  length  and  fre- 
quency and  during  their  presence  the  patient  assists  by 
contracting  her  diaphragm  and  using  the  abdominal 
muscles  as  already  referred  to.  As  the  head  in  a 
normal  labor  descends  through  the  pelvis  during  this 
stage,  pressure  on  the  bladder  and  rectum  results  and 
the  patient  has  a  frequent  desire  to  empty  one  or  both 
of  these  organs.  Observation  of  the  vulvar  outlet 
will  also  show  a  bulging  of  the  latter  with  each  pain 
and  after  a  time  the  scalp  may  be  detected  in  the  slit 
thus  formed.  As  the  labor  progresses  the  vulvar 
outlet  and  the  perineum  become  more  distended  until 
the  fourchette  in  an  unlacerated  perineum  becomes 
as  thin  as  a  sheet  of  paper.  It  will  be  observed  that 
the  head  advances  with  each  pain  and  recedes  during 
the  interval  until  it  is  finally  born.  The  vulvar  outlet 
then  contracts  around  the  neck  of  the  infant  and 
congestion  in  the  face  of  the  latter  will  be  noted. 
With  the  next  pain,  however,  the  anterior  shoulder 
slips  out  from  under  the  symphysis  and  then  the 
posterior  shoulder  emerges  over  the  perineum  after 
which  the  remainder  of  the  body  is  born,  to  be  fol- 
lowed by  a  gush  of  amniotic  fluid  and  frequently  of 
some  blood.  The  further  details  of  the  delivery  will 
be  found  described  in  the  paragraph  on  the  mechanism 
of  labor.  The  duration  of  this  stage  is  ordinarily 
from  two  to  four  hours  depending  on  the  parity  of  the 
patient. 

After  the  birth  of  the  child  there  is  usually  a  cessa- 
tion of  the  pains,  the  uterus  contracts  and  the  patient 
rests  for  a  period  varying  from  a  few  minutes  to  an 
hour.  At  the  expiration  of  this  time  the  uterus  begins 
to  contract  again  and  the  placenta  is  expelled.  The 
first  step  is  the  separation  of  this  organ  from  the  uter- 
ine wall,  following  which  the  contractions  of  the  uterus 
force  it  down  and  into  the  lower  uterine  segment  or  the 
upper  part  of  the  vagina.  It  may  be  spontaneously 
expelled  from  the  latter  position  by  the  contractions 
of  the  abdominal  muscles  or  it  may  be  necessary  for 
the  attendant  to  express  the  same  by  manipulations. 
A  greater  or  lesser  degree  of  hemorrhage  usually  results 
during  the  third  stage  which  normally  amounts  to 
about  400  c.c.  or  less.  The  chill  which  is  often  noted 
at  this  time  is  merely  the  result  of  a  vasomotor  read- 
justment and  has  no  particular  significance. 

The  average  duration  of  labor  has  already  been  re- 
ferred to  and  varies  with  the  parity  of  the  patient.  As 
a  general  rule  from  eighteen  to  twenty-four  hours  are 
required  by  primiparse  for  complete  delivery;  in 
multiparas  this  period  may  be  from  six  to  ten  hours 
shorter  without  becoming  abnormal.  The  slower 
course  of  labor  in  primiparag  is  merely  due  to  the 
increased  resistance  of  the  soft  parts,  but  even  this  in 
vigorous  young  women  ma}'  not  be  sufficient  to  extend 
the  length  of  their  labor  beyond  a  few  hours.  In 
elderly  primiparas,  however,  the  process  may  be  con- 
siderably prolonged  and  has  been  estimated  to  average 
seven  hours  longer  in  them  than  in  younger  women.  The 
satisfactory  progress  of  a  normal  labor  may  be  gauged 
by  the  regularity  of  the  pains,  resulting  in  a  gradual 
dilatation  of  the  cervix  with  unruptured  membranes. 
The  liquor  amnii  contained  in  that  portion  of  the  sac 
in  front  of  the  head  is  called  the  fore-waters  and,  as 
the  head  engages  firmly  in  the  pelvic  inlet,  this  fluid 
cannot  return  and  the  membranes  remain  tense  be- 
tween the  pains,  with  a  resultant  tendency  to  rupture. 
This  rupture  should  correspond  in  a  perfectly  normal 


case  to  the  time  of  full  dilatation  or  dilatability  of  the 
cervix. 

On  the  other  hand,  if  the  head  does  not  engage  in 
the  pelvis  the  entire  effect  of  the  pains  is  exerted  on 
the  bag  of  membranes,  and  the  latter  is  very  apt  to  be 
iiif.i  ured  prematurely  before  the  cervix  is  sufficiently 
dilated.  The  latter  process  must  then  be  completed 
by  the  head  itself,  which  is  apt  to  increase  the  pains 
and  the  length  of  the  labor  to  such  an  extent  that  real 
danger  for  both  mother  and  child  may  result.  On 
the  other  hand,  unruptured  membranes  may  inter- 
fere with  the  progress  of  11k-  labor,  '  picially  if  they 
are  tough,  even  after  the  cervix  is  completely  dilated. 
If  under  these  conditions  the  presenting  part  is  at  or 
below  the  brim,  there  is  no  objection  to  artificial 
rupture  of  the  membranes  with  the  finger,  or  a  nail 
pick,  or  a  knitting-needle.  In  some  cases  the  child 
may  even  be  born  without  the  membranes  having 
been  ruptured  and  unless  immediately  relieved  the 
fetus  may  become  asphyxiated. 

Mechanism  of  Labor.— In  a  normal  labor  the  fetal 
head  should  present  with  the  occiput  pointing  toward 
the  mother's  pubis,  on  either  the  right  or  left  side. 
The  so-called  left  occipitoanterior  position  is  the  more 
frequent.  The  steps  in  the  mechanism  are  briefly 
as  follows.  First  and  most  essential  to  a  normal 
mechanism  in  vertex  presentations  is  thorough  and 
complete  flexion  of  the  head  on  the  chest,  otherwise 
malpositions  are  likely  to  result,  such  as  brow  or  face. 
As  the  head  sinks  into  the  pelvis  during  the  last  weeks 
of  pregnancy  and  is  further  driven  in  by  the  contrac- 
tions of  the  uterus,  the  flexion  is  increased,  so  that 
combined  descent  and  flexion  constitute  the  second 
stage  in  the  mechanism  of  a  normal  vertex  presenta- 
tion. The  engagement  of  the  head  in  the  left  occipito- 
anterior position  is  in  the  right  oblique  diameter  of  the 
inlet,  the  long  axis  of  the  head  engaging  thus  because 
this  offers  the  easiest  path.  It  has  been  found,  how- 
ever, that  in  a  large  number  of  cases  the  long  diameter 
of  the  head  engages  in  the  transverse  diameter  of  the 
inlet  which  however  does  not  interfere  as  a  general 
rule  with  the  completion  of  the  normal  mechan- 
ism. As  the  pains  continue  the  head  is  forced  through 
the  pelvis  until  it  strikes  the  so-called  pelvic  floor  when 
the  occiput  rotates  to  the  front.  Whether  the  rota- 
tion of  the  head  precedes  that  of  the  back  is  still  an  un- 
decided question  but  the  inclined  plane  afforded  by  the 
levator  ani  muscle  undoubtedly  influences  the  rotation 
of  the  occiput  toward  the  front.  This  constitutes  the 
third  step  in  the  mechanism  of  labor.  As  the  pains 
continue  the  occiput  is  finally  forced  out  under  the 
pubic  arch  and  is  born.  As  soon  as  the  occiput  is 
born  the  shorter  arm  of  the  lever  has  been  freed  and 
extension  results  which  allows  the  face  to  be  swept 
over  the  perineum.  When  the  head  is  born,  the  face 
is  seen  to  rotate  externally  toward  the  opposite  thigh 
of  the  mother  because  the  bisacromial  diameter  at 
the  shoulders  has  engaged  in  the  opposite  diameter 
at  the  pelvic  inlet  to  which  the  long  diameter  of  the 
head  engaged.  As  the  shoulders  are  propelled  by  the 
contractions  of  the  uterus  a  similar  rotation  toward 
the  symphysis  results  so  that  the  bisacromial  diameter 
assumes  a  vertex  position.  The  anterior  shoulder  is 
usually  caught  back  of  the  symphysis  and  the  pos- 
terior shoulder  sweeps  over  the  perineum  followed 
after  its  release  by  the  birth  of  the  anterior  shoul- 
der. According  to  others,  the  anterior  shoulder  is 
delivered  first,  more  frequently  than  the  anterior  arm. 
The  trunk  is  then  expelled  without  any  mechanism. 

Moulding  of  Fetal  Head. — In  order  that  the  child's 
head  may  accommodate  itself  to  the  passage  through 
the  mother's  pelvis  it  is  usually  necessary  for  a  certain 
degree  of  moulding  or  shaping  to  occur  as  the  head  is 
ordinarily  round  and  must  be  converted  to  a  dolicho- 
cephalic shape  before  it  can  pass  through  the  transverse 
or  oblique  diameters  of  the  pelvis.  The  posterior  tem- 
poral bone,  which  in  the  L.  O.  A.  position  is  the  left, 
must  be  displaced  under  the  anterior  or  right  tem- 
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poral  bone.  That  portion  of  the  scalp  which  projects 
through  the  cervix  and  is  therefore  not  subjected  to 
pressure  becomes  the  site  of  a  so-called  caput  succe- 
daneum  due  to  congestion  of  the  venous  blood  and  a 
serous  exudate.  In  the  R.  O.  A.  position  the  caput 
is  ordinarily  over  the  right  temporal  bone.  In  some 
cases  after  labor  the  blood  collects  under  the  perios- 
teum to  form  a  cephalhematoma  which  in  contrast 
to  the  caput  does  not  transgress  the  suture  lines.  The 
blood  is  derived  from  the  small  venous  passages 
between  the  periosteum  and  the  bone  which  are  rup- 
tured during  labor.  This  may  be  due  to  fissures  of 
the  skull  resulting  after  operative,  and  sometimes 
even  spontaneous  labor,  as  well  as  to  asphyxiation  of 
the  child. 

Conduct  of  Normal  Labor. — In  every  labor  certain 
well-accepted  forms  of  procedure  must  be  observed. 
Such  preparations  include  the  patient,  the  doctor,  and 
the  nurse.  Preparations  for  labor  on  the  part  of 
the  patient  should  include  the  provision  of  certain 
essentials  which  will  be  enumerated  later  on.  The 
supplies  required  may  be  prepared  by  the  patient 
herself  or  a  nurse,  or  if  the  circumstances  permit,  they 
may  be  purchased  ready  for  use  from  any  one  of  a 
number  of  commercial  establishments  who  provide  for 
such  occasions.  The  conduct  of  a  labor  at  the  present 
day  depends  largely  on  the  observation  of  absolute 
cleanliness  on  the  part  of  the  patient  and  everybody 
and  everything  that  comes  in  contact  with  her,  espe- 
cially in  the  neighborhood  of  her  genital  organs.  Tak- 
ing up  the  preparation  of  the  patient  first,  it  is  essen- 
t  ial  that  the  woman  before  labor  should  be  prepared  by 
a  thorough  cleansing  bath  with  soap  and  warm  water. 
If  the  vulva  gapes  as  in  multipara?,  it  may  be  advis- 
able to  have  the  patient  wear  a  T-binder  with  a  pad, 
although  this  is  generally  unnecessary.  The  but- 
tocks, lower  abdomen,  and  thighs  should  be  thoroughly 
scrubbed  and  it  is  advisable  to  have  the  vulvar  hair 
either  closely  clipped  or  shaved  before  this  cleansing. 
This  precaution  will  contribute  very  largely  to  the 
comfort  of  the  patient  after  labor  as  the  lochial  dis- 
charges are  thus  prevented  from  being  annoying  to 
her.  The  bowels  in  every  case  should  be  empty 
and  likewise  the  bladder,  and  the  best  means  of  secur- 
ing this  is  by  the  administration  of  a  low  soap  suds 
enema  as  soon  as  the  labor  pains  begin,  it  being  as- 
sumed that  the  patient's  bowels  have  been  kept  in 
good  condition  before  this  by  the  administration  of 
suitable  cathartics.  The  examination  by  the  physi- 
cian should  not  be  undertaken  unless  the  rectum  and 
bladder  have  been  thoroughly  emptied,  for  the 
accumulation  of  either  fecal  matter  in  the  rectum  or 
urine  in  the  bladder  will  interfere  very  largely  with 
palpation  and  likewise  the  proper  engagement  of  the 
presenting  part  of  the  fetus.  As  a  general  rule  the 
bladder  can  be  emptied  without  difficulty  but  if  this 
is  not  possible  no  hesitancy  should  prevent  catheteri- 
zation with  a  soft  rubber  catheter,  observing  the  usual 
precautions.  The  patient  should  be  provided  with  a 
loose  nightgown  and  short  clean  stockings  after  the 
bath.  It  is  likewise  advisable  to  have  the  nurse  apply 
a  sterile  vulvar  pad  which  may  be  fastened  in  the 
usual  method.  The  presence  of  the  same  will  aid  in 
the  detection  of  the  liquor  amnii  in  case  the  mem- 
branes rupture.  The  position  of  the  patient  in  pre- 
paring for  examination  by  the  physician  is  rather 
important.  It  is  essential  that  the  genitals  be  com- 
pletely exposed  and  no  attempt  should  be  made  to 
examine  the  patient  under  the  protection  of  a  sheet,  as 
the  hands  of  the  physician  should  not  come  in  contact 
with  anything  before  entering  the  vagina  in  order  to 
avoid  possible  contamination.  The  simplest  position 
for  the  patient  to  assume  is  on  her  back  in  bed  with  the 
legs  partially  flexed  and  the  thighs  separated,  draped 
with  sheets  in  such  a  manner  that  the  parts  are 
thoroughly  exposed  without  any  unnecessary  exposure 
of  the  patient.     In  place  of  having  the  patient  length- 
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wise  on  the  bed  it  is  sometimes  advisable  to  have  her 
across  the  bed  with  her  legs  supported  on  a  chair  at  its 
side  and  a  sufficient  number  of  pillows  under  the  head 
and  shoulders  to  make  her  comfortable.  By  reliev- 
ing the  tension  on  the  abdominal  muscles  this  some- 
times aids  in  palpation.  The  lithotomy  position  and 
the  knee-chest  position  are  occasionally  indicated, 
but  as  a  rule  are  unnecessary  in  the  ordinary  case.  A 
bowl  of  dilute  lysol  solution  (lysol  one  dram,  sterile 
water  two  quarts)  with  sterile  cotton  or  gauze  wipes 
should  be  at  hand  for  a  final  cleansing  of  the  labia 
before  examination.  This  is  done  by  the  physician 
after  his  own  hands  have  been  carefully  disinfected. 
The  simplest  and  most  satisfactory  procedure  for 
securing  disinfection  of  the  physician's  hands  is  by 
thoroughly  scrubbing  them  with  tincture  of  green  soap 
and  hot  water  for  five  minutes,  using  for  the  purpose  a 
nail  brush  which  has  been  boiled.  The  finger  nails 
should  always  be  closely  clipped  and  all  irregularities 
and  hang  nails  removed.  A  wooden  skewer  or  nail 
cleaner  affords  the  best  means  for  removing  the  dirt 
from  under  the  finger  nails  and  no  metal  point  should 
be  employed  for  this  purpose  as  this  scratches  the 
inside  of  the  nails  and  may  also  wound  the  skin. 
After  thorough  scrubbing  for  five  minutes,  the  hands 
are  thoroughly  swabbed  with  ninety-five  per  cent, 
alcohol  for  two  or  three  minutes.  If  possible  thin 
rubber  gloves  should  be  worn  by  the  examining  phy- 
sician as  these  are  now  easily  procured  everywhere 
and  may  be  readily  sterilized  by  boiling  for  one  minute 
after  being  wrapped  up  in  gauze  or  a  towel.  The  use 
of  rubber  gloves  should  not,  however,  make  the  phy- 
sician careless  in  scrubbing  his  hands  as  the  possible 
tearing  of  the  gloves  will  expose  the  patient  to  infection 
from  the  skin  of  the  examiner's  hands  if  they  have  not 
been  thoroughly  cleansed.  It  is  not  necessary  as  a 
general  rule  to  employ  a  lubricant  in  examining  a 
patient  in  labor  as  a  sufficient  amount  of  the  natural 
vaginal  discharge  is  usually  present.  In  the  case  of 
primipara?,  however,  or  women  who  have  been  in 
labor  for  a  long  time,  the  use  of  dilute  lysol  solution 
previously  referred  to,  or  one  of  the  lubricating  jellies 
now  so  generally  to  be  had,  is  preferable  to  the  employ- 
ment of  vaseline  or  other  greasy  substances,  as  the 
latter  when  introduced  into  the  vagina  are  not  readily 
gotten  rid  of.  Having  cleansed  the  woman's  vulva 
with  the  dilute  lysol  solution  already  referred  to,  the 
labia  minora  are  separated  with  the  fingers  of  the  free 
hand  and  two  fingers  of  the  other  hand  are  intro- 
duced vertically  into  the  ostium  vagina.  In  this 
manner  the  liability  of  introducing  foreign  material  is 
largely  avoided.  At  the  present  time  antepartum 
douches  are  not  generally  employed  except  in  the 
presence  of  a  particular  indication  as  it  is  recognized 
that  the  vagina  has  a  natural  protective  power  which 
would  be  inhibited  to  a  large  extent  by  the  use 
of  douches.  The  further  steps  in  the  examina- 
tion of  the  patient  will  be  detailed  later  on.  It  is 
quite  essential  that  the  nurse  in  attendance  should 
likewise  keep  her  hands  clean  by  washing  them  thor- 
oughly before  assisting  the  doctor  and  have  all  the 
necessary  appliances  on  hand  so  that  they  may  be 
readily  reached.  In  cases  where  the  patient  is  nervous 
and  irritable  or  where  she  has  been  in  long  labor  it  may 
be  necessary  to  administer  an  anesthetic  before  the 
examination  can  be  satisfactorily  made  by  the  physi- 
cian, and  for  this  purpose  the  administration  of  chloro- 
form or  ether  by  the  drop  method  until  the  primary 
effect  is  secured  is  usually  satisfactory.  Before  this 
is  done,  however,  the  indications  to  anesthesia  in 
general  must  be  carefully  investigated  in  each  particu- 
lar case. 

By  means  of  the  vaginal  examination  in  labor,  the 
physician  determines  the  position,  softening,  dilata- 
tion, and  abnormalities  of  the  cervix,  the  condition 
of  the  membranes,  whether  ruptured  or  unruptured, 
the  character  of  the  presenting  part,  and  the  position 
the  latter  occupies  with  reference  to  the  brim  of  the 
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pelvis.  The  cervix  is  the  landmark  in  the  vaginal 
examination  and  a  careful  knowledge  of  its  particular 
characteristics  in  each  case  will  usually  give  a  good 
idea  of  the  stage  of  the  labor.  In  a  normal  case  at  the 
beginning  of  the  first  stage,  the  cervix  may  be  only 
slightly  dilated  and  thick ;  whereas,  at  a  later  time  it 
will  grow- progressively  thinner  and  softer  and  at  the 
same  time  will  dilate  from  one  finger  to  a  size  whii  b 
will  readily  admit  the  passage  of  the  fetal  presenting 
part.  The  amount  of  dilatation  must  be  gauged  by  the 
fingers  when  the  cervical  opening  is  round.  The  dil- 
atation of  the  cervix  expressed  in  fingerbreadths  does 
not  refer  to  the  size  when  the  structure  is  stretched 
by  separating  the  fingers.  In  other  words,  the  size  of 
the  cervix  is  measured  by  the  diameter  of  the  same 
when  it  is  round  and  not  when  it  has  been  made  ellip- 
tical by  separating  the  fingers.  In  a  normal  case  the 
membranes  will  be  found  to  bulge  through  the  cervical 
opening  with  each  pain  and  during  this  time  no 
attempt  should  be  made  to  introduce  the  fingers 
further  in  order  to  feel  the  presenting  part  as  this  mi. 
result  in  a  permature  rupture  of  the  membranes.  Be- 
tween the  pains,  however,  the  cervix  will  usually  be 
found  relaxed  and  then  the  character  of  the  presenting 
part  may  be  determined.  In  a  vertex  presentation, 
unless  the  head  is  moulded  to  such  an  extent  that  the 
sutures  are  obliterated,  the  posterior  fontanelle  can 
usually  be  felt  within  the  rim  of  the  cervix.  It  may 
be  recognized  by  the  fact  that  three  suture  lines  radi- 
ate from  the  same.  The  anterior  fontanelle  can  be 
found  by  following,  in  an  occipitoanterior  position,  the 
sagittal  suture  downward.  In  a  well-flexed  head,  this 
anterior  fontanelle,  which  is  distinguished  by  four  su- 
ture lines  running  into  it,  is  not  always  easily  reached. 
If  found  on  the  same  plane  as  the  posterior  fontanelle 
it  shows  that  the  head  is  not  sufficiently  well  flexed 
and  by  pressure  on  the  anterior  part  during  a  pain,  the 
flexion  of  the  same  may  be  increased.  The  diagnosis 
of  position  by  means  of  the  sutures  or  the  fontanelles 
is  very  satisfactory  when  it  can  be  carried  out,  but  as 
already  stated,  the  moulding  and  compression  of  the 
head  may  entirely  oblitrate  these  land-marks.  The 
vaginal  examination  which  has  just  been  described 
should  always  be  preceded  by  a  thorough  abdom- 
inal examination,  the  findings  of  which  can  then  be 
confirmed  by  the  former.  During  the  abdominal 
examination  the  patient  should  be  flat  on  her  back 
with  the  legs  slightly  flexed,  when  the  physician  after 
having  washed  his  hands  thoroughly,  makes  an  attempt 
to  distinguish  the  various  parts  of  the  fetus  with  the 
hands  applied  by  their  palmar  surfaces.  The  lower 
segment  of  the  abdomen  is  first  palpated  for  the  head, 
as  the  latter  is  found  there  in  the  larger  number  of 
cases.  The  more  resistant  dorsal  plane  or  back  can 
then  be  located  on  either  the  right  or  left  side  of  the 
abdomen  and  the  lower  extremities  in  the  opposite 
upper  corner.  The  fundus  of  the  uterus  should  also 
be  determined  and  if  the  woman  is  at  term  it  will  be 
found  about  two  handbreadths  above  the  umbilicus 
with  the  head  engaged  in  the  brim.  If  the  fundus  is 
in  this  position  with  the  head  freely  movable  it  usually 
indicates  that  the  patient  is  not  at  term.  Having 
determined  the  position  of  the  fetus  by  palpation,  aus- 
cultation with  the  stethoscope  should  be  next  resorted 
to  to  determine  the  position  of  the  fetal  heart.  If 
the  first,  or  left  occipito-anterior  position  has  been 
determined  by  abdominal  palpation,  the  fetal  heart 
ought  to  be  heard  in  the  left  lower  quadrant  of  the 
abdomen.  These  heart  sounds  must  not  be  con- 
founded with  the  so-called  uterine  murmur  which  is 
synchronous  with  the  maternal  heart  beat  and  is  due 
to  the  rush  of  the  maternal  blood  through  the  large 
vessels  on  the  surface  of  the  uterus.  It  sometimes 
obscures  the  fetal  heart  sounds,  and  if  loud,  the  latter 
must  be  looked  for  with  great  caution.  Auscultation 
of  the  fetal  heart  sounds  gives  us  a  very  fair  idea  as  to 
the  position  of  the  child  and  its  condition.  The  aver- 
age rapidity  is  about   140  to  the  minute  and  male 
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females.  In  using  the  stethoscope,  friction  with  the 
linens  may  be  avoided  by  the  attachment  ol  'me  or 
more  small  rubber  bands  to  the  tubes  near  the  receiv- 
ing end.  The  fetal  In-art  sounds  arc  double  in  char- 
acter and  usually  sharp.  If  obscured  by  a  blowing 
murmur  we  may  assume  that  some  obstrui  tion  to  the 
umbilical  circulation  is  present  by  slight  com 
of  the  cord  or  some  other  interference  with  the  course 
of  the  blood  in  the  same.  During  the  pain  the  num- 
ber of  beats  usually  becomes  less,  but  the  average  rate 
is  resumed  when  this  disappears.  The  intensity  of 
the  fetal  heart  sounds  varies  greatly  and  depends 
on  the  position  of  the  child  the  amount  of  liquor 
amnii,  and  the  thickness  of  the  mother's  abdominal 
wall. 

The  differential  diagnosis  between  the  eighth  and 
ninth  months  of  pregnancy  may  be  determined  not  only 
by  the  height  of  the  fetus  but  also  by  the  circumference 
of  the  trunk.  The  greatest  circumference  at  the  end 
of  pregnancy  is  about  100  centimeters  and  if  this  meas- 
urement is  exceeded,  there  is  a  suspicion  of  multiple 
pregnancy  or  hydramnios.  This  is  likewise  to  be  as- 
sumed if  the  circumference  reaches  these  dimensions 
in  the  earlier  months. 

In  auscultating  for  the  fetal  heart  sounds,  the  entire 
abdomen  should  be  examined  as  it  is  possible  to  hear 
two  separate  and  distinct  heart  sounds  which  may  point 
to  multiple  pregnancy.  If  the  latter  are  heard" in  two 
different  places  and  of  different  rapidity,  a  diagnosis  of 
this  kind  is  possible.  The  absence  "of  fetal  heart 
sounds  cannot  always  be  accepted  as  an  evidence  of 
the  death  of  the  fetus,  but  if  in  addition  the  mother 
also  states  that  she  no  longer  feels  life  and  the  uterus 
remains  stationary  or  has  grown  smaller,  this  may  be 
accepted  as  conclusive  evidence,  especially  if  accom- 
panied by  signs  of  mild  toxemia,  such  as  a  slight  rise 
of  temperature,  nausea,  and  a  feeling  of  fatigue. 

Although  the  conduct  of  a  normal  labor  can  be  left 
largely  to  the  devices  of  Nature,  it  is  desirable  for  the 
physician  to  be  fully  acquainted  with  the  various 
steps  of  the  mechanism  so  that  abnormalities  may  be 
readily  recognized  and  corrected  if  possible.  During 
the  first  stage,  that  is  until  complete  dilatation  of  the 
cervix  results,  the  patient's  uterine  muscles  are  the 
essential  factor  in  the  process.  During  this  period 
the  patient  may  be  up  and  about  or  in  any  other 
position  which  aids  her  comfort.  She  does  not 
require  the  assistance  of  her  abdominal  muscles  at 
this  time  and  there  is  no  need  in  advising  her  to  strain 
with  the  pains.  On  the  other  hand  as  soon  as  dilata- 
tion of  the  cervix  is  complete,  the  accessory  muscles 
are  of  value  and  the'patient  may  occupy  a  comfortable 
position  in  bed  with  her  feet  pressed  against  the  foot- 
board or  she  may  sit  on  a  low  stool.  The  latter  posi- 
tion is  very  advantageous  in  permitting  her  to  approxi- 
mate her  thighs  to  the  abdominal  wall  and  in  this  way 
gain  additional  support  in  her  straining  efforts.  The 
various  tractors  which  may  be  attached  to  the  bed 
and  permit  the  patient  to  assist  at  straining  with 
her  arms  are  usually  unnecessary  and  unless  it  is 
desired  to  distract  the  patient's  attention  from  her 
pains,  are  of  comparatively  little  value.  As  the  head 
descends  through  the  pelvis  and  strikes  the  so-called 
floor  of  the  pelvis  it  is  advisable  to  have  the  patient  in 
bed,  as  a  sudden  expulsive  effort  may  cause  the  head 
to  be  rapidly  extruded  from  the  vulva  with  consequent 
danger  of  laceration.  In  England  the  lateral  position 
is  largely  employed  during  the  second  stage  as  it  is 
claimed  that  a  better  control  of  the  head  may  thus  be 
secured  and  less  contamination  from  fecal  matter 
results.  As  a  general  rule  the  dorsal  position  with  the 
legs  flexed  will  be  found  more  comfortable,  however, 
for  both  the  patient  and  the  doctor  and  the  soiling 
from  the  rectum  may  be  largely  prevented  by  a  cleans- 
ing enema  as  already  referred  to.  If  fecal  matter 
is  extruded  from  the  rectum  it  should  always  be  wiped 
off  away  from  the  vulva  with  pledgets  of  sterile  cotton 
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soaked  in  the  dilute  lysol  solution  previously  referred 
to.     After  the  head  has  reached  the'pelvic  floor  and 
begins  to  descend,   the  physician  should  direct  his 
efforts  to  keeping  the  head  flexed  by  pressure  on  the 
anterior  portion  of  the  same  and  thus  favor  the  extru- 
sion of  the  occiput  under  the  pubic  arch.     By  thus 
keeping  the  head  flexed,  premature  extension  is  avoid- 
ed and  in  most  instances  perineal  lacerations  may 
be  entirely  avoided  or  at  least  reduced  to  a  minimum. 
The  usually  advised  pressure  on  the  labia  with  the 
fingers  is  of  absolutely  no  avail  at  this  stage  except 
to  tire  the  attendant.     After  the  head  is  born,  the 
baby's  eyes  should  be  wiped  with  a  piece  of  sterile 
gauze  from  the  inner  canthus  outward  in  order  to 
remove  whatever  infectious  material  may  be  present 
from  the  mother's  vaginal  secretions.     After  the  head 
is  born  it  is  held  in  the  hand  and  an  examination  made 
of  the  neck  to  determine  whether  any  loops  of  cord  are 
around  the  same.     If  so,  they  may  strangulate  the 
child,  and  this  should  be  overcome  by  slipping  the  cord 
over  the  head  or  down  over  the  shoulders  as  the  rest 
of  the  body  is  being,born.     The  anterior  shoulder  as  a 
rule  is  born  first  and  after  the  acromial  process  slips 
out  under  the  arch,  the  head  may  be  gently  raised 
while  the  free  hand  protects  the  perineum.     During 
this  time  lacerations  are  very  frequently  produced  and 
should  be'guarded  against  as  noted.     The  remainder 
of  the  body  is  then  born  without  any  particular  mech- 
anism and  the  child  should  be  seized  by  the  feet  and 
held  with  the  head  down  so  that  any  mucus  present 
in  the  nose  and  mouth  may  readily  find  its  way  out. 
Respiration  in  an  ordinary  labor  is    usually    spon- 
taneous  and   no   effort   should   be    made   to   spank 
or  otherwise  manipulate  the   child   unless   asphyxia 
is  actually  present,  nor  is  it  advisable  to  wipe  the 
mucus  from  the  mouth  with   a   dry  gauze  sponge  as 
this  is  likely  to  abrade  this  delicate  membrane.     As 
soon  as  the  child  cries  readily  it  may  be  laid  on  the  bed 
or  on  the  abdomen  of  the  mother  and  the  period 
awaited  when  the  pulsations  in  the  cord  cease.     This 
permits  the  child  to  retain  a  larger  portion  of  its  own 
blood  and  also  induces  collapse  of  the  umbilical  ves- 
sels.    The  cord  is  then  tied  about  an  inch  away  from 
the  umbilicus  with  a  sterile  flat  tape  after  the  excess 
of  Wharton's  jelly  has  been  milked  out  between  the 
thumb  and  index-finger.     In  place  of  the  tape,  one  of 
the  numerous  clips  now  devised  for  this  purpose  may 
be  employed  with  advantage  as  the  cord  seems  to  dry 
up  much  more  satisfactorily  than  in  cases  in  which 
tape  is  used.     Tearing  the  Cord  with  the  hands  or  spe- 
cially devised  instruments  has  also  been  recommended, 
but  is  attended  by  too  much  uncertainty  to  be  gen- 
erally adopted.     A  dry  sterile  dressing  is  now  applied 
to  the  cord  and  this  held  in  place  with  an  abdominal 
binder  of  gauze  which  must  be  loosely  applied  and 
fixed  with  stitches  instead  of  pins.     The  baby  may 
now  be  turned  over  to  the  care  of  the  nurse.     During 
this  period,  however,  the  physician's  attention  must  be 
constantly  directed  to  the  mother's  uterus  as  hemor- 
rhage is  very  likely  to  occur  during  this  time.     The 
expulsion  of  the  placenta  which  marks  the  completion 
of  the  third  stage  may  be  awaited  for.     No  definite 
time  limit  can  be  placed  on  the  delivery  of  the  pla- 
centa although  in  the  majority  of  cases  the  pains 
begin  within  a  half  hour  or  less  after  the  delivery  of  the 
child  or  can  be  initiated  by  gentle  massage  if  the 
uterus  seems  soft.     The  placental  delivery  must  be 
conducted  with  considerable  caution  and  after  it  is 
extruded  from  the  vagina,  the  membranes  should  not 
be  twisted  but  delivered  without  this  manipulation. 
Immediate  examination  of  the  placenta  and  its  mem- 
branes is  essential  and  if  any  placental  remnants  or  a 
succenturiata  is  diagnosed  it  may   be  necessary  to 
explore  the  uterus  for  the  same.     If  pieces  of  mem- 
brane are  found  to  have  been  left  adherent,  however, 
it  is  advisable  not  to  go  after  them  except  in  the  pres- 
ence of  a  hemorrhage,  as  they  will  usually  be  expelled 
spontaneously  within  twenty-four  hours.     In   those 

782 


cases  where  the  placenta  is  retained  in  whole  or  in  pa  1 1 
it  may  be  necessary  to  extract  the  same  witli  the 
hand.  In  such  cases  the  operator's  hands  must  be 
most  carefully  disinfected  and  fresh  gloves  employed. 
After  cleansing  the  patient's  external  genitals  the  hand 
is  carefully  inserted  through  the  cervix  and  the  interior 
of  the  uterus  freed  from  the  attached  placenta,  great 
care  being  taken  not  to  push  the  finger  through  the 
uterine  wall.  This  may  be  controlled  by  the  free 
hand  being  placed  on  the  abdomen. 

Hemorrhage  in  normal  cases  of  labor  does  not  usu- 
ally exceed  twelve  ounces  but  as  there  is  a  possibility 
of  bleeding  in  every  case  the  uterus  should  be  care- 
fully watched  by  the  operator  or  the  nurse  for  at  least 
an  hour  after  delivery.  Massage  of  the  fundus  as 
generally  practised  is  unnecessary.  The  uterus  alter- 
nately contracts  and  retracts  under  normal  condi- 
tions and  it  is  merely  essential  for  the  attendant  to 
note  whether  the  retraction  extends  beyond  normal 
bounds.  The  fundus  of  the  uterus  after  the  third 
stage  should  be  at  or  near  the  level  of  the  umbilicus. 
If  it  goes  above  this  and  the  substance  of  the  organ  is 
found  to  be  soft,  gentle  massage  should  be  resorted 
to  until  a  firm  contraction  is  obtained,  when  the  rub- 
bing must  cease.  As  the  bleeding  when  present  may 
not  necessarily  be  from  the  uterus  itself,  but  from  the 
cervix  or  vagina,  too  much  time  must  not  be  lost  in 
efforts  at  obtaining  contractions  of  the  uterus,  for 
this  is  perhaps  notjat  fault.  The  subject  of  hemor- 
rhage is  more  fully  discussed  in  the  article  devoted  to 
that  subject. 

Anesthetics  in  Labor. — The  administration  of  anes- 
thetics in  normal  labor  is  regarded  as  a  routine  practice 
by  many  physicians  but  under  ordinary  circumstances 
it  may  very  well  be  done  away  with.  Chloroform  is 
with  justice  regarded  as  an  ideal  drug  for  this  purpose 
as  its  administration  can  be  readily  graduated  and  if 
given  in  reasonable  amounts  itjhas.but  little  if  any,  per- 
manent effect  on  either  mother  or  child.  In  certain 
cases  toward  the  end  of  the  period  of  dilatation,  the  in- 
termittent administration  of  a  few  drops  of  chloroform 
on  an  open  mask  will  do  much  to  alleviate  the  painful 
character  of  the  contractions,  which  is  often  marked  in 
certain  women.  Caution  must  be  exercised  to  use 
only  a  very  small  amount  of  the  anesthetic  and  its  con- 
tinued administration  must  be  governed  by  careful 
observations  of  the  pulse  and  the  color  of  the  patient. 
Sometimes  the  mere  odor  of  a  drop  or  two  of  chloro- 
form will  afford  the  patient  a  feeling  of  relief  and  thus 
an  excellent  placebo  is  provided.  As  the  head  de- 
scends to  the  perineum  a  somewhat  larger  amount 
of  chloroform  may  be  given  in  order  to  diminish  the 
force  of  the  expulsive  efforts  but  in  many  cases  with  a 
proper  control  of  the  perineum  by  the  hand  of  the  phy- 
sician, this  is  not  necessary.  The  administration  of 
chloroform  should  never  be  left  to  any  inexperienced 
person  and  it  is  a  great  mistake  to  allow  the  husband 
or  other  unskilled  attendant  to  administer  this  agent, 
especially  during  the  excitement  which  usually  attends 
the  final  stages  of  a  labor.  Although  chloroform  is 
usually  regarded  as  the  ideal  anesthetic,  the  compli- 
cations attending  its  use  must  be  carefully  borne  in 
mind,  as  a  sudden  stoppage  of  the  heart  and  respira- 
tion is  likely  to  occur  in  any  case,  and  before  beginning 
the  administration  of  the  drug  the  possibilities  of  such 
complications  must  be  noted.  Mention  might  also 
be  made  at  this  point,  although  the  subject  belongs  to 
another  chapter,  of  anesthesia  in  operative  deliveries. 
It  has  long  been  the  custom  at  the  New  York  Lying-In 
Hospital  to  employ  ether  in  every  case  where  a 
prolonged  anesthesia  is  necessary;  such  as  in  forceps 
extractions,  versions,  and  other  operative  procedures, 
for  the  administration  of  the  same  is  accompanied  by 
much  less  danger  to  both  mother  and  child.  It  must 
not  be  forgotten  that  in  every  instance  where  an 
anesthetic  is  administered,  the  effect  on  the  child  is 
usually  manifest  and  must  be  borne  in  mind  when 
resuscitating  the  same. 
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Nitrousoxide-oxygensequence  has  been  recommended 
asa  routine  procedure  in  labor  cases  buthas  not  met  with 
extended  favor.  Mixtures  of  chloroform  and  ether  as 
well  as  chloroform  and  oxygen  arc  also  of  value  as  the 
amounts  of  the  separate  ingredients  are  relatively 
small  for  the  production  of  the  desired  effect.  A  gr  ea  t 
deal  of  attention  has  recently  been  attracted  to  the  sub- 
cutaneous injection  of  narcotics,  especially  scopolamine 
and  morphine.  This  produces  the  so-called  "twilight 
sleep"  and  has  been  largely  employed  in  certain  Euro- 
pean clinics.  It  consists  in  the  administration  of  an 
average  dose  of  0.3  milligram  of  scopolamine  with  1 
centigram  of  morphine,  narcophine,  or  other  derivative 
of  opium  at  the  beginning  of  labor.  The  scopolamine  is 
repeated  at  definite  intervals  depending  upon  t  he  pal  ient's 
response  to  the  memory  tests.  This  must  be  done  in 
an  absolutely  quiet  room,  the  patient  not  being  dis- 
turbed by  outside  noises.  It  is  claimed  that  the  entire 
labor  may  be  conducted  without  the  patient  being 
aware  of  any  painful  sensations,  but  in  view  of  the 
great  skill  and  attention  necessary  in  its  administration 
and  the  possibility  of  asphyxia  of  the  infant,  the 
method  will  probably  not  be  suitable  for  general 
employment.  A  valuable  adjunct  in  the  conduct 
of  prolonged  labors  is  the  administration  of  mor- 
phine by  hypodermic  in  j-  or  j -grain  doses,  where  the 
patient  is  worn  out  by  continued  pains,  the  cervix  is  not 
dilating  readily,  and  exhaustion  is  imminent.  In  such 
cases  the  morphine  has  a  quieting  effect  on  the  patient, 
produces  an  hour  or  two  of  refreshing  sleep  at  the  end 
of  which  the  patient  is  again  able  to  take  up  the  work. 

Lacerations  of  the  Cervix  and  Perineum. — After  the 
child  is  born  and  before  the  placenta  is  delivered  an 
inspection  should  be  made  to  detect  the  presence  of 
perineal  lacerations.  At  this  time  the  hemorrhage  is 
less  than  after  the  placenta  is  born  and  while  waiting 
for  the  delivery  of  the  latter,  perineal  lacerations,  if 
present,  may  be  readily  repaired.  The  patient's 
external  genitals  must  be  fully  exposed  in  a  good  light 
and  after  the  hands  have  been  carefully  disinfected, 
the  labia  are  separated  and  with  a  sponge  wrung  out 
in  the  antiseptic  solution  used  in  the  particular  case,  an 
inspection  is  made  for  the  purpose  of  determining  the 
character  and  extent  of  any  lacerations  that  have 
resulted.  It  is  advisable  to  repair  the  same  imme- 
diately by  means  of  sutures  introduced  in  such  a 
manner  that  the  torn  muscular  fibers  are  restored  as 
far  as  possible  to  their  normal  relations.  Under 
ordinary  circumstances  the  results  of  such  repairs  are 
exceedingly  good.  The  materials  needed  for  the  repair 
of  such  lacerations  are  suitable  needle-holders  and  a 
number  of  curved  needles,  some  of  which  have  round 
and  others  sharp  points.  The  round-pointed  needles 
threaded  with  No.  1  chromic  or  plain  catgut  are  used 
for  the  internal  sutures  and  the  sharp-pointed  needles 
threaded  with  silk  or  silkworm  gut  for  those  sutures 
that  have  to  pass  through  the  skin.  For  the  introduc- 
tion of  the  sutures  immediately  after  the  delivery  of 
the  child,  anesthesia  is  seldom  required  as  the  parts 
to  be  manipulated  are  dulled  from  the  pressure  of  the 
dilating  fetal  mass.  The  commonest  situation  for 
perineal  lacerations  is  in  either  vaginal  sulcus  and  it  is 
essential  to  introduce  the  sutures  into  the  upper  por- 
tion of  these  tears.  Interrupted  sutures  are  preferable 
and  the  thinner  catgut  is  recommended  as  absorption 
is  more  rapid.  In  introducing  the  sutures  which 
approximate  the  skin  surface,  care  must  be  taken  not 
to  obstruct  the  lochial  discharges  by  forming  a  dam 
across  the  opening.  The  external  sutures  of  silkworm 
gut  or  silk  are  best  united  in  a  single  strand  by  a  knot 
about  two  inches  away  from  the  skin.  This  procedure 
serves  toTfacilitate  the  removal  of  the  stitches.  In 
every  case  where  a  perineorrhaphy  has  been  done,  the 
vulva  should  be  irrigated  with  sterile  water  or  dilute 
(1:1,000)  lysol  solution  by  the  nurse  after  every  urina- 
tion, as  by  this  means  the  line  of  sutures  will  be  kept 
clean  and  free  from  the  probability  of  infection.  The 
repair  of  the  perineum  at  this  period  of  the  labor  has  the 


disadvantage  of  interfering  with  a  possible  lacerate 
the  cervix  although  immediate  repail  of  ci  rvis  lacera- 
tions had  in  most  cases  better  be  omitted  unless  the 
hemorrhage  from  the  same  is  extreme  Such  I 
orrhage,  however,  is  already  noted  before  the 
livery  of  the  placenta  and  if  the  uterus  is  well  con- 
tracted and  free  bleeding  still  takes  place,  it  is-  very 
apt  to  come  from  this  source.  An  inspection  can  then 
be  made  and  if  an  extended  tear  of  the  cervix  is 
present,  the  suturing  of  the  perineal  tear  can  be  post- 
poned until  after  the  delivery  of  the  placenta  and  the 
suturing  of  the  cervix.  If  it  is  found  necessary  to 
repair  the  cervix,  sutures  of  No.  1  or  No.  2  chromic 
catgut  (ten  day)  introduced  with  a  round-pointed 
needle  and  including  the  muscular  layer  down  to  the 
mucous  membrane,  may  be  inserted,  but  they  should 
not  be  carried  too  far  toward  the  position  of  the  exter- 
nal os  and  thus  interfere  with  proper  drainage.  It 
may  be  safely  stated  that  cervical  lacerations  of  a 
slight  degree,  not  accompanied  by  hemorrhage  had 
best  be  disregarded,  as  their  extent  is  very  much 
exaggerated  during  the  period  after  delivery,  when  the 
cervix  is  soft  and  friable. 

Douches  after  Labor. — It  was  formerly  customary 
to  administer  a  postpartum  douche  in  every  case  but 
this  has  been  abandoned  as  a  routine  procedure  at  the 
present  time  and  is  considered  unnecessary.  Where  a 
labor  has  been  prolonged,  however,  or  operative 
delivery  found  necessary,  or  the  uterus  does  not  con- 
tract satisfactorily,  the  administration  of  a  four-quart 
douche  of  sterile  water  at  110°  F.  will  do  much  to 
wash  away  possibly  infectious  material.  The  douche 
must  be  given  under  the  most  careful  asepsis,  however, 
and  had  better  be  omitted  unless  such  a  procedure  can 
be  followed. 

Care  of  the  Patient  after  Labor. — Labor  may  be 
regarded  as  a  process  that  subsequently  requires  rebe 
on  the  part  of  the  patient  and  therefore  as  soon  as  ths 
placenta  has  been  delivered,  quiet  should  be  insisted 
on.  The  fundus  of  the  uterus  should  be  watched  for  a 
period  of  at  least  an  hour  after  delivery  of  the  placenta 
to  guard  against  possible  postpartum  hemorrhage  as 
already  referred  to.  At  the  end  of  an  hour  it  is  advis- 
able to  gently  massage  the  uterus  sufficiently  to 
expel  any  blood  clots  that  may  be  present  in  the  same, 
after  which  a  sterile  vulvar  pad  is  applied,  together 
with  a  moderately  firm  abdominal  binder  of  muslin 
that  extends  from  the  line  of  the  trochanters  of  the 
femora  to  the  chest.  The  wearing  of  an  abdominal 
binder  affords  the  patient  a  great  deal  of  relief  during 
the  first  day  or  two  after  labor  but  may'safely  be  dis- 
continued at  the  end  of  forty-eight  hours.  It  should.'not 
be  pinned  on  so  tightly  that  it  interferes  with  movement 
or  induces  a  possible  retroversion  of  the  uterus.  The 
baby  may  be  safely  given  the  breast  at  the  end  of  four 
hours  after  labor  for  the  efforts  at  suckling  will  aid 
in  the  contractions  of  the  uterus.  The  further  care  of 
the  mother  and  infant  will  be  found^diseussed  in  the 
article  on  the  Puerperium. 

B.  The  Pathology  of  Labor. — The  dividing  line 
between  the  abnormal  and  normal  in  labor  is  fre- 
quently a  difficult  one  to  draw,  but  generally  speaking 
we  may  regard  all  cases  as  abnormal  in  which  the 
progress  of  the  labor  is  halted  or  interfered  with  by 
factors  which  present  themselves  on  the  part  either 
of  the  mother  or  of  the  child.  Operative  delivery  for 
the  purpose  of  hastening  spontaneous  labor  is  indi- 
cated in  the  presence  of  danger  to  either  the  mother  or 
child.  It  is  convenient  to  classify  the  various  disturb- 
ances during  labor  in  the  following  manner 

I.  Dystocia  due  to  disturbances  in  the  mechanism 
of  labor,  in  which  the  progress  of  the  delivery  is  halted 
or  interfered  with.  Among  these  disturbances  we 
may  include 

1.  Anomalies  of  the  expulsive  forces:  weak  pains, 
insufficient  action  of  the  abdominal  muscles,  tetanic 
contractions  of  the  uterus. 
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2.  Abnormal  resistance:  (a)  on  the  part  of  the 
mother  by  closure  or  narrowing  of  the  maternal  birth 
canal  in  either  the  soft  parts  or  the  bony  pelvis;  (b) 
on  the  part  of  the  child  by  abnormal  position  or  atti- 
tude, abnormal  size,  monstrosity,  and  in  rare  cases  by 
a  short  cord. 

3.  A  combination  of  strong  pains  and  energetic 
abdominal  contractions  together  with  diminished 
resistance  of  the  maternal  birth  canal  and  the  child 
may  result  in  a  rapid  or  precipitate  delivery. 

II.  Dystocia  due  to  factors  which  are  independent 
of  the  mechanism  of  labor:  (1)  eclampsia;  (2) 
hemorrhage;  (3)  inversion  of  the  uterus;  (4)  prolapsed 
cord;  (5)  air  embolism. 

Weak  pains  or  uterine  inertia  may  be  primary  or 
secondary.  Primary  uterine  inertia  is  found  as- 
sociated with  general  constitutional  weakness  in 
patients  suffering  from  chlorosis  or  those  emaciated 
by  disease  or  lack  of  food,  likewise  in  women  who  have 
been  subjected  to  rapidly  succeeding  pregnancies 
without  proper  care,  in  generally  contracted  pelves 
and  in  very  young  or  very  old  primiparae  as  the  result 
of  insufficient  development  of  the  uterine  musculature, 
in  abnormal  distention  of  the  uterus  from  the  pres- 
ence of  twins,  hydramnios  or  tympanites,  the  pres- 
ence of  tumors  of  the  uterine  wall  and  with  an  over- 
distended  bladder  or  rectum.  Weak  pains  are  of 
consequence  only  after  the  membranes  have  ruptured, 
and  during  the  first  stage  comparatively  little  atten- 
tion need  be  paid  to  the  complaints  of  the  patient. 
In  the  presence  of  general  weakness,  stimulants  and 
food,  together  with  the  insistence  on  quiet,  are  in- 
dicated. If  the  patient  is  excited,  the  administration 
of  narcotics  is  desirable,  care  being  taken  in  their 
administration.  A  few  drops  of  chloroform  on  an 
open  mask  at  intervals,  especially  where  cramp-like 
pains  are  present,  is  very  efficient,  as  already  referred 
to.  If  the  attending  physician  is  unable  to  administer 
the  chloroform,  an  eighth  or  a  quarter  grain  of  mor- 
phine by  hypodermic  may  be  substituted.  The 
bladder  and  rectum  must  always  be  thoroughly 
emptied.  In  the  presence  of  hydramnios  it  may  be 
necessary  to  rupture  the  membranes  artificially  before 
the  cervix  is  fully  dilated,  but  this  should  be  done 
during  the  interval  between  the  pains  and  as  far  as 
possible  from  the  cervical  opening  so  that  the  cord  is 
not  displaced  with  the  rush  of  the  waters. 

Secondary  uterine  inertia  results  from  the  presence 
of  an  abnormal  degree  of  resistance  in  either  the 
soft  parts  or  the  bony  pelvis.  This  condition  must  be 
recognized  and  treated  in  order  to  avoid  the  possibility 
of  lacerations  of  the  lower  uterine  segment,  the  cervix 
and  the  perineum.  This  often  results  in  the  uterus 
being  reduced  to  a  state  of  almost  tetanic  contraction 
with  the  lower  uterine  segment  tightly  applied  to  the 
presenting  part.  If  the  condition  of  the  fetus  de- 
mands interference  the  latter  is  sufficient  indication 
for  immediate  delivery.  If  not,  and  the  possibility  of 
spontaneous  delivery  is  still  present,  the  exhausted 
uterus  should  be  put  to  rest  by  the  administration  of 
morphine  in  eighth  or  quarter  grain  doses  by  hypo- 
dermic. Prolonged  labor  from  this  cause  frequently 
requires  operative  interference,  particularly  if  the 
membranes  have  been  ruptured  for  a  considerable 
time  and  no  progress  in  the  dilatation  of  the  cervix 
or  the  advance  of  the  presenting  part  results. 

A  patient  in  this  condition  is  moreover  more 
liable  to  septic  infection.  Intrauterine  death  of  the 
fetus  frequently  results  in  cases  where  the  membranes 
have  been  ruptured  a  long  time  and  the  labor  halted 
by  atonic  contractions  of  the  uterus  and  a  diminution 
in  the  size  of  the  uterine  vessels  and  a  consequent 
lack  of  sufficient  oxygen  for  the  fetus.  Tetanic  con- 
tractions of  the  uterus  are  merely  a  further  stage  in 
secondary  uterine  inertia,  in  which  the  ute  us  is 
closely  applied  to  the  fetus  so  that  the  hand  cannot  be 
introduced  between  the  latter  and  the  uterine  wall. 
There  is  no  interval  between  contraction  and  relaxa- 


tion and  the  patient  may  experience  a  continuous 
pain.  Causes  of  tetanus  of  the  uterus  include  resist- 
ance which  cannot  be  overcome,  such  as  a  narrow  pelvis 
or  a  transverse  position,  unsuccessful  attempts  at 
delivery,  and  attempted  manual  dilatation  of  the 
cervix.  As  a  muscle  in  a  state  of  continuous  contrac- 
tion cannot  accomplish  any  work,  the  labor  is  halted 
and  in  such  cases  a  rupture  of  the  uterus  is  not  infre- 
quent, commonly  resulting  in  the  death  of  the  patient 
from  sepsis  or  exhaustion.  The  children  in  such 
cases  usually  die  from  asphyxia.  A  true  tetanus 
cannot  be  overcome  by  the  injection  of  morphine  and 
other  narcotics.  Immediate  delivery  in  such  cases  is 
indicated,  but  should  not  include  version,  as  the 
introduction  of  the  hand  is  interfered  with  by  the 
absence  of  the  liquor  amnii  and  the  application  of 
the  uterine  wall  to  the  fetus.  If  a  transverse  position 
is  present  evisceration  or  craniotomy  is  indicated.  As 
the  presenting  part  may  be  hard  to  reach  and  the 
cervix  insufficiently  dilated  this  may  be  difficult  and 
even  in  the  presence  of  a  dead  child  cesarean  section 
may  be  the  most  suitable  procedure  if  it  is  possible  to 
transport  the  patient  to  a  hospital.  If  the  head 
presents  and  is  engaged,  forceps  extraction  may  be 
resorted  to  if  the  child  is  alive,  but  if  not,  perforation 
of  the  head  is  indicated.  Where  no  engagement  has 
taken  place  perforation  may  be  necessary  even  with  a 
living  child.  The  placenta  should  be  removed  as 
soon  as  possible  and  the  uterus  after  such  an  operation 
is  preferably  douched  with  several  quarts  of  sterile 
water  or  a  half  per  cent,  lysol  solution. 

Closure  or  Narrowing  of  the  Maternal  Soft  Parts. — 
Obstruction  to  labor  from  closure  or  insufficient 
dilatation  of  the  cervix  may  be  due  to  simple  rigidity 
but  is  occasionally  an  actual  atresia  or  agglutination 
which  may  have  come  about  during  pregnancy.  Not- 
withstanding strong  pains  the  cervix  does  not  dilate 
and  the  lower  uterine  segment  is  excessively  dis- 
tended by  the  presenting  part.  A  secondary  uterine 
inertia  results  or  the  cervix  is  torn  loose  from  its 
attachments  to  the  lower  segment  of  the  uterus.  A 
closure  of  the  cervix  may  be  also  simulated  by  an 
abnormal  position  of  the  latter,  which  in  some  cases 
is  high  and  posterior.  This  condition  is  not  un- 
common in  primiparae  and  is  also  associated  with  cases 
in  which  operative  procedures  have  been  undertaken 
for  the  relief  of  a  retroversion  or  prolapse  and  an 
adhesion  between  the  anterior  wall  of  the  uterus  and 
the  abdominal  wall  has  resulted.  In  cases  of  simple 
rigidity  or  agglutination,  dilatation  with  the  finger  is 
usually  sufficient  to  start  the  process.  In  the  presence 
of  atresia,  however,  crucial  incision  of  the  cervix  may 
be  required.  If  this  is  not  sufficient,  dilatation  of  the 
cervix  with  the  fingers  up  to  a  diameter  of  two  or  three 
inches  may  become  necessary  and  occasionally  if  the 
cervix  is  not  well  softened  or  shortened,  the  introduc- 
tion of  the  smaller  sized  soft  rubber  bags  may  be 
necessary  to  initiate  the  process.  In  some  cases  the 
cervix  remains  long  as  the  result  of  insufficient 
softening  or  in  occasional  cases,  the  presence  of 
malignant  disease.  Mechanical  dilatation  by  the 
metal  dilator,  followed  by  the  introduction  of  soft 
rubber  bags,  should  be  practised  or  in  cases  where  malig- 
nant disease  is  present,  a  cesarean  section  may  be 
necessary. 

In  a  certain  number  of  cases  adhesions  between  the 
maternal  and  fetal  membranes  in  the  immediate 
vicinity  of  the  internal  os  are  so  marked  that  the 
lower  segment  does  not  retract  and  consequently  the 
cervical  canal  does  not  dilate.  In  such  cases  the 
introduction  of  the  finger  and  loosening  the  membranes 
is  usually  sufficient  to  bring  about  beginning  dilatation. 

Closure  or  narrowing  of  the  vagina  or  vulva  may  be 
congenital  resulting  in  annular  stricture,  or  acquired. 
In  the  latter  case  cicatricial  bands  or  adhesions  may 
have  followed  ulcerative  processes  as  the  result  of 
previous  difficult  labors,  infectious  diseases,  etc. 
During  the  course  of  the  labor  in  such   cases,  the 
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dilating  effect  of  the  presenting  pari  musl  be  observed. 
If  this  stretches  the  adhesions  nothing  further  is 
necessary,  if  not,  the  latter  must  be  incised,  U  here 
the  narrowing  or  closure  is  not  overcome  l>\  this 
means,  abdominal  cesarean  section  may  be  r j •  -«-.'-  an  . 
Abnormal  rigidity  and  narrowing  of  the  vagina  and 
vulva  are  frequently  seen  in  very  young  or  old  primi- 
panv  and  should  be  subject  to  expectant  treatment 
until  all  indications  for  ending  the  labor  presents,  If 
the  head  has  advanced  to  the  pelvic  Hour  and  delivery 
is  immediately  indicated,  an  incision  of  the  vaginal 
outlet  may  be  made  in  the  region  of  the  perineum. 

Closure  or  narrowing  of  the  soft  parts  by  neoplasms 
or  tumor-like  masses  include : 

1.  Overdistended  bladder  and  rectum,  which  must 
be  corrected  by  emptying  these  organs  with  the 
catheter  or  by  enema. 

2.  Vesical  calculi  are  often  sufficiently  large  to 
interfere  with  the  delivery  of  the  child  and  il  Ihei 
cannot  be  pushed  out  of  the  way,  must  be  removed 
through  the  vagina,  the  wound  in  the  bladder  being 
sewed  up  before  completing  the  delivery. 

3.  Uterine  myomata.  Polyps  which  interfere  with 
the  delivery  of  the  child  should  be  removed  after 
ligaturing  the  pedicle,  and  myomata  situated  in  the 
cervix  or  lower  uterine  segment  must  in  certain  cases  be 
enucleated  before  delivery  can  be  completed.  Large 
deep-seated  myomata  in  the  body  of  the  uterus  are 
often  displaced  upward  by  the  contractions  of  the 
organ  and  allow  the  passage  of  the  fetus.  In  other 
cases,  however,  they  interfere  to  such  an  extent  that  a 
laparotomy  with  excision  of  the  tumor  or  of  the  entire 
uterus  is  necessary.  The  child  in  these  cases  is  of 
course  removed  by  cesarean  section. 

4.  Carcinomata  are  less  apt  to  interfere  on  account  of 
their  size  than  on  account  of  the  rigidity  of  the  cervix 
which  they  produce. 

5.  Ovarian  tumors  may  often  be  pushed  up  out  of 
the  way  of  the  advancing  fetus,  but  if  not,  they  must 
be  removed  by  the  vaginal  or  abdominal  route, 
depending  on  the  situation.  In  some  cases  they 
descend  into  the  posterior  vaginal  vault  and  can  be 
readily  excised  after  incision  of  the  latter.  If  the 
growth  is  cystic  and  there  is  immediate  danger  to  the 
mother  a  vaginal  puncture  may  be  undertaken,  the 
patient  delivered,  and  then  ovariotomy  completed  by 
the  most  suitable  method.  In  some  cases  it  may 
be  necessary  to  remove  the  tumor  through  the  ab- 
domen and  then  delivery  may  be  completed  im- 
mediately or  delayed,  depending  on  the  particular 
case.  Tumors  of  the  pelvic  cellular  tissue  or  the 
pelvic  bones  which  complicate  delivery  must  be 
extirpated  or  cesarean  section  may  be  resorted  to. 

Contracted  Pelvis. — In  so  far  as  we  are  concerned 
with  the  relations  of  pelvic  deformities  to  labor,  it  is 
merely  necessary  to  recognize  here  the  commoner 
varieties.  These  include  the  generally  contracted 
pelvis  which  is  diminished  in  all  its  diameters,  the 
simple  flat  pelvis  in  which  the  antero-posterior  diam- 
eter is  contracted,  the  generally  contracted  flat  pelvis 
which  combines  the  characteristics  of  the  two  previous 
varieties,  the  obliquely  contracted  pelvis  in  which 
one  oblique  diameter  exceeds  the  other  by  several 
centimeters,  various  other  forms  of  irregularly  con- 
tracted pelves  associated  with  Pott's  disease,  rickets, 
osteomalacia,  and  finally  the  funnel  pelvis.  The  dis- 
cussion of  the  anatomical  features  of  these  various 
pelvic  deformities  may  be  found  in  the  section  on  the 
pelvis.  It  is  essential  that  the  variety  of  pelvic 
deformity  be  diagnosed  before  labor.  When  labor 
has  come  on,  however,  and  an  obstruction  is  present 
it  is  necessary  to  be  informed  as  to  the  particular 
variety  in  order  to  afford  the  patient  the  best  method 
of  delivery.  The  possibility  of  contracted  pelvis 
is  associated  with  the  following  general  characteristics : 
small  stature  with  deformities  of  the  spinal  column,  a 
limping  gait,  deformities  of  the  lower  extremities 
which  are  usually  manifested  by  bow-legs  or  knock- 
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primiparaj,  severe  and  prolonged  previous  labors  and 
de\  iai  ion    I  rom  a  normal  ph  ■      .  ■         I  coui  e.     'I  be 
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sumption  of  an  abnormal  attitude  on  the  part  of  the 

mother,  and   I  he   manner   in  «  liich    t  he   I  I  ad 

Thus  in  a  Hat  peh  i  thi  largi  mterioi  fontanelk  and 
frontal  sutures  are  at  the  mosl  dependent  point,  Id 
a   generalh    contracted    pelvis    t i.  posterior 

I'onianeiie  is  markedly  low  and  in  generally  contrai 
Mai   pelvis  the  frontal  suture  is  prominent  and  like- 
wise the  small   I'onianeiie.     The  engagi  mi  at    ot  the 
head  noted   in   the  latter   is  to  bi    regarded   a     the 

most  favorable  position  for  the  passage  Of  the  Head 
through  the  contracted  pelvis.  The  prognosis  in 
pelvic  deformities  depends  on  the  degree  of  the  con- 
traction, on  the  strength  of  the  pains  and  the  activity 
of  the  abdominal  muscles,  on  the  size  and  hardni 
the  fetal  head,  and  on  the  engagement  of  the  latter.  It 
is  for  this  reason  that  subsequent  labor  may  prove 
unfavorable  in  narrow  pelves  when  the  first  i 
may  have  been  successful  without  interference.  The 
dangers  for  the  mother  in  these  casi  maybe  sum- 
marized under  the  following  headings:  Prolongation 
of  the  labor  with  the  possibility  of  infection  and  hemor- 
rhage, contusion  and  necrosis  of  the  soft  parts  with  a 
possibility  of  fistulous  communication  with  the  blad- 
der, and  the  fracture  of  the  pelvis,  ordinarily  through 
the  symphysis.  The  dangers  for  the  child  reside  in 
the  possibility  of  asphyxia  on  account  of  the  prolonged 
labor  or  the  abnormally  marked  pressure  on  the  skull. 
The  question  of  treatment  in  deformities  of  the 
pelvis  depends  entirely  on  the  particular  variety  en- 
countered and  on  the  possibility  of  the  child  adapt- 
ing itself  to  the  canal.  In  t  He  Hat  pelvis  four  varieties 
of  contraction  have  been  enumerated.  In  the  first 
the  true  conjugate  measures  from  8.5  to  9.5cm.,  in  the 
second  from  7  to  8.5  cm.,  in  the  third  from  5.5  to  7.5  cm. 
and  in  the  fourth  less  than  5.5  cm.  In  pelves  which 
manifest  the  fourth  degree  of  contraction,  cesarean 
section  is  alone  to  be  considered  as  even  a  perforated 
full-term  child  cannot  be  born  through  a  pelvis  of  this 
size.  In  the  third  degree  there  is  a  choice  between 
cesarean  section  and  perforation,  unless  the  mother  is 
very  desirous  of  a  living  child.  In  contractions  of  the 
first  and  second  degree,  good  strong  pains,  a  small 
moderately  hard  head,  and  favorable  engagement  of 
the  same  may  result  in  the  spontaneous  delivery  of  a 
living  child.  In  many  cases,  however,  version, 
forceps,  or  cesarean  section  may  become  necessary. 
In  certain  cases  of  moderate  contraction  where  the 
true  conjugate  measures  from  7  to  S  cm.,  induction 
of  labor  in  the  last  month  of  pregnancy  has  been 
recommended  and  where  no  operative  facilities  are  at 
hand  for  a  possible  cesarean  section  or  other  opera- 
tion, this  form  of  delivery  may  become  necessary. 
If  version  is  decided  on  in  this  class  of  cases  it   should 

be  done  as  early  as  possible,   I re  thi    mother  is 

exhausted  or  the  liquor  amnii  drained  away,  other- 
wise the  dangers  of  infection  or  uterine  rupture  are 
greatly  increased.  The  advantage  oi  version  consists 
in  the  belief  that  the  aftercoming  head  maj  be  more 
readily  forced  through  the  pelvis  because  greatly  in- 
creased traction  force  can  thus  be  exerted.  The  latter 
is  favored  by  Walcher's  position.  The  procedure  of 
version  will  be  fully  discussed  under  its  appropriate  head 
ing.  In  cases  where  it  is  attempted  and  the  head  can- 
not be  delivered,  perforation  of  the  latter  may  become 
necessary.  In  cases  of  vertex  presentation  when  the 
head  is  firmly  engaged  in  the  pelvic  inlet,  an  expectant 
plan  may  be  adopted  if  the  mother  and  child  are  not  in 
danger.  Compression  above  the  symphj  sis  sometimes 
aids  the  engagement  of  the  head  and  liken 
measures  already  referred  to  in  the  treatment 
uterine  inertia.  When  the  head  is  fully  engaged  the 
application  of  forceps  is  indicated,  but  it  is  advisable 
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not  to  attempt  the  same  before  moulding  has  advanced 
to  a  sufficient  degree.  If  the  forceps  operation  is  un- 
successful and  the  child  is  still  alive,  pubiotomy  may 
be  considered  before  perforation.  The  good  results 
obtained  with  the  extraperitoneal  form  of  cesarean 
section  has  also  brought  this  operation  into  the  field 
for  the  delivery  of  these  cases. 

In  cases  where  the  pelvis  is  generally  contracted  in 
all  its  diameters  an  expectant  treatment  may  be  re- 
sorted to  if  the  head  is  well  engaged,  followed  by  the 
application  of  the  forceps  when  indicated.  Perfora- 
tion must  be  considered  where  the  head  does  not 
engage  thoroughly  notwithstanding  pressure  from 
above,  and  danger  results  from  the  extreme  dilatation 
of  the  lower  uterine  segment  which  will  be  found  in 
these  cases.  In  patients  in  whom  previous  labors 
were  unfavorable  the  premature  induction  of  delivery 
and  cesarean  section  are  both  to  be  considered. 

In  cases  of  funnel  pelvis  the  division  of  the  pubic 
bone  has  frequently  been  resorted  to  within  recent 
years,  especially  when  the  head  is  well  engaged  and 
the  patient  has  been  in  labor  for  a  long  time.  Where 
this  is  complicated  with  a  posterior  position  of  the 
occiput,  a  cesarean  section  frequently  offers  better 
results.  In  obliquely  contracted  pelves  of  a  marked 
degree  the  delivery  is  often  accomplished  without 
apparent  difficulty,  but  where  interference  occurs  the 
same  methods  may  be  resorted  to  as  in  previous  cases. 

In  all  cases  of  suspected  pelvic  contraction  the 
vaginal  examinations  must  be  undertaken  under  the 
most  careful  auspices  as  the  possibility  of  operative 
interference  naturally  increases  the  danger  from  in- 
fection. Pregnant  women  who  present  a  pelvis  with 
a  true  conjugate  of  eight  centimeters  or  less  are  prefer- 
ably delivered  in  a  hospital  and  the  same  is  true  of  those 
cases  of  even  slight  contraction  in  which  previous  labors 
have  been  difficult.  In  other  cases  where  the  pelvis 
presents  only  slight  degrees  of  narrowing  and  no  indica- 
tions for  immediate  delivery  are  present,  the  expectant 
plan  may  be  adopted.  If  the  head  after  rupture  of  the 
membranes  and  notwithstanding  strong  pains  does 
not  engage  in  the  pelvis,  and  no  other  danger  to  mother 
or  child  is  present,  the  methods  referred  to  in  the  pre- 
vious sentences  are  to  be  followed.  The  perforation  of 
a  living  child  in  the  interests  of  the  mother  or  the  per- 
foration of  a  child  dead  from  prolonged  labor  are  fac- 
tors that  are  gradually  being  eliminated  from  obstetrics. 
The  attendant  under  these  circumstances  is  under 
moral  obligation  to  refer  the  patient  to  a  hospital  in 
which  the  delivery  may  be  completed  by  appropriate 
operative  measures  which  under  most  circumstances 
are  much  less  dangerous  for  both  mother  and  child 
than  a  version  or  a  high  forceps  operation  done  in  the 
home. 

Disturbances  of  Labor  due  to  Anomalies  on  the  Part 
of  the  Fetus. — These  consist  as  already  stated  in  ab- 
normal position  or  attitude  of  the  fetus,  increase  in 
the  size  of  [the  head,  the  shoulders,  or  the  trunk,  and 
malformations,  especially  duplications.  The  transverse 
position  with  prolapse  of  the  arm  is  best  treated  by  com- 
plete internal  version.  It  is  of  course  possible  for  a 
fetus  in  a  transverse  position  to  be  delivered  spon- 
taneously, but  as  its  death  usually  results  it  is  better 
to  resort  to  operative  delivery  in  these  cases.  In  the 
presence  of  an  occiput  posterior  position  the  conduct 
of  the  labor  depends  entirely  upon  the  individual 
case.  Very  often  the  posterior  occiput  will  be  ro- 
tated to  the  front  when  it  strikes  the  pelvic  floor  and 
flexion  can  be  maintained  or  it  may  be  delivered  as  such 
without  undue  danger.  A  persistent  occiput  posterior 
position  frequently  requires  the  application  of  forceps, 
but  under  ordinary  circumstances  anterior  rotation  of 
the  head  should  never  be  attempted  with  the  head  in 
the  pelvis.  If  an  occiput  posterior  position  is  recog- 
nized with  the  head  in  or  above  the  brim,  its  anterior 
rotation  may  be  safely  attempted. 

Face  presentations  with  the  chin  directed  anteriorly 
or  posteriorly  should  be  diagnosed  before  firm  engage- 
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ment  has  taken  place  as  they  may  then  be  corrected 
by  flexion  of  the  chin  on  the  chest,  or  what  is  prefer- 
able, a  version  may  be  attempted.  If  the  chin  is 
directed  posteriorly,  labor  is  practically  impossible 
and  in  such  cases  if  it  is  too  late  for  version,  perforation 
should  be  resorted  to.  The  same  applies  to  brow 
presentations. 

In  cases  where  the  arm  or  leg  prolapses  alongside  of 
the  head,  the  limb  may  be  replaced  but  if  unsuccessful, 
version  should  be  attempted  as  these  conditions  usu- 
ally are  present  in  slight  degrees  of  pelvic  flattening. 

In  the  presence  of  a  large  head,  engagement  in  the 
pelvis  is  necessaril3r  slow  and  if  unsuccessful,  version 
may  be  resorted  to  as  the  aftercoming  head  frequently 
engages  much  more  readily  in  this  way.  If  unsuccess- 
ful, perforation  may  be  resorted  to.  The  diagnosis 
of  abnormal  size  of  the  head  is  based  largely  on  ex- 
clusion but  care  must  be  taken  to  differentiate  this 
from  a  hydrocephalus  which  is  recognized  by  the  broad 
sutures  and  large  fontanelles.  If  a  hydrocephalic  head 
does  not  engage,  perforation  is  usually  indicated.  The 
shoulders  may  be  very  large  in  cases  where  the  head 
is  normal  and  in  such  instances  their  engagement  may 
require  assistance  from  the  operator's  finger  or  a 
blunt  hook  inserted  into  the  posterior  axilla.  Frac- 
ture of  the  arm  may  even  be  necessary  in  difficult 
cases  and  is  allowable  in  order  to  hasten  the  labor. 
If  the  child  is  dead  it  is  advisable  to  decapitate  be- 
fore extracting  the  trunk. 

Abnormal  engagement  of  the  trunk  may  result 
from  the  presence  of  hydrops,  emphysema,  or  va- 
rious tumors.  The  diagnosis  in  these  cases  may  be 
very  difficult  and  if  the  trunk  cannot  be  extracted  after 
the  arms  are  delivered  the  complication  must  be  con- 
sidered. Puncture  of  the  fluid-containing  sac  is  essen- 
tial before  any  further  measures  can  be  made  use  of. 
Labor  may  be  delayed  by  the  presence  of  twins  and 
if  a  version  becomes  necessary  for  delivery  or  a  breech 
extraction  is  indicated,  great  care  must  be  taken  that 
the  heads  of  the  children  do  not  lock.  The  presence 
of  monstrosities  is  usually  diagnosed  with  difficulty 
and  frequently  exploration  with  the  hand  in  the  uterus 
under  an  anesthetic  is  necessary. 

Precipitate  Labor. — This  results  from  a  combination 
of  favorable  factors,  including  strong  and  frequent 
pains,  accessory  pressure  with  abdominal  muscles, 
diminished  resistance  on  the  part  of  the  mother  and  the 
child.  Under  such  circumstances  the  entire  course  of 
labor  may  occupy  only  a  few  minutes.  More  fre- 
quently, however,  it  is  only  the  period  of  expulsion 
which  is  abnormally  quick,  whereas  the  pains  during 
the  period  of  dilatation  may  not  be  evident  to  the 
patient.  Such  rapid  deliveries  only  become  patholog- 
ical when  they  result  in  perineal  lacerations  or  injury 
to  the  child  if  the  latter  is  dropped  and  the  cord  is 
torn  or  the  fetal  skull  injured  by  the  fall.  Moreover, 
complete  atony  of  the  uterus  may  result  in  such 
cases,  with  inversion  and  the  danger  of  severe  hemor- 
rhage. If  a  patient  is  carefully  watched,  in  most  cases 
precipitate  labor  need  not  occur  as  the  head  may  usu- 
ally be  held  back  with  the  hand  or  the  patient  directed 
not  to  strain  and  to  keep  her  mouth  open.  When 
possible  a  few  whiffs  of  chloroform  may  be  administered 
to  reduce  the  involuntary  efforts  on  the  part  of  the 
mother. 

Preparations  for  Confinement. — The  preparations  for 
this  event  on  the  part  of  the  patient  will  vary  ac- 
cording to  her  financial  ability.  Specially  fitted  boxes 
containing  sterilized  supplies  may  be  obtained  in 
almost  all  large  cities  from  the  druggists'  or  hospital 
supply  houses  but  very  often  it  is  necessary  for  the 
physician  to  supply  the  patient  with  a  list  of  necessities 
for  the  confinement.  It  would  be  better  perhaps  if 
the  doctor  carried  his  own  supplies  as  this  avoids 
misunderstanding  on  the  part  of  the  patient  and  the 
attendant  can  be  assured  of  having  the  necessary 
materials  properly  selected  and  sterilized.  In  the 
obstetrical  bag  used  by  the  writer  for  a  considerable 
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period    the    supplies    noted    below,    are    contained. 
Individual  preference  may  of  course  dictate  othei       - 
the  case  itself  may  seem  too  bulky,  but  in  view  oi  the 
possibility  of  unforeseen  complications  the  writer  has 
found  it  advisable  to  adhere  strictly  to  this  list .      \ 
suit  case  of  black  oilcloth  or  leather  about  12  inches 
wide,  24  inches  long  and  8  or  10  inches  deep,  provided 
with  a  tray,  will  be  sufficiently  large  to  include  the 
following  paraphenalia :  six  towels,  gown  leggins,  cord 
dressing,    two    pairs    of    forceps    including    an    axis- 
traction     instrument,     perineorrhaphy     set,     cord, 
scissors,    and   tape,  douche  bag,  two  douche  tubes, 
catheter,  two  pairs  of  rubber  gloves,  six  vulvar  pads, 
nail  brush  and  cleaner,  hypodermoclysis  set,  hypoder- 
mic needle  and  syringe,  Kelly  pad,  rubber  apron,  can- 
vas leg  holder,  baby  scales,  agate  basin  of  four-quart 
capacity,  two  gauze  bandages  (three  inch),  chloroform 
mask,   chloroform,   one  per  cent,   solution  of    silver 
nitrate,  acetic  acid,  fid.  ext.  ergot  or  'ergotole,'  bor- 
acic   acid,   salt   solution,   alcohol,   bichloride  tablets 
or   lysol,    camphor    in    oil,    nitroglycerin,    morphine, 
caffeine,  pituitrin,  stethoscope.     It  is  not  ordinarily 
advisable  to  rely  on  the  finding  of  the  necessary  sup- 
plies in  a  patient's  house  if  called  in  an  emergency  and 
if  the  doctor  is  familiar  with  the  contents  of  his  labor 
bag  a  great  deal  of  time  and  annoyance  may  be  saved. 
The  writer  is  moreover  in  the  habit  of  giving  his  pa- 
tients as  soon  as  they  apply  for  care  during  their  con- 
finement, allittle  manual  which  contains  an  account 
of  pregnancy  and  labor,  together  with  directions  for 
the  hygiene  of  pregnancy  and  the  preparations  for  the 
labor  itself.     In  this  way  the  patient  is  able  to  digest 
the  directions  at  her  leisure  and  a  great  many  ques- 
tions will  be  found  unnecessary.     In  this  pamphlet 
the  following  supplies  are  noted  and  left  for  the  patient 
to  procure:  two  enameled  wash  basins  of  about  four 
quarts'  capacity  and  an  enameled  pitcher  of  a  two- 
quart  size.     A  wash  boiler  of  medium  size  in  which 
these  may  be  boiled  and  which  will  also  furnish  a 
supply    of    sterile    water.     The    basins    and    pitcher 
together  with  two  ordinary  nail  brushes  should  be 
boiled  in  the  wash  boiler  one-half  full  of  water  for  at 
least  thirty  minutes  and  then  allowed  to  cool  off.     In 
addition  to  this  the  patient  is  asked  to  select  a  room 
in  a  quiet  portion  of  the  house  or  apartment,  provided 
with  windows  leading  to  the  outer  air.     She  is  directed 
to  have  removed  all  articles  of  furniture  with  the 
exception  of  the  bed,  and  a  table  or  bureau.     The  car- 
pet should   be  taken  up  and  the  floor  and  walls  to- 
gether with  the  window-  and  door-trim  thoroughly 
cleansed.     As  most  beds  are  rather  low  a  number  of 
wooden  blocks  or  bricks  should  be  at  hand  to  insert 
under  the  bed-posts  during  labor  so  as  to  raise  the  bed 
to  a  height  of  about  three  and  one-half  feet  from  the 
floor.     This  will  give  a  great  deal  of  comfort  to  the 
doctor  and  nurse  during  their  attentions  to  the  patient. 
The  sinking  in  of  the  ordinary  spring  mattress  also 
produces  a  most  inconvenient  hollow  in  the  bed  which 
may  be  overcome  in  most  cases  by  having  a  number  of 
boards   or  leaves   from   an   extension  table  inserted 
under  the  mattress  across  the  bed.     Two  rubber  sheets 
should  be  provided,  one  of  which  is  placed  next  to  the 
mattress  and  this  covered  with  a  plain  white  sheet  on 
which  a  second  rubber  sheet  and  plain  white  sheet  are 
placed,  so  that  after  the  labor  is  over  the  upper  rubber 
sheet  may  be  removed  and  the  mattress  still  remains 
protected  by  the  lower  rubber  and  sheet.     Several 
half-pound  packages  of  sterilized  absorbent  cotton  will 
be  needed,  one  of  which  is  to  remain  closed  for  the 
doctor's  exclusive  use;  the  others  may  be  used  by  the 
nurse  for  making  vulvar  pads  and  wipes.     A  supply  of 
sterile  gauze  will  be  needed  and  the  most  economical 
purchase  is   in  the  form   of  rolls   containing  either 
twenty-five  or  one  hundred  yards.     Pads  to  be  worn 
after  labor  should  be  made  from  this  gauze  and  absorb- 
ent cotton  by  the  nurse  in  ample  time  and  may  be 
sterilized  by  steaming  in  an  Arnold  bottle  sterilizer  or 
by  whatever  means  are  al  hand.     At  least  four  dozen 
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should  be  given  by  the  physician  for  the  following 

drugs:  ly.sol,   four   rain    alcohol,   one-   pint; 

tincture  of.green  soap,  one-half  pinl  ;  boracic  acid  in 

crystals,  four  mine. 
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and  nipples,  enema  bag  or  a  metal  douche  can  with 
six  feet  of  rubber  hose,  connecting  tube  and  a  soft 
rubber  rectal  tube,  douche  pan  of  enameled 
which  may  also  be  used  a  a  b(  d  pan.  .scales  for  weigh- 
ing the  baby,  and  a  number  of  mamla  paper  bags  for 
receh  ing  waste. 

In  engaging  a  nurse  for  a  confinement  case,  care 
should  be  i  cere.ised  lo  obtain  one  who  has  had  a  satis- 
factory  obstetric   (raining   and   the    pa 
impressed  with  the  value  of  J id  nurse  and  be  willing 

to  pay  her  a  suitable  fee.  Cleanliness,  common  sei 
and  ability  to  deal  with  emergencies  are  qualifications 
demanded  of  anursewhoi  a;  totakeaca  e  of  labor. 
A  knowledge  of  these  qualities  ought  to  lie  knot*  a  to 
the  physician  in  attendance  and  the  selection  left  if 
possible  to  him.  It  is  well  to  engage  a  nurse  to  come 
to  the  patient's  house  at  least  foui  ays  before 

the  expected  dale  en  which  the  patient  is  to  be  confined 
so  that  all  necessary  preparations  for  labor  may  be 
made  without  haste.  In  a  normal  uncomplicated  case 
a  nurse  should  be  retained  for  at  least  two  weeks  after 
labor  and  it  is  advisable  if  the  pat  ienl  's  circumstances 
permit  to  keep  her  a  week  or  two  longer,  for  during 
this  period  the  patient  is  in  need  oi  all  I  he  rest  she  can 
get  and  should  avoid  all  undue  exertion  and  excite- 
ment. It  is  unnecessary  to  refer  again  to  the  necessity 
of  absolute  antisepsis  on  the  part  of  the  nurse  and 
physician  during  a  case  of  labor  and  one's  mind  should 
be  made  up  to  regard  this  pmeess  as  similar  to  the 
invasion  of  the  peritoneal  cavity  in  a  laparotomy.  It 
is  only  when  the  conscience  of  the  physician  acknow- 
ledges this  that  he  can  be  free  from  mental  anxiety  in 
case  the  affair  does  not  turn  out  as  expected. 

Mechanism  of  Labor  in  Abnormal  Presentations 
and  Positions. — In  addition  to  a  knowledge  of  the 
mechanism  of  labor  in  the  so-called  normal  positions 
and  presentations,  namely,  where  the  vertex  presents 
with  the  occiput  turned  to  the  front,  a  knowledge  of  the 
possibilities  of  natural  delivery  in  other  eases  is  essen- 
tial. Such  labors  are,  of  course,  abnormal,  yet  the 
natural  resources  on  the  part  of  the  patient  may  be 
successful  in  accomplishing  the' delivery  of  the  child. 
The  indications  for  interference  should  be  carefully 
noted,  however,  and  the  necessary  steps  taken  when 
the  occasion  arises.  The  principal  factors  relate  to 
the  exhaustion  of  the  mother  or  damage  to  her  soft 
parts  by  the  prolongation  of  the  labor  and  the  latter, 
of  course,  effects  the  child  particularly  as  regards 
asphyxia. 

The  commonest  abnormality  in  engagement  is  the 
occipitoposterior  position  in  which  the  anteroposterior 
diameter  of  the  child's  head  is  directed  in  the  opposite 
direction  from  the  anterior  position.  This  almost 
always  results  in  a  prolongation  of  the  labor  and  the 
formation  of  a  caput  succedaneum  or  possibly  a  cephal- 
hematoma. Fortunately  a  very  large  proportion  of 
occipitoposterior  positions  of  the  vertex  rotate  to  an 
anterior  position  either  above  the  brim,  in  the  cavity 
of  the  pelvis,  or  when  the  head  reaches  the  vaginal 
outlet.  In  other  cases  the  occiput  remains  posterior 
and  the  face  is  born  under  the  pubic  arch.  The  long 
diameter  of  the  head  does  not  conform  satisfactorily 
to  the  axis  of  the  pelvis  and  sometimes  an  absolute 
cessation  of  labor  results  from  impaction.  The  most 
frequent  causes  of  the  anomaly  are  imperfect  flexion 
of  the  head  so  that  occiput  and  sinciput  reach  the 
pelvic  floor  at  the  same  time,  failure  of  the  mech- 
anism which  ordinarily  turns  the  occiput  forward, 
defective  resistance  due  to  previous  lacerations  of 
the    pelvic    floor,    large    pelves    and    pelvic    abnor- 
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malities  including  contraction,  faulty  inclination, 
obliquity,  and  kyphotic  deformities.  It  is  essential 
to  make  the  diagnosis  of  occipitoposterior  position  as 
early  as  possible  so  that  the  same  may  be  converted  to 
a  normal  and  more  easily  delivered  position.  Abdom- 
inal palpation  shows  the  dorsal  plane  directed  toward 
the  flank  of  the  mother  and  the  soft  parts  are  felt 
under  the  anterior  abdominal  wall.  The  heart  sounds 
are  usually  heard  over  the  side  of  the  abdomen  to- 
ward the  back  or  may  be  absent.  A  vaginal  exami- 
nation shows  the  anterior  fontanelle  readily  accessible 
to  the  finger,  occupying  either  an  occipitoposterior 
position  or  a  poorly  flexed  anterior  position.  The 
posterior  fontanelle  is  then  reached  with  somewhat 
greater  difficulty  and  felt  opposite  the  sacroiliac  syn- 
chondrosis. The  dangers  in  these  cases  to  the  mother 
consist  in  the  increased  possibility  of  perineal  lacera- 
tions, general  exhaustion,  and  the  risks  of  operative 
interference.  To  the  child,  the  prolonged  labor  is 
readily  productive  of  severe  asphyxia.  It  is  usually 
found  that  the  membranes  rupture  early  in  occipito- 
posterior cases  with  the  bad  results  following  this  acci- 
dent. A  diagnosis  having  been  made,  the  treatment 
depends  on  the  position  of  the  head.  With  the  latter 
above  the  brim  and  the  membranes  unruptured  the 
patient  should  lie  on  her  side  with  the  hips  elevated  in 
a  position  so  that  the  occiput  faces  the  side  on  which 
she  lies.  Flexion  and  engagement  are  thus  favored 
and  anterior  rotation  of  the  back  commonly  results. 
The  knee-chest  position  is  also  efficient  but  difficult  to 
maintain  because  it  is  tedious  to  the  patient.  If  these 
methods  are  unsatisfactory  attempts  may  be  made  to 
rotate  the  anterior  shoulder  through  the  abdomen,  if 
this  can  be  felt,  while  the  fingers  of  the  vaginal  hand 
push  the  anterior  shoulder  in  the  opposite  direction. 
It  is  often  impossible,  however,  to  rotate  the  head  and 
maintain  it  in  an  anterior  position.  Where  engage- 
ment does  not  seem  likely  to  occur  a  podalic  version 
may  be  resorted  to. 

When  the  fetal  head  is  in  the  pelvic  cavity,  anterior 
rotation  of  the  occiput  may  also  be  favored  by  keep- 
ing the  patient  on  the  side  toward  which  the  "occiput 
points.  The  maintenance  of  flexion  by  pressure 
against  the  sinciput  during  pains  often  aids  rotation 
in  these  cases.  Where  the  head  is  sufficiently  small  to 
permit  the  same  the  hand  may  be  passed  into  the 
vagina  or  lower  uterine  segment  following  complete 
dilatation  and  the  head  flexed  and  rotated  to  the  front. 
Rotation  of  the  fetal  head  with  the  forceps  is  a  par- 
ticularly dangerous  procedure  and  should  not  be  at- 
tempted by  any  one  but  ah  expert,  on  account  of  the 
dangers  of  laceration  with  the  instrument.  At  the 
vaginal  outlet,  anterior  rotation  is  often  satisfactorily 
accomplished  by  pressure  against  the  anterior  tem- 
poral bone.  In  a  certain  proportion  of  cases  where 
the  head  has  reached  the  perineal  floor  and  the  pains 
are  good,  it  is  safer  to  allow  the  posterior  occiput  to  be 
born  as  such  than  to  attempt  unskilled  interference. 

Face  presentations  are  due  to  extreme  extension  of 
the  head  on  the  trunk  and  have  been  estimated  to 
occur  once  in  twenty  labors.  The  chin  may  be  directed 
either  anteriorly  or  posteriorly,  the  latter  being  the 
more  common.  The  causes  of  face  presentation  are 
narrow  pelvis,  large  child,  enlargement  of  the  neck 
or  thorax,  extensive  uterine  obliquity,  multiparity, 
pendulous  abdomen,  malformations  of  the  child's 
head,  and  paralysis  of  the  extensor  muscles  on  the 
anterior  side  of  the  neck.  In  the  mechanism  of  these 
labors  the  occipitomental  diameter  comes  into  rela- 
tion with  the  axis  of  the  birth  canal  and  the  head 
descends  with  the  chin  first,  the  trachelobregmatic  and 
bitemporal  diameters  engaging  at  the  brim.  Although 
the  latter  are  substantially  the  same  length  as  those 
associated  with  vertex  presentations,  the  difficulty. 
esj  ifcially  in  cases  where  the  chin  is  directed  posteriorly, 
is  due  to  the  fact  that  the  thickness  of  the  neck  and  a 
part  of  the  chest  are  added  to  the  diameter  of  the  face 
as  it  presents  at  the  brim.     In  mentoanterior  positions 
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the  mechanism  is  as  follows:  expulsion  of  the  head 
corresponds  to  flexion  in  vertex  presentations,  although 
this  is  never  fully  developed  until  the  face  has  passed 
the  brim.  As  the  head  descends  the  chin  rotates 
under  the  pubic  arch  and  is  born.  This  maneuver  is 
followed  by  flexion  of  the  head,  which  corresponds 
to  extension  in  vertex  presentation.  The  inferior 
surface  of  the  lower  jaw  rests  on  the  margins  of  the 
descending  rami  of  the  pubes;  restitution  of  the  face 
thus  occurs,  followed  by  external  rotation  as  in  vertex 
births.  On  the  other  hand  where  the  chin  is  directed 
posteriorly,  the  birth  of  the  child  is  impossible  in 
ordinary  pelves,  since  this  would  necessitate  the  pass- 
age of  a  fetal  diameter  larger  than  any  of  those  afforded 
by  the  mother's  pelvis.  Anterior  rotation  of  the  chin 
may  occur  internally  and  permit  of  a  satisfactory 
termination  of  the  delivery. 

The  diagnosis  of  face  presentations  should  be  made  as 
early  as  possible  before  engagement  has  been  attempted 
or  advanced.  Through  the  abdomen  the  headican 
usually  be  felt  above  the  brim  and  to  one  side;  this 
prominence  being  on  the  same  side  with  the  fetal  back. 
Palpation  of  the  latter  is  interfered  with  owing  to  the 
extension  of  the  head  which  is  present,  and  a  sulcus  can 
frequently  be  felt  between  the  head  and  the  back. 
Vaginal  examination  discloses  the  presenting  face 
filling  the  pelvis  as  with  ordinary  vertex  presentations. 
Moreover,  the  ridges  over  the  eyes,  nasal  bones, 
malar  and  alveolar  processes,  and  the  chin  can  usually 
be  palpated  if  the  cervix  is  dilated.  The  prognosis 
for  both  mother  and  child  is  less  favorable  than  with 
vertex  presentations  but  more  favorable  where  the 
chin  points  anteriorly  than  where  it  points  posteriorly. 
The  difficulties  in  the  labor  arise  chiefly  from  the  pro- 
lapse of  the  cord  or  the  small  parts  because  of  the  dis- 
proportion between  the  face  and  the  pelvic  brim.  As 
greater  uterine  force  is  necessary  for  delivery  failure  of 
the  pains  is  frequently  met  with.  It  has  been  esti- 
mated that  the  maternal  mortality  is  four  per  cent, 
and  that  of  the  children  from  eight  to  ten  per  cent. 
The  disfiguration  of  the  child's  face  which  is  usually 
present  soon  disappears  but  the  swollen  lips  may 
interfere  with  nursing.  Exhaustion  and  necrosis  of 
the  soft  parts  from  undue  pressure  are  the  principal 
dangers  to  the  mother.  The  treatment  of  the  case 
depends  on  the  time  when  it  is  first  seen.  Where  no 
marked  disproportion  of  the  head  and  pelvis  is  pres- 
ent, delivery  in  most  cases  where  the  chin  is  anterior  is 
possible  by  the  natural  resources.  If  the  case  is  seen, 
however,  before  the  face  has  engaged  and  when  the 
head  can  still  be  pushed  back  from  the  brim  it  is 
advisable  to  correct  the  malposition  by  flexing  the 
head  on  the  chest  and  holding  the  same  there  until  the 
pains  have  firmly  engaged  the  head  in  its  new  position. 
It  will  be  found,  however,  that  in  many  of  these  cases 
flexion  cannot  be  maintained  as  the  paralysis  of  the 
flexor  group  of  cervical  muscles  permits  those  on  the 
posterior  aspect  of  the  neck  to  contract  and  thus  keep 
the  head  extended.  In  face  cases  w-here  a  cesarean 
section  has  been  done  for  this  or  other  causes  and  where 
no  engagement  of  the  face  had  resulted,  an  extended 
position  of  the  head  in  the  child  remained  for  a  week 
or  more  after  labor,  showing  the  futility  of  attempted 
flexion  in  such  instances.  If  the  face  is  well  engaged 
and  the  labor  progressing  it  may  be  safely  left  to 
Nature,  rotation  being  favored,  however,  by  keeping 
the  patient  on  the  side  to  which  the  face  points. 
Should  uterine  inertia  supervene,  delivery  by  forceps 
may  be  required.  If  a  mentoanterior  face  case  is  con- 
verted into  a  vertex  presentation  an  occipitoposterior 
position  will  result  so  that  the  latter  also  requires 
correction.  If  the  head  is  very  large  pubiotomy  or 
cesarean  section  may  be  necessary,  and  if  the  cord  or 
an  arm  is  prolapsed  podalic  *  version  is  generally 
demanded.  In  the  latter  case 'care  should  be  taken 
to  ascertain  whether  any  disproportion  between  the 
fetal  head  and  the  maternal  pelvis  is  present.  If  the 
chin  in  a  face  case  points  posteriorly  and  firm  engage- 
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ment  has  not  taken  place,  conversion  into  a  vertex 
presentation  is  necessary  as  described  above.  If  this 
is  impossible,  rotation  into  a  mentoanterior  position 
may  suffice,  although  anesthesia  is  usually  necessary 
with  the  latter  procedure.  In  the  presence  of  a  large 
head  or  prolapse  of  the  cord  or  fetal  small  parts,  the 
same  course  must  be  followed  as  in  mentoanterior 
positions.  Where  the  face  is  firmly  engaged  in  the 
cavity  of  the  pelvis  and  tonic  contractions  ol'  I  he.  uterus 
are  present,  delivery  may  be  favored  in  promoting 
extension  by  drawing  the  chin  downward  and  forward 
during  the  pains.  The  forceps  application  in  this 
condition  is  fraught  with  great  danger  to  both  mother 
and  child  and  should  not  be  attempted  except  by  those 
particularly  skilled.  In  impacted  face  cases  delivery 
by  pubiotomy  is  indicated  where  the  child  is  alive,  or  a 
craniotomy  must  be  done  if  the  fetus  is  dead.  Of  the 
numerous  methods  for  converting  a  face  into  a  vertex 
presentation,  the  most  satisfactory  is  that  of  Thorn  by 
which  under  complete  anesthesia  the  head  is  flexed 
on  the  chest  and  the  lordosis  is  converted  into  a 
kyphosis.  It  is  necessary  to  introduce  the  hand  which 
corresponds  to  the  back  of  the  child,  into  the  uterus 
lifting  the  face  out  of  the  pelvis  and  then  making 
backward  pressure  upon  the  chest.  As  this  is  being 
done  the  breech  is  carried  in  the  direction  of  the  feet 
upward. 

Brow  presentation  may  be  regarded  as  an  attitude 
between  vertex  and  face,  due  to  a  partial  extension  of 
the  head.  The  condition  is  uncommon  and  usually 
undergoes  spontaneous  conversion  into  either  a 
vertex  or  a  face  presentation.  The  positions  are 
similar  to  those  of  face  presentations  and  the  causes 
likewise.  The  occipitomental  diameter  of  the  head 
engages  with  the  transverse  at  the  pelvic  brim  as  a 
result  of  which  the  brow  descends  into  the  cavity  and 
becomes  arrested.  This  complication  has  been  esti- 
mated to  occur  about  once  in  2,000  labors.  The 
abdominal  signs  are  usually  indefinite  and  the  diagno- 
sis must  be  made  by  vaginal  examination.  It  is  only 
when  sufficient  dilatation  has  occurred  to  permit  pal- 
pation of  the  orbital  ridges  that  a  brow  presentation 
can  be  recognized.  Where  the  membranes  have  rup- 
tured and  a  caput  is  present,  the  diagnosis  is  particu- 
larly difficult  and  where  a  doubt  exists,  an  examination 
should  be  made  under  an  anesthetic.  When  the 
brow  presentation  persists  delivery  is  impossible  ex- 
cept in  the  presence  of  a  small  child  and  a  large  pelvis. 
The  maternal  mortality  is  about  ten  per  cent,  and  the 
fetal  thirty-three  per  cent.  The  treatment  consists 
of  a  conversion  into  a  vertex  or  face  where  no  indica- 
tion exists  for  rapid  delivery.  In  the  latter  emer- 
gency complete  internal  version  is  required,  or  if 
the  brow  is  irreducible,  pubiotomy  may  be  necessary 
when  the  child  is  alive,  or  craniotomy  if  dead. 
There  is  no  normal  mechanism  for  the  delivery  of 
this  complication. 

Breech  presentatio7is  include  three  forms;  those  in 
which  the  buttocks  present  (frank  breech)  and  those  in 
which  the  knee  or  foot  presents.  These  distinctions 
are  necessary  only  as  applied  to  the  treatment  of  the 
individual  case  and  have  little  importance  as  regards 
the  mechanism.  Breech  presentations  occur  about 
once  in  sixty  cases  and  the  causes  are  pelvic  deformities, 
tumors  of  the  uterus,  placenta  previa,  twins,  hydro- 
cephalus, prematurity,  relaxed  uterine  wall,  hydram- 
nios,  and  a  small  fetus.  Depending  on  the  position 
of  the  sacrum  we  may  distinguish  four  positions,  the 
left  and  right  sacroanterior  and  the  right  and  left 
sacroposterior.  The  mechanism  in  a  frank  breech  is 
as  follow-s :  The  breech  descends  into  the  pelvis  and  as 
the  posterior  hip  impinges  on  the  pelvic  floor  it  is 
shunted  downward,  inward  and  backward  until  it 
appears  at  the  vulvar  outlet  while  the  anterior  hip 
rotates  under  the  pubic  arch  where  it  is  checked  and 
the  posterior  hip  delivered  first.  After  the  delivery 
of  the  trunk  the  shoulders  rotate  and  likewise  the 
head.     In  a  dorsoposterior  position  the  occiput  as  a 


rule  come    eventually  to  the  front  and  a    th<   nape  of 
the  neck  is  caught  under  the  pubic  arch  the  head   is 
expelled  by  a  movement   "i   flexion  around 
pivot;  the  face,  forehead,  and    vertex    being    in 

swept  over  the  perineum.     In    pei  i  tenl    d 
terior  positions    the    head     is    delivered    aftei 
trunk  by  being  rotated  around  tin    posterior  edge  of 
the  vulvar  orifice,  the  elm,  catching  und<  r  tie-  p.  h  ic 

brim. 

The  diagnosis  of  breech   pn  entation  is  mad< 

finding  the  dorsal  plane  on  the  right  01  I  e  ol  the 

abdomen   with  the  head  usually  above  the  Ulubil 

One  of  the  shoulders  and  the  fetal  heart  are  also  found 
above  the  latter  point.  The  prei  entingparf  is  irregu- 
lar in  shape  and  not  so  hard  a.  the  head  Vai  ■ 
examination  discloses  the  absence  of  the  hard  ma 
the  vertex  with  its  fontanelles  and  suturi 
tuberosities,  (he  lip  ,,|  the  coccyx,  the  anus,  arid  geni- 
tals are  usually  felt.  If  the  foot  or  knee  presents  this 
is  readily  identified  but  in  differentiating  between 
breech  and  vertex  a  complete  exploration  of  every 
accessible  part  should  be  made.  The  prognosis  for 
the  mother  is  good  excepl  that  lacerations  of  the 
cervix  and  perineum  are  most  apt  tooecur.  Tliefirst 
stage  of  labor  is  usually  tedious  and  the  second  stage 
often  more  rapid.  ThefetaJ  mortality  where  delivery 
is  natural  is  about  ten  per  cent  i  pecially  in  primi- 
parae.  The  chief  cause  of  death  is  asphyxia  from 
interference  with  the  blood  supply  due  to 'retraction 
of  the  uterus  after  the  birth  of  1  he  trunk  and  from  com- 
pression of  the  umbilical  cord  during  anil  after  engage- 
ment of  the  head.  Fractures  of  the  fetal  arms  or  legs 
or  the  clavicle  are  likewise  apt  to  result  during  the 
manipulations  of  delivery. 

In  treating  breech  cases  external  version  may  be 
attempted  before  labor  but  is  usually  unsuccessful. 
As  the  chief  danger  to  the  child  arises"  from  the  diffi- 
culty of  delivering  the  aftercoming  head,  it  is  essential 
that  ample  dilatation  of  the  cervix,  vagina,  and  vulvar 
outlet  be  secured.  If  the  arms  can  be  kept  flexed  so 
that  by  extension  they  will  not  increase  the  diameter, 
the  delivery  of  the  head  will  be  much  facilitated.  I 
direction  is  frequently  given  to  flex  the  head  by  pres- 
sure directed  through  the  abdomen  but  as  this  requires 
skilled  assistance  and  is  often  rendered  impossible 
a  rigid  or  fat  abdominal  wall,  the  procedure  had  best 
not  be  relied  upon  in  breech  delivery.  It  is  advisable 
to  determine  the  position  of  the  arms  in  every  case  as 
soon  as  the  tip  of  the  scapula  is  born  and  if  on  explora- 
tion the  arms  are  found  extended,  they  can  be  delivered 
much  more  readily  at  this  time  by  sweeping  them 
over  the  face  of  the  child  and  thus  assuring  "oneself 
that  they  will  not  complicate  the  delivery  of  the  head. 
Even  in  cases  where  the  arms  have  been  delivered, 
the  head  may  be  firmly  impacted  in  the  brim  and 
considerable  traction  will  be  necessary  to  dislodge  the 
same.  This  can  be  largely  aided  by  pressure  directed 
against  the  head  above  trie  brim,  care  being  taken  of 
course  that  the  bladder  is  empty.  In  the  presence  of 
slight  contractions  of  the  pelvis,  the  inlet  diameters 
can  be  somewhat  enlarged  by  placing  the  patient  in 
the  Walcher  position.  It  may  be  necessary  to  apply 
forceps  to  the  sides  of  the  aftercoming  head  in  order 
to  affect  its  delivery.  When  the  face  is  at  or  near  the 
outlet  the  insertion'of  one  or  two  fingers  in  the  child's 
mouth  while  the  body  is  supported  on  the  forearm  of 
the  operator  will  aid  considerably  in  the  delivery,  but 
care  should  be  exercised  not  to  use  extreme  force  in 
this  procedure.  If  the  case  is  seen  before  the  breech 
has  engaged  firmly  in  the  pelvis,  the  deliver}-  of  one 
or  both  legs  will  be  found  of  great  assistance.  The 
anterior  one  had  best  be  delivered  first  and  will  serve 
as  a  tractor  in  case  the  expulsive  force  is  diminished. 
In  every  case  of  breech  delivery  a  warm  towel  or 
blanket  should  be  at  hand  to  wrap  up  the  baby  as 
soon  as  the  trunk  is  born  so  as  to  prevent  premature 
efforts  at  respiration.  The  pulsations  in  the  cord 
should  be  carefully  watched  and  as  much  as  possible 
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of  tiiis  structure  pulled  down  o  as  to  avoid  compres- 
sion and  traction  on  the  same.  As  already  stati  ! 
extraction  of  the  arms  had  best  be  dune  in  every  case 
but  if  these  have  become  extended  the  posterior  arm 
should  be  brought  down  while  the  trunk  is  drawn 
downward  in  the  pelvic  axis  and  carried  to  the  side 
opposite  the  occiput.  The  free  hand  is  then  carried 
up  along  the  child's  back  and  one  or  two  fingers 
slipped  over  the  shoulders  and  along  the  humerus  to 
the  elbow.  The  finger  is  inserted  in  the  bend  of  the 
latter  and  the  arm  swept  in  a  circular  direction  across 
the  face  and  then  extended.  In  delivering  the  second 
or  anterior  arm  the  child's  body  is  swung  to  the  oppos- 
ite side  and  the  other  hand  introduced,  the  bend  of 
the  elbow  is  seized  and  the  arm  then  swept  over  the 
face.  If  the  arm  has  been  caught  back  of  the  head 
it  may  be  necessary  to  turn  the  body  completely 
around  in  the  direction  of  the  engaged  arm. 

In  cases  where  the  breech  is  impacted  and  the  arms 
extended  it  may  be  impossible  to  deliver  a  foot  and 
then  traction  must  be  resorted  to  by  hooking  the  finger 
in  the  groin  or  using  for  this  purpose  a  fillet.  The 
latter  consists  of  a  strip  of  muslin  or  gauze  which  is 
sterilized,  greased,  and  knotted  at  one  end.  The 
knotted  end  is  pushed  over  the  groin  and  brought 
down  on  the'opposite  side  of  the  thigh.  In  some  cases 
this  fillet  may  be  used  to  encircle  the  pelvis.  Where 
the  fingers  or  the  fillet  fail,  forceps  may  be  applied  to 
the  breech,  one  blade  being  placed  over  the  sacrum 
and  ilium  and  the  other  over  the  posterior  surface  of 
the  opposite  thigh.  An  application  over  the  trochan- 
ter, especially  in  dorsoposterior  positions,  may  be  em- 
ployed but  the  forceps  must  only  be  used  to  bring 
the  breech  within  reach  of  the  finger  or  the  fillet. 

In  a  transverse  presentation  the  long  axis  of  the  fetal 
body  lies  along  the  direction  of  the  transverse  diam- 
eter of  the  pelvic  inlet.  In  many  cases  natural  con- 
version results  and  in  others  the  shoulder  or  the  arm 
becomes  the  presenting  part  after  labor  begins.  The 
causes  of  transverse  presentation  are  usually  mobility 
of  the  fetus,  flabby  uterus  and  pendulous  abdomen, 
multiple  pregnancy,  fetal  tumors,  fibroids  in  the  lower 
uterine  segment,  pelvic  deformity,  and  low  placental 
attachment.  Four  positions  are  recognized,  right  and 
left  scapuloanterior  and  right  and  left  scapulopos- 
terior, according  to  the  direction  of  the  presenting 
scapula. 

Transverse  presentations  may  be  recognized  by  the 
fact  that  the  abdomen  is  unusually  wide  while  the 
fundus  does  not  rise  above  the  umbilicus.  After  labor 
is  established  both  fetal  poles  are  absent  from  the 
brim.  The  head  can  usually  be  felt  in  one  or  the 
other  iliac  fossa  with  the  breech  on  the  other  side. 
Vaginally  the  most  significant  fact  is  the  absence  of 
any  presenting  part  at  the  onset  of  labor.  The  prog- 
nosis for  the  mother  is  bad  in  persistent  transverse 
presentation  and  likewise  for  the  child,  although  pre- 
mature or  macerated  children  may  be  born  spon- 
taneously. Pressure  necrosis,  exhaustion,  or  spon- 
taneous rupture  of  the  uterus  may  result  to  the  mother 
and  the  child  suffers  from  the  prolonged  labor,  a 
possibly  prolapsed  cord,  and  the  operative  delivery. 
Spontaneous  delivery  may  occur  as  the  result  of  ver- 
sion or  evolution.  In  the  former  the  shoulder  is 
converted  into  a  breech  or  a  vertex  by  the  uterine 
contractions.  It  is  favored  by  having  the  patient 
assume  the  squatting  posture,  the  thigh  of  the  side 
toward  which  the  breech  points  being  forcibly  flexed 
on  the  abdomen.  As  the  result  of  spontaneous 
evolution  the  fetal  head  as  the  child  is  driven  down 
slips  over  the  symphysis  and  the  anterior  shoulder 
becomes  fixed  under  the  pubic  arch.  The  opposite 
shoulder  is  then  forced  down  over  the  posterior  wall 
of  the  pelvis  and  is  expelled  first,  followed  by  the  trunk. 
This  process  is  possible  only  with  a  small  child  or  a 
large  pelvis.  Expulsion  may  occur  with  the  trunk 
doubled  on  itself  in  a  dead  and  macerated  child  or 
when  the  pelvis  is  very  large. 


If  seen  before  labor  and  the  pelvis  is  norma]  ex- 
ternally, cephalic  version  may  be  resorted  to  and  the 
child  retained  in  position  by  means  of  a  properly 
applied  binder  with  lateral  compresses.  If  the  pati'-nt 
is  in  labor,  rupture  of  the  membranes  must  be  avoided 
and  after  noting  the  relations  of  the  child  and  the 
capacity  of  the  pelvis  the  cervix  may  be  dilated  and 
version  performed,  preferably  complete  podalic  fol- 
lowed by  extraction.  If  the  membranes  have  rup- 
tured the  treatment  is  determined  by  the  amount  of 
cervical  dilatation,  condition  of  the  uterine  wall,  as 
well  as  that  of  the  patient  and  fetus.  If  possible  the 
cervix  should  be  dilated  and  version  done  or  if  pro- 
lapse of  the  cord  is  present,  incision  of  the  cervix  may 
be  required  for  delivery.  When  the  fetus  is  impacted 
and  irreducible,  decapitation  may  be  necessary. 
Cesarean  section  should  also  be  considered  when  the 
child  is  alive  and  labor  has  not  been  prolonged. 

The  following  writers  among  others  have  been  con- 
sulted in  the  preparation  of  the  foregoing  article :  J. 
W.  Williams,  H.  Sellheim,  A.  Diihrssen,  J.  O.  Polak, 
J.  B.  De  Lee.  George  W.  Kosmak. 


La  Bourboule. — La  Bourboule  is  situated  in  the 
central  portion  of  France,  directly  south  from  Paris, 
from  which  it  is  distant  282  miles,  about  ten  hours' 
ride  by  rail.  It  is  famous  for  its  hot  arsenical  springs. 
La  Bourboule  lies  in  a  valley  of  the  Auvergne  Moun- 
tains, at  an  elevation  of  2,700  feet.  It  is  open  to  the 
east  and  south,  but  protected  on  the  north  and  west 
by  the  mountains.  The  climate  possesses  the  charac- 
teristics of  that  of  medium  altitudes;  it  is  tonic, 
sunny,  and  invigorating.  Thunder-storms  of  short 
duration  are  frequent,  as  in  other  mountain  resorts. 
The  scenery  is  varied  and  attractive,  and  there  are 
many  interesting  excursions  in  the  neighborhood. 
The  season  extends  from  May  25  to  October  30. 

The  fame  of  these  waters  depends  upon  the  arsenic 
they  contain,  being  the  richest  alkaline  hot  arsenical 
waters  known.  They  also  contain  in  very  considerable 
amounts  bicarbonate  and  chloride  of  sodium.  They 
are  employed  in  diseases  for  which  arsenic  is  applicable 
and  beneficial.  There  are  also  cold  springs,  but  the 
hot  ones  are  chiefly  if  not  exclusively  employed. 

The  two  hot  springs  are  "La  Source  Choussy- 
Perri&re, "  of  a  temperature  of  136°  F.,  containing  in  a 
liter  three  grams  of  sodium  chloride,  3.8  of  sodium  bi- 
carbonate, and  0.028  of  sodium  arsenate,  or  nearly 
half  a  grain  per  liter,  equivalent  to  about  twenty 
drops  of  Fowler's  solution;  and  "La  Source  Croizat, " 
of  a  temperature  of  113°  F.,  containing  5.63  grams 
of  sodium  chloride,  3.0  of  sodium  bicarbonate,  and 
0.025  of  sodium  arsenate.  The  water  is  clear,  with 
a  salt  taste  and  without  odor.  It  is  used  for 
drinking,  baths,  and  inhalation;  the  internal  use  of 
the  water  is  the  most  important,  and  it  is  drunk  at 
about  a  temperature  of  100°  F.  in  daily  doses  of 
from  three  to  eighteen  ounces,  or  even  more,  divided 
into  three  portions,  taken  at  different  times  of  the 
day. 

The  baths  are  taken  separately  or  in  a  common  pool, 
and  in  skin  affections  they  are  often  prolonged  for  sev- 
eral hours,  but  the  water  is  not  very  hot.  In  the  in- 
halation chambers  the  water  is  finely  pulverized,  and 
thus  employed  in  respiratory  affections.  Pulveriza- 
tion chambers  with  numerous  apparatus  for  naso- 
pharyngeal and  cutaneous  affections,  and  various 
kinds  of  douches,  vapor  baths,  arrangements  for  dry 
and  w-et  massage,  are  all  found  in  the  well-equipped 
bath  establishment. 

The  diseases  for  which  these  waters  are  applicable 
and  beneficial  are:  first,  chronic  skin  diseases,  such  as 
eczema,  ichthyosis,  psoriasis,  lichen  ruber,  lupus,  urti- 
caria, etc.;  second,  chronic  diseases  of  children,  such  as 
glandular  enlargements,  scrofula,  tuberculous  diseases 
of  the  bones — weakly  children  and  those  with  a  tuber- 
culous inheritance,  and,  as  well,  those  with  whom  the 
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seaside  disagrees,  are  also  benefited  by  these  waters 
and  the  climate;  third,  anemia  and  chlorosis,  when 
not  amenable  to  the  iron  treatment;  fourth,  chronic 
catarrhal  conditions  of  the  pharynx,  larynx,  tracing 
and  bronchi,  when  there  is  an  arthritic  or  neuroarthritie 
tendency,  especially  when  associated  with  a  skin  affec- 
tion; fifth,  malarial  cachexia,  neurasthenia  with  ane- 
mia, certain  cases  of  arthritis  deformans,  neuralgia 
resulting  from  malaria,  the  cachexia  of  syphili  ,  Eei  bl< 
rheumatic,  and  gouty  persons;  sixth,  diabetes  and  some 
forms  of  albuminuria. 

Contraindications:  Those  conditions  for  which  the 
water-cure  treatment  in  general  is  contraindicated  -- 
advanced  arteriosclerosis,  degeneration  of  the  myo- 
cardium, degenerative  changes  in  the  cerebral  arteries, 
non-compensated  valvular  diseases  of  the  heart,  ma- 
lignant diseases,  extreme  age,  fever,  and,  in  particular, 
a  hemorrhagic  tendency,  cirrhosis  of  the  liver,  and 
renal  lithiasis. 

The  duration  of  the  "cure"  is  generally  very  short, 
varying  according  to  the  malady  and  the  results 
obtained. 

The  accommodations  are  abundant  and  good. 
Four  thousand  persons,  it  is  said,  can  be  received  at 
one  time,  and,  as  has  been  said,  the  bath  establish- 
ments are  well  equipped  and  elaborate.  There  are 
the  usual  amusements  found  at  French  watering- 
places — music,  theater,  casino,  parks,  and  prom- 
enades. Here,  as  at  all  well-known  spas,  reliable 
medical  advice  can  be  obtained. 

The  Bourboule  waters  are  exported  and  can  be 
obtained  in  any  country.  Edward   O.   Otis. 


Laccase  is  he  term  applied  to  certain  enzymes 
which  have  an  oxidizing  action.  They  belong  to  the 
group  of  oxidases  and  their  action  is  quite  specific. 
Thus,  the  laccase  isolated  from  the  juice  of  the  lac-tree 
has  an  oxidizing  action  upon  polyhydric  phenols, 
such  as  hydroquinone,  but  it  is  without  influence  upon 
tyrosine.     See  Enzymes.  F.  P.  U. 


Lachapelle,  Marie  Louise. — Celebrated  accouch- 
euse and  authoress  of  a  most  valuable  treatise  on  the 
obstetrical  art.  Born  in  Paris,  January  1,  1769.  Her 
mother,  who  had  previously  been  simply  a  registered 
midwife  at  the  Chatelet  Hospital,  was  given  the  posi- 
tion of  head  midwife  at  the  H6tel-Dieu  in  1775;  and 
she  performed  the  duties  of  this  important  office 
with  so  much  talent  and  zeal  that  a  pension  was 
granted  to  her  by  the  authorities.  Thus  her  daughter, 
Marie  Louise  Duges,  living  day  after  day,  all  through 
her  early  youth,  in  the  midst  of  pregnant  women  and 
women  in  the  actual  pains  of  labor,  came  gradually 
and  without  any  effort  on  her  own  part  to  acquire 
a  vast  amount  of  knowledge,  both  theoretical  ana' 
practical,  with  regard  to  the  art  of  midwifery.  In 
1792  Marie  Duges  became  the  wife  of  Dr.  Lachapelle, 
Surgeon  in  charge  of  the  service  at  the  Saint-Louis 
Hospital,  but  she  continued  to  reside  with  her  mother 
at  Hotel-Dieu.  Upon  the  death  of  her  husband, 
not  long  after  their  marriage,  she  devoted  all  her 
energies  to  the  work  of  aiding  her  mother.  She  fre- 
quently acted  as  midwife,  and  from  time  to  time  she 
even  took  her  place  in  instructing  pupils.  In  ap- 
preciation of  her  merits  and  faithfulness  the  author- 
ities gave  her,  in  1795,  the  position  of  adjunct  to  her 
mother. 

The  celebrated  lying-in  hospital,  La  Maternity,  was 
organized  about  the  year  1800,  largely  upon  the  plans 
advocated  by  Madame  Lachapelle,  who  was  made  its 
directress  and  also  the  chief  instructress.  The 
famous  Baudelocque  was  appointed  Obstetrician-in- 
Chief  and  Professor  of  Midwifery.  To  these  two 
celebrated  personages  is  due  in  about  equal  measure 
the  glory  of  this  great  institution.  Madame  Lacha- 
pelle died  October  4,  1821. 


During  her  long  service  at  La  Mati 
Lachapelle  collected   a    very  large  number  of 

u  liich  had  come  midi  r  her  obsei    ation,  and  she  after- 
ward utilized  iln     null,  ,r,l  :,     thi    I o 

most  instructive  treatises  on  midwifery   I  been 

published    since    the    appearance    of    Baudelocq 
L' Ail  des  A ccouchemens  in  1781.     This  book  bears  the 
title:  "Pratique    des    accouchemei 
et  observations  choisies  snr  les  points  lea  plus  im- 
portans    de   l'art,"    published    by    Antoine    D 
nephew  of  the  author;   three  volumes,  Paris,  1821- 
1825.  A.   II.   B. 


Lacrymal     Diseases. — Lacrymal     diseases     form 
about  two  per  cent,  of  ophthalmic  cases  and  son 
them  are  the  bete  noir  of  special  practice.     Those  of 
the  secreting  portion  are  relatively  rare  while  those  of 
the  drainage  system  are  comparatively  common. 

Diseases  op  the  Gland. — Dacryoadenitis  or  inflam- 
mation of  the  lacrymal  glands  is  rare. 

Acute  nonsuppurative  dacryoadenitis  is  similar  in 
type  to  parotitis  and  may  be  coincident  with  mumps. 


FiQ.  3616. — Acute  Adenitis  of  the  Lacrymal  Gland  (Author's  case) 
(From  "Injuries  of  the  Eye,"  Chicago,  The  Cleveland  Press.) 

It  is  likewise  the  accompaniment  of  other  infectious 
disease,  as  influenza  and  variola,  and  may  be  present 
in  leukemia.  It  has  been  seen  with  traumatic  dis- 
location of  the  gland. 

Acute  suppurative  dacryoadenitis  may  result  from 
direct  infection  from  the  conjunctival  cul-de-sac, 
from  infectious  diseases,  and  from  injury.  Metastatic 
dacryoadentitis  has  been  described  in  gonorrhea. 

Symptoms. — The  lid  droops,  and  there  are  tender- 
ness, redness,  and  swelling  of  the  upper  lid  and  con- 
junctiva, especially  the  outer  extremity:  on  everting 
the  lid  the  lower  part  of  the  gland  is  visible.  There 
may  be  slight  exophthalmus  and  vertical  diplopia. 
The  case  looks  like  one  of  orbital  cellulitis,  but  the 
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skin  is  movable  over  the  mass.     Hyperpyrexia  and 
pain  are  present . 

Treatment. — Iced  compresses  should  be  applied  for 
the   first    lew    days,  followed   by   hot   compresses  to 


Fig.  3617. — Suppurative  Inflammation  of  the  Lacrymal  Gland 
due  to  Penetrating  Splinter  of  Wood  (Author's  case).  (From 
"Injuries  of  the  Eye,"  The  Cleveland  Press.) 


Fia.   3618. — Bilateral    Hypertrophy    of    both    Lacrymal    Glands 
(Case  of  W.  T.  Shoemaker). 

relieve  pain.  Tincture  of  iodine,  mercurial,  or  iodide 
of  cadmium  ointments  are  to  be  applied  locally,  with 
sodium  salicylate  or  aspirin  given  internally.  In 
suppurative  cases,  an  opening  should  be  made  pref- 
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erably  through  the  conjunctival  surface,  a  gauze  drain 
being  inserted.     If  the  inflammation  follows  a  p 
tate   injury  or  the  entrance  of    a  foreign  body,   after 
removal  of  thelatter,  oneshould  drain  through  an  in<  i- 
sion  under  the  eyebrow  . 

Chronic  nonsuppurative  dacryoadenitis  may  be  the 
accompaniment,   of  syphilis,  tuberculosis,  or  the  rheu- 


Fig.   3619. 


-Dislocation  of  the  Lacrymal  Gland  (Case  of  Edward 
Jackson). 


matic  diseases.  The  swollen,  lobulated,  tender  mass 
at  the  outer  and  upper  angle  of  the  orbit  must  be 
differentiated  from  simple  hypertrophy,  adenoma,  and 
malignant  tumor.  The  use  of  iodine  and  mercurial 
ointment  offers  good  results. 

Chronic  suppurative  dacryoadenitis  is  due  to  infected 
wounds  with  more  often  retention  of  a  foreign  body, 


Fig.  3620. — Double  Lacrymal  Puncta  (Case  of  Fred  Tooke). 

the  removal  of  which,  followed  by  drainage  of  the 
abscess,  leads  to  recovery. 

In  hypertrophy,  both  sides  may  be  enlarged. 
It  is  usually  due  to  stoppage  of  the  excreting  ducts 
and  caused  by  dacryoliths.  In  any  unaccounted  for 
case  of  hypertrophy,  syphilis  should  be  suspected  and 
appropriate  treatment  instituted. 

In  hypertrophy  the  gland  may  be  enucleated,  but 
one  should  first  search  for  dacryoliths  and  remove 
them,  if  present,  by  incision  from  the  conjunctival 
surface. 


KEFKKKXCK   1I.\M)I',( )( )K   OF  TIIK  MKDK'AK  Si   I  KM   l  - 


I. ai  r>  iii:il  DlMMCI 


Atrophy  of  the  gland  occurs  with  enophthalmos. 

Fistula  has  been  seen  as  a  congenital  defect,  but 
usually  results  from  trauma.  It  may  be  curetted 
or  cauterized  or  the  gland  may  lie  removed. 

Traumatic  dislocation  is  rare,  usually  due  to  prola]  i  I 
through,  a  wound  in  the  upper  lid.      if  seen  early,  the 


Fig.  3621. — Cicatricial  Ectropion  with  Evcrsion  of  the  Lower 
Punctum  (Author's  case).  (From  "Injuries  of  the  Eye,"  Chicago, 
The  Cleveland  Press.) 

gland  may  be  returned  to  place  and  the  wound  sutured, 
but  it  is  usually  necessary  to  excise  the  prolapsed 
gland. 

Tumors. — These  are  usually  adenoma,  but  myxoma, 
fibroma,  adenosarcoma,  angioma,  carcinoma,  osteo- 
chondroma, lymphoma,  cylindroma,  and  sarcoma 
have  been  reported.  Hydatid  cyst,  dermoids,  and 
tuberculosis  occur.     Chloroma,  with  clinical  features 


Fig.    3622. — Atresia    of    Lacrymal    Canaliculi    and    Cicatricial 

Epicanthus  due  to  Carbolic-acid  Injury  (Original  drawing  by 
Author  from  case). 

similar  to  leukemia  with  bilateral  enlargement  of  the 
lymph  glands  of  the  neck,  is  very  malignant;  it  is 
confined  to  the  early  period  of  life;  the  other  neo- 
plasms occur  in  later  life.  Symmetrical  enlargement 
of  the  lacrymal  and  salivary  glands  is  known  by  the 
name  of  Mikulicz's  disease.  Surgical  intervention 
removes  the  deformity  and  offers  some  hope  of  life 
even  in  malignant  cases. 


Tin:  Drainage  Apparatus;  Pi    ■  •.        o  I        uci  u. 

The   common   symptom    i     overflow 
epiphoi  i 

Congenital  anomalies  <>!  the  puncta  and  canaliculi 
occui ;  in  compli  te  ab  i  nee,  I  he  canal      bow  <  u 
furrows.     Thej    ma]    i«    double  oi   even  quadru 

Acquin ./  .1  nomalii        'I  lie    lightei  i  change  i" 
natural   relation  of  the  lower  punctum   causes  epi- 


Fig.  3623. — Prelacrymal    Ibsci         \uthor's  Case). 

phora;  this  may  be  due  to  chronic  conjunctivitis, 
ectropion,  or  facial  paralysis.  In  the  latter,  Horner's 
muscle  wdiich  causes  compression  of  the  duct,  par- 
ticipates. 

Styes,  hordeoli,  cicatricial  contraction  (causing 
ectropion)  from  injuries,  evert  the  lid  and  displace  the 
puncta  and  canaliculi;  foreign  bodies,  especially  cilia, 
stop  the  passage.  Stenosis  may  result  from  chronic 
inflammation  or  injury. 


Fig.  3624. — Polypus  of  Inferior  Canaliculus  following  Probing 
(Drawing  by  Author  from  case).  (From  "Injuries  of  the  Eye," 
Chicago,  The  Cleveland  Press.) 


Treatment. — When  the  trouble  is  unaccompanied 
by  lacrymal-sac  disease,  the  cause  in  the  conjunctiva  or 
iii  the  nose  is  to  be  treated.  The  puncta  are  to  be 
dilated  with  the  conical  sound  but  the  canaliculus 
should  not  be  slit.  Boric  acid  or  zinc  solution,  colored 
by  pyoktanin  or  fluorescin,  may  be  injected  by  the 
Anel  syringe. 

Foreign  bodies,  such  as  hairs,  cilia,  pieces  of  barley 
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or  wheat,  should  be  .searched  for  and  if  present,  re- 
moved. In  case  of  dacryoliths  or  leptothrix,  the 
foreign  bodies  should  be  removed  even  at  the  expense 
of  slight  slitting  of  the  canal. 


Fig.  3625. — Acute  Abscess  of  the  Lacrymal  Sac  (Reproduced  from 
Haab's  Atlas). 


Strictures  of  the  canaliculus  may  be  slit  and  dilated- 
Small  polypi  are  occasionally  found  and  should  be 
pinched  off  by  forceps. 

The  Lacrymal,  Sac  and  Nasal  Duct. — Dacryo- 
cystitis or  inflammation  of  the  sac  and  duct  may  be  acute 
or  chronic,  catarrhal  or  suppurative. 

Etiology. — The  vast  majority  of  inflammations  of 
the  tear  passages  arise  from  catarrhal  conditions  or 
inflammations   of   the   nasal   passages,   causing   con- 


c. 

FiQ.  3626. — Extirpation  of  the  Palpebral  Lacrymal  Gland. 
Meller's  "Ophthalmic  Surgery,"  Philadelphia,  P.  Blakiston's  Son 
&  Co.  The  upper  lid  is  turned  upward  twice,  i.e.  upon  itself,  and 
i3  maintained  in  this  position  by  a  lock  pincette  held  by  an  assistant 
at  the  outer  third  of  the  lid.  The  conjunctiva  (c)  is  freed  on  both 
sides  of  the  gland.  The  wound  is  held  open  with  double  tenacula. 
In  it  is  seen  lying  perfectly  free  the  lower  lacrymal  gland  igl) 
appearing  as  a  small  nodule. 

striction  of  the  tear  ducts,  which  with  the  heat,  moisture, 
and  stagnation  furnish  favorable  conditions  for  the 
development  of  germs,  causing  formation  of  mucus  and 
pus.  The  most  common  pathogenic  microorganisms 
are  the  pneumococci,  streptococci,  and  staphylococci 
which  are  specially  fatal  to  the  cornea  if  abraded  or 
wounded  in  the  case  of  dacryocystoblenorrhea. 
These  germs  do  not  specially  affect  the  conjunctiva 
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and  even  the  blenorrheas  of  the  latter  or  diphtheria 
l  not  affect  the  sac  or  canal.  However,  a  veritable 
trachoma  of  the  tear  sac  may  exist. 

nhxlruclion  may  be  due  to  congenital  defect  from 
delayed  absorption  of  the  material  existing  in  the  sac 
and  duct  before  birth;  periostitis  due  to  syphilis; 
struma  and  trauma  from  broken  noses  cause  the  bal- 
ance of  these  cases  of  stillicidium  and  watery  eye 
without    inflammatory    symptoms. 

Acute  Catarrhal  Dacryocystitis. — The  disease  usually 
becomes  chronic  and  mucopurulent  before  the  patient 


Fig.  3627. — Extirpation  of  the  Tarsal  Portion  of  the  Laryngeal 
eland. 

consults  the  eye  surgeon.  The  chief  symptom  is  the 
epiphora  although  the  conjunctiva  is  often  hyperemic 
and  the  skin  of  the  lower  lid  excoriated  from  the 
constant  weeping. 

A  chronic  mucocele  may  be  observed  and  pressure 
at  the  inner  canthus  over  the  sac  causes  a  few  drops 
of  mucous  discharge  to  appear. 

•  ■* Treatment. — First  is  that  of  the  nose.  One  must 
secure  good  nasal  respiration,  ventilation,  and  drain- 
age by  reduction  of  the  hypertrophic  rhinitis  by  the 
galvanocautery,  submucous  resection  of  the  turbinates 
or  the  septum,  or  submucous  removal  of  septal  spurs, 
followed  by  alkaline  washes  and  sprays — especially 
camphor  menthol  adrenalin  in  oil.  A  search  should 
also  be  made  for  the  cause  of  the  nasal  catarrh  in  the 
regimen,  general  ventilation,  constipation,  etc. 


Fig.  362S. — Extirpation  of  the  Orbital  Lacrymal  Gland.      (Draw- 
ing by  Author.) 

Daily  irrigation  of  the  sac  should  be  made  with 
boric  or  zinc  solution  after  dilatation  of  the  canaliculi 
and  injection  of  one  per  cent,  cocaine  solution  with 
1  :  10,000  adrenalin.  The  patient  should  press  the 
contents  out  frequently  and  use  a  zinc  collyrium. 
The  silver  preparations  are  advised  in  some  text- 
books but  their  use  has  lead  to  argyrosis  and  to 
permanent  discoloration  of  the  lids,  and  in  some  cases 
to  malpractice  suits,  so  they  are  inadvisable  even  if 
they  occasionally  cure.  The  canaliculus  should  not 
be  cut,  but  probes  may  be  passed  for  the  stenosis. 

The  prognosis  is  favorable  without  operation  on 
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the  canaliculi  or  sac  if  the  nasal  condition    can    bi 
improved. 

Suppurative  dacryocystitis  follows  incomplete  re- 
covery from  acute  attacks  which  cause  stricture  of 
the  canal.  The  acute  form  or  abscess  of  the  lacrymal 
sac  is  associated  with  a  chill  and  fever.  A  hard 
brawny  swelling  appears  over  the  sac  which  closes 
the  eyelids  and  is  often  mistaken  for  erysipelas  and 
sometimes  leads  to  it  if  the  predominat- 
ing germ  be  the  streptococcus. 

If  the  abscess  bursts  through  the  skin 
an  obstinate  fistula  may  form. 

Treatment. — Iced  applications  are  to 
be  made  and  followed  in  a  few  days  by 
hot  antiseptic  compresses.  An  incision 
of  the  sac  should  be  made  through  tin- 
skin  and  a  gauze  drain  inserted,  followed 
by  excision  of  the  sac  upon  subsidence  of 
the  swelling. 

Canalicotomy  and  probing  with  anti- 
septic injections  may  be  tried,  but  are 
painful,  temporizing,  and  foredoomed  to 
failure. 

Chronic  suppurative  inflammation  or 
dacryocysto-blennorrhea  causes  epiphora 
and  obstinate  conjunctivitis  and  is  always 
a  menace  to  safety  of  the  cornea  and 
vision. 

Treatment  consists  at  first  in  astringent 
and  antiseptic  injections  and  probing, 
upon  failure  of  which  resort  must  be  had 
to  excision  of  the  sac. 

Prelacrymal  abscess  consists  of  a  swell- 
ing above  the  internal  palpebral  ligament 
and  results  in  a  fistula.  It  is  usually  due 
to  trauma,  but  in  very  young  children 
may  be  due  to  syphilis  with  caries  of  the 
lacrymal  bone,  or  ethmoidal  or  frontal 
sinus  disease. 

The  treatment  is  to  open,  curette,  and 
drain  the  abscess. 

Fistula  of  the  sac  is  occasionally  seen 
as  a  congenital  anomaly  but  is  usually 
caused  by  the  rupture  of  a  lacrymal  ab- 
scess.    It  has  been  seen  with  caries  of  the 
upper  canine  teeth.     The    treatment  is  removal  of 
the  sac. 

Obstruction  and  Stricture  of  the Lacrymonasal  Duct.— 
The  causes  lie  in  nasal  disease,  extending  upward, 
especially  nasal  infection  and  suppuration,  sometimes 
following  the  exanthemata,  and  the  constriction  leads 
to  dacrocystitis,  or  the  cause  may  be  from  above  due 
to  impaction  of  foreign  bodies  as  cilia,  dacryoliths,  or 
midway  from  exostosis  due  to  fracture,  cicatricial 
bands  from  healing  of  tuberculous  or  syphilitic  ulcers. 
In  a  few  cases,  there  is  complete  obliteration  of  the 
canal,  the  whole  mucous  lining  being  converted  into  a 
fibrous  cord.  .  ... 

Predisposition  toward  lacrymal  stenosis  lies  in  tne 
very  flat  or  very  narrow  bridge  of  the  nose. 


Fig.  3630. — Weber's  Canaliculus  Knife. 

The  symptoms  are  mainly  the  watery  eye,  and 
mucocele  or  blennorrhea  of  the  sac  may  coexist. 

Diagnosis.— Compression  of  the  sac  with  the  finger 
will  cause  muco-pus  to  exude,  and  a  colored  solution 
injected  by  the  syringe  will  appear  in  the  nose  if  the 
canal  be  patulous.  One  should  carefully  use  small 
probes  after  dilatation  of  the  canaliculus. 

Treatment.— We  must  treat  the  nose  and  treat 
the  mucocele  or  the  dacryocystitis.  A  certain  pro- 
portion will  need  probing  or  the  wearing  of  a  style, 
the  latter  causing  resorption  of  cicatricial  bands  by 
the   constant  pressure.     The  stricture   may  be   cut 


Fig.  3629. 
Ziegler's  Dou- 
ble Conical 
Dilator. 


with  the  Thoma     knife,  1 11  i  >lysis,  or 

the  sac  ni  i  be  i  ■  ;  ed.  h  the  probing  treatment  i-> 
resolved  upon,  in  i  mail  and  then  medium-sized 
probes  should  be  used. 

Lacrymal  Operations. — Extirpation  of  the  orbital 
portion  ni  the  lacrymal  gland  has  been  doa 
nection  with  excision  of  the    ac  in  troublesome  and 


Fig.  3631. — L.  Webster  Fox's  L&crymaJ  Sounds. 

intractable  epiphora,  in  dacryocystitis  before  opei 
the  globe,  when  patients  cannot  take  the  time  for  or 
cannot  stand  the  probing.     I  have  not  excised  the 
orbital  portion  for  these  reasons,  reserving  the  opera- 
tion for  great  enlargement  and  tumor  cases. 

In  operation  for  the  excision  of  the  orbital  portion  of 
the  gland,  the  parts  are  cleaned,  the  eyebrow  shaved 
and  painted  with  tincture  of  iodine.  A  general 
anesthetic  is  given.     A  curved  incision  is  begun  about 


Fig.  3632. — Charles  Hermon  Thomas'  Stricturotome. 

the  middle  of  the  eyebrow  and  extended  four  centi- 
meters long,  reaching  to  the  outer  canthus;  the  cut 
is  made  down  to  the  bone,  the  wound  is  held  open  by 
retractors,  the  connective  tissue  is  separated  by  the 
point  of  the  scissors  and  the  dissection  is  carried  down 
to  the  capsule  of  the  gland  which  is  then  bro 
forward  by  forceps  and  shelled  out.  The  wound  is 
sutured  and  dry  gauze  dressing  applied. 

The    palpebral   portion    may    be    dissected    under 
local  anesthesia.      Make  strong  eversion  of 
the  lid  by  rolling  it  up  on  lid  forceps.     Cut 
the    conjunctiva   open   and   shell   out   the 
gland. 

Obliteration  of  the  ducts  by  repeated 
cauterization  may  stop  the  secretion  of 
tears. 

Operations  on  the  Drainage  Apparatus. 
— The  puncta  lacrimalia  may  be  opened  and 
enlarged  by  the  conical  dilator.  The  lid  is 
drawn  outward,  the  point  inserted  in  the 
punctum  perpendicularly  to  the  lid  margin 
for  one  millimeter  then  turned  horizontally 
and  passed  toward  the  canthus,  as  a  pre- 
liminary step  to  syringing  the  sac  or  prob- 
ing the  lacrymonasal  duct  without  slitting 
the  canaliculus.  A  O.o-per-cent.  cocaine  and 
1  :  1000  adrenalin  solution  may  be  dropped 
into  the  inner  angle  of  the  eye  before  this  procedure 
as  well  as  before  further  dilatation  by  probing. 

The  canaliculus  may  be  further  dilated  by  the  lacry- 
mal probe  without  passing  the  instrument  into  the  nasal 
duct,  and  this  often  relieves  a  troublesome  epiphora. 

Canalicotomy  is  occasionally  necessary  for  removal 
of  foreign  bodies,  growths  and  eversion  of  the  punc- 
ture. When  excision  of  the  sac  is  refused  or  deferred, 
and  when  an  abscess  or  fistula  occurs,  if  probes  are  to 
be  used,  they  must  be  of  very  large  size — but  these  are 


Fig.  3633. 

Lacrymal 

Style. 
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of  doubtful  value.  One  should  use  cocaine  and  adren- 
alin, dilate  the  puncta,  stretch  the* lid,  put  in  the 
probe-pointed  knife  of  Weber  or  Stilling  perpendicu- 
larly to  the  lid,  pass  it  through  the  canalicular  passage 
horizontally,  with  the  cutting  edge  slightly  toward 
the  globe,  and  then  raise  the  handle  to  the  vertical, 
which  action  cuts  the  wall  of  the  canal.  After  the 
operation  1  :  5000  bichloride  of  mercury  ointment 
should  be  applied  several  times  a  day,  and  daily 
probing  for  a  week  keeps  the  passage  open. 


Fig.  3634. — Ariel's  (A)  aud  Dunbar  Roy's  (B)  Lacrymal  Syringes. 

Probing  of  the  lacrymal  passages  and  nasal  duct  is 
commonly  used  for  stricture.  It  is  a  very  painful 
procedure  and  requires  great  skill.  As  there  is  great 
danger  of  making  a  false  passage,  only  olive-ended 
sounds,  such  as  those  of  Fox,  Snellen,  or  Caldwell 
should  be  used.  While  gradual  dilatation  up  to  very 
large  sizes  of  probes  such  as  those  of  Theobald  is  pre- 
ferred by  some  and  is  claimed  to  be  more  or  less  suc- 
cessful in  relieving  epiphora,  yet  it  is  safer  not  to  use 
larger  than  No.  5  or  6  Fox  or  Snellen. 


--v.. 


Fig.  3635. — Ligation  of  Canaliculus.  (Original  Drawing  by 
Author;  from  "Injuries  of  the  Eye,"  Chicago,  The  Cleveland 
Press.) 

After  cocaine  and  adrenalin  and  dilatation  of  the 
puncta  by  the  conical  sound,  or  slitting  the  canaliculus 
on  a  previous  occasion,  the  lid  is  drawn  downward  and 
stretched  outward,  and  the  probe  is  inserted,  first  per- 
pendicularly then  pushed  in  horizontally  until  the 
bony  wall  is  felt,  then  raised  to  a  nearly  vertical 
position  and  pushed  slowly  downward,  being  with- 
drawn a  little  if  obstructions  are  felt  and  then  pushed 
in  again  until  it  reaches  the  lining  membrane  of  the 
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floor  of  the  nose.  By  using  the  head  mirror  and  nasal 
speculum,  the  end  of  the  sound  may  sometimes  be 
seen  under  the  inferior  turbinate  body.  It  may  always 
be  felt  by  passing  a  probe  into  the  nose  if  properly 
done.  One  should  use  medium-sized  probes  and  make 
several  attempts  (at  different  sittings)  to  pass  all  the 
way  rather  than  use  force.  The  sound  is  left  in  fifteen 
to  thirty  minutes  and  the  operation  is  repeated  every 
other  day  for  several  weeks  and  occasionally  thereafter 
for  years — even  in  the  most  successful  cases. 

A  larger  probe  may  be  used  by  Caldwell's  method, 
which  saves  the  canaliculus.  This  consists  in  passing 
a  small  probe  through  the  upper  canaliculus,  cutting 
down  on  it,  and  probing  through  the  opening. 

Strictures  may  be  cut  by  the  Stilling  knife  or  Charles 
Hermon  Thomas  stricturotome,  passed  down* as  with 
the  probe,  the  canal  being  incised  in  several  places 
and  the  probing  treatment  used  or  a  style  inserted. 


Fig.  3636. — Excision  of  the  Lacrymal  Sac.  The  Bac,  having 
been  freed  on  both  sides,  is  now  for  the  first  time  grasped  with 
forceps  near  its  apex  (T)  and  separated  from  the  surrounding  struc- 
tures with  sharp  cuts  of  the  scissors  as  near  the  sac  wall  as  possible . 
The  upper  margin  of  the  wound  is  lifted  up  with  a  double  tenaculum 
or  the  Axenfeld  retractor  may  be  used.  (From  Meller's  "Oph- 
thalmic Surgery,"  Philadelphia,  P.  Blakiston's  Son  &  Co.) 

Styles  of  lead  or  other  metal  may  be  inserted  and 
allowed  to  remain  for  weeks  or  months  in  patients 
who  cannot  attend  the  oculist  regularly.  Indeed, 
I  am  more  partial  to  the  style  than  to  the  painful 
procedure  of  probing. 

Electrolytic  treatment  of  stricture  may  be  effected 
with  the  negative  pole  of  two  to  four  milliamperes  of 
the  continuous  current  every  three  to  four  days  for 
two  to  three  months,  the  probe  being  the  negative,  the 
positive  pole  being  placed  at  the  neck  or  held  in  the 
hand.  This  is  a  disagreeable  and  tedious  and  but 
occasionally  curative  treatment. 

Syringing  of  the  lacrymal  passages  and  injection  of 
astringent  or  antiseptic  solutions  is  best  made  by  the 
Anel  or  Roy  syringe. 

Obliteration  of  the  canalicular  canals  by  ligature  or 
by  cauterization  may  be  a  temporay  operation  made 
before  opening  the  globe  in  the  presence  of  mucocele 
or  dacryocystitis  but  it  is  better  to  excise  the  sac. 

Incision  of  the  anterior  wall  of  the  tear  sac  in  acute 
abscess  is  made  by  the  Beer  knife  or  scalpel  plunged 
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directly  into  the  sac,  followed  by  a  gauze  drain  and 
later  by  complete  excision  of  the  sac. 

Excision  of  tlte  lacrymal  sac  is  the  alternative  opera- 
tive for  most  of  these  cases.  It  is  the  most  positively 
curative  of  all,  and  is  the  end  resort  in  failure  from 
treatment  by  other  methods.  It  removes  all  possi- 
bility of  danger  to  the  cornea  from  purulent  discharge, 
and  contrary  to  what  might  be  expected,  actually  has 
an   influence   in   diminishing  the  flow  of   tears,  but 


less.  I,  however,  prefer  both  ether  and  local  anes- 
thesia at  the  same  time.  Some  operators  obliterate 
the  canaliculi  by  galvanocautery,  but  I  have  never 
found  this  necessary. 

The  curved  incision  begins  just  at  the  tendo  oculi, 
and  is  carried  downward  and  outward  over  the  lacri- 
mal crest  which  is  the  guide  for  the  entire  operation. 
It  extends  two  centimeters  downward  and  slightly 
outward,  only  through  the  skin,  which  is  dissected  out 


Fio.  3637.— Wilder  Dissector. 


seldom  rendering  necessary  excision  of  the  lacrimal 
gland,  the  palpebral  portion  of  which  may  be  excised 
at  the  same  time  or  subsequently. 

The  operation  is  tedious  and  difficult,  calling  for  the 
greatest  patience  and  skill  upon  the  part  of  the  oper- 
ator. It  is  indicated  for  chronic  dacryocystitis, 
mucocele,  strictures,  occlusion,  fistula,  in  chronic 
inflammation,  when  the  patient  cannot  or  will  not 


Fig.  3638. — Mueller-Eversbusch  Speculum  or  Retractor. 

submit  to  probing,  and  in  cases  in  which  an  opening  of 
the  eyeball  as  for  cataract  extraction  or  iridectomy  is 
to  be  made.  It  is  a  very  satisfactory  procedure  and 
cures  the  disease  permanently,  which  all  or  any  of  the 
others  may  not  accomplish. 

The  sac,  duct,  and  nose  being  previously  irrigated, 
iodine  is  applied  to  the  skin  over  the  region  of  the  sac, 
and  the  nasal  cavity  of  the  same  side  is  plugged.     A 


Fig.  3639.— Axenfeld's  Retractor. 

thick  solution  of  starch  colored  blue  by  iodine  may  be  in- 
jected to  render  the  sac  walls  clearly  visible.  Local 
anesthesia  is  secured  by  hypodermic  injection  of 
four  per  cent,  cocaine  in  1 :  10,000  adrenalin  solu- 
tion. A  Pravaz  syringeful,  one-third  above  the  canthal 
ligament,  one-third  below,  and  one-third  into  the 
canal,  renders  the  operation  nearly  bloodless  and  pain- 


by  the  points  of  the  scissors,  and  the  Muller-Eversbusch 
speculum  is  then  inserted.  The  superficial  fascia  and 
then  the  deep  fascia  are  carefully  dissected  until  the 
sac  is  reached  which  is  carefully  separated  from  its 
periosteal  bed  by  the  closed  scissor  points  or  the  Wilder 
dissector. 

The  upper  part  is  cut  by  the  scissors,  when  hemor- 
rhage results,  which  is  controlled  by  forceps  or  adren- 
alin. The  sac  is  then  drawn  out  and  cut  away  from 
the  nasal  canal  by  reaching  downward  with  the  scis- 
sors.    A    strabismus    hook    passed    into    the    lower 


Fig.  3640. — Anatomical  Relations  of  Toti's  Operation  (Beard) . 
1,  Insertion  of  tendo  oculi;  2,  Line  of  periosteal  incision  and  limit 
of  bone  resection  continued  by  dotted  line;  3,  entrance  to  nasal 
duct;  4,  anterior  lacrymal  crest;  5,  posterior  lacrymal  crest;  6, 
lacrymal  bone.  7,  part  of  lacrymal  fossa,  belonging  to  lacrymal 
bone;  8,  part  of  fossa,  belonging  to  superior  maxilla.  (From 
Beard's  "Ophthalmic  Surgery,"  Philadelphia,  P.  Blakiston's  Son 
&  Co.) 

canaliculus  aids  orientation.  The  nasolacrymal  canal 
is  then  thoroughly  curetted  with  a  fairly  large  curette. 
Care  is  taken  to  excise  completely  the  sac  or,  if  broken , 
to  dissect  out  all  the  mucous  membrane,  for  if  any  is 
left  in  the  discharge  will  recur.  One  should  watch 
carefully  not  to  injure  the  cornea  or  let  any  of  the 
purulent  discharge  come  in  contact  with  it. 

The  wound  is  closed  with  three  sutures,  iodine  is 
applied,  and  a  compress  bandage  of  a  roll  of  iodoform 
gauze,  held  in  place  by  adhesive  plaster,  is  applied. 
The  dressing  must  be  changed  in  forty-eight  hours  and 
the  stitches  removed  on  the  fourth  day.  The  result 
is  union  by  first  intention,  immediate  cure  of  the  dis- 


r97 


Lacrymal  Diseases 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


charge  and  usually  of  the  watery  eye.  A  later  opera- 
tion may  be  made  on  the  palpebral  portion  of  the 
lacrymal  gland  if  the  epiphora  is  still  annoying. 

Tali's  Operation. — A  general  anesthetic  is  given.  A 
crescentie  incision  of  the  skin  is  made,  encircling  the 
internal  canthus,  three  to  three  and  one-half  cen- 
timeters long,  three  centimeters  in  front  of  the  inser- 
tion of  the  orbicularis,  down  to  the  periosteum 
which  is  detached  exclusively  on  the  posterior 
ocular  side.  Tampons  wet  with  adrenalin  and 
cocaine  solution  are  applied  to  the  wound  and 
nose.  The  bony  edge  of  the  orbit  at  the  extension  of 
the  fossa  sacci  laerimalis  is  resected,  then  an  oval 
piece  of  bone  bordered  by  the  posterior  crest,  the 
inferior  edge  of  the  duct,  and  the  elongation  of  the  lacri- 
mal crest  above  are  removed.  The  nasal  membrane 
must  not  be  injured.  The  lacrimal  sac  is  resected  and 
then  a  piece  of  the  nasal  mucous  membrane  of  a  proper 
size  is  resected  and  applied  to  the  external  wall  of  the 
sac.  The  little  finger  or  a  cotton-wrapped  probe 
should  be  inserted  into  the  nose  and  the  nasal  mem- 
brane stretched.  The  membrane  is  now  sutured  and 
a  tampon  is  applied  so  that  the  flaps  come  together,  and 
then  the  skin  is  sutured.  A  pressure  bandage  is 
applied.  The  middle  turbinate  body  may  have  to  be 
removed.     The  sutures  are  removed  on  the  fourth  day. 

Claims  for  better  results  by  this  method  are  made 
by  various  authors  but  the  operation  is  more  formid- 
able and  the  ordinary  resection  of  the  sac  gives  excellent 
results.  H.  V.  Wurdemanx. 


Lactase. — The  inverting  enzyme  capable  of  trans- 
forming lactose,  or  milk  sugar,  into  dextrose  and  galac- 
tose is  called  lactase.  It  occurs  in  the  intestinal 
mucosa  especially  in  new-born  infants  and  young 
mammals  although  its  presence  has  been  demonstrated 
elsewhere  in  nature  as  in  veast.     See  Enzymes. 

F.  P.  U. 

Lacteals. — See  Lymphatics. 

Lactic  Acid. — Of  the  isomeric  bodies  known 
chemically  by  the  generic  name  of  lactic  acid,  the  com- 
mon acid,  called  technically  isolaciic  acid,  is  the  one 
used  in  medicine.  This  body  is  a  product  of  a  certain 
form  of  fermentation  of  sugar,  a  fermentation  that 
occurs  very  readily  in  the  case  of  milk.  Hence  the 
name  and  the  common  source  of  this  acid.  Lactic 
acid  is  official  in  the  United  States  Pharmacopoeia 
under  the  title  Acidum  Lacticum,  Lactic  Acid,  and  is 
required  to  be  of  a  strength  equal  to  seventy-five  per 
cent,  of  absolute  lactic  acid  (CH3.CHOH.COOH). 
Lactic  acid  is  a  syrupy  liquid,  colorless  and  odorless, 
but  sharply  sour  to  the  taste.  It  mixes  freely  with 
water,  alcohol,  and  ether,  is  hygroscopic,  and  should 
be  kept  in  well-stoppered  bottles.  The  specific 
gravity  of  the  official  acid  is  about  1.206  at  25°  C. 
(77°  F.). 

Although  strongly  acid,  lactic  acid  is  neither 
corrosive  nor  poisonous.  It  has  been  suggested  as  an 
adjuvant  to  pepsin  in  atonic  dyspepsia;  but  it  has 
been  found  to  increase  any  existing  tendency  to 
hyperacidity ._  From  theoretical  considerations  it 
was  at  one  time  expected  to  prove  hypnotic,  but  it 
has  not  justified  the  expectation.  Also  it  was 
vaunted  as  an  antidiabetic  medicine,  but  again  has 
failed  of  success.  The  only  really  notable  properties 
of  the  acid  are  that  it  dissolves  to  a  considerable  ex- 
tent freshly  precipitated  calcium  phosphate,  and 
hence  is  useful  in  the  preparation  of  the  so-called 
syrup  of  lactophosphate  of  calcium;  and  that  it  dissolves 
false  membranes,  and  so  may  be  employed  locally  in 
diphtheria  and  croup.  In  the  latter  application  the 
acid  may  be  used  by  spraying  or  gargling,  in  admix- 
ture with  water,  of  a  strength  of  from  four  to  twenty 
per  cent.  It  is  also  used  (in  the  form  of  twenty  to 
fifty  per  cent,  solution  in  glycerin)  in  cases  of  tuber- 
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culous  ulceration  of  the  throat.  Of  late,  lactic  acid 
has  been  credited  with  restraining  the  activities  of 
the  putrefactive  germs  in  the  intestines,  and  lactic 
bacteria  and  lactic  acid  drinks  have  alike  been 
swallowed  in  the  hope  of  attaining  long  life.  Lactic 
acid  may  be  administered  internally  in  teaspoonful 
quantities  or  more,  well  diluted  with  sweetened  water. 
The  official  dose  is  thirty  minims  (2  c.c). 

En  ward  Curtis. 
R.  J.  E.  Scott. 


Lactophenin,  lactyl  para-phenetidin  (C«H4.OC2- 
Hs.NH.CsHtOi),  is  produced  by  the  action  of  lactic 
acid  on  phenetidin  in  the  presence  of  dehydrating 
agents.  From  phenacetin  it  differs  only  in  the  sub- 
stitution of  a  lactyl  group  (CjH602)  for  the  acetyl 
group  (CH3CO).  It  occurs  as  a  white  crystalline 
powder  without  odor  and  with  a  bitterish  taste,  is 
split  into  its  components  by  acids  and  alkalies,  and  is 
soluble  in  300  parts  of  water  (some  authorities  say 
500  parts)  at  15°  C,  in  55  parts  of  boiling  water,  and 
in  8.5  parts  of  alcohol.  It  is  eliminated  in  the  urine 
as  paramido-phenol,  which  gives  a  deep  red  color 
with  ferric  chloride. 

Physiologically,  it  does  not  differ  essentially  from 
phenacetin,  except  that  its  sedative  and  hypnotic 
tendency  is  greater.  As  an  antipyretic,  it  reduces 
temperature  rapidly  and  without  much  depression, 
though  sweating  may  occur.  Jaundice  with  sharp 
rise  of  temperature  is  said  to  follow  the  use  of  large 
doses  of  lactophenin;  but  the  fever  quickly  subsides 
and  the  cases  invariably  recover.  The  dose  is  from 
five  to  fifteen  grains  (0.3  to  1.0  gram). 

W.  A.  Bastedo. 
R.  J.  E.  Scott. 


Lactose. — Milk  Sugar.     See  SaccharumLaclis. 

Lactosuria. — In  the  urine  of  pregnant  women  lac- 
tose may  at  times  appear  especially  just  previous  to 
parturition.  Lactosuria  may  also  be  observed  in 
many  instances  in  nurslings  with  diseases  of  the  gas- 
troenteric tract.  Lactose  in  the  urine  may  also  be 
found  when  large  quantities  of  lactose  have  been 
ingested,  thus  constituting  a  form  of  alimentary 
glycosuria.  Of  the  various  disaccharide  sugars,  lac- 
tose has  the  lowest  assimilation  limit.        F.  P.  U. 


Lactucarium. — "The  concrete  milk  juice  of  Lac- 
tuca  virosa;  L.  (fam.  Composita)"  (U.  S.  P.).  Al- 
though thus  defined,  the  product  is  actually  obtained 
from  several  species  of  the  genus.  The  one  specified 
is  native  of  Central  and  Southern  Europe  and  is  also 
cultivated  for  the  sake  of  the  lactucarium.  It  is  a 
coarse,  narcotic-smelling,  and  bitter-tasting  biennial 
herb,  with  an  upright,  prickly,  paniculately  branching 
stem  a  meter  or  more  in  height,  and  long,  spreading, 
ovate  or  oblong,  sinuate  dentate,  pointed,  and  prickly 
leaves,  and  flowers  similar  to  those  of  the  common 
garden  lettuce. 

The  herb  itself  has  been  official  in  the  British 
Pharmacopoeia,  but  is  no  longer  so.  L.  allissima  Bieb, 
of  the  Caucasus,  is  a  gigantic  species  cultivated  in 
France  for  the  production  of  a  French  variety  of 
lactucarium.  L.  scariola  L.,  another  prickly  European 
species,  is  also  said  to  yield  a  portion  of  the  drug,  as 
well  as  L.  sativa  Linn., "the  common  salad  or  garden 
lettuce.  The  American  species,  L.  canadensis  L., 
has  also  been  experimented  with;  it  yields  a  lactu- 
carium of  but  little  bitterness  and  of  inferior  quality. 

Lactucarium,  in  its  present  form,  was  introduced  by 
Dr.  Coxe,  of  Philadelphia,  who  collected  it  from  gar- 
den lettuce  at  the  end  of  the  last  century.  Lettuce 
itself,   as   a  medicine,   is   of  much   older   date,   and 
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garden  lettuce,  as  a  salad,  has  been  cultivated  for 
several  hundred  years. 

Collection. — After  the  plants  have  sent  up  flow- 
ering stems,  they  arc  cut  off  about  a  foot  from  the 
top,  when  the  "milk"  flows  out  freely ;  this  is  wiped  off 
with  the  linger  and  conveyed  to  a  little  cup,  the  opera- 
tion being  continued  with  successive  stems  until  the 
cup  is  sufficiently  filled.  Fresh  slices  are  cut  off  and 
fresh  collections  made  daily,  throughout  the  season. 
As  first  exuded,  it  is  liquid  and  pure  white,  but  it 
soon  sets  upon  exposure,  and  turns  yellow  and  then 
brown,  upon  the  surface.  When  it  has  coagulated,  it 
is  emptied  from  the  collecting  vessel  and  dried  by 
gentle  heat.  It  is  very  apt  to  become  mouldy. 
When  this  mould  is  only  superficial,  even  though 
abundant,  it  may  be  rubbed  off  and  the  lactucarium 
used.  Sometimes,  especially  when  the  masses  are 
porous,  the  mould  penetrates  the  substance  and 
renders  it  unfit  for  use.  The  form  of  lactucarium 
varies  with  the  details  of  its  collection  French 
samples  are  in  small  circular  cakes,  the  English 
(Scotch)  is  in  broken  fragments  and  the  German, 
which  comprises  most  of  that  imported  here,  evidently 
consists  of  quarters  of  a  plano-convex  cake  cut  up 
before  it  is  quite  hard.  It  is,  however,  brittle,  and 
often  much  broken. 

Description. — Lactucarium  is  a  brittle,  structure- 
less solid,  of  a  gray  or  dull  red-brown  color,  whitish 
or  yellowish  within,  as  shown  by  fresh  fracture,  of  a 
wavy  luster  when  freshly  cut,  heavy  narcotic  odor, 
and  disagreeable  bitter  taste.  It  is  a  composite 
substance,  and  not  wholly  soluble  in  any  one  men- 
struum. Alcohol  and  ether  dissolve  portions  of  it; 
boiled  with  water,  it  forms  a  turbid  mixture. 

Composition. — The  most  abundant  ingredient, 
constituting  nearly  half  of  it,  is  lactucerin,  or  lactucon, 
a  wax-like  substance,  common  to  other  milky  juices. 
Lactucin  is,  however,  its  active  principle.  This 
crystallizes  in  pearly  scales;  is  soluble  in  boiling  water, 
cold  alcohol,  and  acetic  acid,  but  not  in  ether,  and  is 
very  bitter.  Yield,  0.3  per  cent.  Lactucic  acid  and 
lactucopicrin  are  other  constituents.  Besides  these, 
lactucarium  contains  vegetable  tissue,  caoutchouc, 
gum,  cellular  tissue,  and  other  vegetable  substances, 
but  no  starch. 1 

Action  and  Fse. — Common  lettuce  is  well  known  to 
be  slightly  soporific;  its  effects  are  occasionally  quite 
marked.  The  various  extracts  of  lettuce  are  also 
more  or  less  so.  These  apparently  contain  a  trace  of 
hyoscyamine,  but  it  is  doubtful  if  this  gets  into  the 
lactucarium.  Lactucarium  has  so  far  shown  itself  to 
be  an  uncertain  medicine,  often  of  no  value,  but,  when 
good,  an  efficient  and  pleasant  hypnotic;  its  power  of 
overcoming  pain  is  slight  when  compared  with  opium 
— in  fact,  almost  none — but  simple  discomfort  or 
moderate  distress  is  occasionally  relieved  by  it.  In 
cardiac  asthma  and  restlessness  it  is  frequently  use- 
ful, and  it  may  be  tried  in  numerous  cases  in  which 
opium  is  indicated  but  not  well  borne.  It  is  free 
from  the  subsequent  constipation  and  headache  of 
opium. 

Administration. — The  uncertain  quality  of  this 
drug  makes  its  dose  a  tentative  one,  but  gr.  viij.  ad 
xv.  (0.5-1.0)  should  show  some  effect.  It  may  be 
given  in  powder  or  pill,  or  the  fifty-per-cent.  official 
tincture.  From  the  extract,  a  syrup  (Syrupus 
Lactucarii,  of  ten-per-cent.  strength  of  the  tincture, 
five  per  cent,  of  lactucarium)  is  made;  a  useful  vehicle 
and  adjuvant  for  opium  or  other  hypnotics. 

H.  H.  Rusby. 


Ladanum. — Labdanum.     A     resin     collected     in 
Greece  and  the  Grecian  Islands  from  several  species 


of  Rock  Rose  (Cislus  Crelicua  Linn.,  C.  ladaniferus 
Linn.,  C.  Cyprius  Lain.,  etc.;  lam.  Cislacece),  whose 
stems  and  branches  abound  in  :i  sticky  exudation. 
Two  methods,  both  coarse  and  dirty,  are  in  vogue  for 
collecting  it.  The  first  is  to  whip  oi  rake  the  bushes 
by  an  instrument  having  a  number  of  leather  thongs 
at  the  end,  to  which  the  resin  sticks,  and  from  which 
it  is  scraped  off;  the  .second,  and  more  common,  has 
been  in  use  for  many  centuries,  viz.,  to  comb  and 
press  it  out  from  the  beards  and  wool  of  goat  sain  I  sheep 
which  pasture  among  it.  It  is  then  melted  and  manipu- 
lated, and  often  adulterated  with  other  resins,  or 
mixed  with  sand,  etc.,  perhaps  as  much  to  give  it 
solidity  as  for  falsification.  Common  Ladanum  is  im- 
ported in  snake- or  worm-like  coils;  it  is  a  dark  gray  or 
greenish-gray  brittle  solid,  of  resinous  odor  and  a 
bitter  balsamic  taste.  It  consists  of  from  twenty 
to  eighty  per  cent,  of  resin,  a  small  amount  of  oil, 
gum,  and  other  vegetable  products,  and  the  rest  of 
dirt,  sand,  or  other  foreign  admixture. 

Action  and  Use. — The  same  as  those  of  other 
resins.  As  a  medicine  it  is  obsolete;  plasters, 
fumigations,  etc.,  sometimes  contain  it. 

W.    P.    BOLLES. 


Laennec,  Rene"  Theophile  Hyacinthe. — Born 
at  Quimper,  in  Brittany,  in  1781.  He  began  the  study 
of  medicine  at  Nantes,  under  the  guidance  of  his  uncle, 
who  was  physician-in-chief  of  the  hospitals  of  that 
city.  In  1799  he  entered  the  Paris  School  of  Medicine, 
and  received  the  degree  of  Doctor  in  1802,  after 
winning  all  the  principal  prizes  in  medicine  and 
surgery.     In  the  early  years  of  his  professional  career 


Fig.  3641. — Rene  Theophile  Hyacinthe  Laennec. 

in  Paris  Laennec  devoted  a  great  deal  of  attention 
to  pathological  anatomy.  At  this  period  of  then- 
lives  Dupuytren  and  Laennec  were  eager  rivals  in 
their  cultivation  of  this  branch  of  medical  knowledge; 
but  it  was  not  long  before  the  latter  branched  off  into 
an  entirely  different  field  of  study.  He  cultivated 
a  growing  private  practice  in  the  heart  of  the  city, 
and  carried  on,  in  the  Necker  Hospital,  in  which  he 
was  appointed  an  attending  physician  in  1806, 
original  investigations  into  questions  belonging  to 
the  domain  of  pathology.  He  also  wrote  numerous 
papers  on  the  subjects  in  which  he  was  specially 
interested.  It  was  not  until  1819,  however,  when 
he  published  his  treatise  on  auscultation  by  means  ol 
the  stethoscope  that  the  medical  world  at  large  learned 
to  appreciate  how  great  a  physician  Laennec  really 
was.  In  1822  he  was  called  to'fill  the  Chair  of  Medi- 
cine in  the  College  of  France;  and  in  1823,  when  the 
Faculty  of  Medicine  was  reorganized,  Laennec  was 
given  the  clinical  Professorship  of  Internal  Medicine. 
He  died  of  pulmonary  tuberculosis  at  Kerlouanec, 
in  Brittany,  August  13",  1826. 
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The  treatise  on  which  Laennec's  reputation  largely 
rests  is  entitled:  "De  l'auscultation  mediate,  on 
Traits  du  diagnostic  des  maladies  des  poumons  et 
clu  cceur,  etabli  prineipalement  a  l'aide  de  ce 
nouveau  moyen  d'exploration,"  Paris,  1819;  3d 
edition,  in  three  volumes,  in  1831.  A.  H.  B. 


Lake  Tahoe  Springs. — Placer  County,  California. 

Location. — These  hot  and  cold  mineral  springs 
sometimes  called  Carnelian  Springs,  are  located  on 
Carnelian  Bay,  at  the  northern  end  of  Lake  Tahoe. 
They  form  part  of  the  attractions  of  this  famous 
inland  sea.  They  are  reached  by  rail  to  Truckee,  and 
from  thence  by  stage  over  a  good  mountain  road  in 
about  two  and  one-half  hour's  drive.  The  scenery 
en  route  is  grand.  The  Truckee  River  is  crossed  and 
recrossed  mountainsides  and  heights  are  scaled,  and 
fertile  valleys,  on  which  graze  immense  herds  of  cattle, 
are  traversed.  Forests  of  beautiful  pine  and  cedar  rear 
themselves  at  intervals,  humming  sawmills  fill  the  air 
with  life,  and  wild,  romantic  views  greet  the  eye  at  every 
turn.  Lake  Tahoe  is  a  noble  sheet  of  water,  having  an 
altitude  of  6,202  feet  above  the  sea  level.  It  is  divided 
by  the  California  and  Nevada  State  line,  has  a  length 
of  twenty-one  miles,  a  width  of  twelve  miles,  and  is 
1,645  feet  in  depth.  The  appointments  at  the  springs 
resort  are  very  complete.  Excellent  bathing  facilities 
have  been  provided,  where  all  kinds  of  cold  or  hot 
sulphur  baths  maybe  taken.  The  springs  are  about 
fifty  in  number,  and  are  well  kept  and  cared  for.  The 
waters  are  sulphurous  and  saline,  and  a  few  are  car- 
bonated. They  contain  sodium  chloride,  calcium 
sulphate,  silica,  organic  matter,  magnesium  sulphate, 
and  free  sulphureted  hydrogen  gas.  The  baths  are 
used  with  success  in  rheumatic  and  gouty  troubles  and 
the  waters  are  taken  internally  for  liver  and  kidney 
disorders,  chronic  constipation,  and  cutaneous  dis- 
eases. The  high  altitude  and  invigorating  mountain 
air  recommend  the  location  as  a  resort  for  broncho- 
pulmonary affections.  There  are  excellent  facilities 
for  camping,  hunting,  and  fishing  in  the  vicinity. 

Emma  E.  Walker. 


Lake  View  Hot  Springs. — Lake  County,  Oregon. 

Post-office. — Lake  View.     Hotels  in  the  town. 

Access. — Via  Southern  Pacific  Railroad  to  Ager, 
California,  and  thence  by  stage.  The  springs  are 
located  one  mile  and  a  half  south  of  Lake  View,  and 
four  miles  northeast  of  Goose  Lake,  one  of  the  largest 
bodies  of  fresh  water  in  the  West  (fifty  miles  in  length, 
with  an  average  breadth  of  fifteen  miles).  The  elevation 
is  about  5,000  feet  above  the  sea  level,  and  the  sur- 
rounding country  is  of  a  mountainous  character. 
The  climatic  conditions  are  very  favorable.  We  are 
informed  that  the  water  has  a  temperature  of  164°  F., 
and  flows  at  the  rate  of  about  500  gallons  per  hour.  A 
partial  analysis  by  Dr.  Parnell,  postsurgeon  at  Camp 
Warner,  Oregon,  showed  the  presence  of  iron,  soda, 
sulphur,  magnesia,  and  other  mineral  ingredients. 
The  water  is  said  to  be  beneficial  in  numerous  com- 
plaints, especially  rheumatism.  The  attractions  at 
this  place  afford  excellent  inducements  for  the  estab- 
lishment of  a  first-class  health  resort. 

Emma  E.  Walker. 


Lakewood. — The  village  of  Lakewood,  formerly 
known  as  Bricksburg,  and  situated  in  Brick  Town- 
ship, Ocean  County,  N.  J.,  has  attained  a  world-wide 
reputation  as  a  winter  resort  for  pleasure  and  health; 
and  among  the  physicians  of  this  country  it  is  widely 
known  as  a  place  where  the  climatic  conditions  in- 
fluence most  favorably,  during  the  winter  and  early 
spring  seasons,  those  people  who  go  there  while  con- 
valescing from  disease,  whether  acute  or  chronic. 
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Reference  to  the  large  geological  map  of  New  Jersey, 
accompanying  the  report  of  the  State  <  Jeoloyist  for  the 
year  1881,  shows  that  the  village  is  situated  forty-four 
miles  south  by  west  from  New  York  City,  nine  miles 
back  from  the  Atlantic  roast-line  on  Squan  Beach,  and 
five  miles  back  from  the  mainland  shore  of  Barnegat 
Bay;  and  that  it  stands  upon  a  tongue  of  sandy  "pine- 
land"  soil  which  runs  back  from  the  latter  to  a  point 
some  two  and  a  half  miles  beyond  Lakewood,  has  at 
Lakewood  a  breadth  of  a  mile  and  a  half,  and  is  in- 
serted, wedge-fashion,  between  two  portions  of  an  ex- 
tensive "oak-land"  district.      Both  the  "pine-land" 
and  the  "oak-land"  soils  are  sandy;  the  "pine-land" 
being  especially  so.     The  geological  map  just  referred 
to  shows  us  a  very  large  extent  of  eountry,  triangular 
in  shape,  which  reaches  from  the  Atlantic  coast  at 
Long  Branch  (twenty  miles  northeast  of  Lakewood; 
almost  to  the  very  shores  of  Delaware  Bay,  having  an 
extreme  length  of  about  ninety  miles  and  an  extreme 
breadth  of  about  forty-five  miles.     This  area  is  made 
up  exclusively  of  "oak-lands"  and  of  "pine-lands," 
in  the  proportion  of  about  two  parts  of  the  former  to 
one  part  of  the  latter.     The  greater  portion  of  the 
"pine-land"  or  "pine-barren"  soil  is  to  be  found  in 
the  northern  half  of  this  great  triangle;  so  that  for  this 
half  the  relative  proportions  of  "oak-land"  and  of 
"pine-land"  soils  are  exactly  the  reverse  of  those  just 
stated — that   is,   the  very  sandy   "pine-lands"   are, 
throughout  this  northern  half,  twice  as  great  in  area 
as  are  the  less  sandy  "oak-lands."     It  has  already  been 
stated  that  the  village  of  Lakewood  is  built  upon  pure 
"pine-barren"  soil,  but  the  ",oak-land"  predominates 
over  the  "pine-land"  in  the  immediately  surrounding 
country.     Nevertheless,    by   far   the   most  extensive 
region  of  unbroken  "pine-barren"  country  to  be  found 
in  the  State,  comprising  an  area  which  may  be  roughly 
estimated  at  no  less  than  400  square  miles,  lies  to  the 
southward  of  Lakewood,  and  at  a  distance  from  the 
village  of  less  than  twenty  miles;  while  the  interven- 
ing  "oak-land"   region  is  intersected  by  tongues   of 
"pine-land"  similar  to  the  one  upon  which  Lakewood 
itself  stands,  but  of  decidedly  greater  area  than  this 
one.     Other  strips  of  "pine-land"  country  are  dove- 
tailed into  the  "oak-land"  region  to  the  northward. 
From  this  account  of  the  geology  of  the  New  Jersey 
southern  interior  it  must  be  evident  to  the  reader  that 
the  soil,   for  many  miles   about  Lakewood,  is  of  an 
exceptionally  sandy  and  dry  nature. 

Its  distance  back  from  the  coast  excludes  Lakewood 
from  the  category  of  seaside  stations;  for,  in  Professor 
Smock's  appendix  to  the  "  Report  of  the  State  Geologist 
of  New  Jersey"  (1881),  we  read  that  "  the  influence  of 
the  ocean's  waters  is  felt  very  decidedly  to  a  distance 
of  four  to  eight  miles  from  the  line  of  beach  or  outer 
coast-line,  from  Sandy  Hook  to  Cape  May,"  and  that 
the  climatic  limit  of  the  Atlantic  coast  belt  in  Mon- 
mouth County  "is  thought  to  be  four  or  five  miles;  in 
Ocean  County"  (the  county  in  which  Lakewood  is 
situated)  "it  follows  closely  the  line  of  clearings  or 
settlements,  not  going  beyond  the  line  of  woods  or  into 
the  forest  belt.  It  is  here  from  four  to  seven  miles 
wide."* 

Of  the  3,234  square  miles  of  forest  area  in  the  State 
of  New  Jersey,  Ocean  County  contains  313,087  acres 
of  forest  land;  to  this  and  the  prevalence  of  the  pine  in 
great  abundance  in  this  vicinity  the  salubrity  of  the 
place  is  greatly  due.  For  decades  past  the  balsam- 
laden  air  of  pine-woods  regions  like  Aiken,  S.  C.,  and 
Arcachon,  France,  has  been  looked  upon  by  physicians 
as  particularly  beneficial  for  their  convalescent  patients, 
and  Lakewood,  which  bears  such  a  close  resemblance 
to  the  former  place,  owes  its  reputation  primarily  to 
the  beneficial  influence  of  climate  upon  invalids  of 
various  types — not  merely  those  with  pulmonary  com- 
plaints, but  that  far  more  numerous  class  of  neurasthen- 
ics and    convalescents   from  all    acute    diseases.     In 

•  These  two  paragraphs  are  from  Dr.  Huntington  Richards'  ar- 
ticle on  Lakewood  in  the  first  edition  of  the  Handbook. 
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localities  where  the  pines  grow,  a  .sandy  soil  may  always 
be  looked  for  Borings  from  the  many  artesian  wells  in 
the  village  proper  show  strata  of  almo  I  pure  sand 
down  to  a  depth  of  600  feet  below  the  surface.  <  !onse- 
quently  the  dryness  of  the  soil  and  atmosphere  is  our 
of  the  most  noticeable  features  of  this  region.  Fogs 
are  rarely  seen,  and  the  relative  humidity  is  always 
low.  Government  meteorological  records  for  Lake- 
wood  for  a  period  of  several  years  show  : 
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At  Atlantic  City  the  monthly  average  of  clear  days  for 
twenty-nine  years  was  10.3,  at  Asbury  Park  13.6,  at 
Lakewood  17. S;  of  rainy  days  Atlantic  City  10.3, 
Asbury  Park  8.9,  Lakewood  8.7.  The  number  of 
clear  days  is  thus  shown  to  average  per  month  seven 
more  at  Lakewood  than  at  Atlantic  City  and  four 
more  than  at  Asbury  Park.  The  actual  thermometric 
readings  for  New  York  and  Lakewood  will  be  found 
to  differ  to  only  a  slight  extent,  but  the  greater  dryness 
of  the  atmosphere  in  the  latter  region  conveys  the 
impression  that  its  temperature  is  noticeably  higher 
than  that  of  New  York.  At  times  there  are  very  high 
winds,  and,  were  it  not  for  the  protection  afforded  by 
the  forests,  walking  and  driving  would  on  such  occa- 
sions be  unpleasant.  Rains  occur  with  about  the 
same  frequency  as  along  this  section  of  the  New  Jersey 
coast.  During  recent  winters  snow  has  covered  the 
ground  for  only  short  periods  of  time;  sleighing  can 
rarely  be  enjoyed  for  one  week's  time,  and  occasionally 
an  entire  winter  may  pass  without  any  sleighing. 
There  is  one  peculiarity  of  the  climate  which  deserves 
notice.  I  refer  to  the  fact  that  a  marked  lowering  of 
the  temperature  takes  place  at  sunset  and  is  associated 
with  considerable  dampness  of  the  atmosphere.  These 
conditions  last  for  two  or  three  hours ;  during  the  winter 
months,  therefore,  invalids  should  be  within  doors  by 
sundown. 

Originally  intended  for  a  health  resort  Lakewood 
has  rapidly  outgrown  the  dreams  of  its  promoters  and 
has  developed  into  one  of  this  country's  most  noted 
winter  pleasure  and  residential  resorts.  Its  popula- 
tion is  now  5,500  and  it  is  capable  of  caring  for  more 
than  2,500  transient  guests  in  its  hotels  and  numerous 
boarding-houses.  Luxurious  accommodations  and  an 
excellent  cuisine  are  afforded  by  the  leading  hotels, 
while  for  those  who  prefer  a  quieter  and  less  expensive 
mode  of  life  there  are  many  pleasant  boarding- 
houses.  The  hotels  and  boarding-houses  now  decline 
to  accept  as  guests  those  who  are  suffering  from  pulmo- 
nary tuberculosis.  In  one  of  the  larger  hotels  there 
is  a  complete  plant  for  hydrotherapy. 

The  season  begins  on  October  1  of  each  year,  and 
by  the  middle  of  November  all  the  hotels  are  open 
and  the  cottages  full.  Daily  morning  and  evening 
concerts  are  given  at  the  hotels.  The  walks  around 
the  lake  and  into  the  woods  are  kept  in  the  best  con- 
dition possible;  even  after  a  heavy  rain  the  soil  absorbs 
the  water  so  rapidly  that  in  the  course  of  a  few  hours  it 
is  possible  to  walk  out  without  getting  one's  feet  wet  or 
muddy.     Well-kept  roads  foster  the  spirit  of  outdoor 
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life,   and     dining,     bicycling,     and     automobiling    are 

i  hereby  mad.'  more  enjoj  able.     Bi  idle  pal  h    add   to 

the  charms  of  the  more  vi| ius  horseback  exercise, 

and  cross-country  riding  may  be  watched  at  stated 
intervals  each  season.  Polo  garni  and  tournaments 
prove  the  most  attractive  feature  of  the  season  and 
may  l"-  \\  it  nei  -  I  i  ei  pi  ing  and  autumn  on  om  of 
I  he  finest  polo  fields  in  this  country.  \  speed 
one  mile  and  a  quarter  in  Length,  brings  man}  a  gi  ntle- 
man  with  his  trotting  horses  to  the  village.     Then, 

l>csidcs,  there  are  a  country  club,  a  golf  club,  and  fa- 
cilities for  boating  and  canoeing  on  I  he  lake,  for  bowl- 
in;;,  and  for  lawn-tennis.      Tin-re  is  an  abundant   water 

supply,  chiefly  from  artesian  wells,  and  the  sewage 
disposal  beds  are  constructed  to  care  hygienically 
for  the  liquid  and  solid  sewage  of  the  community. 

To  the  overworked  business  man;  to  the  over- 
tired nervous  worn-out  social  devotee;  to  the  parents 
who  are  seeking  to  place  I  heir  children  near  to  nature 
and  give  them  a  healthful  out-of-door  life  and  prevent 
them  from  being  infected  with  disease;  to  1hose 
lovers  of  nature  who  delight  in  the  warbling  of  birds 
and  the  quiet  woodland  scene  .  the  stillness  of  the  for- 
ests and  the  wooded   banks  oi   the  lakes  and    streams 

Lakewood  offers  rest  and  pear,-.  Bere  are  to  be  found 
well-regulated  schools  for  boys  and  girls,  churches  of 
all  denominations,  and  entertainment  winch  is  to 
be  found  in  only  a  few   resorts. 

Lakewood  is  one  hour  and  thirty-five  minutes 
from  New  York  City  by  rail,  and  two  hours  from 
Philadelphia.  Irwin  Howell  Hance. 


Lamblia. — A  genus  of  flagellate  protozoans.  The 
body  is  pear-shaped,  the  broad  end  having  a  hollow 
from  the  borders  of  which  three  pairs  of  flagella  arise; 
the  pointed  end  bears  another  pair  of  flagella. 

L.  intestinalis  lives  in  the  intestines  of  the  mouse, 
rat,  rabbit,  cat,  dog,  sheep,  and  man.  Infection  is 
brought  about  by  swallowing  encysted  forms;  the 
adults  are  found  in  the  large  intestine.     See  Protozoa. 

A.  S.  Pearse 


Laminaria. — The  prepared  stipes  of  Laminaria 
digitata  Lam.  (fam.  Fucacece).  This  species  is  a  large, 
foliaceous,  olive  seaweed,  which  from  a  branching 
and  stout  foot  ("root")  sends  up  a  long,  terete,  strong 
stem,  surmounted  by  a  flat,  leaf-like  lanceolate,  oval 
or  more  or  less  divided,  and  crispy-margined  thallus. 
It  attains  a  great  size,  often  measuring  six  or  eight 
meters  long,  with  a  blade  one  meter  or  more  in  breadth. 
Laminaria  is  not  used  in  medicine,  but  its  cylindrical, 
and,  when  dry,  horn-like  stipes  were  introduced  as  a 
substitute  for  the  sponge  tents,  but  are  now  seldom  if 
ever  used.  H.  H.  Rusby. 


Laminectomy  is  the  operation  of  removing  one 
or  both  lamina?  of  one  or  more  vertebra?.  The  re- 
moval of  one  lamina  is  called  sometimes  hemilaminee- 
tomy.  Laminectomy  was  first  done  by  Mace  wen, 
and  in  recent  years  has  been  performed  with  increasing 
frequency,  after  spinal  fracture,  in  cord  and  meningeal 
tumors,  to  remove  foreign  bodies,  to  divide  nerve 
roots  for  the  relief  of  spasticity  in  Little's  disease, 
tabes  dorsalis,  etc.  (Foerster's  operation),  and  to 
drain  collections  of  pus  in  the  spinal  canal,  whether 
due  to  inflammation  in  the  membranes  or  in  the  verte- 
brae themselves.  The  operation  has  been  recom- 
mended also  as  a  routine  procedure  in  the  paraplegia 
of  Pott's  disease,  but  its  advisability  here  is  very 
doubtful. 

Laminectomy  is  not  a  simple  operation,  and  he  who 
would  undertake  it  for  the  first  time  had  best  practise 
on  the  cadaver.  The  difficulties  are  great  in  the  lum- 
bar  region,    but    less    in   the    cervical    and    thoracic 
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regions  where  the  wound  is  not  so  deep,  and  the 
lamina?  are  nearer  the  surface.  General  anesthesia 
is  tn  be  preferred.  Various  methods  of  operating 
have  been  recommended.  The  following,  taken 
largely  from  Schmieden,  commends  itself: 

The  pal  ienf  lies  prone,  with  his  body  so  propped  up 
with  cushions  thai  the  portion  of  the  spine  to  be 
attacked  is  raised  into  prominence.  Care  must  be 
used  that  respiration  shall  not  he  impeded.  The 
surgeon  may  try  the  position  himself,  or  the  patient 
may  arrange  himself  before  he  is  anesthetized.  Cush- 
ing's  head-rest  may  be  serviceable.  The  head  should 
be  rather  low  in  order  to  lessen  the  sudden  outflow 
di  cerebrospinal  fluid  when  the  spinal  membranes 
are  opened.  It  is  well  to  mark  out  a  special  vertebra 
before  beginning,  in  order  to  prevent  confusion.  The 
incision  may  be  slightly  curved,  or  straight,  and  di- 
vides the  skin  and  superficial  fascia,  bringing  into 
\  icw  the  tips  of  the  spinous  processes.  The  surgeon 
then  divides  the  deep  fascia  on  each  side  of  the  row 
of  spinous  processes,  and  with  a  broad  chisel  dissects 
off  the  muscles  from  the  spinous  processes,  and  from 
the  lamina;  on  one  side.  This  dissection  is  rough  and 
is  not  done  subperiosteally.  Then  the  tissues  are 
well  retracted  and  the  wound  is  packed  tightly  with 
compresses  wrung  out  of  hot  salt  solution,  to  check 
the  hemorrhage,  which  is  wont  to  be  very  free. 
<  Limping  all  the  small  vessels  takes  much  time  and 
is  not  advisable.  Any  persistent  bleeders,  which  the 
compresses  fail  to  close,  may  be  tied  off.  Next  the 
t  issues  are  dissected  off  from  the  other  side  of  the 
spinous  process  and  lamina,  and  all  bleeding  is  stopped 
here  also.  Adrenalin  may  be  found  of  use.  The  sur- 
geon then  divides  the  interspinous  ligaments,  and 
with  a  pair  of  sharp  forceps  "bites"  off  the  spines  one 
after  the  other.  Next,  with  a  hollow  chisel,  held 
very  obliquely,  he  carefully  removes  a  small  piece 
of  bone  from  the  base  of  one  spine,  opening  up  the 
vertebral  canal,  and  enlarges  the  opening  as  much  as 
necessary  with  cutting  bone  forceps,  working  from 
within  outward  in  order  not  to  damage  the  spinal 
membranes.  The  laminae  are  removed  down  to  their 
base,  and  the  hemorrhage  from  the  bone  may  be 
checked  by  breaking  up  the  marrow  with  a  small 
dull-edged  chisel,  or  with  blunt  hooks,  thrust  into  the 
bone  canals. 

When  all  the  laminectomies  have  been  completed, 
all  bone  splinters,  clots,  etc.,  are  removed  very  gently, 
and  by  blunt  dissection  the  fat  lying  upon  the  dura 
is  divided.  All  hemorrhage  must  be  checked,  and 
after  the  wound  is  packed,  the  skin  is  disinfected 
again,  the  bone  instruments  cleared  away,  and  the 
surgeon's  gloves  changed.  With  the  wound  edges 
well  retracted,  the  dura  is  seized  with  fine  forceps, 
nicked  with  a  knife  very  carefully,  and  then  slit  up, 
and  retracted  by  fine  silk  inserted  into  its  cut  edges. 
The  outflow  of  cerebrospinal  fluid  is  sponged  up 
gently. 

From  this  point  on  the  operation  will  vary  accord- 
ing to  the  nature  of  the  lesion  for  which  it  is  done. 
When  it  is  finished  the  dura  must  be  "delicately" 
and  exactly  sewn  up  with  catgut  or  silk.  Then  follow 
sutures  in  layers.     Drainage  is  not  advisable. 

Leonard  W.  Ely. 
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La    Motte,   Quillaume    Mauquest   de.     One  of 

the  most  skilful  accoucheurs  of  the  seventeenth 
century  and  a  very  influential  writer  of  that  epoch. 
He  was  born  at  Valognes,  in  Normandy,  June  27. 
1655.  He  studied  medicine  at  Paris,  and  devoted 
himself  chiefly  to  surgery,  his  service  in  that  branch 
at  the  Hotel-Dieu  covering  a  period  of  five  years. 
He  afterward  settled  in  his  native  town,  where,  dur- 
ing half  a  century,  he  carried  on  a  very  large  and  mosl 
successful  surgical  and  obstetrical  practice.  The  ex- 
perience which  he  gained  in  this  field  forms  the  basis 
of  the  valuable  treatises  which  he  has  handed  down  to 
posterity.  In  the  preface  of  his  treatise  on  Labor 
he  says:  "For  twenty-five  years  I  observed  with  the 
greatest  care  and  unceasingly;  then  I  wrote  down  the 
facts  which  I  had  observed;  and  finally  I  formulated 
the  reflections  which  I  had  made  upon  these  facts. 
I  look  upon  the  recorded  observations  as  something 
fixed  and  stable  for  all  time,  whereas  my  conclusions 
with  regard  to  their  significance  are  of  a  changeable 
nature.  Indeed,  in  many  instances  I  have,  after 
further  experience,  based  upon  more  accurately  made 
observations,  felt  compelled  to  draw  quite  different 
conclusions."  This  treatise  on  labor  was  held  in 
high  esteem  for  many  years,  and  Levret  speaks  of  it 
as  "worthy  of  being  followed  as  a  model."  La 
Motte's  treatise  on  surgery,  says  Sabatier,  is  quite 
remarkable  in  one  respect:  "it  does  not  grow  old; 
and,  although  many  years  have  elapsed  since  it  was 
written,  its  usefulness,  its  power  to  instruct,  remains 
unimpaired."  La  Motte  died  at  Valognes  June  27, 
1737.  The  two  treatises  referred  to  above  bear  the 
following  titles:  "Traitddes  accouchements  naturels, 
non-naturels,  et  contre  nature,  expliqud  dans  un  graud 
nombre  d 'observations  et  de  reflexions  sur  l'art  d' 
accoucher,"  Paris,  1715  (an  illustrated  edition  was 
published  in  1 765  in  two  volumes) ;  and  "  Traits  complet 
de  chirurgie,  contenant  des  observations  et  des  re- 
flexions sur  toutes  les  maladies  chirugicales  et  sur  la 
manieredelestraiter,"  Paris,  1722,  three  volumes.  The 
third  edition  of  this  work,  which  was  published  in  1771, 
was  edited  bv  the  celebrated  surgeon,  Sabatier. 

A.  H.  B. 


Lanceraux,  Etienne. — Born  at  Brecy,  Brieres, 
France,  November  27,  1829.  He  studied  medicine  in 
Paris  under  Claude  Bernard  and  Bazin,  and  received 
the  degree  of  Doctor  of  Medicine  in  1862.  Not 
very  long  afterward  he  was  chosen  one  of  the  Attend- 
ing'Physicians  to  the  Hopital  de  la  Pitie  and  also  to 
Hotel-Dieu,  both  of  which  positions  he  held  for  many 
vears.  In  1872  he  was  appointed  professeur  agrege. 
He  died  in  1910. 

Of  Lanceraux's  many  contributions  to  medical 
literature  the  following  deserve  special  mention: 
"Des  affections  nerveuses  syphilitiques "  (in  associa- 
tion with  Leon  Gros),  1S61 — awarded  a  prize  by  the 
Academie  de  Mddecine;  "Traite  historique  et  pra- 
tique de  la  syphilis,"  1866  (2d  edition,  with  plates, 
in  1873) — awarded  a  Monthyon  prize  by  the 
AeadOnie  des  Sciences;  and  "Atlas  d'anatomie 
pathologique,"  1871 — awarded  a  Monthyon  prize 
bv  the  Institut  de  France.  A.  H.  B. 


Lancisi,  Joannes  Maria. — Born  at  Rome,  Italy. 
October  26,  1654.  He  began  the  study  of  medicine  at  an 
unusually  early  age,  and  devoted  the  larger  part  of 
his  time  to  dissecting  and  to  frequenting  the  hospitals. 
In  1672  he  received  the  degree  of  Doctor  of  Medicine. 
In  1684  he  was  authorized  to  teach  anatomy  in  the 
Sapienza  College,  and  he  held  this  position  during 
flic  following  thirteen  years,  to  the  entire  satisfaction 
of  the  authorities  as  well  as  of  the  students.  Mal- 
pighi  was  among  those  who  took  pleasure  in  follow- 
ing his  instruction.  When  Lancisi  was  only  thirty 
years  old  the  Pope,  Innocent  XL,  promoted  him  to  be 
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a  Privy  Councilor  and  his  physician-in-chief.  When 
Pope  Innocent  XII.  fell  ill  in  1090  he  summoned 
Lancisi  to  see  him  in  consultation,  and  the  latter  con- 
tinued to  prescribe  for  him  up  to  the  time  of  his  death- 
Clement  XI.  honored  Lancisi  by  making  him  a  Privy 
Councilor  and  his  physician-in-chief,  both  of  which 
positions  he  held  with  great  distinction  for  a  period 
of  twenty  years.  His  death  occurred  January  21, 
1720. 

Haller,  whose  judgment  in  regard  to  the  personal 
qualities  and  writings  of  the  physicians  of  his  time 
is  fully  to  be  trusted,  speaks  of  Lancisi  in  the  follow- 
ing terms:  "As  a  pontifical  physician  he  was  esteemed 
most  highly  by  Clement  XL;  as  a  man  he  was  very 
learned  and  at  the  same  time  philanthropic,  loving  to 
smooth  over  quarrels  and  to  bring  comfort  to  the 
dying."  Of  his  published  writings  only  a  few  may  here 
be  mentioned:  "De  noxiis  pallidum  effluvies, 
eorumque  remediis,  libri  duo,"  Rome,  1717.  (Con- 
tains the  history  of  five  great  epidemics  which  ravaged 
the  Roman  State.)  "De  motu  cordis  et  aneurys- 
matibus,  etc.,"  Rome,  1728,  and  Leyden,  1740; 
"Jo.  Maria  Lancisi  opera  quae  hactenus  prodierunt 
omnia,  dissertationibus  nonnullis  adhucdum  ineditis 
locupletata,"  Geneva,  1717;  and  "Joann.  Mariae 
Lancisi  opera  varia  in  umira  congesta,  etc.,"  Rome, 
1745.  A.  H.  B. 

Landry's  Paralysis. — See  Paralysis,  Acute  Ascend- 
ing. 

Lane  Mineral  Springs. — Calaveras  County,  Cali- 
fornia. These  springs  lie  thirty-five  miles  east  of 
Stockton.  They  are  1,000  feet  above  the  sea  level, 
and  are  surrounded  by  hills  and  valleys  clad  in  forests 
of  pine.  The  main  spring  flows  from  fifty  to  seventy- 
five  gallons  per  hour.  The  following  probably 
incorrectly  reported  analysis  is  said  to  have  been 
made  by  the  San  Francisco  Refining  and  Analytical 
Association : 

One    United    States    Gallon    Contains 
Solids.  Grains. 

Iron  carbonate 122.00 

Magnesium  carbonate 38.51 

Epsom  carbonate  (?) 29 .  76 

Alumina 2.01 

Sodium  carbonate 8.52 

Free  sulphuric  acid 15.24 

Silica 15.20 

Potassium  carbonate 18 .  01 

Organic  matter 2 .  72 

Total  solids 251 .97 

Free  sulphureted  hydrogen  gas,  105  cubic  inches. 

This  water  has  been  in  use  for  several  years,  and  is 
said  to  be  beneficial  in  constipation,  dyspepsia,  chronic 
malarial  poisoning,  and  in  kidney  and  liver  complaints. 

Emma  E.  Walker. 


Lanfranchi. — Born  in  Milan,  Italy,  in  the  thir- 
teenth century.  He  took  an  active  part  in  the  dis- 
sensions between  the  Guelphs  and  the  Ghibbelines, 
and  for  this  reason  he  was  driven  out  of  Italy  by 
Mathias  Visconti.  He  settled  in  Paris,  where  medical 
science  was  at  that  time  at  a  very  low  ebb.  At  the 
urgent  request  of  Passavant,  who  was  then  the  Dean 
of  the  Faculty  of  Medicine,  he  gave  lectures  on  surgery, 
and  these  proved  a  great  success.  Partly  through  their 
influence  and  partly  through  that  exerted  by  his  writ- 
ings, a  decided  revival  took  place  in  the  art  of  surgery. 
According  to  the  "  Dictionnaire  Historique  de  la 
M6decine,"  Lanfranchi  may  rightfully  be  considered 
the  greatest  surgeon  of  the  Middle  Ages  up  to  the 
time  of  Guy  de  Chauliac.  A.  H.  B. 

Lange,  Johannes. — Born  at  Lemberg,  Germany, 
in    1485.     After   devoting   himself   for  several  years 


to  literary  and   philosophical   work    he   finally  began 
the  study  of  medicine   in    Italy,  and  was  given 
doctor's  degree  by  the   Universitj   of  Pisa,  in   1522. 

Soon  after  his  return  to  his  native  country  he 
was  appointed  chief  physician  to  Prince  Louis  of 
Pfalz;  and  later  tie  served  several  other  princes,  in 
succession,  in  the  same  capacity.  During  a  period 
of  several  years  he  traveled  over  almost  every  part, 
of  Kurope  with  Frederic  II.  His  death  occurred  at 
Heidelberg,  June  21,  1565. 
The  Dictionnaire  Historique  de  la  Medicine,  from 

which   the   above    facts   have    been    gleaned,  says   that 

the  collection  of  letters  which  Lange  published,  and 
of  which  the  title  is  given  below,  furnishes  one  of  the 
best  sources  of  information  with  regard  to  Hie 
history  of  medicine  during  the  .sixteenth  century. 
Several  editions  of  this  book  were  published  between 
1554  (at   Basel)  ami   1689,  but  the  one  to  be  preferred 

is  that  which  bears  the  title:  "Epistolarum  medici- 
nalium  volumen  tripartitum  denus  recognition  et 
dimidia  sua  parte  auctum,"  Hanover,  1605. 

A.  H.  B. 


v.  Langenbeck,   Bernhard  Rudolph  Konrad. — 

Born  at  Padingbiittel,  Hanover,  Germany,  November 
8,  1810.  He  was  the  nephew  of  the  celebrated 
Konrad  Johanna  Martin  Langenbeck.  He  studied 
medicine  in  Goettingen,  and  received  his  doctor's 
degree  from  the  University  of  that  city  in  1835. 
Then  he  visited  France  and  England  for  further 
purposes  of  medical  study;  and,  upon  his  return  to 
Goettingen  in  1836,  he  began  his  teaching  career  as  a 
"  Privatdozent."  In  1842  he  was  called  to  the 
University  of  Kiel  to  fill  the  regular  chair  of  surgery 
and  to  be  the  Director  of  the  Friedrichs-Hospital. 
In  1848  he  acted  as  Surgeon-General  of  the  Schleswig- 
Holstein  Army  in  the  war  against  Denmark;  but,  in 
the  course  of  a  few  months,  he  was  called  to  Berlin 
to  fill  the  Chair  of  Surgery  left  vacant  by  the  death  of 
Dieffenbach  (1847)  and  to  assume  the  post  of  Director 
of  the  Clinical  Institute  for  Surgery  and  Ophthal- 
mology. After  the  campaign  against  Denmark 
in  1864  a  patent  of  nobility  was  conferred  upon  von 
Langenbeck.  He  also  plaved  a  prominent  part  in  the 
wars  of  1866  and  1870-1871.  In  1882  he  resigned  his 
professorship;  and  upon  this  occasion  the  title  of 
"Geheimer  Rat"  was  bestowed  upon  him.  From  the 
date  last  named  until  he  died  (September  29,  1887)  he 
made  his  home  in  Wiesbaden. 

According  to  Pagel,  von  Langenbeck  was,  for  a  long 
time,  universally  admitted  to  be  the  leading  surgeon 
of  Germany.  The  new  surgical  procedures  which 
he  introduced  and  the  improvements  which  he  ad- 
vocated in  existing  methods  are  too  numerous  to  be 
mentioned  in  this  brief  sketch.  A  complete  list  will 
be  found  in  Pagel's  work.  Langenbeck's  personal 
characteristics  are  thus  described  by  his  German 
biographer:  "Up  to  the  very  latest  period  of  his  long 
life  he  manifested  a  keen  desire  to  learn,  both  by 
means  of  his  own  experience  and  also  by  the  experience 
of  others.  He  was  an  admirable  teacher,  and  he 
possessed  a  very  strict  sense  of  duty.  As  a  man  he 
manifested  a  most  lovable  disposition,  and  his  pupils 
always  found  in  him  a  true  friend  and  a  wise  councilor." 

Of  his  published  writings  only  a  few  of  the  more 
important  ones  may  here  be  mentioned:  "Die  Sub- 
cutane  Osteotomie,"  1854;  "Das  permanente  warme 
Wasserbad  zur  Behandlung  grosserer  Wunden,  ins- 
besondere  der  Amputationsstiimpfe,"  1855;  "Die 
osteoplastische  Resection  des  Oberkiefers,"  1861; 
"Beitriige  zur  chirurgischen  Pathologie  der  Venen," 
Archir  fur  hlinische  Chirurgie,  I.,  1860;  "Ueber  die 
Schussfracturen  der  Gelenke  und  ihre  Behandlung," 
Berlin,  1868;  and  "Ueber  die  Endresultate  der 
Gelenkresectionen  im  Kriege,"  Archiv  fur  klin. 
Chirurgie,  XVI.,  1874.  A.'  H.  B. 
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Lannelongue,  Odilon  Marc. — Born  at  Castera- 
Verduzan,  Franee,  December 4,  1841.  He  studied 
medicine  in  Paris  under  Denonvilliers  and  Nelaton, 
and  received  his  doctor's  degree  in  1S67.  In  1884  he 
was  chosen  Professor  of  External  Pathology.  Of  his 
published  writings  the  following  deserve  to  receive 
special  mention:  "  De  l'osteomyelite  aigue  pendant 
la  croissance,"  1879;  "Abces  froids  et  tuberculose 
osseuse,"  L881;  "Traits  de  la  eoxotuberculose,"  1886; 
"Tuberculose  vertebrate,"  1888;  and  "Blessure  et 
maladie  de  Gambetta,"  1883.  He  died  in  the  early 
part  of  1912. 

Lannelongue  appears  to  have  been  one  of  the  first 
to  demonstrate  the  tuberculous  nature  of  cold 
abscesses,  fungous  arthritis,  and  numberless  cases  of 
arthritis  in  infancy;  and  it  is  for  this  that  his  name  will 
live  in  the  future  as  that  of  one  who  has  contributed 
to  medical  science  a  fact  of  great  importance.  At 
the  time  of  his  death  he  was  President  of  the  Academy 
of  -Medicine  of  Paris,  and  during  the  last  fifteen 
years  of  his  life  he  held  weekly  clinics  at  the  Hopital 
Trousseau.  A.   H.   B. 

La  n  of  or  m. — See  Formaldehyde. 

Lanolin. — See  .1'/'  ps  Lanoi. 

Laparotomy. — See  Abdominal  Section. 

de  Lapeyronie,  Francois. — One  of  the  leading 
surgeons  of  the  eighteenth^  century,  justly  celebrated 
for  his  devotion  to  his  work  and  for  the  efficacious 
manner  in  which  he  advanced  the  art  of  surgery.  He 
was  born  at  Montpellier,  France,  January  15,  1678. 
After  he  had  received  a  careful  preparatory  educa- 
tion he  began  the  study  of  surgery  at  a  very  early  age 
and  was  given  the  degree  of  Master  of  Surgery  when 
he  was  but  seventeen  years  old.  Soon  afterward  he 
went  to  Paris  and  became  one  of  Mareschal's  private 
pupils.  When  he  returned  to  Montpellier  he  began 
giving  lessons  in  anatomy  and  surgery,  and  ob- 
tained a  brilliant  success  as  a  teacher.  He  was  also 
appointed  at  this  time  to  the  position  of  surgeon- 
major  in  the  Hotel-Dieu  of  that  city.  Not  long 
afterward  he  attained  considerable  celebrity  through 
his  success  in  effecting  a  cure  in  a  case  which  the 
other  surgeons  had  pronounced  incurable.  The 
operation  which  he  performed  consisted  in  the  re- 
moval of  the  entire  frontal  bone  together  with  a 
portion  of  one  of  the  parietal  bones.  In  1714  he  was 
called  to  Paris  to  treat  the  Duke  de  Chaulnes  who 
had  sought  in  vain  to  obtain  relief  at  the  hands  of  the 
surgeons  of  that  city.  Here,  again,  he  was  entirely 
successful  in  effecting  the  desired  cure;  and,  as  a 
further  result,  the  king  expressed  to  him  the  wish 
that  he  would  settle  permanently  in  the  capital. 
Under  these  circumstances,  and  especially  as  the 
Duke  had  purchased  for  him  as  a  gift  the  exclusive 
privilege  of  doing  whatever  surgical  work  might  be 
required  in  the  jurisdiction  of  the  provost,  Lapeyronie 
complied  with  the  wishes  of  his  friends  and  took  up 
his  abode  in  Paris.  LTpon  the  death  of  Mareschal, 
in  1736,  he  was  appointed  his  successor  in  the  posi- 
tion of  first  surgeon  to  the  king.  But  already  be- 
fore that  event  he  had  joined  with  Mareschal  in 
inducing  Louis  XV.  to  appoint  (in  1724)  five  new  dem- 
onstrators in  the  schools  of  surgery,  and  also  to 
found  (in  1731)  the  Royal  Academy  of  Surgery. 
Later,  in  1743,  he  was  successful  in  obtaining  a  decree 
to  the  effect  that  thereafter  nobody  should  present 
himself  as. a  candidate  for  the  degree  of  Doctor  of 
Surgery  unless  he  had  already  secured  that  of  Master 
of  Arts.  He  died  April  25,  1747,  after  a  long  and 
painful  illness. 

Of  his  published  writings  two  of  the  most  interest- 
ing are  those  which  bear  the  following  titles:  "Mcm- 
oire  contenant  plusieurs  observations  sur  les  maladies 
du   cerveau,   par  lesquelles  on  tache  de  ddcouvrir  le 
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veritable  lieu  du  cerveau  dans  lequel  fame  exerce  see 
fonctions,"  Lyon,  1766;  and  "Observation  sur  une 
grande  operation  de  chirurgie,"  in  Memories  de 
f  Academic  des  Sciences  de  Montpellier,  Tome  I. 

A.  II.  B. 


Lappa. — Burdock.     "The  rod  of  Arctium  Lappa 

L.  and  of  some  oilier  species  of  Arctium  'lam.  Cnm- 
positce),"  U.  S.  1'.  Burdock  is  a  native  of  Europe,  but 
is  common  everywhere  as  a  garden  weed.  It  is  a 
rank-growing,  bitter,  disagreeable  plant,  from  one  to 
two  meters  i  three  to  six  feet)  in  height,  with  a  stout, 
branching  stem,  and  great,  coarse,  heart-shaped 
lea  es.  The  flower  heads  are  clustered  along  tin- 
stem  and  branches;  they  are  rather  small,  and  look 
like  miniature  thistles.  The  involucre  is  ovoid  and 
green;  its  scales  are  numerous,  imbricated  in  several 
rows,  with  spreading,  sharp,  stiff,  inwardly  hooked 
tips.  The  rose-purple  flowers  are  tubular  ami 
perfect. 

The  root  is  the  official  portion,  and  should  be  gath- 
ered at  the  end  of  the  first  season,  or  the  beginning  of 
the  second;  it  is  biennial,  fleshy,  and  usually  simple, 
When  dried,  it  is  in  gray-brown,  wrinkled  pieces,  as 
thick  as  the  thumb,  and  twenty  or  thirty  centimeters 
long  (eight  to  twelve  inches),  often  split,  to  facilitate 
drying.  The  hairy  bases  of  leaf  stalks  may  remain 
attached  to  its  upper  end,  or  there  may  be  a  cottony 
or  woolly  tuft  at  the  crown.  Internally  it  is  light 
brown,  with  a  rather  thick  bark,  a  distinctly  radiated 
wood  zone,  and  a  white,  often  broken  pith  or  central 
cavity.  Odor  slight;  taste  mucilaginous  and  slowly 
bitter. 

Burdock  contains  inulin,  mucilage,  nine  per  cent. 
of  fat,  a  slight  amount  of  amaroid,  lappin,  and  a  little 
tannin.  Its  inulin,  which  is  in  large  amount,  up  to 
forty-five  per  cent.,  and  its  fat  well  adapt  it  to  use  as  a 
food,  and  it  is  said  that  many  cultivated  varieties  of 
it  exist  in  Japan  for  this  use.  It  is  an  old  medicine, 
whose  reputation  depends  upon  pure  empiricism. 
As  an  alterative  and  an  antisyphilitic  it  is  still  occa- 
sionally used,  but  is  more  called  for  as  an  ingredient  in 
proprietary  medicines  than  in  serious  medication. 
Dose  5ss  to  5i  (2.0  to  4.0).     A  fluid  extract  is  official. 

Burdock  fruit,  a  small,  black,  curved,  rough,  seed- 
like akene,  is  much  less  used,  but  much  more  efficient. 
It  contains  a  considerable  amount  of  bitter  glucoside 
and  pungent  resin.  Its  action  appears  worthy  of  in- 
vestigation.    The  dose  is  gr.  xv.  to  xxx.  (1.0-2.0). 

H.  H.  Rusbt. 


Larch  Bark  (X.  F.).— The  bark  of  the  trunk  and 
branches  of  the  European  Larch,  Larix  europcea  D.  C. 
(fam.  Conifers),  was  formerly  largely  used  for  its 
rather  mild  terebinthinate  and  astringent  properties, 
and  was  at  one  time  official  in  the  British  Pharma- 
copoeia. It  has  now  almost  disappeared  from  the 
Materia  Medica,  in  favor  of  the  more  definite  prod- 
ucts of  the  same  family. 

It  contains  volatile  oil,  resin,  a  peculiar  tannin,  and 
larixinic  acid.  The  turpentine  and  tannin  make  larch 
and  other  fir  barks  astringent  and  stimulating  to  the 
renal  and  bronchial  mucous  membranes.  It  is  used 
to  a  slight  and  diminishing  extent  in  bronchitis, 
vesical  and  urethral  catarrh,  as  well  as  in  purpura  and 
other  hemorrhages.  A  tincture  (two  and  a  half 
ounces  to  the  pint)  is  an  eligible  form.  Dose  rni  xv.  ad 
xxx.  (1.0-2.0)  several  times  a  day. 

H.  H.  Rusbt. 

Lard. — See  Atlc/is. 

Lardaceous  Degeneration. — See  Amyloid. 

Larrey,  Dominique  Jean. — Surgeon-in-Chief  of 
the  French   Arm}-  under   Napoleon.     The   following 
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facts  relating  to  his  life  are  taken  from  Mary  A. 
Clarke's  admirable  sketch   of   Baron   Larrey   in    the 

Trained  Nurse  and  Hospital  Review,  July,  1(112.  Horn 
in  1706  in  the  south  of  France,  at  the  foot  of  the 
Pyrenees.  At  the  age  of  nineteen  he  was  appointed 
Assistant  Surgeon  in  the  French  Navy;  at  twenty- 
one  he  was  made  Chief  Surgeon  on  one  of  the  King's 
frigates  which  had  been  ordered  to  Newfoundland 
to  protect  the  Frenchmen  engaged  in  the  cod  fishery. 
After  his  return  to  France  he  entered  the  service  of 
the  Royal  Hospital  in  Paris  and  treated  those  who 
were  first  wounded  in  the  storming  of  the  Bastile. 
When,  a  few  years  later,  he  entered  the  army  he  was 
struck  with  the  inconveniences  of  the  French  am- 
bulances   and    with    the    unsatisfactory    manner    in 


Fig.  3642. — Dominique  Jean  Larrey. 

which  they  were  utilized  for  the  benefit  of  the  wounded 
on  the  battlefield.  Believing  that  these  vehicles 
might  be  improved  he  designed  and  submitted  to 
General  Custine,  his  commander,  "a  plan  for  am- 
bulances volantes,  or  flying  hospitals.  These  were 
very  light  carriages  on  springs,  with  either  two  or 
four  wheels,  and  drawn  by  either  two  or  four  horses, 
the  former  for  level  countries  and  the  latter  for  moun- 
tains. They  were  easy-running,  furnished  with 
mattresses,  padded  sides,  and  pockets  for  supplies, 
and  the  Hospital  Corps  could  take  them  to  the  field 
while  the  battle  was  raging,  and  carry  away  the 
wounded  as  soon  as  they  fell;  they  could  also  be  used 
for  transporting  the  dead."  These  new  ambulances 
were  brought  into  use  for  the  first  time  in  1793  at 
the  siege  of  Mainz,  and  they  gave  such  satisfaction 
that  they  were  afterward  ordered  for  all  the  armies 
of  the  French  Republic. 

In  1797  Larrey,  having  been  raised  to  the  rank  of 
Surgeon-in-Chief,  accompanied  Napoleon  on  his  ex- 
pedition into  Italy.  Both  then  and  afterward,  in 
the  many  army  expeditions  which  he  accompanied, 
Larrey  showed  himself  to  be  the  possessor  of  the  very 
highest  qualities — an  admirable  surgeon,  thoroughly 
devoted  to  his  military  medical  duties,  and  ready 
at  all  times  to  sacrifice  his  own  comfort  and  even  to 
risk  his  life  if  he  might  thereby  relieve  the  sufferings 
or  save  the  lives  of  the  soldiers  and  officers  entrusted 
to  his  care.  "He  was  on  the  field  in  most  of  the 
bloody  battles  of  Napoleon,  but  solely  to  relieve  the 
suffering  that  followed  in  their  w:ake.  His  one 
thought  was  for  the  wounded,  whom  he  looked  for 
under  the  heaviest  fire  and  sometimes  saved  by 
marvelous  heroism.  Napoleon  asserted  that  he  was 
the  best  friend  to  the  soldier  he  had  ever  known." 
In  1807  Larrey  was  given  the  honorary  title  of  "Knight 
of  the  Iron  Crown;"  and  in  1809,"  on  the  field  of 
Wagram,  he  was  created  a  baron  of  the  Empire  of 
France.     He  died  at  Lyons  in   1S42.  A.   H.  B. 

Laryngectomy. —  Definition.  — 'Laryngectomy  is 
the  name  given  to  the  operative  removal  of  the 
larynx.     It  may  be  total  or  partial. 


History.     The  operation  was  first   performed   by 
Patrick   Heron  Watson,  oi    Edinburgh,  in  1866;  next 
by  Billroth,  in  is?:;.     Its  technique  has  been  d<    i 
oped  by  Solis-Cohen,  Cluck,   Durante,  l'.nwM  i    '  i  j I ■  ■ , 
and  others. 

Indications. — Laryngectomy  is  indicated  in  any 
operable  ease  of  intrinsic  cancer  of  too  great  an  extent 
to  be  dealt  with  by  lary  Qgofissure.  It  is  also 
indicated  in  extrinsic  cancer  if  there  is  little  or 
no  adenopathy,  and  not  too  great  involvement  of 
the  upper  end  of  the  esophagus,  as  determine! 
•  '  ophagoscopicaly. 

Contraindications. — To  do  a  laryngectomy  in  any 
case  operable  by  laryngofissure  is  a  calamity  to  the 
patient,  because  of  the  mutilated  postoperative  con- 
dition after  laryngectomy,  as  compared  to  the  prac- 
tically normal  larynx  for  breathing  and  speaking  ob- 
1  id  after  laryngofissure.  The  general  contra- 
indications are  the  same  as  for  the  latter. 

Mortality  and  Results. — Of  fourteen  laryn- 
gectomies done  by  the  author,  two  died  within  thirty 
days  giving  a  fourteen  per  cent,  operative  mortality. 
Four  died  within  a  year  of  local  recurrence,  three 
lived  one  year  and  were  thereafter  lost  to  observa- 
tion, two  lived  two  years,  dying  of  recurrence,  one 
lived  two  and  one-half  years,  dying  of  recurrence, 
one  three  years,  dying  of  .cerebral  hemorrhage,  one, 
seven  years,  dying  of  cancer  of  the  stomach.  Re- 
capitulating this,  of  fourteen  total  laryngectomies, 
eight  of  the  patients  were  free  from  recurrence  at  the 
end  of  one  year,  yet  all  are  dead  now  and  the  average 
duration  of  life  is  but  little  over  two  years.  There- 
fore it  may  be  said  that  while  the  operative  mortality 
is  not  large,  the  percentage  of  cures  is  very  small. 
As  stated  by  Delavanitis  questionable  if  laryngectomy 
has  added  anything  to  the  sum  total  of  human  life. 
In  view  of  this,  physicians  should  recognize  the  fre- 
quently malign  nature  of  chronic  hoarseness  in  order 
that  cancer  of  the  larynx  may  be  discovered  suf- 
ficiently early  to  permit  of  the  really  curative  and 
relatively  minor  operation  of  laryngofissure.  Vocal 
results  after  laryngectomy  depend  chiefly  upon  the 
development  of  a  buccal  voice,  because  in  the  modern 
operation  the  pharynx  is  completely  shut  off  from 
the  trachea,  as  suggested  by  Solis-Cohen,  to  prevent 
postoperative  aspiration  of  pharyngeal  secretions. 
The  buccal  voice  produced  by  air  taken  in  through 
the  mouth  becomes  intelligible  to  those  in  contact 
with  the  patient;  but  it  is  lamentably  inefficient  as 
compared  to  the  excellent  voice  after  laryngofissure. 

Operation. — Preparation  of  the  patient  and  position 
of  the  patient  are  the  same  as  indicated  in  the  article 
on  Laryngofissure. 

Anesthesia. — Total  laryngectomy  may  be  done 
under  local  anesthesia  by  infiltrating  first  the  skin 
and  then  the  deeper  tissues  with  normal  salt  solution 
containing  one-tenth  of  one  per  cent,  of  cocaine. 
The  operation,  however,  can  be  much  more  quickly 
done  and  the  operative  mortality  can  be  diminished 
by  using  the  intratracheal  insufflation  of  ether,  the 
catheter  being  inserted  through  the  mouth  by  direct 
laryngoscopy  and  the  patient  being  completely 
under  before  the  operation  is  started.  If  the  laryn- 
geal involvement  is  sufficient  to  cause  even  a  slight 
degree  of  stenosis  of  the  larynx  no  attempt  should 
be  made  to  give  a  general  anesthetic  until  the  in- 
sufflation catheter  is  in  place  in  the  trachea.  If 
insufflation  anesthesia  is  not  to  be  used,  a  trache- 
otomy must  be  done  for  administering  the  anesthetic, 
because  the  slightest  degree  of  laryngeal  obstruction 
will  result  in  dangerous  respiratory  arrest,  as  soon 
as  the  patient  begins  to  go  under  the*  influence  of  ether 
given  by  ordinary  methods. 

Technique. — Two  classes  of  pro< edure  are  favored. 
In  one,  developed  by  Keen,  the  extirpation  begins 
above    at    the    thyrohyoid    membrane,    the    larynx 
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being  drawn  forward  as  it  is  separated  from  the  party 
wall,  amputation  of  the  larynx  from  the  trachea 
being  done  when  sufficient  of  these  structures  have 
been  dissected  loose  and  drawn  out.  During  the 
dissection  the  anesthetic,  which  has  been  started 
through  the  mouth,  is  given  through  the  outdrawn 
larynx.  In  the  other  method,  the  trachea  is  di- 
vided below  the  cricoid  cartilage  and  the  larynx  is 
dissected  away  from  the  party-wall  by  working  up- 
ward from  below.  Preliminary  tracheotomy  may  be 
used  with  either  method,  and  should  be  as  low  as 
possible.  If  done  about  a  week  beforehand  pre- 
liminary tracheotomy  has  the  advantage  of  anchor- 
ing the  trachea  firmly  to  the  tissues  of  the  neck  by  in- 
flammatory adhesions,  thus  avoiding  all  tendency  to 
retraction  within  the  thorax  when,  later,  at  laryn- 
gectomy, the  trachea  is  amputated  and  stitched  to  the 
skin.  The  inflammatory  processes  in  the  neighbor- 
hood of  the  trachea  also  close  the  various  paths  by 
which  infection  after  laryngectomy  might  reach  the 
mediastinum.  This  barrier  may  be  increased  by 
blunt,  dissection  around  the  sides  of  the  trachea  at 
the  preliminary  tracheotomy. 

The  operation  from  below  upward,  which  is  pre- 
ferred by  most  operators,  including  the  author,  is  as 
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Fig.  3643. — Schematic  Illustration  of  Laryngectomy  with  tin- 
Aid  of  Intratracheal  Insufflation  Anesthesia.  The  trachea  and  lar- 
ynx are  exposed  during  anesthesia  administered  with  the  Elsberg 
apparatus  through  the  silk-woven  catheter  (C)  held  in  place  with 
the  Janeway  bite  block  (D).  The  incision  has  been  made  of  T- 
shape  as  will  be  understood  by  the  sutured  wound  in  Fig.  364G. 
The  trachea  is  elevated  forward  by  means  of  the  grooved  director 
inserted  carefully  between  the  trachea  and  the  esophagus.  Two 
anchor  sutures  are  inserted  around  the  first  ring  of  the  trachea,  as 
shown  at  A,  B,  after  preliminary  incision  of  the  interannular 
membrane. 

follows:  The  front  of  the  neck  being  sterilized  with 
iodine  in  the  usual  way  a  T-shaped  incision  is  made 
in  the  front  of  the  neck  (Fig.  3643),  the  vertical  por- 
tion extending  from  the  hyoid  bone  to  a  point  as  low- 
in  the  neck  as  needed,  but  preferably  not  extending 
into  the  preliminary  tracheotomy  wound.  At  the 
upper  end  of  the  vertical  incision  a  transverse  one 
is  made  extending  from  one  sternocleidomastoid 
ridge  to  the  other.  The  trachea  and  larynx  are  laid 
bare.  The  trachea  is  carefully  dissected  loose  from 
the  esophagus  at  the  lower  portion  of  the  wound  and 
a  grooved  director  is  inserted  between  the  esophagus 
and  trachea  taking  care  to  avoid  trauma  to  the 
esophagus.  Two  anchor  sutures  are  put  around 
the  upper  ring  of  the  trachea  as  shown  at  .4,  B,  Fig. 
3643,  and  by  means  of  these  sutures,  the  trachea 
which  is  now  divided  is  drawn  forward  and  held  by 
an  assistant.      A  fresh  sterile  intratracheal  insufflation 


catheter  is  inserted  in  the  trachea  for  the  continuance 
of  the  anesthesia.  The  larynx  is  then  seized  with 
forceps  and  drawn  gently  outward  as  it  is  dissected 
free  from  the  esophagus  (Fig.  3644).  Great  care  is 
necessary  not  to  make  undue  traction  on  the  esoph- 
agus because  of  the  shock  thus  produced,  as  shown 
bj    Boyce   in   colloboration   with   the   author.     The 


FlQ.  3644. — The  trachea  has  been  severed  between  the  cricoid 
and  the  first  ring,  and  has  been  drawn  forward,  and  firmly  fastened 
with  the  anchor  sutures  (S).  A  fresh  insufflation  catheter  (C)  has 
been  inserted  for  the  continuation  of  the  anesthetic.  The  larynx  has 
been  dissected  free  from  the  esophageal  wall  (E).  The  larynx  is 
held  forward  with  the  forceps  (F). 

vagi  and  the  parathyroids  should  be  carefully  avoided, 
especially  the  latter.  The  removal  of  a  part  of  one 
vagus,  if  necessary  because  of  proximity  to  involve- 
ment, is  usually  without  any  ill  effect.  The  dis- 
section is  continued  upward  and  when  the  aryte- 
noids are  reached  the  pharyngeal  mucosa  is  clipped 
free  with  scissors  until  the  larynx  is  entirely  liberated 
from  all  attachments  (Fig.  3645).     It  is  usual  to  clip 


Fig.  3645. — The  scissors  are  shown  dividing  the  cornu  of  the 
thryoid  cartilage.  The  pharyngeal  wall  has  been  divided  so  as  to 
free  the  larynx  posteriorly  and  this  clipping  will  be  continued 
around  over  the  front  so  as  to  free  the  entire  larynx. 

off  the  cornua  of  the  thyroid  cartilage  leaving  them  in 
the  tissues  with  their  attachments.  As  much  as 
possible  of  the  normal  pharyngeal  mucosa  must  be 
preserved  for  repair  of  the  pharynx.  All  hemorrhage 
is  carefully  arrested  at  each  stage  of  the  operation;  a 
clean,  dry  wound  being  essential  for  accurate  work. 
The  wall  of  the  pharynx  is  now  brought  together  and 
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sutured,  the  edges  being  inverted  and  the  sutures  not 
perforating  the  interior  surface.  Each  layer  of  soft 
tissue  is  carefully  stitched  in  place  so  as  to  afford  the 
best  support  to  the  pharyngeal  wall  during  degluti- 
tion. The  cut  end  of  the  trachea  is  now  drawn 
forward  with  the  anchor  sutures.  The  insufflation 
catheter  is  removed,  and  the  trachea  is  stitched  to 
the  skin  all  around  the  circumference  of  its  upper- 
most ring.  The  skin  is  accurately  stitched  (F'ig.  3010) 
and  a  large  gauze  dressing  wrung  out  of  mercuric  bi- 
chloride  1  :  10,000  is  applied.     In  eases  in  which  the 


Fig.  3646. — The  wound  is  stitched  together  throughout  its 
entire  extent  after  suturing  the  pharynx,  putting  in  supporting 
sutures,  and  securely  anchoring  the  trachea  to  the  skin. 

remaining  pharyngeal  wall  is  insufficient  a  dermal 
flap  may  be  turned  epidermal  surface  inward  to  fill 
the  gap. 

The  most  favorable  time  for  the  removal  of  involved 
glands  is  at  the  preliminary  tracheotomy  because  this 
lessens  the  shock  and  the  duration  of  the  laryn- 
gectomy. Extensive  dissection  bulwarks  the  channels 
between  the  tissues  by  which  infection  might  reach 
the  mediastinum.  If  the  glands  are  found  involved 
all  the  way  down  to  the  upper  thoracic  aperture  it 
means  that  the  mediastinal  lymphatics  are  involved 
and  the  laryngectomy  is  contraindicated.  A  trache- 
otome cannula  may  be  inserted   for  palliation  and 


Fig.  3647. — At  the  Left  is  Shown  the  Condition  of  the  Larynx 
Three  Years  after  Hemilaryngectomy  in  a  Man  Aged  51  Years. 
The  right-hand  illustration  shows  the  pharynx  and  mouth  of  the 
esophagus  after  laryngectomy  for  endothelioma  in  a  man  aged 
68  years.     (Author's  cases.) 

all  hope  of  cure  abandoned.  Involvement  of  medi- 
astinal glands  can,  in  many  cases,  be  determined  by 
esophagoscopy  and  thus  needless  operation  can  be 
avoided. 

A/Cer-care.— Antibechics,  especially  all  opium  de- 
rivatives, must  be  forbidden  because  blunting  the 
cough  reflex  prevents  the  lungs  ridding  themselves  of 
infective  secretions.  Feeding  should  be  by  a  soft 
rubber  catheter  or  very  small  stomach  tube  passed 
through  the  mouth.  Plenty  of  fluid  food  must  be 
given.     Proximity  of  the  tracheal  opening  soils  the 


external  dressings,  which  therefore  must  be  renewed 
every    two    or    three    hours.      A    tracheal    cannula    is 

kepi  in  the  amputated  end  of  the  trachea  until  firm 
union  has  taken  place,  when,  usually,  it  can  be  aban- 
doned. A  few  strands  of  silkworm  gut  may  be  used 
for  drainage  at  the   lower  angle  of   the   wound  but 

should  be  removed  as  early  as  possible-.  Should  the 
pharyngeal  wound  break  clown  the  lower  stitcln 
the  external  wound  must  be  opined  and  free  drainage 
afforded  by  fresh  dressings  inserted  every  half  hour. 
At  each  dressing  the  drinking  of  a  glass  of  sterili 
water  will  Hush  the  wound  by  escaping.  The  patient 
should  be  propped  up  in  bed  on  the  second  day  and 
should  be  gotten  out  into  a  chair  on  the  fourth  day. 

The  feeding  tube  can  usually  be  abandoned  and  the 
patient  can  be  permitted  to  swallow  liquid  foods  in 
small  sips  at  the  end  of  a  week  or  ten  days. 

Com-plications. — In  the  pre-aseptic  days  fatal 
septic  complications  were  common.  Notwithstanding 
the  impossibility  of  preventing  infection  of  the  wound 
from  pharyngeal  secretions,  modern  aseptic  surgery, 
with  frequent  dressings,  as  urged  by  the  author,   has 


Fig.  3648. — From  a  Photograph  of  a  Man  of  68  Years,  taken 
Nine  Months  after  Laryngectomy  for  Endothelioma  of  the  Larynx. 
The  trachea  was  stitched  to  the  skin  and  the  pharynx  closed. 
(Author's  case.     For  interior  view  of  pharynx  see  Fig.  3647.) 

made  postoperative  complications  exceedingly  rare. 
Sloughing  esophagitis,  vagitis,  or  septic  mediastinitis 
is  evidenced  by  profound  shock,  weak  and  rapid 
pulse,  slight  temperature  elevation,  profound  depres- 
sion, and  a  white  or  ashy  gray  complexion.  The 
treatment  is  by  stimulants  and  local  drainage  of 
necrotic  areas,  but  recovery  is  rare. 

Artificial  Larynx. — The  most  satisfactory  apparatus 
is  that  of  Sir  Robert  Woods,  and  next  in  efficiency  is 
that  of  Gltick.  Most  patients  abandon  the  use  of  a 
prothetic  apparatus  and  devote  themselves  to  the 
development  of  a  buccal  voice. 

Hemilaryngectomy. — If,  at  laryngofissure,  one 
ring  of  the  thyroid  cartilage  is  too  close  to  involved 
tissues  to  permit  adequate  removal  by  perichondrial 
dissection,  half  of  the  larynx  may  be  excised  with 
sharp  shears.  Or  if  preliminary  laryngoscopy,  direct 
and  indirect,  has  revealed  such  a  condition  before 
operation,  one  side  of  the  larynx  may  be  removed  by 
proceeding  as  in  laryngofissure  up  to  the  point  of 
exposing  the  interior  of  the  larynx,  then  the  excision 
of  the  wing  of  the  thyroid  on  the  involved  side  is 
completed  with  the  scissors.  The  advantage  of 
hemilaryngectomy  over  the  total  operation  is  that 
most  patients  are  able  to  breathe  through  the  mouth. 
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Against  this,  however,  must  be  placed  the  cases  in 
which  stenosis  occurs  from  collapse  of  the  soft  tissues 
on  the  operated  side,  and  also  the  much  greater  opera- 
tive risk  from  postoperative  suppuration  which  is 
much  more  copious  than  in  laryngofissure.  The  po 
operative  condition  after  laryngectomy  and  hemi- 
larvngectumy   is  shown  in   Fig.  3647. 

Chevalier  Jackson. 
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Laryngismus  Stridulus.-   Sec  ('rim/). 

Laryngitis. — Acute  Laryngitis. — Synonyms:  Acute 
laryngeal  catarrh,  pseudocroup,  laryngorrhea,  mucous 
laryngitis,  sore  throat.  This  is  an  acute  inflammation  of 
the  mucous  membrane  lining  the  larynx,  characterized 
by  a  moderate  degree  of  exudation,  with  or  without 
some  slight  febrile  disturbance  and  more  or  less  hem- 
ming or  coughing.  The  characteristics  of  the  diseasi 
in  children  differ  somewhat  from  those  of  the  adult. 
but  these  variations  are  not  sufficient  to  require  the 
separate  study  of  the  two  classes,  and  they  wiU  therefi  ire 
be  considered  here  under  a  common  title.  In  the 
adult  acute  laryngitis  seldom  threatens  life,  although 
the  dyspnea  and  loss  of  voice  are  often  unduly  alarm- 
ing to  the  patient.  In  childhood  the  disease  occurs 
in  three  different  forms,  the  mild,  the  severe,  and 
the  grave. 

Etiology. — The  most  common  predisposing  cause  is 
some  pathological  condition  of  the  nose  or  naso- 
pharynx, the  occasional  or  continued  mouth-breathing 
which  accompanies  these  inflammations  of  the  upper 
air  tract  rendering  the  larynx  sensitive  to  the  more 
immediate  causative  factors.  The  laryngeal  mucous 
membrane  in  these  cases  of  improper  breathing  is 
subjected  to  more  irritation  than  is  its  due  by  the  dry 
and  unfiltered  air  which  passes  over  it,  and  this  in- 
duces a  more  or  less  severe  chronic  inflammation  in 
this  locality;  and  the  various  exciting  causes  of  laryn- 
gitis then  find  a  ready  soil  in  the  existing  chronically 
inflamed  membrane.  The  long-continued  mouth- 
breathing  to  which  one  is  subjected  in  a  dentist's  chair 
is  a  not  uncommon  cause  of  laryngitis.  The  disease 
occurs  more  often  in  males  than  in  females,  and  more 
often  in  adult  life  than  in  childhood.  It  is  more  apt 
to  be  grave  in  children,  and  in  them  occurs  oftenest 
between  the  ages  of  two  and  four  years  and  with  equal 
frequency  in  the  children  of  either  sex.  Among  the 
immediate  causes  of  acute  laryngitis  are  exposure  to 
cold,  depressed  general  vitality,  inhalations  of  irritat- 
ing dust,  vapors,  steam,  or  gases ;  the  dust  from  our  mod- 
ern asphalted  streets,  the  vapors  of  chlorine,  iodine, 
ammonia,  or  sulphur,  and  the  excessive  use  of  alcohol 
are  exciting  causes.  Overtaxing  the  voice  by  public- 
speaking,  singing,  or  shouting  is  a  common  cause. 
Wetting  of  the  feet  may  be  rated  as  one  of  the  most 
frequent  causes.  Previous  attacks  make  the  patient 
more  liable  to  subsequent  ones.  Among  the  general 
causes  may  be  mentioned  rheumatism,  the  eruptive 
fevers,  influenza,  and  hay  fever.  The  introduction  of 
drugs  like  the  iodide  of  potassium  or  atropine  into  the 
general  economy  or  the  introduction  of  various 
irritating  drugs  locally  into  the  larynx  may  bring  on 
an  attack. 

Pathology. — The  pathology  is  similar  to  that  of 
inflammations  of  mucous  membranes  elsewhere,  there 
being  a  primary  hyperemia  with  scanty  secretion. 
the  dry  stage,  and  after  that  a  second,  or  moist  stagi . 
caused  by  the  pouring  out  of  serum  from  the  distended 
blood-vessels  and  t  he  increased  secretion  of  mucus  from 


the  glands.     The  desquamat  ion  of  epithelial   cell    and 
the  exudation,  of  leucocyfc  i   thi  whitish  color  and 

the  tenaciousness  to  the  secretion  of  the  lati 
While  there  maj  be  some  desquamat  ion  ol  epithelium, 
there  are  as  a  rule  no  deeper  destructive  changi 
swollen  membrane  encroaches  on  the  breathing  spat  i 
thus  interfering  to  some  degree  with  the  respiration, 
and  tin'  drj  feeling  of  the  early  stages  add-  to  the  dis- 
comfort. The  inflammation  may  be  general  or  eon- 
lined  to  certain  localities.  The  interarytenoid  com- 
missure shows  the  most  decided  changes  and  the 
ventricular  bands  or  aryepiglottic  folds  come  rj< 
These  areas  show  more  marked  changes  because  ol  t  he 
loose  attachment  of  the  mucous  membrane  to  the  sub- 
jacent tissue  in  these  regions,  and  also  of  the  fad 
that  the  unusual  mobility  of  the  commissure  favors 
desquamation  of  the  epithelial  cells.  The  submucous 
layers  are  not  often  affected,  the  inflammation  being 
more  commonly  confined  to  the  superficial  layers,  and 
so  too  the  supraglottic  region  is  more  often  affected 
than  fhc  subglottic — which  is  fortunate,  as  the  sub- 
glottic variety  is  accompanied  by  grave  symptoms. 
In  children  the  pathological  changes  are  exaggerated; 
the  exudation,  being  more  plastic,  becomes  almost 
pseudomembranous;  and,  owing  to  the  relatn  e  small- 
ness  of  the  breathing  space,  respiration  is  more  severly 
interfered  with,  this  resulting  in  stridor  and  spasms  of 
respiration,  which  add  to  the  gravity  of  these  cases. 
The  mucous  membrane  of  the  epiglottis  docs  nof 
rule  show  marked  inflammatory  change,  but  in  chicken- 
pox  yellowish  vesicles  may  appear  in  this  region,  while 
in  measles  and  rotheln  the  mucous  membrane  partakes 
of  the  cutaneous  characteristics.  Stoerck  described 
a  "fissura  mucosa"  of  the  interarytenoid  space  which 
occurs  when  there  is  an  erosion  in  this  region,  and  the 
writer  has  seen  at  least  two  cases  of  this  in  which 
there  was  marked  hemorrhage. 

Symptoms. — The  symptoms  are  somewhat  more 
aggravated  in  childhood  than  in  adult  life.  This  is 
owing  partly  to  the  narrowness  of  the  lumen  in  children, 
partly  to  the  excess  of  lymph  cells  in  their  mucous 
membranes,  and  partly  to  the  muscular  deficiency 
which  makes  it  more  difficult  for  them  to  throw  off  the 
tenacious  exudate.  In  the  adult  the  chief  complaint 
is  the  disturbance  in  vocalization,  the  voice  becoming 
hoarse  and  husky  or  even  completely  lost,  the  degrees 
of  loss  depending  upon  the  progress  of  the  disease. 
Some  tones  can  usually  be  elicited,  but  talking  is 
difficult  and  requires  a  manifest  effort.  This  is  owing 
to  the  thickening  and  congestion  of  the  mucous  mem- 
brane which  interferes  with  the  proper  approximation 
of  the  cords  and  with  their  resilience.  The  thickening 
of  the  arytenoid  commissure  and  of  the  subglottic 
mucous  membrane  especially  interferes  with  clear 
speech,  and  at  times  the  ventricular  bands  may  be- 
come so  swollen  as  to  lap  over  the  true  cords  and  add 
to  the  disturbance.  It  is  possible  that  the  loss  of 
nerve  tone  also  adds  to  the  difficulty  in  controlling  the 
muscles  of  speech,  and  at  times  too  there  seems  to  be  a 
psychical  element  in  the  exaggerated  speech  deficiency. 

Cough  is  an  occasional  symptom  of  acute  laryngitis. 
This  is  due  to  the  swelling  of  the  mucous  membrane 
and  the  excessive  secretion  in  the  later  stages,  but 
severe  coughing  usually  implies  an  extension  of  the 
disease  to  the  subglottic  region  or  to  the  trachea  or 
bronchi.  The  cough  is  apt  to  be  harsh,  metallic,  and 
irritating,  and  may  be  due  to  congestion  in  any  of  the 
four  cough  centers.  There  may  be  some  distress  in  the 
larynx  accompanying  attempts  to  speak  or  upon 
coughing,  but  this  is  not  marked  as  a  rule.  There  is 
not  apt  to  be  tenderness  or  pain  externally,  and  res- 
piration in  adults  is  little  interfered  with  except  when 
there  is  a  concurrent  edema  glottidis.  Expecto- 
ration is  scanty  and  serous  at  first,  later  becoming 
mucous  and  more  copious  and,  when  the  bronchi 
arc  involved,  mucopurulent  and  abundant.  The 
constitutional  symptoms  when  present  are  very 
mild    in   the   adult,   consisting   of  slight    fever  with 
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possibly     some     anorexia,    headache,    and    general 
malaise. 

In  children  the  supraglottic  variety  is  similar  to  the 
acute  laryngitis  of  adults,  but  the  subglottic  form  is 
more  serious.  The  first  marked  symptoms  are  nunc 
often  those  relating  to  respiration.  This  becomes 
spasmodic  and  there  may  even  be  attacks  i  if  suffocal  ion. 
These  suffocative  or  croupous  attacks  occur  more 
often  at  night  and  imply  subglottic  inflammation.  The 
first  night  attack  is  apt  to  be  the  most  severe,  and  al- 
though there  may  be  subsequent  attacks  on  three  or 
four  succeeding  nights,  each  is  apt  to  be  less  severe 
than  its  predecessor.  These  night  exacerbations  are 
brought  on  by  the  mouth-breathing.  In  the  sub- 
glottic form  cough  sets  in  earlier,  it  is  croupy  in  charac- 
ter and  is  probably  due  to  the  approximation  of  two 
opposite  portions  of  swollen  subglottic  mucous  mem- 
brane. The  cough  is  harsh,  dry,  and  husky,  even 
when  the  child  is  aphonic.  Children  subjected  to 
these  attacks  are  especially  apt  to  have  lymphatic 
enlargements  in  the  nasopharynx,  or  chronic  in- 
flammations of  the  nasal  mucous  membrane.  ( >ne 
attack  predisposes  to  another,  and  children  are  more 
apt  than  adults  to  have  febrile  disturbances. 

Diagnosis. — The  diagnosis  is  made  from  alterations 
in  the  voice,  from  the  fact  that  the  cough,  if  present,  is 
dry,  and  not  accompanied  by  secretion  as  in  bronchitis, 
and  from  the  absence  of  the  constitutional  symptoms 
present  in  syphilis,  tuberculosis,  etc.  The  most  im- 
portant aid  to  diagnosis,  however,  is  the  laryngeal 
image,  by  means  of  which  laryngitis  symptomatic  of 
the  more  severe  constitutional  disturbances  may  be 
recognized  or  eliminated.  This  image  can  usually  be 
obtained  even  in  children.  The  writer  has  at  times 
been  enabled,  in  a  child,  to  get  a  good  laryngeal  image 
with  the  largest  size  mirror,  one  inch  and  a  half  in 
diameter,  when  smaller  sizes  had  failed.  The  laryn- 
goscope reveals  a  generally  red  and  congested  mucous 
membrane,  and  this  appearance  is  more  marked  in 
localities  where  the  mucous  membrane  is  loosely  at- 
tached. The  cords  vary  in  color,  they  appear  slightly 
thickened,  and  somewhat  sluggish  in  their  move- 
ments. The  color  of  the  mucous  membrane  varies 
from  a  delicate  pink  to  a  brick  red,  or  a  beefy  color. 
The  vocal  cords  may  be  pink  or  may  show  blood- 
vessels running  over  the  elastic  tissue  or  may  be  ecchy- 
motic  and  show  bleeding  spots  from  the  rupture  of  the 
capillaries  due  to  coughing.  This  latter  form  is  the  so- 
cailed  "hemorrhagic  laryngitis."  If  the  interaryten- 
oid  desquamation  has  been  excessive  a  slit  like  a  knife- 
cut  may  show  in  the  median  line,  and  this  is  apt  to  be 
found  in  cases  of  severe  bleeding  like  the  two  referred 
to  above.  The  fact  that  the  vocal  cords  of  public 
speakers  are  often  habitually  red  must  not  be  over- 
looked in  making  this  diagnosis.  There  may  at  times 
be  local  desquamations  in  patches  scattered  irregularly 
over  the  surface  of  the  mucous  membrane.  The 
changes  in  the  interarytenoid  space  are  usually  the 
most  marked.  It  is  here  that  desquamation  is  more 
apt  to  be  seen,  and  this  region  may  in  the  later  stages 
be  covered  by  a  tenacious  mucus.  In  the  subglottic 
variety  the  bulging  subglottic  mucous  membrane  may 
be  plainly  seen  when  the  cords  are  abducted. 

Differential  Diagnosis. — From  a  study  of  the  above- 
mentioned  subjective  and  objective  symptoms  the 
diagnosis  should  easily  be  made.  The  possibility  of 
diphtheria,  measles,  scarlet  fever,  or  the  more  rare 
eruptive  fevers,  should  be  borne  in  mind.  In  the 
adult  the  diagnosis  should  be  easy. 

The  prognosis  is  good  as  to  recovery.  The  disease  is 
never  fatal  in  adults  and  rarely  so  in  children,  but  if 
neglected  it  may  become  chronic  or  may  lead  to 
tracheitis  or  bronchitis. 

Treatment. — In  the  early  acute  stages  topical  appli- 
cations must  be  used  with  great  care.  Catharsis  may 
be  promoted  by  the  mild  chloride  of  mercury  in  half- 
grain  doses  combined  with  three  grains  of  bicarbonate 
of  sodium;  this  is  to  be  repeated  every  two  hours  until 


it  acts.  The  old  "  cold  "  remedie  ,quinim  andDover's 
powder,  may  be  tried,  together  with  a  hot  foot  bath 
with   Mr  with,, ui,  mustard.     A   pleasanter  and  often 

more  efficient  remedy    is  aconite   or  aconitine   in    full 

phj   iological  doses. 

Local  treatment  consists  in  thorough  though  gentle 
cleansing  of  the  mucous  membrane  of  the  upper  respira- 
tory tract  followed  by  the  application  of  sedative  and 
astringeni  medicines.  The  nose  and  nasopharynx 
should  be  thoroughly  cleansed  by  means  of  an  alka- 
line antiseptic  spray  such  as:  1$  Acidi  borici,  gr.  v.jsodii 
bicarb.,  gr.  x.;  listerine,  II.  3  vi.;  aquae  destillat.,  fl.  ?, 
vi. ;  or  a  solution  of  Seller's  tablets;  or  diluted  Dobell's 
solution  may  be  used  for  this  purpose.  This  should 
be  gently  blown  out,  care  being  taken  to  allow  the 
nostril  to  be  entirely  free  from  external  pressure  during 
the  blowing  process.  If  the  nasal  mucous, membrane 
is  turgescent,  a  second  spray  should  be  used,  something 
like  the  following:  Cocaine  hydrochlorate,  gr.  iiss.; 
acidi  borici,  gr.  v. ;  aquas  destillat,  fl.  5  i.  Just  enough 
of  this  solution  should  be  used  to  cover  the  turbinates 
and  not  enough  to  pass  into  the  throat.  This  should 
be  allowed  to  rest  undisturbed  for  five  minutes,  after 
which  a  watery  solution  of  suprarenal  powder  (gr. 
x.-gi.)  should  be  gently  applied  to  the  turbinates 
either  with  a  cotton-tipped  probe  or  in  spray.  The 
solution  of  suprarenal  powder  will  decompose  in  a  few 
hours,  unless  it  be  made  more  last  ing  by  an  addition  of 
one-per-cent.  resorcin  or  of  some  other  preservative. 
An  astringent  and  sedative  solution,  such  as  the  follow- 
ing, may  now  be  sprayed  into  the  pharynx  and  in- 
spired into  the  larynx:  R  01.  gaultheriae,  gtt.  iv.;  zinci 
sulph.,  or  the  larynx  and  nasopharynx  may  be  painted 
with  argyrol  twenty-five  per  cent.,  gr.  v.;  antipyrin, 
gr.  xx.;  aquae  destillatre,  fl.  5  ij.  A  small  quantity  of  the 
powdered  mild  chloride  of  mercury  barely  sufficient  to 
give  them  a  grayish  hue,  may  be  insufflated  over  the 
turbinates,  and  finally  the  nares  may  be  sprayed  with 
an  oily  solution  of  R  Menthol  gr.  v.,  camphorse  gr.  viii., 
liq.  petrolat.,  fl.  gi. 

After  the  mucous  membrane  has  lost  the  extreme 
sensitiveness  of  the  early  stages  a  watery  solution  of 
sulphate  of.  zinc,  one  to  two  per  cent.,  may  be  gently 
applied  to  the  laryngeal  mucous  membrane  on  a  curved 
cotton-tipped  probe.  The  above  local  treatment  is 
usually  all  that  is  necessary  in  these  cases  and  should 
of  course  be  carried  out  by  the  physician  himself. 
For  home  use  the  compound  zinc  solution  above  men- 
tioned may  be  of  service.  It  may  be  assisted  by  the 
inhalation  of  steam,  which  may  be  medicated  by  a  so- 
lution such  as  the  following:  R  Menthol,  gr.  xv.;  ol. 
eucalyptol,  5  ij.;  terebene,  fl.  5  iij - ;  tr.  benzoin,  comp., 
fl.  §  iij.,  a  teaspoonful  of  which  may  be  added  to  a  pint 
of  boiling  water.  For  the  purpose  of  these  steam  in- 
halations a  tin  cup,  spirit  lamp,  and  paper  cone  are  all 
that  is  necessary.  The  patient  should  not  be  allowed 
to  expose  himself  to  cold  air  for  from  half  an  hour  to  an 
hour  after  the  use  of  steam  inhalations. 

The  ice  pack  or  Leiter's  coil  sometimes  aids  in  allay- 
ing symptoms  in  the  subglottic  variety  of  acute  laryn- 
gitis. Applications  by  the  probe  may  be  carried  be- 
tween the  vocal  cords  into  the  subglottic  region.  These 
applications  may  be  used  to  promote  emesis  in  the 
croups  of  children  and  are  superior  for  this  purpose  to 
the  old-fashioned  ipecac  and  mustard  given  internally, 
as  they  give  the  desired  local  effect  without  the  con- 
stitutional after-disturbances. 

Many  methods  have  been  suggested  to  clear  the 
throat  hastily  of  one  who  must  use  the  voice  in  public. 
None  of  them,  however,  is  infallible,  and  all  of  them 
are  to  be  discouraged  as  far  as  possible.  Rest  of  the 
voice  and  body  in  a  room  heated  to  a  temperature  of 
about  70°  F.  is  among  the  best  remedies  for  this.  The 
air  should  be  properly  renewed  and  kept  moist.  The 
patient  should  drink  freely  of  non-aerated  water.  The 
emunctories  should  be  properly  cared  for,  and  alcohol 
and  tobacco  should  be  interdicted.  The  local  treat- 
ment outlined  above  should  be  carried  out.     At  times 
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the  desired  effect  may  be  more  quickly  attained  by  the 
use  of  aconite  or  aconitine  to  the  physiological  limit, 
and  by  the  application  of  the  galvanic  current  to  the 
external  aspect  of  the  larynx.  Adrenalin  chloride  in 
weak  solutions  sprayed  into  the  pharynx  and  inhaled  . 
into  the  larynx  will  temporarily  clear  the  voice. 

The  supraglottic  form  of  acute  laryngitis  in  children 
is  usually  trivial,  and  a  mild  spray  such  as  the  com- 
pound listerine  mentioned  above  may  be  used  in  the 
nose  and  throat.  The  Politzer  bag  may  be  applied 
to  one  nostril  and  compressed  while  the  other  is  al- 
lowed to  remain  unobstructed;  this  forces  the  secre- 
tions from  the  nose  and  nasopharynx  through  the  un- 
obstructed nostril,  then  a  large  soft  wad  of  cotton  on 
the  applicator  may  be  soaked  with  a  one-  to  two-per- 
cent, solution  of  sulphate  of  zinc  and  pressed  against 
the  pharyngeal  wall;  the  zinc  thus  diffusing  itself  will 
have  the  desired  effect  of  clearing  the  throat  of  excessive 
secretion,  or  argyrol  in  twenty-five  per  cent,  aqueous 
solution  may  be  applied  to  the  nose,  nasopharynx,  and 
larynx  after  drainage  of  the  ethmoid  cells  has  been 
facilitated  by  shrinking  the  membrane  with  adrenalin 
and  cocaine  solutions.  The  child  should  be  kept  in  a 
room  the  temperature  of  which  is  maintained  at  70° 
F.  and  the  air  of  which  is  kept  moist  by  the  crimp 
kettle,  slacking  lime ,  or  some  similar  device.  Applica- 
tions of  camphor  and  oil  of  amber,  or  simply  of  suet, 
made  locally  over  the  bridge  of  the  nose  and  the 
laryngeal  region  will  sometimes  be  of  assistance  in 
these  cases. 

In  the  more  serious  subglottic  variety  of  acute  laryn- 
gitis, or  pseudocroup,  in  children,  more  active  meas- 
ures are  at  times  necessary.  The  routine  treatment 
suggested  above  may  be  preceded  by  a  general  hot 
bath  to  which  a  small  amount  of  mustard  has  been 
added.  It  may  be  necessary  to  pass  the  curved  cotton- 
tipped  probe  into  the  larynx,  emesis  being  brought 
about  in  this  way.  Hot  water  may  be  applied  freely 
to  the  external  throat  by  sponge  or  cloths.  It  must 
be  borne  in  mind  that  these  so-called  croupy  children 
have  some  defect  of  the  nose  or  nasopharynx,  and 
these  defects  should  be  corrected  in  the  intervals  be- 
tween the  attacks.  As  an  adjuvant  to  the  above  a 
spray  of  suprarenal  solution,  gr.  x.-g  i-,  may  be  used 
in  the  croupous  child  every  two  or  three  hours. 
Hydrargyrum  cum  creta,  or  calomel  and  soda,  when 
administered  internally,  aids  materially  in  reducing 
the  quantity  of  exudate.  Tincture  of  chloride  of 
iron  and  glycerin  may  be  substituted  for  the  zinc 
solution  used  above.  In  the  more  severe  cases  tracheo- 
tomy or  intubation  may  be  necessary;  intratracheal 
injections  of  menthol-creosote  and  liq.  petrolei  may  at 
times  be  of  use  in  these  cases  of  the  subglottic  variety. 
The  possibility  of  Klebs-Loffler  infection  must  be  borne 
in  mind  and  antitoxin  promptly  administered  in 
positive  or  doubtful  eases. 

Edematous  Laryngitis  and  Phlegmonous  Laryn- 
gitis.— Synonyms:  Edema  glottidis;  edema  of  the 
larynx,  acute  phlegmonous  laryngitis,  laryngeal  cellu- 
litis, purulent  or  suppurative  laryngitis.  Edematous 
laryngitis  is  an  acute  inflammation  of  the  laryngeal  mu- 
cous membrane,  which  is  characterized  by  serous  in- 
filtration into  the  areolar  tissue  of  the  mucous  mem- 
brane. It  is  at  times  idiopathic,  or  it  may  have  a  local 
cause,  or  it  may  be  secondary  to  some  general  disease. 
In  infected  cases  there  may  be  pus  formation  resulting 
in  the  so-called  phlegmonous  laryngitis,  the  suppura- 
tion in  these  cases  being  unilateral  as  a  rule.  Edema 
is  accompanied  by  the  usual  symptoms  of  distress 
caused  by  difficult  breathing,  and  there  may  be  some 
febrile  disturbances.  This  disease  occurs  more  often 
in  the  acute  form,  though  it  may  at  times  become 
chronic. 

Etiology. — Any  disease  which  causes  dropsy  or 
anasarca  in  other  parts  of  the  body  may  cause  an 
edema  of  the  larynx.  It  has  been  said  to  occur  idio- 
pathically,  but  this  form  is  probably  the  angioneurotic 
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variety  of  Osier  and  others.  Disease  of  the  kidneys  is 
one  of  the  most  common  causes,  since  it  is  prone  to 
bring  about  a  venous  turgescence  in  this  region  as 
well  as  elsewhere.  Diseases  of  the  heart,  lungs,  or 
liver  which  cause  excess  of  venous  pressure  or  dam- 
ming back  of  the  blood  in  the  veins  and  consequent 
oozing  of  scrum  into  the  areolar  tissue,  may  also 
bring  about  this  laryngeal  complication.  External 
traumatisms,   or   foreign    bodies   in   the   larynx  or    the 

neighboring  esophagus,  or  the  inhalation  of  irritating 
gases,  vapors,  or  fluids  are  at  times  causes.  The 
edema  may  be  secondary  to  tuberculosis,  syphilis, 
scarlet  fever,  diphtheria,  typhus  or  typhoid  fever, 
smallpox,  or  streptococcal  infections.  In  the  phleg- 
monous variety  some  septic  condition  is  likely  to  be 


Via  :it>49. — General  Edema  of  the  Larynx.      (Browne.) 

the  cause,  such  as  erysipelas,  tonsillitis,  or  pericervical 
inflammation.  The  angioneurotic  edema  is  probably 
caused  by  vasomotor  paresis  due  to  a  general 
neurotic  condition. 
Pathology. — There  is  a  primary  engorgement  of  the 
vessels  and  later  a  consequent  leakage  of  serum  into 
the  perivascular  areolar  tissue;  rarely  this  fluid  is 
sanguineous.  This  leakage  is  naturally  greater  in  the 
localities  where  the  tissue  is  loosest,  so  that  the  most 
marked  swellings  are  in  the  ventricular  bands  and  the 
posterior  surface  of  the  epiglottis  and  to  a  lesser 
degree  in  the  interarytenoid  commissure.  The 
epiglottis  is  nearly  always  involved,  while  the  vocal 
cords  are  not  often  affected,  nor  is  the  subglottic  region 


Subglottic  Edema.     (Browne  ) 


as  a  rule.  In  the  phlegmonous  variety  the  exuded 
serum  undergoes  purulent  change  and  an  abscess  is 
formed;  and  while,  in  the  ordinary  variety,  the  swell- 
ing is  symmetrical,  in  these  cases  it  is  usually  uni- 
lateral (Fig.  3650).  At  times  the  surrounding  cervical 
tissues  may  become  infiltrated  with  serum. 

Symptoms. — The  prominent  symptoms  are  the 
dyspnea,  the  impairment  of  the  voice,  the  cough,  and 
at  t  imes  orthopnea.  The  dyspnea  comes  on  suddenly 
as  a  rule,  reaching  its  height  in  about  thirty-six  hours 
from  its  onset,  "inspiration  in  the  severe  forms  is 
more  difficult  than  expiration,  owing  to  the  rolling  in 
of  the  swollen  mucous  covering  of  the  ventricular 
bands  and  epiglottis.  The  voice  becomes  deep  and 
may  lain-  be  lost  entirely.     The  cough  is  very  wheezy 
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and  labored,  brings  no  relief  from  the  symptoms,  and 
is  accompanied  by  but  little  expectoration.  Pain  is 
not  usually  present,  although  it  may  be  experienced 
on  swallowing  or  when  the  cervical  tissues  become 
infiltrated.  As  in  other  diseases  which  obstruct  the 
breathing,  the  patient  wears  an  anxious  look,  is  usually 
restless,  and  is  more  comfortable  in  the  silling  pos- 
ture than  when  lying  down.  In  the  phlegmonous 
variety  there  is  apt  to  be  fever  or  even  a  chill.  The 
laryngoscope  reveals  a  swollen  mucous  membrane, 
smooth,  glassy,  and  semitranslucent,  not  unlike  the 
appearance  of  a  myxomatous  polyp.  There  are  usu- 
ally three  prominent  projecting  folds  formed  by  the 
epiglottis  and  the  two  aryepiglottic  folds.  Between 
these  three  folds  is  a  triangular  opening  in  which  it 
is  at  times  possible  to  see  the  true  cords  and  the  in- 
terarytenoid  commissure.  When  the  use  of  (he 
laryngoscope  is  impracticable,  which  is  rare,  a  digital 
examination  may  be  necessary  to  disclose  the  true 
condition. 

The  diagnosis  is  made  from  the  above  symptoms 
and  signs. 

Treatment. — The  local  symptoms  should  be  relieved 
by  scarifications  which  may  be  made  with  the  laryn- 
geal scarifier  (Fig.  3651)  or  with  an  ordinary  curved 
bistoury  protected  close  to  the  point  with  a  wrapping 
of  adhesive  plaster.  A  solution  of  suprarenal  powder, 
sulphate  of  zinc,  or  nitrate  of  silver  may  be  applied  to 
the  swollen  mucous  membrane.  External  applications 
of  cold  by  means  of  the  ice  pack  or  Leiter's  coil,  may 
be  of  service.     Free  diuresis,  catharsis,  and  diaphoresis 


Fig.  3651. — Gurdon  Buck's  Scarificator  for  Edema  Glottidis 


should  be  promoted.  For  the  latter  purpose  pilo- 
carpine may  be  administered.  The  underlying 
constitutional  symptoms  should  be  treated  according 
to  the  general  principles  laid  down  in  each  case.  In  a 
case  recently  seen  by  the  writer  prompt  relief  of  the 
laryngeal  condition  followed  artificial  premature  labor 
which  was  induced  for  the  relief  of  the  kidney  symp- 
toms. It  may  at  times  be  necessary  to  resort  to 
tracheotomy  or  intubation  to  save  life.  In  these  cases 
the  former  is  usually  to  be  preferred,  as  the  relief  is 
more  rapid  and  is  usually  brought  about  with  less 
inconvenience  to  the  sufferer. 

Chronic  Laryngitis. — This  is  an  inflammation  of  the 
laryngeal   mucous  membrane,   of    long  standing  and 

•  The  author's  description  of  the  procedure  is  quoted  here  in  full: 
"  The  patient  being  seated  on  a  chair,  with  his  head  thrown  back 
and  supported  by  an  assistant,  he  is  directed  to  keep  his  mouth  as 
wide  open  as  possible;  and  if  there  be  any  difficulty  in  this  respect 
a  piece  of  wood  an  inch  and  a  fourth  in  width  and  half  an  inch  in 
thickness,  is  to  be  placed  edgewise  between  the  molar  teeth  of  the 
left  side.  The  forefinger  of  the  left  hand  is  then  to  be  introduced  at 
the  right  angle  of  the  mouth,  and  passed  down  over  the  tongue  till  it 
encounters  the  epiglottis.  But  little  difficulty  is  generally  experi- 
enced in  carrying  the  end  of  the  finger  above  and  behind  the  epi- 
glottis so  as  to  overlap  it  and  press  it  forward  toward  the  base  of 
the  tongue.  In  some  individuals  the  finger  may  be  made  to  overlap 
the  epiglottis  to  the  extent  of  three-fourths  of  an  inch.  Thus 
placed,  the  finger  serves  as  a  sure  guide  to  the  instrument.  The 
knife  is  then  to  be  conducted,  with  its  concavity  directed  down- 
ward, along  the  finger  till  its  point  reaches  the  finger-nail.  By 
elevating  the  handle  so  as  to  depress  the  blade  an  inch  to  an  inch 
and  a  half  farther,  the  cutting  extremity  is  placed  in  the  glottis 
between  its  edges;  at  this  stage  of  the  operation  the  knife  is  to  be 
slightly  rotated  to  one  side  and  the  other,  giving  it  a  cutting  motion 
in  the  act  of  withdrawing  it.  This  may  be  repeated  two  or  three 
times  on  either  side  without  removing  the  finger.  The  margin  of 
the  epiglottis,  and  the  swelling  between  it  and  the  base  of  the 
tongue,  may  be  scarified  still  more  easily  with  the  same  instrument, 
or  scissors,  curved  flatwise,  may  be  employed  for  these  parts, 
guided  in  the  same  manner  as  the  knife." 


gradual  development,  characterized  by  hemming, 
hoarseness,  and  cough.     H  occurs  more  frequently  in 

middle  age,  and  men  an-  more  prone  to  suffer  from  it 
than  are  women.  It  frequently  follows  inflammation 
of  the  nose  and  nasopharynx,  and  is  often  present 
in  chronic  conditions,  such  as  tuberculosis  or  syphilis. 
Nevertheless,  when  present  in  tuberculosis  or  syphilis 
the  laryngitis  need  not  necessarily  be  tuberculous  or 
syphilitic,  but  may  be  of  the  chronic  catarrhal  variety 
intercurrent  with  the  systemic  malady,  and  in  such 
cases  often  yields  to  the  usual  treatment  outlined  for 
chronic  catarrhal  laryngitis. 

ElinliHjt/. — Chronic  laryngitis  may  be  a  sequel  of  the 
acute  form,  or  may  be  an  extension  from  Hie  pharynx. 
The  most  common  causes  are  (he  chronic  obstructive 
lesions  of  the  nose  and  nasopharynx.  Posterior 
ethmoiditis  is  a  frequent  cause.  An  elongated  uvula 
is  often  cited  as  a  cause,  but  as  the  elongation  it -elf  is 

usually   caused   by   a  postnasal  lesi I  ;*  prolonged 

cough^  it  is  really  included  under  the  nasal  causes. 
Papilloma  of  the  uvula  is  a  rare  cause.  Cryptic, 
caseous  faucial  tonsils,  or  those  containing  pus  pockets, 
sometimes  induce  this  laryngeal  condition. 

( 'hronic  laryngitis  may  be  vocal  ional,  as  when  caused 
by  irritating  vapors  or  dust,  or  sudden  changes  in 
temperature,  as  in  those  employed  in  ice-houses  and 
cold  storage  rooms.  The  excessive  use  of  alcohol 
may  cause  laryngeal  inflammation,  and,  to  a  lesser 
degree,  the  use  of  tobacco,  although  the  latter  must 
be  only  a  contributing  factor,  as  the  excessive  smoker 
in  the  tropics  rarely  suffers  from  chronic  catarrhal 
laryngitis.  It  probably  only 
lowers  the  resistance  of  the 
laryngeal  mucous  membrane 
to  the  attack  of  other  causa- 
tive factors,  by  its  depress- 
ing influence  upon  the  cen- 
tral nervous  system.  The  ex- 
cessive use  of  tobacco  may  de- 
lay a  cure,  however. 
A  not  uncommon  cause  of  chronic  laryngitis  is  the 
improper  use  of  the  voice,  especially  in  singers  and 
public  speakers. 

Irritating  foreign  substances  in  the  external  audi- 
tory canals  occasionally  give  rise  to  cough  from  the 
communication  between  the  postauricular  and  the 
auricular  branches  of  the  vagus,  and  thus  cause 
chronic  inflammation  of  the  larynx. 

Among  the  constitutional  diseases  accompanied  by 
chronic  laryngitis  are,  tuberculosis,  syphilis,  gout, 
rheumatism,  nephritis,  carcinoma,  and  abnormalities 
of  digestion. 

Pathology. — There  is  a  small  round-cell  infiltration, 
and  a  proliferatoin  of  connective  tissue,  which  may 
pervade  the  entire  mucous  membrane,  or  may  occur 
only  in  certain  portions  of  the  larynx.  The  round- 
cell  infiltration  may  be  seen  in  all  layers  of  the  mucous 
membrane.  At  times  the  hyperplasia  of  the  epithelial 
layers  gives  rise  to  warty  growths  or  pachydermia. 
These  tissue  charges  give  rise  to  different  macroscopic 
appearances  of  the  larynx,  depending  upon  the 
particular  portion  of  the  larynx  in  which  the  changes 
have  been  most  extensive.  Thus  the  surface  of  the 
vocal  cords  may  present  a  lumpy  or  tuberous  appear- 
ance (chorditis  tuberosa,  or  trachoma).  Or  there  may 
be  nodular  enlargements  on  the  edges  of  the  vocal  cords, 
generally  at  the  junction  of  the  anterior  with  the 
middle  third  (singers'  nodes).  Or,  there  may  be 
polyp  formation.  At  times  there  is  a  distinct  sub- 
glottic hypertrophy.  There  is  usually  marked  rough- 
ening and  thickening  of  the  interarytenoid  space, 
w  it  It  desquamations  and  erosions  in  this  region,  even 
without  the  presence  of  syphilis  or  tuberculosis. 
When  the  muscles  become  affected,  either  from  the 
thickened  fibrous  tissue,  or  from  intrinsic  involvement, 
there  is  paresis  or  paralysis.  The  secretion  may  be 
excessive  and  purulent  (chronic  blenorrhea),  or  it  may 
become  dried  into  crusts  or  scabs   (laryngitis  sicca, 
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or  dry  catarrh).  The  secretions  may  be  intrinsically 
formed  in  the  larynx,  or  may  come  from  the  trachea 
or  the  pharynx  and  nasopharynx.  When  the  secre- 
tions are  very  profuse  an  accompanying  bronchitis 
ii]j\  be  suspected.  The  above  changes,  ami  the 
macroscopic  appearances  described  under  Diagno 
are  all  due  to  different  arrangements  of  the  round 
cells,  or  the  fibrous  tissue  hyperplasias;  that  is,  the]  are 
only  different  manifestations  of  the  same  pathological 
process. 

Symptoms. — The  most  common  symptoms  are  a 
"feeling  of  fulness,"  an  irritating  tickling  cough,  or 
constant  hemming  and  clearing  of  the  throat,  ac- 
companied at  tunes  by  a  burning  or  dryness  in  the 
larynx,  and,  finally,  alterations  in  the  voice,  or  hoarse- 
ness. There  may  be  a  sense  of  fatigue  in  the  larynx, 
and  at  times  a  general  fatigue  out  of  proportion  1  o  t  lie 
importance  of  the  disease.  The  voice  alterations  are 
due  to  scantiness  of  secretion,  scabs,  excess  of  se- 
cretion, pathological  changes  in  the  vocal  cords, 
muscular  insufficiency,  or  to  interarytenoid  fibroid 
thickening,  preventing  the  proper  approximation  of 
the  cords. 

Diagnosis. — The  diagnosis  is  made  partly  from  the 
symptoms,  but  more  especially  from  the  laryngeal 
image,  always  bearing  in  mind  the  widely  differing 
appearances  of  normal  larynges. 


Fig.  3652. — Singers'  Nodes.     (From  a  photograph  by  Dr.  T.  R. 
French,  of  Brooklyn,  N.  Y.) 

The  laryngeal  mirror  reveals  more  or  less  redness 
of  the  lining  mucous  membrane.  There  may,  or 
may  not,  be  an  excess  of  mucus.  When  present,  the 
mucus  is  more  evident  over  the  posterior  commissure, 
or,  in  the  atrophic  form  (laryngitis  sicca),  the  mucus 
clings  tenaciously  in  dry  cakes  over  the  posterior 
commissure  of  the  vocal  cords,  or  in  the  subglottic 
space.  The  removal  of  the  scabs  may  be  accompanied 
by  slight  bleeding  (hemorrhagic  laryngitis).  The 
posterior  laryngeal  wall  or  interarytenoid  space 
usually  shows  some  thickening,  and  at  times  the  thick- 
ening projects  into  a  distinct  ridge  or  lump,  which  is 
flattened  during  inspiration,  but  which  impedes  the 
approximation  of  the  vocal  cords,  and  adds  to  the 
hoarseness.  At  times  (rarely)  there  are  present 
slit-like,  vertical  grooves  or  fissures  in  the  interary- 
tenoid thickenings,  and  from  these  there  is  occasion- 
ally rather  free  bleeding,  giving  rise  to  unnecessarily- 
bad  prognoses  on  the  part  of  the  internist  or  special- 
ist unfamiliar  with  this  form  of  bleeding.  These 
roughened  interarytenoid  spaces  also  sometimes  show 
desquamations  or  erosions,  even  in  simple  catarrhal 
laryngitis.  At  times  either  one  or  both  edges  of  the 
vocal  cords  are  serrated.  Occasionally,  and  especially 
in  singers  or  those  who  use  the  voice  excessively,  who 
have  overstrained  their  voices,  small  nodulesare  seen 
on  one  or  both  vocal  cords,  at  the  junction  of  the 
anterior  and  middle  third  of  the  cord  (Fig.  3652) 
a  condition  known  as  "singers'  nodes,"  choriditis 
nodosa,  vocal  nodules,  trachoma,  or  chorditis  tuberosa. 
These  nodes  are  occasionally  found  in  children  who 
have  strained  their  vocal  cords  by  improper  use.     In 
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such  cases  they  cause  hoarseness,  but  do  no  other 
harm.  Indeed,  these  singers' nodes  may  occasionally 
befound  withoul  other  evidence  of  chronic  laryngitis. 
At  times  there  is  a  grayish  thickened  plate  pos- 
teriorly on  one  vocal  cord,  which  laps  over  and  rests 
on  a  small  depression  on  the  other  thickened  vocal 
cord  (paehydermic  laryngitis).  These  pachydermat- 
ous warty  nodes  may  appear  eroded  and  fissured. 
Another  rather  rare  appearance  is  thai  ol  the  hyper- 
plastically  thickened  mucous  membrane  projecting 
into  the  laryngeal  "  lumen,  and  presenting  the 
appearance   of   a    "prolapse   of   the   ventri' 

In  the  subglottic  variety  of  chronic  laryngitis  the 
inferior  surface  of  the  vocal  cords  is  thickened  into 
pads  which  project  into  the  lumen  beyond  the  elastic 
cord  edges. 

The  differential  diagnosis  must  be  made  between 
chronic  catarrhal  laryngitis  and  tuberculosis,  syphilis, 
or  carcinoma;  and  the  possibility  of  the  simple  chronic 
catarrhal  process  coexisting  with  a  general  tuber- 
culous or  syphilitic  condition,  must  be  borne  in  mind. 

A  pale  mucous  membrane,  with  -  paresthesia?  or 
ulcerations  below  or  behind  thickened  elevations, 
seen  in  the  laryngeal  mirror  or  through  the  laryngo- 
scopy tube,  suggests  tuberculosis.  Here,  the  lungs, 
sputum,  and  urine  should  be  examined  for  confirma- 
tory evidence,  and,  if  negative,  the  course  of  the 
disease  carefully  observed,  when,  if  the  laryngitis  is 
slow  to  respond  to  treatment,  tuberculosis  may  still 
be  suspected.  Paralysis  of  the  vocal  cords  is  not 
significant  of  tuberculosis. 

Syphilitic  laryngitis  is  rarely  primary.     The   ery- 
thema of  the  laryngeal  mucous  membrane  is    more 
dusky        red, 
edematous  at 
times,     while 
the      infiltra- 
tions,   papules,    gummata, 
ulcerations,    stenoses,    and 
cicatricial    changes    of  the 
later     stages     of    syphilitic 
laryngitis  are  unmistakable. 
Apart  from  this  the  Wasser- 
mann  test,  and  the  recogni- 
tion of  the  Spirochala  pal- 
lida establish  the  diagnosis 
of  syphilis. 

The  differentiation  be- 
tween carcinoma  and  pachy- 
dermia may  be  difficult. 
Here  the  course  of  the 
disease  is  an  important  as- 
sistance, and,  if  a  sufficiently 
large  mass  could  be  re- 
moved for  microscopic  ex- 
amination, this  procedure 
might  be  admissible  and 
might  clear  the  diagnosis, 
though  as  a  rule  I  doubt 
its  efficiency.  Carcinoma 
never  occurs  in  the  vocal 
processes  while  they  are  the 
favorite  seat  of  pachyder- 
mia. 

Prognosis,  as  to  life,  is 
excellent;  as  to  cure,  with 
occasional  more  or  less  pro- 
longed relapses,  it  is  good, 
muscular  deficiency,  or  pachydermia,  the  prognosis  as 
to  permanent  relief  is  not  so  good.  As  to  the  con- 
tinued usefulness  of  the  voice  in  singers,  actors,  and 
other  voice-users,  the  prognosis  need  not  necessarily 
be  bad,  even  when  severe  lesions  are  present,  as  the 
most  ragged,  hypertrophied,  and  inflamed-looking 
throats  will  sometimes  emit  fine,  or  at  least  unobjec- 
tionable, and  lucrative  tones  for  years. 

Treatment  consists  in  regulation  of  hygiene  and 
diet,   and  general    supervision  of  emunctories   is  of 


Fig.  3653. — Ruault's  Cutting 
Laryngeal  Forceps. 

Where  there  is  marked 
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course  important.  Kxcossive  eating,  or  under- 
eating;  excessive  use  of  alcohol  or  tobacco,  must  be 
guarded  against.  The  term  "excess"  however,  is 
distinctly  relative  and  varies  with  the  individual. 
Climate  or  water  cures  may,  at  times,  be  serviceable. 
Exposure  to  cold  and  wet,  wet  feet,  and  dustj  or 
irritating  fume-laden  atmospheres,  are  to  be  avoided 
Carbonated  wines  or  waters  seem  to  irritate  in  many 
cases.  The  proper  use  of  the  voice,  avoiding  strain 
of  the  intrinsic  laryngeal  muscles,  is  important.  The 
nasal  and  pharyngeal  tracts  should  be  made  as  nearly 
normal  as  possible,  and  freed  of  all  elements  irritating 
to  the  larynx.  The  nose  should  be  opened,  and  the 
sinuses  and  ethmoids  properly  drained  and  aerated. 
The  nasopharynx  and  pharynx  should  be  cleared, 
always  bearing  in  mind  that  operations  may  work 
harm  in  a  given  case,  and  remembering  that  singers, 
lecturers,  and  others  dependent  upon  their  voices, 
often  have  learned  to  use  their  voices  with  the  exist- 
ing pathological  conditions,  and  a  radical  operative 
change  might  disturb  the  accustomed  equilibrium. 


Fia.  3654. — Scheinmann's  Cutting  Laryngeal  Forceps. 

The  checking  of  a  posterior  ethmoiditis  is  often  the 
most  important  step  in  the  treatment,  and  it  should 
be  followed,  or  accompanied  by,  local  applications 
into  the  larynx.  Such  intralaryngeal  medication  in- 
cludes the  mineral  astringents,  but  in  the  dry  form 
of  laryngitis  inhalations  are  first  used  to  loosen  the 
scabs,'  and  the  astringents  are  applied  to  the  cleansed 
surface  of  the  larynx  later.  An  aqueous  solution  of 
zinc  sulphate  one  to  two  per  cent.,  zinc  chloride  in 
weaker  solutions,  and  argyrol,  twenty-five  to  fifty  per 
cent,  are  indicated.  Or,  the  old  iodine  gr.  vii.,  potas- 
sium iodide  gr.  xvi,  and  glycerin  and  water  aa  5  j  ss  may 
be  used.  Of  these  solutions  the  zinc  sulphate,  applied 
on  a  curved,  cotton-tipped  applicator,  directly  to  the 
cleansed  interary  tenoid  space,  and  even  below  the  vocal 


cords,  is  very  efficacious  in  thinning  out  the  hypertro- 
phj  and  healing  the  erosions,  although  at  times  in 
selected  cases,  i1  may  be  better  to  use  nitrate  oi  iilver, 
or  lactic  acid.  The  stronger  cauteries  (chromic  acid, 
trichloracetic  acid,  or  the  actual  cautery)  are  es- 
pecially efficient  in  pachydermia;  or,  in  extreme  ca  i 
surgical  extirpation  may  be  necessarj  i>>  meansofthe 
Krause  double  curette.     So,  too,  in  urgeni   ca  i       it 

may   be  necessary   In  cut    out    singers'   nudes  with   1  he 

curette  or  forceps  shown  in  Figs.  3653  and  :;i>54. 

tn  certain  selected  cases  the  diagnosis,  and  especially 
th<'  treatment  of  these  cases  may  be  aided  l>\  the  use 
of  the  direct  laryngoscopic  appliances. 

(  Ieohgb  < '.  Stout. 


Laryngofissure. — Synonym:  Thyrotomy.  The  op- 
era! ion  of  dividing  the  skin  externally  over  the  larynx 
and  splitting  the  thyroid  cartilage  down  the  median 
line  to  gain  access  to  the  interior  of  the  larynx.  It 
is  usually  done  for  malignancy. 

History. — Thyrotomy  was  first  done  by  Brauers 
of  Louvain,  though  it  was  previously  proposed  by 
Desault.  Recurrences  of  malignancy  were  so  fre- 
quent that  the  operation  was  universally  condemned 
until  it  was  taken  up  and  established  on  a  firm  basis 
by  Sir  Felix  Semon,  who  showed  conclusively  that 
the  previous  bad  results  were  due  to  improper  selec- 
tion of  cases  for  the  operation. 

'  Indications.- — Thyrotomy  is  indicated  in  any  case 
of  malignant  disease  of  the  larynx  in  which  the  in- 
volvement is  intrinsic  (i.e.  not  higher  than  the 
ventricular  band),  and  in  which  the  involvement  is 
so  slight  that  there  is  practical  certainty  that  all 
of  the  growth  may  be  removed  by  cutting  through 
normal  tissue  and  not  through  neoplastic  tissue. 
Therefore  the  cancer  must  not  only  be  intrinsic  but 
it  must  be  of  very  limited  extent.  Fixation  of  the 
cricoarytenoid  joint  renders  party-wall  invasion 
probable  and,  if  long  continued,  a  recurrence  will 
probably  follow  operation. 

Contraindications. — A  very  high  grade  of  malig- 
nancy, as  shown  by  rapid  local  growth,  is  a  contrain- 
dication to  any  operation  other  than  palliative, 
because  recurrence  is  certain.  The  same  is  true  of 
cases  with  extension  beyond  the  intrinsic  area,  of 
which  the  upper  edge  of  the  ventricular  band  is  the 
limit.  Metastatic  foci,  feebleness,  organic  disease, 
alcoholism,  and  pyorrhea  alveolaris  render  any 
attempt  at  operative  cure  of  malignancy  inadvisable. 

Operation. — Preparation  of  the  Patient. — The  patient 
should  be  prepared  as  for  any  other  operation  with  a 
bath,  laxative,  etc.;  but  in  addition  it  is  absolutely 
imperative  that  the  mouth  be  thoroughly  cleansed 
with]  antiseptics  of  which  twenty  per  cent,  alcohol 
is  preferable  because  non-toxic;  and  the  teeth  should 
be  put  in  good  order  by  a  dentist,  to  minimize  the 
risk  of  oral  sepsis.  The  beard  and  moustache  should 
be  removed  if  the  patient  have  these. 


Fig.  3655. — Turbinotome  of  the  Author,  originally  devised  for 
turbinotomy  but  found  excellent  for  thyrotomy  and  laryngotomy. 

Position  of  the  Patient. — It  is  essential  that  the 
patient  be  in  a  reclining  dorsal  position,  the  neck  over 
a  sand  bag  and  the  head-end  of  the  table  lower  than 
the  foot,  in  order  that  gravity  shall  resist  the  aspira- 
tion of  blood  into  the  trachea  and  bronchi. 

Instruments. — Besides    ordinary    operating    instru- 
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ments  it  is  necessary  to  have  a  turbinotome  (Fig. 
3655)  or  some  other  form  of  heavy  shears.  An 
electric  headlight  is  of  great  aid. 

Anesthesia. — Local  infiltration  anesthesia  by  the 
intradermatic  injection  of  normal  salt  solution  con- 
taining a  minute  quantity  (one-tenth  of  one  per 
cent.)  of  cocaine  will  enable  the  operator  to  reach  and 


Fig.  365G. — Illustration  of  Thyrotoray  or  Laryngofissure.  .4  shows  the 
line  of  incision  through  the  thyroid  cartilage.  B  shows  the  interior  of  the 
larynx  exposed  by  retraction  of  the  divided  chondrial  wings.  A  growth  is 
shown  on  the  left  vocal  cord. 


lay  bare  the  thyroid  cartilage  without  pain.  The 
interior  of  the  larynx,  however,  is  best  anesthetized 
before  operation  by  direct  laryngoscopy,  an  extra 
pair  of  gloves  being  used  to  prevent  infecting  the 
under-gloves  to  be  used  later  in  the  external  opera- 
tion. This  obviates  the  necessity  of  infiltration  of 
the  intralaryngeal  tissues,  but  the  anesthesia  is  so 
evanescent  that  the  operation  must  promptly  follow. 
The  author  prefers  intratracheal  insufflation  ether 
anesthesia,  as  devised  by  Meltzer  and  modified  by 
Elsberg  and  others.  The  anesthetist  is  out  of  the 
way,  the  anesthesia  is  under  perfect  control,  the  cough 
reflex  can  be  abolished  for  a  few  moments  at  a  time 
and  promptly  brought  back,  the  duration  of  the 
operation  is  very  much  lessened,  and,  most  important, 
the  return  flow  of  air  and  ether  prevents  all  possi- 
bility of  blood  being  aspirated  down  the  trachea. 
The  insufflation  catheter  is  not  at  all  in  the  way  in 
the  interior  of  the  larynx,  as  shown  in  Fig.  3656, 
and  can  be  moved  laterally  out  of  the  way  if  desired. 
A  tracheal  cannula  placed  in  a  tracheotomic  wound 
and  surrounded  by  packing  has  been  used  by  some 
operators  for  the  continuation  of  a  general  anesthetic 
started  in  the  regular  way. 

Technique. — The  skin  of  the  front  of  the  neck  is 
sterilized  by  the  application  of  iodine  in  the  usual 
way.  An  incision  is  made  through  the  skin  and  sub- 
cutaneous tissue,  in  the  center  line  of  the  neck,  ex- 
tending from  about  two  centimeters  above  the  upper 
border  of  the  thyroid  cartilage  to  about  four  centi- 
meters below  its  lower  border.  The  thyroid  and 
ei  hi  .id  cartilages  are  quickly  laid  bare,  but  great  care 
is  taken  not  to  elevate  or  otherwise  damage  the  outer 
perichondrium.  An  incision  is  made  in  the  crico- 
hyoid  membrane  and  the  lower  blade  of  the  turbin- 
otome (Fig.  ;i657)  is  inserted  upward  into  the  larynx 
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sufficiently   far   to   divide   the   thyroid    cartilage   at 

one  clip.  In  making  this  clip  it  is  essential  in  cases 
of  growths  that  are  known  to  be  close  to  the  anterior 
commissure,  to  make  the  cut  sufficiently  to  one 

t.p  avoid  cutting  through  the  growth.  In  some  in- 
stances it  may  be  found  necessary  to  split  the  cricoid 
cartilage,  though  as  a  rule  this  should  be  avoided.  In 
reoperations  the  old  incision  must  be  follow  ed. 
The  lateral  rings  of  the  thyroid  cartilage  are 
spread  with  retractors,  using  these  with  care 
in  avoid  trauma  to  the  edges  of  the  cartilage. 
The  interior  of  the  larynx  is  thus  brought 
into  view  and  it  is  noted  that  there  are  no 
thin  white  bands  corresponding  to  the  image 
of  the  vocal  cords  as  seen  on  laryngoscopy. 
The  landmark  is  the  ventricle  of  the  larynx 
which  is  situated  above  the  cord.  A  tethered 
tampon  is  used  to  plug  the  pharyngeal  orifice 
to  keep  the  oral  secretions  out  of  the  larynx. 
The  inner  perichondrium  is  now  dissected 
from  the  thyroid  cartilage  on  the  involved 
Mile,  the  growth  being  removed  in  the  form 
of  an  island  resting  in  the  center  of  a  large 
area  of  normal  tissue,  using  knife  and  scissors 
as  seem  best  suited.  Great  care  is  needed 
to  avoid  injury  to  the  arytenoid  motor 
mechanism,  though  of  course  this  should  not 
weigh  against  adequate  removal  of  a  suffi- 
cient base  of  healthy  tissue.  Care  is  taken 
at  each  step  of  the  operation  to  keep  the 
wound  as  dry  as  possible  by  careful  hemo- 
stasis.  After  the  excision  there  are  usually 
some  small  vessels  to  be  twisted  or  tied. 
The  tethered  tampon  is  then  removed.  The 
skin  incision  may  have  a  stitch  at  its  upper 
and  another  at  its  lower  end,  but  the  balance 
of  the -wound  should  be  left  open.  In  the 
author's  experience  any  attempt  to  stitch 
the  divided  wings  of  the  thyroid  cartilage 
results  in  serious  damage  to  the  cartilage 
following  failure  to  hold.  The  wings  of  the 
cartilage  are  seen  to  spread  at  each  swallow- 
ing movement  but  there  will  be  no  malposition  in 
healing  if  the  method  of  dressing  developed  by  Dr. 
Patterson  and  the  author  be  followed.  The  wound 
external  to  the  larynx  is  packed  open  by  spreading 
over  the  entire  front  of  the  neck  a  triple  layer  of 
gauze,  into  which,  at  the  site  of  the  wound,  rolls  of 


Flo.  3657. — Turbinotome  in  Position  to  make  the  Thyrotomic 
Clip.  The  table  is  not  shown  steeply  inclined  toward  the  head  as^it 
should  be  before  the  turbinotome  is  inserted. 

gauze  are  stuffed  firmly  (Fig.  3658) .  By  this  method 
the  wound  is  kept  open  without  risk  of  ends  of 
packing  getting  down  into  the  larynx  or  trachea. 
By  this  time  the  patient  should  be  completely  out 
from  under  the  anesthetic,  the  later  stages  having 
the  insufflation  of  air  only.  The  insufflation  catheter 
is  now  removed,  and  the  patient  should  breathe  nor- 
mally through  his  larynx. 
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After-care. — The  patient  should  be  placed  in  bed 
upon  his  back  with  sand  pillows  on  each  side  of  bis 
head  in  order  to  keep  the  head  straight  in  the  median 
line,  to  prevent  lateral  traction  on  the  laryngeal  cartil- 
ages that  would  occur  if  the  head  should  lie  rotated. 
After  forty-eight  hours  the  sand  bags  may  be  dis- 
pensed with  and  the  patient  permitted,  a1  intervals, 
to  turn  the  head  for  a  few  minutes  of  rest.  The 
patient  is  usually  allowed   to  sit  up  in  bed  on  the 


Fig.  365S. — Author's  method  of  Packing  Tracheal  and  External 
Laryngeal  Wounds  to  Keep  them  Open.  A  double  thickness  of 
gauze  is  spread  over  the  whole  front  of  the  neck.  The  portion  over 
the  wound  is  then  tucked  into  the  wound.  Then  a  little  hard  roll 
of  gauze  is  forced  into  the  wound  carrying  the  double  layer  with 
it.  This  form  of  dressing  prevents  any  ends  from  getting  down  into 
the  trachea.  Useful  in  dressing  laryngostomies,  thyrotomies,  and 
tracheotomies. 

third  day  and  to  get  out  and  move  about  on  the  fourth. 
He  must  be  closely  watched  by  nurses  skilled  in 
tracheal  work  who  can  put  in  a  tracheal  cannula 
promptly  if  the  patient  should  develop  any  difficulty 
of  breathing.  They  also  change  the  dressings  every 
third  hour  or  oftener  if  necessary.  By  constantly 
thus  removing  air-infected  secretions  a  practically 
aseptic  wound  is  maintained.  The  food  should  be 
sterile  liquids  for  the  first  four  days.  The  patient 
may  use  his  voice  for  a  few  minutes  three  or  four  times 
a  day  for  a  week,  after  which  moderate  use  of  the 
voice  is  advisable.  Healing  is  usually  complete  in 
three  or  four  weeks,  the  wound  being  compelled  to 
heal  from  the  bottom.  The  cartilages  never  unite, 
but  firm  fibrous  union  must  be  obtained  before  allow- 
ing the  external  wound  to  close.  A  little  suspicious 
appearing  fungation  may  be  noticed  on  laryngoscopy 
for  a  month  or  more.  Should  this  persist  it  may  be 
removed  by  direct  laryngoscopy  (See  vol.  ii,  p.  531) 
for  examination,  before  deciding  upon  opening  up  the 
external  wound  for  a  recurrence. 

Mortality  and  Results. — Statistics  are  very  faulty 
because  many  cases  of  thyrotomy  are  reported  in 
which  it  is  clear  that  the  operation  was  contrain- 
dicated.  If  the  operation  is  strictly  limited  as 
mentioned  in  the  section  on  Indications  the  results 
are  better  than  operation  for  malignancy  in  any  other 
region.  Representative  results  are  those  of  Sir  Felix 
Semon,  with  eighty-five  per  cent,  of  lasting  cures. 
Fifteen  of  his  cases  were  known  to  be  well  after  periods 
varying  from  three  to  sixteen  years.  The  results 
of  Sir  St.  Clair  Thomson,  Herbert  Tilley,  Chevalier 
Jackson,  and  others  who  limit  their  operations  strictly 
to  intrinsic  growths  of  limited  extent  corroborate 
the  great  curative  efficiency  of  laryngofissure  in  laryn- 
geal malignancy.  The  mortality  of  the  operation  is 
exceedingly  slight.  Sir  Felix  Semon  reports  three 
deaths  out  of  twenty-two   cases,  only  two  of  which 


could   be  justly  attributed  totl peration.    Other 

operators,  using  Semon's  technique,  have   reported 

a   large   scries   of   opi  ration      without  a   single  opi  I 

tive  death.  Recurrences  are,  of  course,  usually 
reoperable  by  thyrotomj  or  laryngectomy.  Reap- 
pearance of  malignancy  of  the  same  or  of  another 
type  of  cell,  in  a  situation  remote  from  the  site  of 
operation,  some  years  thereafter,  may  be  regarded 
as  a  reinfection  of  a  vulnerable  soil  rather  than  a 
repullulation  of  the  primary  process.  The  vocal 
results  after  thyrotomj  are  remarkably  good,  and 
we  arc  justified  in  promising  the  patient,  thai  be  will 
have,  ultimately,  a  good  loud  voice.  It  may  be 
slightly  altered  in  pitch  and,  if  the  arytenoid  motility 
has  been  interfered  with  at  operation,  the  flexibility 
of  the  voice  will  be  very  much  impaired.  A  good 
singing  voice  has  been  obtained  in  a  number  of  in- 
stances. As  demonstrated  by  the  author,  motility 
of  the  cricoarytenoid  joint  is  the  chief  factor,  by  trac- 
tion on  the  cicatricial  tissue,  in  the  formation  of  an 
adventitious  vocal  cord.  With  unimpaired  arytenoid 
mobility  the  adventitious  cord  ultimately,  becomes, 
in  many  instances  indistinguishable  laryngoseopicallv 
from  its  natural  fellow.     (Fig.  3059.) 

Complications. — It  sometimes  happens  thai  when 
the  larynx  is  opened  the  growth  is  found  much  more 
extensive  than  was  anticipated,  involving  the  "party- 
wall,"  or  that  the  cartilage  has  become  involved 
by  the  associated  mixed  infections.  The  operation 
must  then  be  abandoned  and  either  a  tracheal  cannula 
put  in  by  way  of  palliation,  or  a  partial  or  total  laryn- 


Fig.  3659. — The  Left-hand  Illustration  Shows  an  Indirect  View 
of  Larynx  Eight  Weeks  after  Thyrotomy  for  Cancer  of  the  Right 
Cord  in  a  Man  of  Fifty  Years.  At  the  right  is  shown  the  same 
condition  after  two  years.  An  adventitious  band  indistinguish- 
able from  the  original  one  has  replaced  the  lost  cord. 

gectomy  must  be  done.  To  proceed  with  the  thyrot- 
omy not  only  does  not  benefit  the  patient  but  it  brings 
into  disrepute  a  valuable  curative  operation  for  a 
properly  selected  case.  Necrosis  of  cartilage,  es- 
pecially the  anterior  edges  of  the  thyroid  cartilage, 
may  follow  thyrotomy  especially  if  the  external 
perichondrium  has  been  damaged  or  the  cartilage 
itself  has  been  injured  by  stitches  or  otherwise.  In 
case  of  reoperation  an  island  of  cartilage  may  die  if 
the  line  of  fibrous  union  of  the  previous  incision  be  not 
accurately  followed.  Lung  complications  after  thy- 
rotomy by  modern  methods  are  exceedingly  rare. 

Chevalier  Jackson. 
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Laryngoscopy. — For  the  examination  of  the  larynx 
by  t  he  older,  or  indirect  method,  it  is  essential  that  one 
should  have  a  head  mirror  or  reflector,  which  may  be 
self-illuminated,  as  by  electricity  either  from  a  wall 
plate  or  a  small  storage  battery,  or  which  may  reflect 
light  from  kerosene,  gas,  or  electric  lamp,  or  which 
may  use  the  direct  rays  of  the  sun.  We  are  indebted 
to  I  Izermak  for  the  use  of  this  valuable  instrument 
with  artificial  light.  Tuerck  first  used  the  reflector  and 
both  he  and  the  discoverer  of  the  laryngoscope,  Manuel 
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Garcia,  used  the  direct  rays  of  the  sun  to  illuminate 
the  larynx.     These  events  took  place  in  1S55-.J7. 

For  general  roul  ine  examinal  ion  and  work,  the  form 
of  reflector  most    used  i.s  a  concave  mirror  attached 
by  ball   and  socket    lo  one   form  or  another  of  band 
This  last  is  usually  placed  firmly  around  the  head, 
and  keeps  the  mirror  properly  in  place,  after  it  has 

been  adjusted.  It  is  intended  that  the  reflector 
should  be  so  used  that  the  right  eye  can  look  in  a 
straight!  line  through  the  hole  in  the  center  of  it,  at 
tin'  object  to  be  illuminated.  The  reflector  is  perhaps 
three  and  one-half  inches  in  diameter,  and  has  a  focal 
distance  of  from  eight  to  ten  inches,  this  last  fact 
being  one  which  should  never  be  forgotten  by  the 
beginner  or  by  the  presbyopic.  If  one  has  any 
marked  error  of  refraction,  and  does  not  wear  glasses 
constantly,  it  is  very  convenient  to  have  a  lens  at- 
tached to  the  back  of  this  mirror,  arranged  so  that  it 
can  be  moved  over  the  opening  when  desired.  Such 
a  reflector  as  the  one  described  is  the  one  which  is  in 
mind  in  the  statement  of  how  to  perform  indirect 
laryngoscopy   which   follows. 

The  second  essential  for  indirect  laryngoscopy  is 
the  small,  usually  round  mirror,  the  laryngoscope 
proper,  which  is  of  plane  glass  and  set  at  an  obtuse 
angle  with  its  long  handle.  In  general,  one  should 
use  as  large  a  throat  mirror  as  can  be  accepted  con- 
veniently by  the  patient,  as  it  keeps  the  uvula  out  of 
the  way  and  gives  a  fuller  view  of  the  larynx  region 
in  one  picture,  avoiding  the  necessity  of  moving  the 
mirror  once  it  is  in  proper  position. 

The  patient  is  placed  with  his  back  to  the  light, 
which  wdien  artificial  should  be  about  a  foot  from  the 
head,  and  on  a  level  with  his  right  ear.  Whereas 
daylight  or  the  direct  rays  of  the  sun  may  be  used,  as 
before  said,  it  is  the  rarest  exception  to  do  so,  and 
usually  it  is  any  good  gas  or  electric  lamp  which  may 
be  condensed  by  a  lens,  before  being  received  on  the  re- 
flctor  or  not,  according  to  the  habit  or  wish  of  the 
examiner.  The  latter  should  sit  at  the  right  of  his 
patient,  and  preferably  entirely  at  his  side,  and  not 
with  the  patient's  knees  between  his,  as  is  so  often 
done.  In  examining  patients  for  the  first  time  and 
in  general  invariably  the  next  step  will  be,  after  ad- 
justing the  head  mirror  so  that  the  reflected  light  falls 
on  the  lips  of  the  patient,  to  request  the  latter  to  open 
his  mouth  and  say  "ah."  While  so  doing  the  examiner 
sees  that  his  reflector  focuses  accurately  upon  the  base 
of  the  uvula  and  the  patient  has  bent  the  head  back 
a  little  from  the  usual  upright  position.  Usually, 
as  the  examiner's  eye  must  be  on  the  level  of  the 
patient's  mouth,  it  is  better  if  the  latter  sits  a  bit 
higher  than  the  examiner;  otherwise  the  examiner 
must  bend  to  a  lower  position,  which  makes  it  awk- 
ward for  him  to  work.  Having,  either  with  or  with- 
out the  tongue  depressor,  achieved  a  good  view  of  the 
uvula  and  back  of  the  mouth  or  pharynx,  the  operator 
next  warms  the  throat  mirror,  either  by  dipping  it  in 
a  warm  antiseptic  solution  or  by  holding  it  over  the 
gas  flame,  or  that  of  an  alcohol  lamp  if  electricity  is 
used,  with  the  glass  toward  the  flame  until  the  steami- 
ness  first  caused  by  so  placing  the  mirror  has  left  its 
surface.  The  examiner,  after  trying  the  back  of  the 
mirror  on  the  back  of  his  own  hand  to  be  sure  that  it 
is  warm  enough  and  not  too  warm,  then  grasps  it  in 
his  right  hand  in  such  a  manner  as  to  keep  the  cleaned 
surface  of  the  mirror  away  from  the  patient's  face, 
and  proceeds  to  lay  a  bit  of  gauze  or  a  small  napkin 
on  the  patient's  protruded  tongue.  This  gauze 
should  be  neatly  laid  around  the  tongue  and  then  the 
latter  grasped  by  the  examiner's  left  hand  with  the 
fingers  under  and  the  thumb  above,  as  shown  in  Fig. 
M060.  With  a  simple  movement  of  the  fingers  of  the 
right  hand  the  throat  mirror  is  shifted  to  the  grasp  of 
the  thumb  and  first  fingers.  If  it  is  held  correctly  the 
fingers  will  be  in  the  position  in  which  a  pen  is  usually 
properly  held.  The  thumb  and  fingers  should  be 
semi-flexed  so  as  to  allow  of  a  slight  flexion  and  ex- 
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tension   as  may   be  desired  later.     Thi  i    I  ould 

not  be  too  in  in  as  tin-  keeps  the  fingers  itifl 
rigid.     It  tins  process  takes  too  long  the  mirror  will 
cool,  and  must  be  warmed  again.     Some  examiners 
prefer  always  to  grasp  the  tongue  before  warming  the 
mirror.     This   is   perfectly   feasible   if   the   warming 


Fig    nitiO. — Shows  Manner  of  Holding  Tongue  and  Mirror. 

lamp  is  easily  at  hand.  It  is  possible  to  use  a  smear 
of  a  soap-like  substance  to  cover  the  mirror  so  that 
warming  is  not  necessary  each  time,  but  this  is  not 
as  satisfactory  on  the  whole  as  the  usual  warming 
method.  During  all  of  this,  whether  the  mirror  is 
warmed  before  or  after  the  tongue  is  grasped,  if  the 
patient  takes  his  position  as  directed  and  the  head 
mirror  has  been  properly  adjusted,  the  light  will  be 
reflected  properly  into  the  back  of  the  mouth  and  be 
where  it  is  needed  during  the  introduction  of  the  throat 
mirror  and  the  subsequent  glimpse  of  the  interior  of 
the  larynx.  The  throat  mirror  should  now  be  carried, 
with  its  back  and  shank  up,  the  mirror  above  but 
not  touching  the  surface  of  the  tongue  which  would 
blur  it,  until  the  base  of  the  uvula  is  reached.  The 
hand  is  then  rolled  outward,  the  shank  of  the  mirror 
thus  coming  into  the  corner  of  the  mouth.  This 
should  make  the  surface  of  the  mirror  square  in  front 
of  the  examiner,  at  right  angles  to  the  rays  of  light 
coming  from  the  head  mirror.  If  the  patient's  tongue 
is  well  protruded  and  he  has  breathed  through  the 
mouth  while  the  mirror  was  being  introduced,  one 
should  see  in  the  mirror  at  this  point  the  picture  of  the 
upper  end  of  the  epiglottis  and  its  relation  to  the  base 
of  the  tongue,  but  this  will  occur  only  if  the  mirror  is 
flat  and  square  across  the  throat.  At  this  juncture 
the  patient  is  requested  to  say  "ay,"  as  in  "pay"  or 
"say,"  and  in  as  high  pitched  a  tone  as  possible. 
As  the  larynx  rises  to  take  the  high  note  the  vocal 
cords  will  be  seen  in  the  mirror  often  without  any 
motion,  or  perhaps  it  will  be  necessary  to  give  the 
mirror  a  slight  tilt  either  higher  or  lower  to  make 
the,  desired  picture  clearer.  Unless  the  mirror  is 
proportionately  large  and  the  epiglottis  quite  erect, 
it  is  seldom  that  one  sees  the  whole  larynx  at  any  one 
moment,  as  is  shown  in  Figs.  3661  and  3662.  But 
this  can  be  readily  accomplished  while  the  tone  is 
being  sustained  by  the  patient  by  a  quick  motion  of  the 
fingers,  especially  if,  as  already  stated,  these  same 
fingers  are  in  a  semiflexed  position  allowing  of  quick 
motion,  and  if  the  mirror  is  not  being  held  too  rigidly 
by  the  examiner,  two  mistakes  very  often  made  by 
beginners.  After  the  patient  has  said  "ay"  as  long 
as  he  can,  he  is  told  to  take  a  deep  breath,  and 
as  the  vocal  cords  fly  apart  a  quick  motion  of  the 
throat  mirror  adjusts  it  so  that  it  is  possible  to  see 
down  between  them  into  the  larynx,  and  if  the  light  is 
good  and  well  focused,  in  favorable  cases,  a  view  may  be 
had  way  down  as  far  as  the  bifurcation  of  the  trachea. 
If  the  examining  eye  is  directly  behind  the  hole  in  the 
lnad  mirror,  if  the  light  is  accurately  focused  upon 
the  base  of  the  uvula  and  thus  on  the  throat  mirror, 
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if  tlie  latter  is  still  clean  and  warm  and  rightly 
placed  so  that  the  rays  of  light  reflected  from  il  go 
down  into  the  throat  in  I  lie  median  line,  if  I  lie  patient's 
tongue  is  well  protruded,  and  if  lie  says  a  high-pitched 
"ay"  (not  "ah"  as  in  "lather"),  then  one  must  at 
least  See  the  epiglottis  it  it  exists  and  some  of  the 
interior  of  the  larynx  on  the  first  introduction  of  the 
mirror.  Usually  one  should  expect  to  see  without 
fail  the  whole  interior  of  the  larynx.  However,  it  is 
better  not  to  try  to  see  too  much  the  first  time;  it  i  , 
much  better  to  go  into  the  patient's  throat  several 
times  briefly  than  to  have  stayed  too  long  and  gagged 
the  patient  perhaps  even  to  vomiting,  as  may  readilj 
occur.  This  gagging  happens  all  too  easily  under 
the  most  favorable  circumstances,  and  is  frequently 
the  result  of  the  examiner's  carelessness,  too  much 
traction  on  the  tongue,  too  great  movements  of  the 
mirror,  too  much  pressure  on  the  palate  and  back  wall 
of  the  throat,  general  lack  of  skill,  or  it  may  be  en1  Lrely 
emotional  on  the  part  of  the  patient,  or  because  his 
breathing  is  not  quiet  and  continuous.  The  patient 
should  always  take  a  deep  breath  right  after  saying 
the  first  "ay"  rather  than  repeat  the  vowel  before 
breathing   again. 

To  have  a  correct  understanding  of  the  pictures 
which  one  sees  in  the  mirror  one  must  always  bear  in 
mind  the  inversion  of  the  image,  as  is  shown  very 
clearly  in  Fig.  3661.  In  children  one  often  fails  to 
see  the  interior  of  the  larynx  well  because  the  epiglot- 


Fig.  3661. — Shows  Inversion  of  the  Parts  in  the  Laryngoscopic 
Image. 

tis  is  so  prone,  being  bent  so  far  backward  that  pro- 
trusion of  the  tongue  or  high  pitching  of  the  voice 
will  not  raise  it  enough  to  show  the  vocal  cords. 
This  is  often  true  even  of  the  adult  larynx,  especially 
when  the  adult  form  of  the  epiglottis  is  not  attained 
and  the  contracted  infantile  type  is  retained  through 
life.  This  is  practically  always  true  of  a  patient 
under  a  general  anesthetic  and  then  direct  laryn- 
goscopy is  greatly  ahead.  In  health  the  glistening 
white  vocal  cords  spring  into  view  back  of  and  below 
the  epiglottis  and  serve  as  a  point  of  departure.  De- 
pressing the  handle  of  the  mirror  will  tilt  it  so  that 
we  can  see  the  arytenoids  touching  each  other  during 
phonation  or  flying  apart  as  the  cords  separate  during 
inspiration.      In  making  an  examination  it  is  quite  im- 

Vol.  V.— 52 


portanl  that  one  should  take  into  con  [deration  the 
character  of  the  motions  of  the  cords  in  both  directions, 
for  clinically  it  is  quite  as  bad  for  them  not  to  fly  apai  I 

as    it    is    tli.it    the\    should    not    conn-   together.      One 

might  overlook  important  trouble  if  he  only  viewed  the 


Fig.  3662. — Reflected  [mag the  Larynx.     (Farlow.) 

cords  in  the  posit  ion  of  phonation.  The  anterior  com- 
missure is  also  often  difficult  to  see,  and  to  see  this 
well  one  may  have  to  hook  the  epiglottis  forward 
— naturally  only  in  a  cocainized  subject.  To  see  well 
down  into  the  trachea  or  on  the  posterior  wall  of  the 
larynx  the  examiner  must  be  well  below  the  level  of 
the  patient's  mouth,  and  the  illumination  must  be 
brilliant. 

As  previously  stated,  one  should  be  able  to  see  the 
epiglottis  before  the  patient  says  "ay."  During 
phonation  one  should  get  a  perfect  glimpse  of  the 
inner  portion  of  the  epiglottis  down  to  the  tuberculum, 
should  take  note  of  the  color  and  condition  of  the 
aryepiglottic  fold,  the  false  vocal  cords,  the  upper 
surface  of  the  arytenoid  cartilages,  of  the  fossa  of 
Morgagni  below  the  false  cords,  and  of  the  whole 
length  of  the  true  vocal  cords.  One  should  judge  of 
the  tension  and  appearance  of  the  cords  as  well  as 
the  character  of  the  tone  which  the  patient  is  taking. 
During  the  immediately  following  inspiration  one 
should  take  note  of  the  character  of  the  motion  im- 
parted to  the  cords,  whether  it  is  alike  in  each  cord, 
and  of  the  promptness  of  this  motion  together  with 
that  of  the  retreating  arytenoids  as  the  movement 
apart  takes  place.  A  good  view  should  be  had  of  the 
interarytenoid  space  and  the  posterior  wall  of  the 
larynx,  as  it  is  frequently  here  that  pathological  proc- 
esses are  present,  and  any  swelling  of  the  subcordal 
bands  should  be  noted,  whether  the  edge  of  the  vocal 
cords  are  thickened  or  rounded,  and  last  but  not 
least,  the  character  of  the  tracheal  mucous  membrane 
can  be  noted  just  as  easily  in  many  cases  as  any  other 
part  of  the  throat  and  much  deduced  from  the  knowl- 
edge thereby  gleaned.  On  subsequent  glances  at 
I  In  larynx  one  should  be  able  to  make  out  more  exactly 
the  position  taken  by  the  cords  when  placing  the  dif- 
ferent tones,  and  in  singers  one  often  thereby  discovers 
the  effects  of  a  bad  method  or  the  bad  interpretation 
of  a  good  method  of  singing. 

During  the  process  of  making  a  laryngoscopic 
examination  it  is  also  the  province  of  the  examiner  to 
take  into  consideration  the  condit  inn  of  the  rest  of  the 
hypopharynx.  One  can  see  the  base  of  the  tongue, 
the  condition  of  the  lingual  tonsil,  the  shape,  size,  and 
condition  of  the  back  or  lingual  surface  of  the  epiglottis, 
the  outer  side  of  the  aryepiglottic  folds,  the  sigmoid 
or  pyriform  fossae,  and  during  the  taking  of  a  high 
tone  one  can  see  down  behind  the  arytenoids  toward 
the  upper  part  of  the  esophagus.  Thus  it  is  possible 
by  the  simple  use  of  the  indirect  method  to  discover 
foreign  bodies  or  pathological  conditions  which  exist  in 
these  regions  as  well  as  to  have  made  an  examination 
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of  the  condition  of  the  parts  that  arc  intrinsic  to 
the  larynx  proper.  Henry  L.  Swain. 

Laryngoscopy,  Direct. — See  Bronchoscopy. 

Laryngoscopy,  Suspension. — Definition. — 
Suspension  laryngoscopy  is  the  name  given  to  the 
procedure  of  exposing  the  larynx  for  operation,  by 
means  of  a  hook-shaped  instrument  suspended  from 
a  gallows  attached  to  the  table,  by  which  the  re- 
cumbent patient  is  suspended  upon  his  anterior 
pharyngeal  wall.  It  is  a  modification  of  direct 
laryngoscopy  (see  vol.  ii.,  p.  531,  of  this  Handbook). 

History. — It  was  devised  by  Killian  in  1910  and 
has  since  been  developed  by  Killian,  Kahler,  Al- 
brecht,  and  others. 

Apparatus. — A  special  table  which  can  be  raised 
and  lowered  and  which  is  especially  constructed 
for  the  attachment  of  the  suspensory  mechanism 
is  essential  for  the  best  results.  The  suspension 
apparatus  proper  consists  of  an  upright  having  a 
horizontal  extension  at  the  top  and  called  a  gal- 
lows (Fig.  3663).  The  position  of  the  gallows  is 
adjustable  like  the  slide  rest  of  a  lathe.  A  suspen- 
sion hook  hanging  down  from  the  gallows  carries  a 
tongue  spatula  for  insertion  in  the  pharynx.  A 
counterpressure  rod  extends  downward  for  pushing 
the  larynx  backward  better  to  expose  the  anterior 
commissure. 

Light  is  furnished  either  from  a  head  mirror  or 
a  Kirstein  headlamp  (Fig.  1152,  p.  532,  vol.  ii.,  of 
this   Handbook").     All  of  the  instruments  devised 


Fig.  3664. — Suspension  Apparatus  in  Position.  The  patient's  head  is 
suspended  on  the  base  of  the  tongue,  not  on  the  spring  apparatus  under 
the  vertex.  The  curved  rod  pressing  upon  the  front  of  the  patient's  neck 
is  for  counterpressure  in  bringing  down  the  anterior  commissure. 
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Fig.  3663. — Table  and  Apparatus  for  Suspension  Laryngoscopy.  The 
Operator  is  holding  in  his  right  hand  the  suspension  hook  with  tongue 
spatula  attached  ready  for  introduction. 

for  operating  by  direct  laryngoscopj'  may  be 
used  in  the  suspension  method. 

Anesthesia. — The  procedure  is  usually  done 
under  general  anesthesia,  though  great  care  is 
necessary  in  the  anesthetizing  of  patients  with 
laryngeal  obstruction,  because  of  the  danger 
of  respiratory  arrest.  Killian  has  recom- 
mended the  "twilight  sleep"  induced  by 
scopolamine,  three  decimilligrams,  with  0.01 
gram  of  morphine  hypodermically  for  adults. 
Cocaine,  scopolamine,  and  morphine  are  all 
very  dangerous  for  use  in  children. 

Technique. — The  introduction  of  the  instru- 
ment and  the  proper  suspension  of  the  patient 
on  his  anterior  pharyngeal  wall  is  not  difficult 
for  those  familiar  with  direct  laryngoscopy  (see 
vol.  ii.,  p.  531,  of  this  Handbook);  but  should 
never  be  attempted  by  anyone  unfamiliar 
with  ordinary  direct  laryngeal  operating  in 
the  recumbent  position.  The  patient  being 
placed  recumbent  upon  the  table  with  the 
mouth  directly  under  the  gallows,  and  the 
anesthesia  being  carried  to  full  relaxation,  a 
tongue  spatula  suited  to  the  size  of  the  patient 
is  attached  to  the  suspension  hook  and  is  in- 
troduced posteriorly  to  the  tongue  until  the 
spatular  tip  is  in  the  glossoepiglottic  fossa. 
The  patient's  head  which  has  been  supported 
by  an  assistant  up  to  this  point  is  now  allowed 
to  drop  so  that  the  weight  of  the  head  and 
neck  hangs  upon  the  spatular  hook  posteri- 
orly to  the  tongue.  The  headlight  or  head 
mirror  reveals  the  epiglottis  hiding  the  larynx. 
The  epiglottis  lifter  is  now  attached  to  the 
tongue  spatula  and  pushed  in  place  raising 
the  epiglottis.  The  anterior  commissure  still 
does  not  come  into  view  and  must  be  pushed 
downward  either  with  the  finger  of  an  assist- 
ant externally  or  with  the  counterpressure  rod 
of  the  apparatus  (Fig.  3664).  Operating  in- 
struments such  as  forceps  are  now  used  for  the 
removal  of  the  growth  or  other  procedure,  the 
precaution  being  taken  always  to  warm  instru- 
ments before  introduction. 

Chevalier  Jackson. 
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Lary  ngostomy. — Definition. — Laryngostomy  is  the 
name  given  to  the  surgical  procedure  of  laying  open  the 
larynx  anteriorly  and  keeping  it,  open  for  a  long  period 
of  treatment,  during  which  the  larynx  becomes  lined 
with  epidermal  epithelium.  More  or  less  of  the 
trachea  is  usually  included  in  the  opening  and  the 
procedure  is  then  a  laryngotracheostomy. 

History. — It  was  first  done  for  stenosis  by  Heryng 
in  1894.  It  has  been  elaborated  and  developed  by 
Sargnon,  Killian,  Chevalier  Jackson,  and  others. 

Indications. — It  is  indicated  in  cicatricial  stenosis 
of  the  larynx  enabling  the  patient  to  abandon  his 
tracheotomic  cannula.     With  proper  patience  in  the 


Fig.  3665. — Turbinotome  of  the  Author,  originally  devised  for 
turbinotomy  but  found  excellent  for  thyrotomy  and  laryngotomy. 

carrying  out  of  the  prolonged  after-treatment  it  will 
cure  every  case  in  which  there  has  not  been  too  great 
a  loss  of  laryngeal  cartilage. 

Contraindications. — Serious  organic  disease,  pyrexia, 
active  lues,  and  active  tuberculosis  are  absolute  con- 
traindications. Bronchial  and  pulmonary  disorders 
greatly  increase  the  risk,  and  if  irremediable  they  are 
contraindications. 

Instruments,  "preparation  of  the  patient,  and  position 
of  the  patient  are  the  same  as  indicated  in  the  article 
on  Laryngofissure. 

Anesthesia. — -After  sterilizing  the  skin  with  iodine 
solution  in  the  usual  way,  a  hypodermic  syringe  is 
used  to  inject  between  the  layers  of  the  skin  normal 
salt  solution  containing  about  one-tenth  of  one 
per  cent,  of  cocaine,  the  anesthetized  line  extending 
from  the  tracheotomic  wound  upward  to  the  thyro- 
hyoid membrane. 


Fig.  3666. — Turbinotome  in  Position  to  make  the  Thyrotomic 
Clip.  The  table  is  not  shown  steeply  inclined  toward  the  head  as 
it  should  be  before  the  turbinotome  is  inserted. 

Technique. — Without  any  preliminary  incision  of 
the  skin  the  lower  branch  of  the  turbinotome  (Fig. 
3665)  is  inserted  upward  through  the  tracheotomic 
fistula  until  the  end  of  the  blade  reaches  the  thyroid 
notch  as  noted  by  the  external  blade  (Fig.  3666). 
All  the  tissues,  including  mucosa,  cicatrices,  cartilage, 
and  skin  are  divided  at  one  clip  of  the  turbinotome. 
The  wings  of  the  thyroid  cartilage  are  then  spread  with 
retractors,  exposing  the  interior  of  the  larynx.  If 
there  is  much  redundancy  of  tissue,  or  if  cicatricial 
bands  are  present,  these  should  be  excised  with 
curved  scissors.     The  skin  on  each  side  should  then 


be  sutured  down  to  ( he  deeper  tissues  on  the  sunn-  side, 
but,  iii  tin'  author's  opinion,  preferably  not  to  the 

cartilage  lest  the  latter  be  damaged.  The  object  is 
to   cause   a  dipping   down   of   the  skin    into   the   open 

trough-like  wound.     A  sofl  rubber  tube  of  sufficient 

size  to  till  the  larynx  and  long  enough  to  extend  up 
to  the  top  of  the  arytenoids  is  placed  in  the  larynx. 
The  laryngostomic  cannula  is  inserted  in  the  trachea, 


Fig.  3667. — Schema  showing  the  Author's  Apparatus  for  Laryn- 
gostomy.  The  hollow  upward  metallic  branch  (.V)  of  the  cannula 
(C)  holds  the  rubber  tube  (It)  back  firmly  against  the  spur  which 
always  exists  on  the  back  wall  of  the  trachea  in  patients  who  have 
long  worn  a  tracheotomic  cannula.  The  air  passing  up  through 
the  rubber  tube  [R)  permits  the  patient  to  talk  in  a  loud  whisper, 
the  external  orifice  of  the  cannula  being  occluded  most  of  the  time 
with  the  cork  (K).     L,  larynx;   T,  trachea. 

and  the  soft  rubber  tubing  is  pulled  down  over  the  up- 
ward projecting  branch  of  the  cannula  and  tied  to  the 
latter  with  silk,  which  has  been  passed  through  the 
lower  end  of  the  rubber  with  a  needle.  A  gauze  dress- 
ing is  then  packed  firmly  into  the  trough  over  the  rub- 
ber tubing  and  is  held  in  place  by  a  few  turns  of  a 
bandage  around  the  neck.  If  the  patient  breathes 
well  through  the  mouth,  which  is  usually  the  case,  a 
cork  is  placed  in  the  external  opening  of  the  laryn- 
gostomy  cannula  (Fig.  3667)  permitting  the  patient 
to  whisper. 


Fig.  3668 — Lateral  Radiographic  View  of  the  Author's  Laryn- 
gostomy  Apparatus  (Fig.  3667)  in  Position  in  the  Living  Patient. 

Apter-caee. — The  dressing  should  be  changed  even- 
third  hour  and,  for  the  first  week,  the  gauze  should 
be  wrung  out  of  bichloride  of  mercury  solution 
1 :  10,000  because  of  the  constant  presence  of  infectious 
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secretions.     Later  the  granulations  will  protect   and 

only  sterile  gauze  is  needed.  Nurses  familiar  with 
laryngeal  and  tracheal  work  are  necessary.  The 
purpose  of  the  rubber  tubing  is  to  cause  a  softening 
and  "melting  away"  of  the  cicatricial  tissue  in  the 

larynx.      The   sizes   of   the    rubber   lubes   must    be    in- 

L  as  last  as  possible  withoul  causing  sloughing. 

Once  a  week  is  about  as  short  an  interval  as  possible 
for  increasing  the  size,  the  tube  being  taken  out  for 
cleaning  and  pu1  back,  at  tirst  every  day,  later  evi  i- 
alternate  day.  When  the  tubing  has  reached  the 
size  of  No.  io  (French),  in  the  adult,  no  further  in- 
crease i-  needed,  bu1  the  apparatus  must  be  continued 
with  this  size  lube  until  the  interior  of  the  larynx  is 
completely  epidermatized.  This  may  require  six 
months  or  more.  The  success  of  the  procedure  de- 
pends altogether  on  this  prolonged  after  treatment. 
After  the  interior  of  the  larynx  is  epidermatized,  the 
apparatus  is  removed,  ami  if  after  six  months  no  re- 
currence of  the  stenosis  has  demanded  a  repetition  of 
the  treatment,  the  fistula  may  be  closed  by  a  plastic 
operation,  using  skin  flaps  from  the  neck. 

Chevalier  Jackson. 

Laryngotomy. — See  Tracheotomy. 

Larynx,  Abscess  of  the. — Abscess  of  the  larynx  is  a 
circumscribed  collection  of  pus  occurring  in  or  border- 
ing upon  the  larynx.  It  is  liable  in  either  situation 
to  impede  the  breathway,  even  to  the  point  of  suffo- 
cation, and  to  meet  this  emergency,  or  rather  to  pie- 
vent  it.  by  a  timely  incision  of  the  abscess,  involves 
an  understanding  in  advance  of  the  nature  and 
exact  location  of  the  obstruction. 

1.  Abscess  Dependent  upon  Perichondritis. — Both 
acute  and  chronic  suppuration  dependent  upon 
perichondritis  with  its  various  constitutional  and 
local  causes,  prominent  among  which  are  syphilis, 
tuberculosis,  and  carcinoma,  are  considered  at  length 
under  the  title  of  Perichondritis  of  the  Larynx,  which 
is  the  complement  of  the  present  subject  of  Abscess. 

2.  Intrinsic  Abscess. — Exclusive  of  those  depend- 
ent upon  perichondritis,  abscesses  which  originate 
within  the  larynx  itself  are  exceedingly  rare.  Yet 
one  may  occur  as  a  terminal  stage  of  certain  severe 
fi  inns  of  acute  submucous  laryngitis,  although  diffused 
phlegmonous  suppuration  and  acute  edema  are  the 
usual  terminations,  and  when  abscess  occurs  these 
conditions  are  likely  to  be  associated  with  it. 

3.  Abscess  Bordering  upon  the  Larynx. — It  is 
essential  to  consider  in  this  connection  the  laryngeal 
phase  of  those  suppurations  which  encroach  upon  the 
larynx  from  neighboring  structures;  as,  from  the  root 
of  the  tongue  in  lingual  phlegmon;  the  floor  of  the 
mouth  in  Ludwig's  angina;  the  wall  of  the  pharynx 
in  retropharyngeal  lymphadenitis;  and  the  region  of 
the  tonsil  in  peritonsillar  abscess.  For,  whether  by 
compression  or  overriding  of  its  lumen  or  by  extension 
to  it  of  edematous  tumefaction,  abscesses  of  this 
variety  leading  to  obstrviction  of  the  larynx  are  more 
numerous  and  result  in  more  fatalities  than  any  other 

i '  I :  I  -  - . 

Etiology. — While  any  attack  of  laryngitis,  the 
result  of  exposure  leading  to  infection  by  ordinary 
pyogenic  cocci,  may  possibly  eventuate  in  abscess, 
it  is  probable  that  the  particular  strains  responsible 
for  so-called  phlegmonous  inflammation,  whether 
terminating  in  circumscribed  or  diffused  suppuration. 
possess  unusually  virulent  qualities.  The  fact  that 
an  undue  proportion  of  laryngeal  complications, 
including  abscess,  were  observed  during  the  recent 
epidemics  of  infection  of  the  throat  by  the  Strepto- 
coccus  hemolyticus  points  to  it  as  one  of  the  strains, 
while  the  similarity  and  occasional  conjunction  of 
acute  phlegmonous  laryngitis  with  recognized  ery- 
sipelas point  to  the  streptococcus  of  erysipelas  as 
another  one  of  the  strains  responsible.     Also,  either 


with   or   without    initial    perichondritis,  abqeess  may 

occur    as    a    serious    complication    .,1     typhoid    I' 

typhus    fever,    septicemia,    ulcerative    endocarditis, 
,,.    ipela       mallpox,  scarlel   fever,  and  measles.     It 

is    liable    to    follow     contusions    and    fractures    of    thl 
cart  ilages  due   lo  external   injui  J  . 

Pathological  Anatomy. — Instead  of  encroach- 
ing upon  the  larynx  from  the  lingual  base  an  abs< 
may  originate  on  the  lingual  surface  of  the  epiglottis 
and  extend  to  the  vallecula,  in  one  of  which  it  maj 
rupture.  It  does  not  extend  over  the  free  edge  of  the 
epiglottis  io  the  laryngeal  surface.  It  maj  poinl 
.     t.rn.ilb   at  the  side  of  the  neck. 

Symptoms.— Apart  from  the  symptoms  of  simple 
laryngitis  a  submucous  .inflammation  leading  to 
abscess  soon  manifests  itself  by  dyspnea,  by  tender- 
ness to  pressure  and  severe  pain  on  swallowing  and 
speaking.  But  if  the  abscess  be  on  the  lingual  sur- 
face of  tin1  epiglottis  there  may  be  no  dyspnea,  only 
very  painful  dysphagia;  if  on  the  aryepiglottic  fold  the 
dyspnea  may  be  only  inspiratory.  The  dyspnea  of 
retropharyngeal  abscess,  pressing  upon  the  larynx, 
is  suspended  by  the  dorsal  and  head-downward 
positions. 

Diagnosis. — The  differentiation  from  other  ob- 
structive conditions  of  the  larynx  and  the  exact 
location  of  an  abscess,  being  based  largely  upon  the 
la  r\  ageal  image,  can  be  better  determined  early  than 
late,  that  is.  before  serious  dyspnea  has  set  in,  for  when 
a  patient  is  already  struggling  for  breath  the  mere 
insertion  of  a  throat  mirror,  tongue  depressor,  or 
finger  momentarily  intensifies  his  struggle  for  air. 
The  yellowish  point  of  an  abscess  is  less  translucent 
than  simple  edema  and  unlike  the  dusky  red  of  dif- 
fused phlegmonous  inflammation  when  without 
edema.  In  subglottic  laryngitis  the  swelling  is  bi- 
lateral and  symmetrical.  Actual  fluctuation  is  not 
often  discernible,  but  a  certain  elasticity  may  usually 
be  elicited  by  finger  or  probe.  Severe  pain  indicates 
an  abscess,  but  perichondritis  should  also  be  remem- 
bered in  this  connection.  In  doubtful  cases  an 
exploratory  puncture  with  a  laryngeal  lancet  is 
justified. 

Prognosis. — In  all  the  thirteen  cases  of  intrinsic 
abscess  observed  by  Mackenzie,  the  symptoms  were 
very-  severe,  but  all  terminated  in  recovery;  in  nine 
the  abscess  was  opened,  and  in  four  it  burst  spon- 
taneously. Nevertheless,  without  surgical  inter- 
ference—either evacuation  of  the  abscess  or  when 
necessary  a  prompt  tracheotomy — the  prognosis 
would  be  grave. 

Treatment. — While  the  disease  is  still  in  the  stage 
of  laryngitis  submucosa  acuta  L  appropriate  measures  to 
prevent  the  possible  formation  of  an  abscess  are  ab- 
solute rest  for  the  voice  and  cold  applications.  Cold 
wet  cloths  frequently  reapplied  may  be'  used  exter- 
nally, and  cracked  ice  may  be  dissolved  in  the  mouth. 
Cold  applications,  however,  should  not  be  indefinitely 
prolonged.  When  suppuration  is  obviously  immi- 
nent hot  applications  are  more  comforting.  If  edema 
is  a  marked  feature  scarification  is  usually  recom- 
mended, but  the  benefit  is  slight.  A  one  per  cent, 
cocaine  solution  with  adrenalin  1:10.000  in  normal 
salt  solution  sprayed  downward,  affords  temporary- 
relief  to  dyspnea  by  causing  the  edematous  tissue  to 
shrink.  The  atmosphere  should  be  kept  moist.  The 
abscess  when  formed  should  be  opened  under  laryngo- 
scopic  observation  by  means  of  a  laryngeal  lancet. 
Surgical  intervention^  be  it  by  incision  of  the  abscess 
or  bv  tracheotomy,  should  not  be  too  long  deferred, 
as  t  lie  dyspnea  is  liable  to  culminate  suddenly  in  the 
moribund  state,  which  leaves  one  without  recourse 
other  than  tracheotomy,  and  without  much  hope 
from  it;  the  author's  experience  with  adult  patients 
has    been     that,    when    the    asphyxia     has    already 
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advanced  to  the  moribund  stage  though  most  of 
them,  after  tracheotomy,  were  restored  to  conscious- 
ness, they  all  succumbed  within  a  few  hours 
afterward  to  the  secondary  congestion  i>f  the  Lungs 
which  follows  so  advanced  a  degree  of  asphyxia.  In 
marked  contrast,  however,  was  the  effectiveness  of 
treatment  when  opportunity  offered  at  an  earlier 
stage.  The  best  example  ainnns  others  was  an  abscess 
so  deeply  situated  and  firmly  inclosed  by  fascia  in  the 
root  of  the  tongue  bordering  the  larynx,  that  spon- 
taneous evacuation  in  time  to  prevent  the  dyspnea 
from  culminating  in  asphyxia  could  not  have  been 
expected;  whereas,  while  still  tolerant  of  laryngo- 
scopy procedure,  on  the  third  exploratory  puncture 
at  a  depth  of  three  centimeters  pus  in  quantity  was 
reached  and  recovery  promptly  ensued.  If  there  is 
pronounced  dyspnea  and  evacuation  of  the  abscess  is 
not  feasible. the  only  efficient  resource  is  tracheotomy 
performed  under  local  inriltrat  ion  anesthesia.  Intuba- 
tion is  not  a  satisfactory  substitute  for  tracheotomy 
in  these  cases.  W.   E.  Oasselberry. 


Larynx,  Anatomy  of  the — The  larynx,  which  is 
the  principal  organ  of  phonation  as  well  as  the  guardian 
against  the  entrance  of  foreign  bodies  into  the  trachea 
and  bronchial  tubes,  is  situated  at  the  upper  and  fore 
part  of  the  neck.  Until  puberty  it  is  small  and  pre- 
sents a  rounded  form  in  front.  At  about  this  time  in 
the  male  there  are  marked  and  rapid  changes.  It  be- 
comes nearly  double  in  size  and  the  thyroid  cartilage 
produces  a  prominent  ridge  in  front,  called  the  Adam's 
apple. 

The  larynx  lies  between  the  base  of  the  tongue  and 
the  hyoid  bone  above  and  the  beginning  of  the  trachea 
below,  and,  when  at  rest,  in  the  adult,  is  in  front  of  the 
fourth,  fifth,  and  sixth  cervical  vertebrae,  from  which 
it  is  separated  by  the  lower  portion  of  the  pharynx  and 
the  prevertebral  muscles.  In  front,  it  is  covered  near 
the  median  line  by  the  skin  and  cervical  fascia.  On 
either  side  there  are  also  the  sternohyoid,  the  sterno- 
thyroid, and  the  thyrohyoid  muscles  with  the  upper 
portion  of  the  lateral  lobe  of  the  thyroid  gland  and 
a  portion  of  the  inferior  pharyngeal  constrictor. 
Farther  back  and  on  the  side  are  the  large  cervical 
vessels.  At  the  upper  part  the  larynx  is  triangular 
in  shape  with  the  apex  pointing  at  the  anterior  median 
line,  but  it  approaches  the  shape  of  a  cylinder  and  is 
much  smaller  below,  where  it  joins  the  trachea.  The 
hyoid  bone,  the  thyroid  and  cricoid  cartilages,  the 
thyrohyoid  membrane,  and  the  cricothyroid  mem- 
brane are  easily  located  and  are  important  landmarks. 

The  Interior  of  the  Larynx. — The  first  portion 
of  the  larynx  we  see  when  looking  from  above  is  the 
epiglottis  situated  at  the  base  of  the  tongue.  This 
varies  greatly  in  shape,  size,  and  position.  Its  crest 
may  present  itself  as  the  arc  of  a  small  or  a  compara- 
tively large  circle.  It  is  usually  situated  in  the  median 
line,  and  is  commonly  but  not  always  symmetrical; 
it  swings  up  and  down  over  the  superior  aperture  of 
the  larynx,  so  that  it  may  be  found  in  any  position 
from  the  vertical  to  the  horizontal.  Immediately 
below  the  crest  of  the  epiglottis  is  a  rounded  promi- 
nence, the  cushion  produced  by  a  prominence  of 
the  petiolus  together  with  some  fatty  and  adenoid 
tissue.  The  mucous  membrane  covering  the  epi- 
glottis is  of  a  yellowish-pink  color  and  is  more  ad- 
herent to  the  posterior  surface,  in  which  open  the 
mouths  of  a  number  of  glands.  From  both  sides  of 
the  epiglottis  there  extend  toward  the  arytenoids.  a1 
the  posterior  portion  of  the  larynx,  two  folds  of  mu- 
cous membrane,  the  arytenoepiglottidean  folds,  which 
contain  some  ligaments  and  muscular  fibers  as 
well  as  the  cuneiform  cartilages.  These  cartilages 
show  as  a  whitish  nodule  in  front  of  the  prominence 
produced  by  the  arytenoid  and  Santorini's  cartilages 
on  either  side.     At  the  posterior  portion  of  the  larynx 


is  a  space  called  the  interarytenoid  space.     Thi 
between  the  arytenoid  cartilagi    ,  quiti  i    tensi   'dur- 
ing respiration  but  much    ihorter  during  phonation. 
Jus!  below  the  ap.  irytenoids  and  extending 

from  i  he  front  of  i  hese  to  1  he  angle  ol  t  he  th;  roid 
cartilage,  below  the  attachment  of  the  epiglottis, 
are  two  folds  of  mucous  membrane  enclosing 
delicate    fibrou     bands,   the  superior  t:     ■  enoid 

ligaments.      These    folds    are   called  the  ventricular 

bands   and   form   the   uppei    I nd;ii\    ol    8     pace,  the 

ventricle  of  the  larynx,  which  extends  under  and 
between  them  and  the  alae  of  the  thyroid  cartilage, 
and  then  terminates  anteriorly  in  a  pouch,  the  sa< 


Fig.  3869. — Frontal  Section  of  an  Undissected  Larynx.  The 
three  divisions  of  the  larynx  are  marked  off  by  the  straight  dotted 
lines  on  the  right  side  of  the  figure.  A,  The  superior  compartment, 
extending  from  the  aryepiglottic  folds  to  the  superior  vocal  cords 
(ventricular  bands) ;  B,  the  cavity  of  the  ventricle,  bounded  above 
by  the  superior  vocal  cord,  below  by  the  inferior  or  true  vocal  cord, 
and  externally  by  the  elastic  membrane  of  the  larynx;  C,  the 
inferior  or  subglottic  compartment,  extending  from  the  true 
vocal  cord  to  the  inferior  border  of  the  cricoid  cartilage;  1,  edge  of 
the  superior  vocal  cord;  2.  edge  of  the  inferior  vocal  cord.  Below 
the  true  vocal  cord  is  seen  the  thyroarytenoideua  muscle. 

lus  laryngis.  This  pouch  contains  many  mucous 
glands  which  by  their  secretion  moisten  the  vocal 
cords.  Just  below  and  parallel  with  the  ventricular 
bands  are  two  white  bands,  the  true  vocal  cords.  They 
appear  to  be  a  part  of  the  ventricular  bands,  but  are 
at  a  lower  level  and  are  separated  from  them  by 
the  ventricles.  They  are  composed  of  yellow  fibrous 
tissue  covered  by  a  very  thin  and  closely  adherent 
mucous  membrane.  A  cross-section  shows  the  vocal 
cord  to  be  a  triangular  prism  with  the  base  outward 
and  attached  throughout  its  whole  extent  to  fibers  of 
the  thyroarytenoid  muscle.  Anteriorly  the  cord  is 
attached  to  the  receding  angle  of  the  thyroid  carti- 
lage just  below  the  ventricular  band  and  within  the 
insertion  of  the  thyroarytenoid  muscle.  Posteriorly 
there  are  three  sets  of  fibers;  one  is  attached  to  the 
vocal  process  of  the  arytenoid  cartilage,  another  to 
its  anterior  surface,  and  the  third  to  the  cricoarytenoid 
capsular  ligament.  At  their  posterior  attachment 
there  is  often  seen  a  slight  depression  of  a  pearly  white 
color;  this  is  the  tip  of  the  vocal  process  of  the 
arytenoid  cartilage.  There  is  an  open  triangular  space 
between  the  vocal  cords — the  glottis  or  rima  glottidis. 
This  varies  in  extent  according  to  sex  and  age.  being 
about  seven-eighths  of  an  inch  long  in  the  adult  male 
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and  about  five-eighths  of  an  inch  in  the  female.  The 
width  constantly  varies  as  the  cords  are  approximated 
or  separated,  and  in  the  male  is  about  one-half  inch 
at  the  posterior  portion  when  the  cords  are  separated  to 
their  fullest  extent.  Through  the  glottis  can  be  seen 
the  anterior  portion  of  the  cricoid  and  a  few  of  the  supe- 
rior rings  of  the  trachea  and  at  times  the  whole  ante- 
rior portion  of  the  trachea  as  far  down  as  the  bifur- 
cation. Below  the  glottis  the  space  widens  and  is 
oval  laterally,  but  gradually  approaches  a  circular 
form  as  it  extends  toward  the  trachea. 

Cartilages  op  the  Larynx. — There  are  five  prin- 
cipal cartilages  of  the  larynx,  the  epiglottis,  the  thy- 
roid, the  cricoid,  and  the  two  arytenoid,  and  two  pairs 
of  verj'  small  unimportant  cartilages,  the  cornicula 
laryngis  (cartilages  of  Santorini)  and  the  cuneiform 
cartilages  (cartilages  of  Wrisberg).  The  thyroid, 
the  cricoid,  and  the  two  arytenoid  cartilages  are  of 
hyaline  cartilage  and  liable  to  become  ossified  with 
age,  while  the  epiglottis  and  the  four  small  cartilages 
are  of  a  fibrous  nature. 

The  thyroid  cartilage,  the  largest  in  the  larynx, 
consists  of  two  large  quadrilateral  symmetrical  plates 
called  alse,  which  unite  anteriorly  at  an  angle  of  85°  to 
95°  and  form  the  greater  portion  of  the  front  and  sides 
of  the  larynx. 


Fig.  3670. — Anterior  View  of  the  Cartilages  of  the  Larynx.  1, 
Upper  rings  of  the  tracheal  2,  anterior  arch  of  the  cricoid;  3,  anterior 
portion  of  the  cricothyroid  membrane  (conoid  ligament) ;  4,  4, 
lateral  halves  or  alse  of  the  thyroid;  5,  median  portion  of  the  thyroid; 
6,  epiglottis;  7,  thyroepiglottic  ligament.      (Luschka.) 

The  alse  present  an  external  flattened  surface, 
marked  by  a  rather  indistinct  oblique  line,  running 
from  the  inferior  tubercle  at  the  lower  anterior  border 
upward,  outward,  and  backward  to  the  superior 
tubercle  at  the  posterior  part  of  the  superior  border. 
This  ridge  gives  attachment  below  to  the  sterno- 
thyroid, and  above  to  the  thyrohyoid  muscle,  and 
just  below  this  line  are  attached  a  part  of  the  inferior 
constrictor  of  the  pharynx  and  the  stylopharyngeus. 
The  internal  surfaces  are  more  or  less  concave  and 
smooth,  and  near  the  angle  of  union  in  front  are 
attached  the  epiglottis,  the  thyroepiglottidean  and 
thyroarytenoid  muscles,  and  the  true  and  false  vocal 
cords.  Of  the  borders,  the  anterior  is  the  shortest, 
and,  except  for  a  bursa  which  is  sometimes  present,  is 
subcutaneous.     The  upper  is  somewhat  convex  except 
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for  a  well-marked  concavity  near  the  superior  cornu. 
The  posterior  extends  above  into  a  long  delicate  process, 
the  superior  cornu,  which  gives  attachment  at  its 
extremity  to  the  thyrohyoid  ligament,  and  terminates 
below  in  a  short  and  thick  process,  the  inferior  cornu, 
presenting  on  the  inner  side  a  small  oval  facet  which 
articulates  with  the  side  of  the  body  of  the  cricoid.    The 


Fig.  3671. — Posterior  View  of  the  Cartilages  of  the  Larynx.  1, 
Broad  posterior  arch  of  the  cricoid;  2,  internal  surface  of  the  ala 
of  the  thyroid;  3,  arytenoid  cartilage;  4.  corniculum  laryngis 
(cartilage  of  Santorini);  5,  the  posterior  surface  of  the  epiglottis. 
(Luschka.) 

lower  border  is  nearly  straight  and  is  notched  near 
the  inferior  cornu.  It  gives  attachment  anteriorly  to 
the  cricothyroid  membrane  and  laterally  to  the  crico- 
thyroid muscle. 

The  cricoid  cartilage,  much  thicker  and  stronger  than 
the  thyroid  cartilage,  forms  the  lower  and  greater 
part  of  the  posterior  portion  of  the  larynx.  The 
anterior  portion  is  rounded  and  convex  in  shape  and 
measures  vertically  about  one- 
fifth  of  an  inch.  The  external 
surface  at  the  front  and  sides 
is  smooth  and  gives  attach- 
ment to  the  cricothyroid  mus- 
cles and  inferior  pharyngeal 
constrictors.  Posteriorly,  it 
rises  until  its  vertical  diameter 
is  about  three  times  that  of  the 
anterior  portion.  It  also  in- 
creases in  thickness  and  forms 
the  signet  portion  of  the  ring. 
This  shows  a  depression  near 
the  middle  on  the  superior 
border,  on  either  side  of  which, 
looking  upward  and  outward, 
is  an  elongated,  oval  and 
slightly  convex  facet  for 
articulation  with  the  arytenoid 
cartilages.  At  the  middle  of 
the  posterior  surface  is  a  slight 
vertical  ridge  to  which  are  at- 
tached a  few  of  the  longitudi- 
nal fibers  of  the  esophagus. 
On  either  side  of  this  are  depressions  which  are  occu- 
pied by  the  posterior  cricoarytenoid  muscle;  and  just 
outside  of  these  are  the  slightly  raised  oval  facets  for 
articulation  with  the  inferior  cornua  of  the  thyroid 
cartilage.  The  whole  interior  surface  is  smooth  and 
covered  with  mucous  membrane. 

The  arytenoid  cartilages,  two  in  number,  are  situated 
at  the  posterior  superior  portion  of  the  larynx,  and  are 
the  most  active  of  all  the  cartilages  in  tuning  the  larynx 


Fig.  3672. — Posterior 
View  of  the  Cricoid  and 
Arytenoid  Cartilages, 
showing  the  Attachment  of 
the  Arytenoideua  Muscle. 
1.  Cricoid;     2,    arytenoid; 

3,  corniculum     laryngis; 

4,  arytenoideua     muscle. 
(Luschka.) 
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for  the   production  of  sound.     To  them  are  attached 

the  vocal  cords  and  all  of  the  muscles  controlling  their 
movements  except  the  cricothyroid.  In  shape  they 
are  three-sided  pyramids  and  are  about  half  an  inch 
high  and  one-fourth  of  an  inch  wide.  They  articulate 
near  the  outer  portion  of  the  base  with  the  facets  on 
the  superior  surface  of  the  cricoid,  and  their  inner 
surfaces  are  nearly  parallel.  At  each  apex  is  situated 
the  cartilage  of  Santorini.  The  inner  surface,  which 
is  the  narrowest  of  the  three,  is  triangular  in 
shape  and  nearly  flat.  It  is  covered  with  mucous 
membrane.  The  anterior  surface  has  a  triangular 
ridge  at  the  junction  of  the  lower  and  middle  thirds. 
above  and  below  which  are  concavities.  Near  the 
inner  end  of  this  ridge  is  attached  the  ventricular 
band.  The  thyroarytenoid  muscle  is  attached  to  the 
rest  of  the  surface.    The  posterior  surface  is  t  riangular, 


Fio.  3673. — Lateral  View 
(right  side)  of  the  Cricoid 
Cartilage.  3,  Articular  sur- 
face for  the  inferior  cornu  of 
the  thyroid;  4,  articular  sur- 
face for  the  base  of  the  ary- 
tenoid.    (Luschka.) 


Fig.  3674. — Anterior  \  Lew 
of  the  Cricoid  Cartilage.  1, 
The  anterior  arch;  2,  the  pos- 
terior arch.     (From  Luschka  I 


broad,  and  concave  from  above  downward  and  gives 
attachment  to  part  of  the  arytenoid  muscle.  The 
whole  base  is  slightly  concave,  with  a  smooth,  more 
marked  concavity  near  the  outer  portion  for  articu- 
lation with  the  cricoid  cartilage.  The  anterior  angle 
extends  into  a  horizontal  process  (the  vocal  process), 
to  which  the  vocal  cord  of  that  side  is  attached.  The 
external  angle,  which  extends  outward  and  backward, 
forms  a  short  and  rounded  process  (the  muscular  proc- 
ess), to  which  are  attached  the  posterior  and  lateral 
cricoarytenoid    muscles. 

The  epiglottis  is  a  thin  leaf-like  cartilage  which  is  at- 
tached to  the  inside  of  the  thyroid  cartilage  just  below 
the  superior  median  notch.  It  is  inside  of,  and 
attached  to,  the  body  of  the  hyoid  bone.  During 
respiration  it  is  nearly  vertical,  but  during  deglutition 
as  the  larynx  is  drawn  upward  it  drops  backward  and 
more  or  less  completely  closes  the  laryngeal  opening. 
The  anterior  surface  is  covered  by  mucous  membrane 
which  is  reflected  on  to  the  sides  and  base  of  the 
tongue,  forming  the  lateral  and  median  glossoepi- 
glottidean  ligaments.  The  posterior  surface  is  concave 
from  side  to  side  and  convex  from  above  downward. 
There  are  numerous  small  pits,  sometimes  perforating 
the  cartilage,  which  lodge  small  glands.  The  mucous 
membrane  is  smooth  and  at  the  sides  forms  the 
arytenoepiglottidean  folds. 

The  cartilages  of  Santorini,  two  small  conical  nodules 
of  fibrocartilage,  articulate  with  the  tip  of  the  aryte- 
noid cartilages  and  are  sometimes  firmly  united  to 
them.  The  arytenoepiglottidean  folds  are  attached 
to  these  cartilages  and  enclose  the  cartilages  of  Wris- 
berg  at  a  short  distance  in  front  of  this  attachment. 
These  latter  cartilages  give  rise  to  the  elevations 
which  are  plainly  seen  in  the  laryngeal  image. 

Ligaments. — The  cartilages  of  the  larynx  are  bound 
together  and  to  the  hyoid  bone  above  and  the  trachea 
below  by  fibrous  bands  and  membranes.  The  thyroid 
cartilage  is  attached  to  the  hyoid  bone  by  a  broad 
central  membrane  and  two  lateral  rounded  ligaments. 
The  thyrohyoid  ligament  is  a  broad  fibrous  and 
slightly  elastic  membrane,  thick  in  the  middle  where 
it  is  subcutaneous,  and  thin  and  loose  at  the  sides 


where  it  is  pierced  by  the  superior  laryngeal  vessels 
and  nerve.  It  is  attached  below  to  the  whole  upper 
edge  of  the  thyroid  cartilage,  and  above  it,  |m  i 
behind  the  posterior  surface  of  the  hyoid  bone,  being 
separated  from  if  by  a  synovial  bursa,  to  be  attached 
to  its  surface.  This  allows  the  larynx  to  be  drawn 
upward  within  the  hyoid  bone.  The  lateral  thyro- 
hyoid ligaments  are  two  rounded  elastic  cords  just 
back  of  the  middle  Ligament.  They  connect  the 
superior  cornua  of  the  thyroid  cartilage  with  the  ex- 
tremities of  the  great  cornua  of  the  hyoid  bone. 

The  epiglottis  is  connected  with  the  needing  angle 
of  the  thyroid  cartilage  by  a  long  rounded  bundle  of 
fibroelastic  tissue,  the  thyroepiglottic  ligament.  It 
is  also  attached  to  the  hyoid  bone  by  a  fibroelastic 
membrane  extending  from  near  the  apex  of  its  anterior 
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Fig.  3075. — Posterior  View  of  the  Larynx.  The  pharynx  and 
mucous  membrane  are  removed.  1,  Trachea;  2,  posterior  crico- 
tracheal  ligament;  3,  cricoid;  4,  posterior  border  of  the  thyroid; 
5,  epiglottis;  6,  great  cornu  of  the  hyoid  bone;  7,  root  of  the  tongue; 
8,  thyrohyoid;  9,  hyoepiglottic  membrane;  10,  hyoglossal  mem- 
brane; 11,  middle  glossoepiglottic  ligament;  12,  lateral  glosso- 
epiglottic  ligament;  13,  pharyngoepiglottic  fold;  14,  stylolaryngeus 
muscle;  15,  arytenoideua  muscle;  16,  16,  crossing  bundles  of  the 
arytenoepiglottideus  (constrictor  vestibuli  laryngis);  17,  posterior 
cricoarytenoideus  muscle;  18,  18,  a  few  slender  bundles,  crieo- 
thyroideus  posticus,  or  keratocricoideus  of  Merkel;  19,  inferior 
laryngeal  nerve.  The  aryepiglottic  folds  are  seen  reaching  from 
the  sides  of  the  epiglottis  to  the  arytenoid  eminences,  and  bounding 
the  superior  orifice  of  the  larynx,  the  vestibulum  laryngis.  (Luschka. ) 

surface  to  the  upper  surface  of  the  body  of  the  hyoid 
bone.  There  are  two  lateral  folds  and  one  median 
fold  of  mucous  membrane,  already  mentioned,  which 
attach  the  epiglottis  to  the  base  of  the  tongue. 

The  cricothyroid  membrane  and  two  capsular 
ligaments  bind  the  thyroid  and  cricoid  cartilages 
together.  The  cricothyroid  membrane,  triangular  in 
shape,  is  thick  in  front  where  it  joins  the  cricoid  and 
thyroid  cartilages,  and  thin  at  either  side  where  it 
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extends  from  the  cricoid  cartilage  to  the  inferior 
margin  of  the  true  vocal  cords,  and  is  joined  with 
them  :ii  their  anterior  insertion  into  the  thyroid 
cartilage,  ^.nteriorlj  the  cricothyroid  membrane  is 
subcutaneous  and  is  crossed  horizontally  by  a  small 
arterial  branch  which  tonus  an  anastomosis  between 
the  cricothyroid  arteries  of  either  side.  At  the  sides 
the  cricothyroid  membrane  is  covered  by  the  crico- 
thyroid and  cricoarytenoid  muscles.  The  capsular 
ligaments  are  lined  with  synovial  membrane,  and  bind 


Fig.  3676. — Right  Lateral  View  of  a  Dissected  Larynx.  The 
ala  of  the  thyroid  is  removed.  1.  Cricoid;  2.  thyroid;  3,  arytenoid; 
4,  epiglottis;  5,  hyoid  bone;  6,  posterior  cricoarytenoid  muscle; 
7,  arytenoepiglottideus  muscle;  8,  the  lateral  cricoarytenoideus; 
9,  thyroarytenoideus.  The  other  fibers,  seen  running  in  various 
directions,  are  inconstant  in  their  distribution.     (After  Luschka.) 

the  articulations  of  the  inferior  cornua  of  the  thyroid 
with  the  sides  of  the  cricoid  cartilage.  A  loose  cap- 
sular ligament  lined  with  synovial  membrane  and 
strengthened  posteriorly  by  a  strong  band,  the  pos- 
terior cricoarytenoid  ligament,  connects  the  aryte- 
noids with  the  cricoid  cartilage. 

Muscles. — The  larynx  as  a  whole  is  moved  and  also 
fixed  in  its  varying  positions  by  muscles  which  attach 
it  to  the  hyoid  bone  above,  the  sternum  below,  and 
the  region  of  the  fourth  and  fifth  cervical  vertebrae 
behind.  It  is  elevated  principally  by  the  thyrohyoid 
muscle  and  depressed  by  the  sternothyroid;  and  the 
two  muscles,  acting  at  the  same  time,  tend  to  hold  it 
firmly  in  a  fixed  position. 

There  are  also  some  muscular  fibers,  forming  the  so- 
called  laryngopharyngeal  muscles  which  are  attached 
to  the  posterior  border  of  the  thyroid  cartilage  and 
pass  backward  around  the  pharynx  to  be  inserted 
into  the  vertebrae  behind.  The  sternohyoid,  the 
omohyoid,  the  two  lower  constrictors  of  the  pharynx, 
the  stylopharyngeus,  and  the  palatopharyngeus  also 
act  more  or  less  upon  the  larynx  as  a  whole.  The 
thyrohyoid  is  a  small  quadrilateral  muscle  arising 
from  the  lower  border  of  the  body  and  greater  cornu 
of  the  hyoid  bone  and  is  inserted  into  the  oblique  line 
on  the  ala  of  the  thyroid  cartilage;  and  the  sterno- 
thyroid has  its  upper  attachment  to  this  same  oblique 
line  and  is  attached  below  to  the  posterior  surface  of 
the  manubrial  portion  of  the  sternum,  below  the  at- 
tachment of  the  sternohyoid.  The  middle  thyroid 
vein  is  situated  along  its  inner  border. 

The  muscles  which  change  the  shape  of  the  larynx 
and  art  directly  upon  the  vocal  cords  are  the  crico- 
thyroid   the    cricoarytenoideus    posticus,   the  aryte- 
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noideus     lateralis,    the     arytenoideus,   and    the   thyro- 

noldells. 

The  cricothyroid,  a  shorl  triangular  muscle,  is 
attached  In-low  to  the  anterior  and  lateral  portion  ol 
the    cricoid    cartilage.     From    this    the    fil«  i 

upward  and  outward  and  divide  into  two  bundles, 
the  anterior  beiiiK  attached  to  the  inner  lower  margin 
of  the  thyroid  cartilage  and.  the  posterior  to  the  ante- 
rior bolder  of  the  lower  cornu.  Whether  this  mil 
depresses  the  thyroid  or  elevates  the  cricoid  it  in- 
creases the  length  and  tension  of  the  vocal  cords. 
The  posterior  cricoarytenoid  muscle  is  attached  to  the 
muscular  process  of  the  arytenoid  cartilage  behind 
that  of  the  lateral  cricoarytenoid.  The  fibers  spread 
like  a  fan,  the  upper  nearly  horizontal  and  the  lower 
nearly  vertical,  and  are  attached  to  the  broad  de- 
pression on  the  posterior  surface  of  the  cricoid  carti- 
lage. This  muscle  draws  the  muscular  process  of  the 
arytenoid  backward  and  inward,  and  thus  by  rota'  ing 
the  vocal  processes  outward  widens  the  rima  glottidis. 
The  lateral  cricoarytenoid,  from  its  attachment  to  the 
muscular  process  and  adjacent  part  of  the  anterior  sur- 
face  of  the  arytenoid  cartilage,  spreads  out  and  passes 
downward  and  forward  to  be  attached  to  the  upper 
slanting  surface  of  the  cricoid  cartilage  as  far  back  as 
the  articulation  of  the  arytenoid.  The  action  of  this 
muscle  is  to  draw  the  muscular  process  of  the  aryte- 
noid forward  and  downward  and.  by  rotating  the 
vocal  process  inward,  to  approximate  the  vocal  cords. 
The  action  of  this  muscle  is  antagonistic  to  that  of  the 
posterior  cricoarytenoid,  and  when  the  two  act 
simultaneously  the  arytenoid  is  not  rotated  but  is 
drawn  inward  and  the  glottis  is  narrowed. 

The  arytenoideus  is  a  single  muscle  which  passes  be- 
tween  the  posterior  outer  borders  of  the  arytenoid 


Fig.  3677. — Lateral  View  of  the  Laryngeal  Muscles.  1,  Cricoid; 
2,  thyroid;  3,  arytenoid;  4,  epiglottis;  5,  elastic  membrane  of  the 
larynx;  6,  posterior  cricoidarytenoid;  7,  lateral  cricoarytenoid;  8, 
thyroarytenoid;  9,  thyroepiglottideus;  10.  fine  fibers  spreading 
out  in  the  elastic  membrane  (arymembranosus) .      (Luschka.) 

cartilages.  The  deep  fibers  are  transverse  but  the 
superficial  pass  obliquely  from  the  base  of  one  to  the 
apex  of  the  other  arytenoid.  Some  of  these  fibers 
pass  around  the  cartilages  and  join  with  the  fibers  of 
the  thyroarytenoid  or  the  arytenoepiglottic  muscle. 
The  arytenoideus  draws  the  bases  of  the  arytenoid 
cartilages  together. 

The  thyroarytenoid  muscle  contains  both  longi- 
tudinal and  transverse  fibers  and  is  made  up  of  in- 
ternal   and    external   portions   which   are   sometimes 
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described  as  two  distinct  muscles.  The  long  fibers  of 
the  inner  portion  arise  in  front  from  the  receding 
angle  of  the  thyroid  cartilage,  a  few  sometimes  from  a 
nodule  of  fibrous  tissue  in  tin'  anterior  portion  of  the 
cord,  the  cartilage  of  Luschka.  They  pass  backward 
with  a  slight  outward  curve  and  are  attached  to  the 
whole  length  of  the  vocal  process  and  adjacent  outei 
surface  of  the  arytenoid.  The  whole  inner  border  is 
attached  to  the  vocal  cord.  The  outer  portion  arises 
from  the  thyroid  cart  ilage  near  that  of  the  inner,  and 
also  from  the  cricothyroid  membrane.  Some  of  the 
fibers  pass  backward  and  are  inserted  into  the  lateral 
border  and  muscular  processor  the  arytenoid  cart  ilage, 
others  pass  obliquely  upward  to  the  arytenoepiglotti- 
dean  fold,  and  still  others  pass  vertically  in  a  thin 
layer  around  the  ventricle  and  sacculus,  ending  in  the 


Fig. 


3678. — Arteries   of   the   Larynx.      (From   Luschka.)      C.   th. 
Thyroid  cartilage;  Gl.  th.,  thyroid  gland;   77  ,  trachea. 


false  cord.     There  is  one  set  of  fibers  which  pass  fr 

the  anterior  attachment  outward  around  the  sacculus 
laryngis.and  are  inserted  into  the  side  of  the  epiglottis. 
On  account  of  the  various  directions  and  attachments 
of  this  muscle  its  action  is  rather  complicated.  The 
longitudinal  fibers  of  the  inner  portion  tend  to  bring 
the  edges  of  the  vocal  cords  together,  while  the  short 
oblique  fibers  tend  to  tighten  them. 

The  Blood  Supply. — The  superior  thyroid  artery 
gives  off  a  branch,  the  superior  laryngeal,  which 
passes  with  the  superior  laryngeal  nerve  between  the 
great  cornu  of  the  hyoid  bone  and  the  thyroid  cartilage 
through  the  thyrohyoid  membrane,  and  supplies  the 
structures  of  the  anterior  superior  portion  of  the 
larynx.  The  inferior  laryngeal  artery  also  arises  from 
the  superior  thyroid,  near  the  lower  border  of  the  thy- 
roid cartilage.  It  divides  into  two  branches,  one 
anastomosing  with  its  fellow  of  the  other  side  and  the 
other  with  branches  of  the  superior  laryngeal.  The 
posterior  laryngeal  artery,  a  branch  of  the  inferior 
thyroid,  passes  with  the  recurrent  laryngeal  nerve; 
it  then  divides,  near  the  cricoarytenoid  articulation, 
into  two  branches  which  anastomose  with  branches 
of  the  superior  laryngeal  artery. 

The  laryngeal  veins  are  associated  with  the  arteries 
and  empty  into  the  internal  jugular  through  the 
superior,  middle,  and  inferior  thyroid. 

Lymphatics. — The  lymphatics  may  be  divided  into 
two  sets.  The  upper  pierce  the  thyrohyoid  membrane 
and  empty  into  the  glands  located  near  the  bifurca- 
tion of  the  common  carotid  artery-.     The  lower,  after 


piercing  the   cricothyroid    membrane,  end  in    glands 

in  front  of  this  membrane  or  at  the  side  oi  th :oid 

carl  ilage. 

\  i  iv, ...  The  pni  umoga  1 1  ic  qi  rve  .  joined  by 
sympathetic  libers,  give  oil  the  superior  laryn 
nerves,  which  supply  the  mucous  membrane,  the 
cricothyroid  muscle  and  a  pari  ol  Ha-  arytenoideue 
muscle,  and  the  inferior  laryngi  alnerv<  which  -apply 
all  of  the  other  muscles  ol  I  he  lai  j  nx. 

Edgab  M.   Holmes. 


Larynx,  Burns  and  Scalds  of  the.  Severe  acute 
inflammation  of  the  larynx,  involving  the  submucous 
areolar    tissue,     may    follow    the    swallowing    of    very 

hot  liquids  and  of  corrosive  poisons,  the  inhalation 
of  Bame  or  of  highly  heated  air,  or  tie'  impaction  of  a 
foreign  body. 

The  pathological  condition  commonly  met  with  in 

the  three  accidents  above  named  is,  practically,  acute 
laryngeal     edema.      The    early    symptoms    are     pain, 

dyspma,  dysphagia,  aphonia,  and  shock.  Respira- 
tion is  rapid  and  st r id u lous,  the  face  pale  and  anxious, 
andthe  patient  very  restless.     The  symptoms  may  be 

mild  .at  first  but  later  1he\  are  severe,  especia.ll}  after 
the  ingestion  of  caustic-  liquids.  Often  edema  of  Hie 
larynx  and  fatal  dyspnea  rapidly  come  on,  or  serious 
pulmonary  complications  quickly  follow. 

Mild  cases  may-  end  in  recovery  in  a  few  days. 
Death  is  apt  to  occur  in  from  one  to  two  days  from 
dyspnea  or  shock,  or  later  from  laryngitis,  bronchi) is, 
or  pneumonia.  The  inhalation  of  flame  or  of  steam 
is  always  a  very  serious  complication  of  the  other 
injuries  commonly  present  owing  to  the  general  depres- 
sion and  the  mental  shock  which  are  likely  to  accom- 
pany such  cases.  Treatment  should  be  at  once 
instituted.  Absolute  quiet  should  be  secured,  diges- 
tion regulated,  strength  supported,  and  the  patient 
carefully  watched  for  the  development  of  laryngeal 
and  pulmonary  symptoms.  Many  writers  recom- 
mend the  administration  of  a  dose  of  calomel  at  the 
outset. 

The  sucking  of  cracked  ice,  the  administration  of  a 
non-depressant  emetic,  and  thorough  scarification  of 
the  edematous  tissue,  as  described  in  the  preceding 
art  icle,  have  been  highly  recommended.  Applications 
of  cocaine  must  be  used  with  great  caution,  if  at  all,  on 
account  of  the  depressing  effect  of  this  drug  upon  the 
heart.  The  local  application  of  the  extract  of  the 
suprarenal  glands  to  the  affected  region  is  often  valu- 
able. Of  course,  in  case  of  the  impaction  of  a  foreign 
body  the  offending  object  must  be  removed.  Too 
much  stress  cannot  be  laid  upon  the  necessity  for  en- 
ergetic treatment,  and  when  the  symptoms  are  urgent, 
immediate  recourse  should  be  had  to  tracheotomy,  or, 
better  still,  to  intubation  of  the  larynx  after  the 
method  of  O'Dywer  (see  Intubation). 

Laryngitis  from  corrosive  poisoning  is  frequently 
followed  by  extensive  sloughing,  and  eventually  by 
cicatricial  contraction  which  may  require  more  or  less 
important  surgical  treatment  for  its  relief.  (See 
Larynx,  Stenosis  of  the.)  D.  Bryson  Delavan. 


Larynx,   Congenital    Malformations  of   the. — 

Congenital  malformations  of  the  larynx  may  be  classed 
under  four  heads,  namely:  ill  Absence;  (2)  excessive 
development;  (3)  cleft;  and  (4)  deviations  of  form 
and  situation. 

Complete  absence  of  the  larynx  occurs  in  the  rare 
cases  of  monsters  in  which  the  head  and  the  thorax 
are  wanting,  and  which  arc  known  as  acephali, 
amorphi,  and  acardiaci.  A  complete  absence  of  the 
larynx  has  also  been  noted  in  a  monster  described 
as  "inclusio  fetalis  peritonei." 

Partial  absence  may  consist  either  in  a  general 
atrophy  of  the  organ,  or  in  the  absence  of  one  or 
more  of  the  cartilages.     Thus,  in  some  instances  there 
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Lars  in,  Congenital 
Malformations  <it 
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is  a  complete  absence  of  the  epiglottis;  in  others  it  is 
represented  by  a  high  rudimentary  ridge;  while  in  one 
case  it  is  described  as  merely  a  fold  of  the  mucous 
membrane.  The  thyroid,  cricoid,  and  arytenoid 
cartilages  may  be  absent.  They  also  may  be  rudi- 
mentarily  developed,  either  altogether  as  regards  one 
of  them,  or  only  in  certain  parts  of  each.  For  instance, 
the  thyroid  may  lack  one  or  both  superior  cornua. 
Again,  the  thyroid  may  be  cleft,  and  the  two  plates 
may  be  connected  together  by  a  cartilaginous  band. 
The  same  abnormality  has  been  observed  in  the  cri- 
coid, in  some  instances  to  such  an  extent  that  the  con- 
necting band  may  take  the  place  of  the  original  cricoid, 
and  thus  cause  it  to  resemble  a  tracheal  cartilage. 
Finally,  the  whole  larynx  may  be  abnormally  small,  as 
seen  in  the  male  when  there  is  congenital  atrophy  of 
the  testicle,  or  when  castration  has  been  practised 
early  in  life.  In  such  cases  it  resembles  the  larynx  of 
the  female  or  of  a  child. 

Hypertrophy. — This  division  may  be  made  to 
include  the  double  formation  of  the  larynx  observed 
in  the  case  of  double  monsters,  namely,  in  the  so- 
called  thoracodidymis  and  also  in  the  dihypogastricus 
varieties.  These  possess  two  larynges,  but  only  one 
pharynx  and  one  esophagus.  A  cartilaginous  plate 
is  sometimes  found  interposed  anteriorly  between 
the  wings  of  the  thyroid. 

Supernumerary  cartilages  are  occasionally  found  on 
the  outer  corner  of  the  cricoid  cartilage.  They  are 
analogous  to  sesamoid  bones.  Supernumerary  folds 
of  the  mucous  membranes  are  sometimes  seen,  as,  for 
instance,  a  transverse  fold  below  the  epiglottis. 

The  laryngeal  ventricle  may  be  abnormally  wide 
and  deep,  and  thus  render  the  part  more  liable  to 
eversion,  to  the  lodgment  of  a  foreign  body,  or  to  other 
accident.  The  anterior  section  of  the  glottic  space 
may  be  more  or  less  occluded  by  a  web-like  formation, 
of  considerable  density,  and  somewhat  resembling  an 
imperforate  hymen. 

Cleft  Formation. — There  is  no  such  thing,  it  is 
said,  as  a  congenital  laryngeal  fistula  of  the  neck.  A 
case  of  cleft  epiglottis  has  been  reported  by  Thomas  R. 
French. 

Congenital  deviations  of  form  and  situation  of  the 
larynx  are  rare,  and  occur  only  in  connection  with  con- 
genital malformations  of  the  most  marked  type,  such 
as  hemicephalus,  and  double  spina  bifida  of  the  upper 
portion  of  the  spine,  and  in  extreme  lordosis  of  the 
cervical  vertebrae.  In  these  the  whole  larynx  is  de- 
pressed and  moved  backward  to  the  level  of  the  upper 
dorsal  vertebrae.  The  thyroid  is  placed  very  obliquely, 
by  which  the  inferior  diameter  of  the  larynx  is  mark- 
edly increased,  while  the  cricoid  is  situated  much 
deeper,  in  proportion  to  the  thyroid,  and  thereby  the 
true  and  the  false  vocal  cords  are  abnormally  length- 
ened.     The  sinus  pyriformis  on  each  side  is  obliterated. 

Slight  asymmetry  of  the  larynx,  as  to  position  and 
form,  is  not  infrequently  met  with. 

D.  Bryson  Delavan. 


Larynx,  Cricoarytenoid  Disease. — Definition. 
— -Arthritis  of  the  cricoarytenoid  articulation  is  an 
inflammation  of  the  joint,  usually  involving  the  peri- 
chondrium and  adjoining  tissues.  Ankylosis  is  a 
partial  or  complete  immobility  of  the  joint  from  the 
formation  of  adhesions  and  the  organization  of  an 
inflammatory  exudate,  usually  in  consequence  of  a 
previous  arthritis. 

Etiology. — The  most  frequent  cause  is  perichon- 
dritis, the  various  types  of  which  are  described  under 
that  name.  Quite  rarely,  "cold"  and  vocal  abuse 
influence  infection.  It  may  be  due,  in  either  the 
acute  or  the  chronic  form,  to  the  focal  suppurations 
responsible  for  so-called  rheumatism,  to  gout,  and  the 
condition  termed  arthritis  deformans.     It  is  liable  to 
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follow  either  internal  or  external  traumatism.  It  may 
be  due  to  metastasis  of  the  specific  infecting  organism 
in  typhoid  and  other  fevers,  conjoined  usually  with 
secondary  pyogenic  infection,  and  it  may  arise  by 
continuity  of  tissue  in  phlegmonous  laryngitis  and 
diphtheria.  The  cricoarytenoid  joint  may  become 
stiff  or  even  ankylosed  from  prolonged  immobility 
in  vocal-cord  paralysis.  The  most  frequent  of  all 
causes,  however,  is  perichondritis  due  to  syphilis, 
tuberculosis,  or  carcinoma. 

Pathology. — In  the  milder  forms  of  acute  arthritis 
ascribed  to  "cold,"  vocal  abuse,  and  laryngitis 
submucosa,  and  more  particularly  in  the  co-called 
rheumatic  types,  the  serous  exudation  usually  pro- 
ceeds to  resolution  and  absorption  without  suppura- 
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3679. — Ankylosis  of  Right  Cricoarytenoid  Articulation. 
(Author's  Case.) 


tion,  although  more  or  less  ankylosis  is  liable  to  result, 
presumably  from  the  formation  of  adhesions.  The 
Spirochceta  pallida,  leading  to  the  infiltration  of 
syphilis,  may  attack  directly  the  cartilages  and  peri- 
chondrium, and  tuberculous  arthritis  analogous  to  the 
white  swellings  of  the  larger  joints  is  a  possibility; 
but  usually  in  these  types,  as  well  as  in  typhoid  fever 
and  septic  cases,  a  secondary  infection  by  pyococci 
occurs  through  ulceration  of  the  soft  parts,  and  this 
results  in  an  abscess,  necrosis,  and  exfoliation.  Ede- 
ma, which  is  a  prominent  feature  of  the  acute  stage,  is 
replaced  in  the  chronic  state  by  a  cellular  infiltration 
leading  to  tumefaction  of  the  overlying  parts. 

Symptoms. — Acute  arthritis  will  occasion  febrile 
symptoms,  hoarseness,  and  local  discomfort.  Swal- 
lowing is  painful,  and  if  there  is  much  edema  or  swell- 
ing respiration  may  be  seriously  obstructed.  Chronic 
ankylosis  may  be  manifested  only  by  impairment  of 
the  voice,  although  if  it  is  double  the  dyspnea  is 
liable  to  be  serious,  especially  during  acute  exacerba- 
tions. The  writer  has  recorded  a  case  of  this  sort 
under  the  name  of  "arthritis  deformans  of  the 
larynx, "  the  typical  deformities  of  that  disease  having 
been  present  in  other  joints  of  the  body. 

Laryngeal  Image. — The  vocal  cord  is  more  often  fixed 
in  the  cadaveric  position,  as  shown  in  Fig.  3119,  which 
shows  a  typical  case  of  unknown  but  probably  syphilit  ic 
origin  observed  before  the  Wassermann  test.  Onpho- 
nation  the  opposite  movable  cord  will  make  a  supple- 
mentary excursion  across  the  median  line  to  meet 
the  fixed  cord,  producing  an  oblique  distortion  of 
the  larynx  which,  however,  in  less  degree  is  often  seen 
in  the  absence  of  ankylosis  and  without  any  dis- 
ability of  the  organ.  On  deep  inspiration  the  fixed  cord 
fails  to  abduct.  The  voice  is  weak  and  hoarse  although 
not  necessarily  lost.  Next  in  order,  the  cord  is  found 
fixed  in  or  near  the  median  line,  when  the  voice  will  be 
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but  little  altered;  and  quite  rarely  the  cord  retains  the 
position  of  abduction,  when  the  voice  is  reduced  to  a 
whisper.  If  both  sides  are  involved  the  cords  are  not 
usually  symmetrically  placed,  but  if  both  are  near  the 
median  line  there  is  serious  dyspnea;  if  they  are  not 
near  the  median  line,  there  is  aphonia.  Luxation  or 
displacement  of  the  arytenoid  and  absence  of  this 
cartilage  in  consequence  of  previous  exfoliation  dis- 
tort the  image  in  a  corresponding  manner. 

Diagnosis. — The  salient  feature  in  diagnosis  is  to 
differentiate  ankylosis  of  the  cricoarytenoid  joint 
from  paralysis  of  the  vocal  cord.  Usually  in  ankylosis 
there  is  either  acute  or  remaining  chronic  tumefaction 
about  the  joint,  while  in  paralysis  there  is  none,  unless 
one  examines  the  case  of  paralysis  at  a  time  when  the 
larynx  is  inflamed  from  "cold"  or  efforts  to  force  the 
voice.  In  ankylosis  without  paralysis  there  is  no 
"falling  in"  of  the  affected  arytenoid,  the  sound 
arytenoid  approaching  it  on  phonation  but  not 
crossing  or  displacing  it.  In  ankylosis  there  is  nearly 
always  a  slight  adductor  movement;  in  complete 
recurrent  paralysis  there  is  none.  A  history  of  previ- 
ous arthritis  or  its  causes,  especially  typhoid  fever  or 
syphilis,  is  significant,  but  the  diagnosis  requires, 
further,  a  careful  exclusion  of  any  central  or  peripheral 
cause  of  paralysis,  such  as  syphilitic  bulbar  disease, 
tabes,  aneurysm,  carcinoma  of  the  esophagus  or  other 
neoplasms,  goiter,  toxic  neuritis,  etc. 

Prognosis. — In  acute  arthritis  the  danger  to  life 
from  dyspnea  may  require  a  prompt  tracheotomy. 
In  typhoid-fever  cases  the  mortality  is  very  high. 
The  prognosis  is  favorable  in  traumatic,  rheumatic, 
and  syphilitic  cases,  but  there  is  a  liability  to  anky- 
losis. 

Treatment. — In  rheumatic  and  syphilitic  arthritis 
and  in  cases  of  doubtful  origin  the  patient  should 
receive  the  specific  medication  which  is  appropriate  to 
the  constitutional  disease.  Cold  applications  ex- 
ternally are  useful  in  the  very  early  stage  of  acute 
arthritis.  Alkaline  and  emollient  sprays  serve  to 
clear  the  throat  of  mucus.  Cocaine  one  per  cent, 
with  adrenalin  1:10,000  in  normal  salt  solution 
causes  temporary  retraction  of  the  edematous  swell- 
ing, but  its  powers  are  limited.  Chronic  ankylosis  is 
not  amenable  to  treatment  unless  there  is  stenosis  of 
the  larynx,  when  forcible  or  gradual  dilatation  by 
intubation  tubes  and  bougies  or  the  operation  of 
laryngofissure,  perhaps  including  removal  of  ob- 
structing cartilage,  may  be  indicated. 

W.  E.  Casselberry. 

Larynx,  Edema  of  the. — See  under  Laryngitis, 
p.  810. 

Larynx,  Erysipelas  of  the. — Erysipelas  of  the 
mucous  membrane  of  the  pharynx  and  larynx  is, 
pathologically,  similar  to  the  same  malady  when  situ- 
ated on  the  skin.  It  occurs  either  primarily  or  by 
extension  from  the  face  along  the  mucous  tracts  of  the 
mouth,  nose,  or  ear.  Its  causes  are  the  same  as  those 
which  give  rise  to  it  when  situated  upon  the  external 
parts  of  the  body,  although  it  has  been  most  often 
observed  in  the  course  of  general  epidemics  of  the  dis- 
ease. Of  eighteen  patients  seen  by  Cornil,  in  whom 
the  pharynx  was  affected,  fifteen  were  under  the  age 
of  thirty,  and  twelve  were  females.  LTpon  inspection 
of  the  pharynx,  the  appearance  of  the  mucous  mem- 
brane, when  affected  with  erysipelas,  differs  consider- 
ably according  to  the  form  of  the  disease  which  is  pres- 
ent; the  local  phenomena  are  generally  very  different 
from  those  of  simple  inflammation,  but  sometimes  can- 
not be  distinguished  from  it. 

Cornil  makes  three  divisions  of  the  malady,  viz.,  (1) 
Erysipelas  with  simple  redness;  (2)  erysipelas  with 
phlyctenular;  and  (3)  erysipelas  terminating  in  gan- 
grene. Erysipelas  most  commonly  reaches  the  larynx 
from  the  pharynx,  but  the  former  organ  may  be  pri- 


marily affected  while  the  pharynx  remains  healthy. 
The  disease  may  extend  still  farther  down  the  respira- 
tory tract,  and  become  associated  with  pulmonary 
congestion  and  edema.  In  ci.-es  which  come  under 
the  first  division  the  diagnosis  must  remain  doubtful, 
except  when  the  throat  lesion  is  accompanied  by 
manifestations  upon  the  skin. 

Erysipelas  of  the  head  and  neck  is  often  accompan- 
ied by  more  or  less  congestion  of  the  mucous  mem- 
brane of  the  larynx.  The  symptoms  are  dysphagia, 
hoarseness  or  loss  of  voice,  and  pain,  increased  on 
pressure  from  without.  Sometimes  t  lie  disease  is  much 
more  active,  and  may  result  in  acute  edema,  tending 
rapidly  to  a  fatal  termination.  It  is  believed  by  some 
that  the  so-called  primary  edema  of  the  larynx,  or 
phlegmonous  laryngitis,  corresponds  clinically  to  a 
localization  of  erysipelas  in  the  larynx,  and  that  many 
cases  reputed  as  primary  edema  of  the  larynx  are  in 
reality  erysipelas.  The  two  affections  seem  at  least 
to  be  closely  allied. 

As  to  the  prognosis,  the  dictum  of  Hippocrates — 
namely,  "When  erysipelas  extends  from  within  out- 
ward it  is  a  favorable  symptom,  but  when  it  removes 
to  the  internal  surfaces  it  is  a  deadly  one" — has  been 
confirmed  by  modern  observation.  In  nine  cases 
analyzed  by  Cornil,  in  which  the  face  was  first  at- 
tacked, seven  deaths  occurred;  whereas  in  nine  other 
instances  in  which  the  enanthem  preceded  the  skin 
eruption,  seven  recoveries  took  place.  Mackenzie 
saw  but  four  cases  in  the  whole  course  of  his  practice. 

The  treatment  must  be  both  local  and  constitutional. 
The  latter  should  be  guided  by  the  general  principles 
which  govern  the  management  of  the  disease  in  other 
parts  of  the  body.      (Vide  article  on  Erysipelas.) 

As  to  local  treatment,  the  application  of  cold  to  the 
throat,  by  allowing  cracked  ice  to  dissolve  in  the 
mouth,  should  be  practised  as  long  as  there  is  any  hope 
of  checking  the  inflammation.  Mild  alkaline  sprays, 
with  a  small  amount  of  alcohol,  have  an  excellent 
effect.  A  twenty-five  per  cent,  solution  of  icthyol,  in 
proper  combination  has  been  used  with  good  effect.  A 
solution  of  morphine  applied  in  the  form  of  spray  is  re- 
commended by  Mackenzie.  Care  must  be  observed 
lest  the  patient  be  unintentionally  narcotized.  Should 
the  disease  progress  and  tumefaction  of  the  mucous 
membrane  of  the  larynx  take  place,  the  conditions 
become  similar  to  those  found  in  acute  edema  of  the 
larynx.      (Vide  also  article  on  Laryngitis,  A  -i.:e.) 

D.  Bryson  Dei  wan. 

Larynx,  Foreign  Bodies  in. — See  Air  Passages,  etc. 

Larynx,   Fractures  and  Dislocations  of  the. — . 

These  injuries,  although  rare,  may  occur  from  several 
causes,  namely,  violent  manual  compression,  falls, 
accidents  with  machines,  rolling  vehicles,  hanging,  etc. 
Of  fifty-two  cases  collected  by  Henoeque,  the  thyroid 
alone  was  fractured  in  twenty-three,  the  cricoid  alone 
in  seven,  both  of  these  cartilages  in  seven,  while  in  the 
rest  the  hyoid  bone,  larynx,  and  trachea  were  all  in- 
volved in  a  common  injury.  A  direct  blow  upon  the 
larynx  may  produce  a  contusion  of  the  soft  parts, 
but  can  hardly  result  in  fracture,  unless  the  organ  is 
supported  to  some  extent  upon  the  spinal  column. 
Ossification  of  the  cartilages  will  necessarily  render 
them  more  liable  to  injury. 

The  symptoms  are  pain  and  tenderness,  dyspnea, 
expectoration  of  bloody  mucus,  and  cough,  with, 
sometimes,  emphysema  of  the  neighboring  areolar 
tissue.  Crepitation  and,  occasionally,  overriding  of 
the  fractured  edges  may  also  be  felt.  These  symp- 
toms are  sometimes  so  slight  as  to  be  hardly  recog- 
nizable, the  patient  making  a  rapid  recovery.  As  a 
rule  they  are  severe  from  the  first  or  gradually  be- 
come so  from  the  development  of  endolaryngeal 
extravasation,  edema,  or  the  displacement  of  frac- 
tured parts.     Any  of  these  things  may  cause  death 
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by  asphyxia.  Later,  the  danger  is  from  abscess,  necro- 
sis, :m(l  cicatrical  stenosis  of  the  larynx.  The  latter 
may  necessitate  the  permanent  wearing  of  a  tracheal 
cannula. 

The  prognosis  is  very  grave,  especially  in  frad  ure  of 
the    cricoid. 

Treatment. — Unless  the  symptoms  are  not  urgent, 
tracheotomy  should  be  performed  at  once,  or  intuba- 
tion of  the  larynx  may  be  resorted  to,  with  the  same 

object    in  View  . 

Should  t  he  cartilages  be  much  crushed,  Clinton  \\  ag- 
ner,  having  done  tracheotomy  and  inserted  a  tampon 
cannula,  divides  the  larynx  in  t he  median  line,  sepa- 
rates the  thyroid,  asepticizes  the  wound;  replaces 
or  removes  the  fragments  of  cartilage  and  packs  the 
cavity  of  the  larynx  with  iodoform  gauze.  In  ex- 
treme cases,  e\t irpat  ion  of  the  larynx  or  resection  may 
have  a  future.  Fanas  advises  that  in  some  eases  the 
fragments  be  kept  in  place,  and  the  patency  of  the 
laryngeal  canal  preserved  by  the  introduction  of  a 
small,  hollow,  india-rubber  plug  into  the  larynx  from 
the  tracheal  opening,  and  its  subsequent  inflation. 
Leeches  to  the  neck,  and  ice,  both  externally  and 
internally,  will  sometimes  prove  of  service. 

Intralaryngeal  dislocations  of  the  larynx  are  ex- 
tremely rare.  They  are  generally  of  the  arytenoids 
and  due  to  cicatricial  contraction. 

Fracture  of  the  Trachea,  a  rare  injury,  is  sometimes 
associated  with  that  of  the  larynx.  As  the  fracture 
occurs  in  the  cervical  region  the  edges  of  the  lesion  are 
apt  to  be  inverted  and  to  cause  obstruction.  It  is 
sometimes  found  at  the  bifurcation.  The  symptoms 
are  dyspnea,  extravasation,  and  emphysema,  with 
pain  on  pressure  over  the  seat  of  the  fracture.  The 
prognosis  is  bad.  The  patient  should  be  kept  com- 
pletely quiet  and,  if  dyspnea  appear,  tracheotomy 
should  be  performed  and  a  cannula  long  enough  to 
reach  below  the  obstruction  should  be  inserted. 

D.  Bryson  Delayax. 


Larynx,  Inflammation  of  the.— rSee  Laryngitis. 

Larynx,  Lupus  of  the. — Definition. — Lupus  is  a 
form  of  tuberculosis  caused  by  a  bacillus  with  attenu- 
ated virulence  or  with  not  sufficient  virulence  to  pro- 
duce real  tuberculosis  in  an  infected  organism.  It 
is  almost  always  secondary  to  lupus  of  the  skin  or  mu- 
cous membrane  and  is  of  such  slow  growth  and  so 
devoid  of  symptoms  that  in  nearly  every  instance  its 
discovery  is  quite  accidental. 

Etiology. — It  is  generally  believed  to  be  due  to  an 
infection  from  without.  This  is  shown  by  the  fact 
that  in  most  of  the  lupus  cases  the  lungs  are  not  found 
affected  and  also  by  the  fact  that  the  picture  of  met- 
astatic tuberculosis  of  the  skin  differs  entirely  from 
that  of  lupus. 

It  occurs  most  frequently  in  females  and  in  a  few- 
cases  occurs  as  a  primary  disease. 

I  have  recorded1  two  cases  of  this  affection  occur- 
ring primarily  in  the  larynx  and  where  eventually 
tuberculosis  of  the  lungs  ensued,  one  of  these  was 
under  observation  for  eighteen  years.  The  total 
number  of  cases  of  primary  lupus  of  the  larynx  re- 
corded up  to  the  present  time  is  thirty-five. 

Pathology'. — In  this  form  soft  polypoid  excres- 
cences which  may  become  confluent  forming  tumor- 
like areas  are  frequently  mistaken  for  carcinoma. 
These  change  into  masses  with  secreting  surfaces  with 
indolent  edges,  and  may  become  cicatrized.  In  these 
cicatrized  areas  small  brown  excrescences  may  occa- 
sionally crop  up.  This  cicatrization  may  cause 
marked  malformation  of  the  larynx.  Lesions  in 
this  variety,  in  contradistinction  to  the  usual  form  of 
tubercular  I  cm  on  of  the  larynx,  are  not  surrounded  by 
an  area  of  marked  infiltration  nor  have  they  cheesy 
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bases.  The  course  is  a  very  chronic  one.  n  i-  fre- 
quent  ly  mistaken  for  s\  philis. 

The  epiglottis   is  the   most    frequent   site  and  in  the 
earliest   stage  shows  an  enormous  thickening  on  I 
side    with    a    depression  al   its  center   so  that    it    has   a 

saddle  bat;  appearance.  Latei  on  tin-  swelling  in- 
eri  i  i  i  the  cdues  become  eroded  ami  ulcerated  and 
Ha-  arytenoids  become  affected  (Hate  XI. II.  Fig.  4). 

Symptoms.     The  symptoms  of  lupus  of  the  larynx 

are    remarkably    few.    and    as    has    been     previously 
ed   its  discovery  is    quite    accidental   because  of 

thisfact.  It  is  indeed  remarkable  that  1  here  is  neit  her 
dysphagia  nor  dyspnea  associated  with  the  great 
amount  of  induration  and  ultimate  destruction  that 
often  exists  in  lupus  of  the  larynx. 

Diagnosis. — Every  writer,  with  but  a  single  ex- 
cept ion,  w  ho  has  presented  the  subject  of  lupus  of  the 
larynx  is  heartily  in  favor  of  keeping  up  the  differen- 
tiation in  the  nomenclature  between  lupus  and 
tuberculosis.  Differentiation  between  lupus  and  tuber- 
culosis should  not  be  difficult  clinically.  While  pri- 
mary tuberculosis  of  the  larynx  does  exist,  it  ig  com- 
paratively rare,  so  that  usually  the  tuberculous  larynx 
follows  pulmonary  tuberculosis. 

To  the  patient  already  exhausted  form  the  ravages 
of  pulmonary  tuberculosis  now  comes  a  disease  that 
affects  his  speech,  his  deglutition,  and  his  breathing. 
There  is  always  pain,  and  only  the  most  energetic 
careful  measures  are  of  avail  here,  and  the  fewest  of  the 
patients  are  given  the  opportunity  of  receiving  skil- 
ful treatment   from  trained  hands. 

On  the  other  hand,  with  the  most  formidable 
destruction  lupus  is  painless,  there  is  no  loss  of  weight, 
there  is  no  cough,  and  in  each  instance  the  prognosis 
is  declared  as  being  good  so  far  as  life  is  concerned. 
If  the  patient  with  laryngeal  tuberculosis  does  not 
improve,  the  end  mercifully  is  not  far  off. 

From  syphilis  the  differentiation  is  readily  made; 
history,  site,  the  Wassermann  reaction  or  anti- 
syphilitic  treatment  may  all  be  necessary  before  final 
conclusion  is  reached. 

From  epithelioma  differentiation  may  be  made  by 
the  age  of  the  patient,  lupus  occurring  in  early  life, 
as  also  the  absence  of  symptoms,  slow  development 
and  in  each  instance  microscopical  examination  con- 
firms the  diagnosis. 

Lupus  of  the  larynx  is  compared  with  lupus  vul- 
garis of  the  skin,  ulcerative  tuberculosis  of  the  larynx 
with  the  same  condition  in  the  skin,  and  tuberculosis 
laryngeal  tumor  with  scrofuloderma.  I  quite  agree 
with  those  who  desire  to  keep  a  distinction  between 
lupus  and  tuberculosis,  notwithstanding  their  similar- 
ity in  so  many  other  respects. 

Treatment. — Treatment  may  be  either  medical  or 
surgical.  Pfannenstill2  has  had  excellent  results  in 
cases  treated  by  him  in  the  Finsen  Light  Institute 
in  Copenhagen.  His  method  consists  in  the  internal 
administration  of  the  iodide  of  sodium,  two  grams 
(thirty  grains)  daily.  Subsequently  the  patient  is 
given  inhalations  of  ozone  or  where  this  may  not  be 
practicable,  the  application  of  an  acidulated  solution 
of  hydrogen  dioxide  is  made  directly  to  the  affected 
part.  The  result  of  this  combination  is  the  liberation 
of  free  iodine  which  has  a  strong  bactericidal  effect. 
Strandberg3  has  used  this  method  and  extols  it. 

Following  this  suggestion  Mandl4  has  presented 
a  preparation  called  ulsanin  which  is  a  hydro-iodo- 
borate.  It  is  powerfully  hygroscopic  and  hence 
must  not  be  permitted  to  become  moistened  in  any 
way  before  being  applied  directly  to  the  diseased  parts. 

Permanganate  of  potassium  is  suggested  as  a  local 
application  by   Katschanowski.5 

Koichi  Fujinami8  has  a  new  method  of  treating 
lupus  of  the  larynx  with  the  parallel  rays  of  the 
Finsen  lamp.  A  funnel  is  added  to  the  distal  end  of 
the  apparatus  with  water  flowing  about  the  mouth 
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end.  The  patient  is  seated,  tongue  protruded,  the 
funnel  end  inserted  in  the  mouth,  set  with  a  thumb- 
screw.    A  laryngeal  mirror  with  a  reflector  enabli 

the  patient  to  see  the  apparatus  /»  situ.  At  first  the 
treatment  is  given  once  daily  of  three  to  five  minutes 
duration  only,  as  soon  as  Hie  patienl   is  accustomed 

to  the  discomfort  of  the   tongue  and   pressure  of   the 

mirror,  the  sittings  are  increased  to  from  fifteen  to 
twenty  minutes.  Heart  ion  in  the  shape  of  pain  in 
deglutition,  redness  and  tumefaction  occurs  after 
fiye  to  six  treatments,  and  from  this  time  improve- 
ment in  the  diseased  part  begins  and  at  this  time 
the  treatment  must  be  temporarily  discontinued. 

Albanus7  recommends  the  use  of  the  high  fre- 
quency current,  while  Safranek8  advises  the  use  of 
superheated  air  and  to  reach  this  a  laryngo  fissure 
should    be   performed. 

Treatment  by  tuberculin,  if  used  at  all  in  these 
patients,  should  be  given  in  minutest  doses  as  it 
must  be  borne  in  mind  that  laryngeal  edema  follows 
the  administration  of  tuberculin,  adding  naturally  to 
the  already  existing  stenosis. 

Operative  treatment  gives  the  surest  and  quickest 
results,  radical  removal  of  all  the  diseased  parts,  pref- 
erably under  suspension  laryngoscopy  followed  by 
the  galvanocautery  and  lactic  acid  under  either  local 
anesthesia,  general  anesthesia  or  in  what  is  the  most 
recent  method,  of  rectal  anesthesia.  Guild'  records 
a  case  of  lupus  of  the  larynx  on  wdiom  he  oerformed 
tracheotomy,  thyrotomy  and  removal  of  diseased 
tissues  with  no  recurrence  after  eight  years.  Sup- 
portive treatment  must  not  be  neglected. 

Emil  Mayer. 
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Larynx,  Neuroses  of  the. — Neuroses  of  the  larynx 
may  be  divided  into  two  groups,  motor  and  sensory, 
the  first  comprising  paralyses  and  spasms  (chorea, 
nervous  cough,  dysphonia  spastica,  and  laryngeal 
vertigo);  the  second,  anesthesia,  paresthesia,  hyperes- 
thesia, and  neuralgia. 

They  are  also  sometimes  classified  under  the  titles 
Functional  and  Organic. 

Paralysis  of  the  Recurrent  Laryngeal  Nerve. — 
The  recurrent  laryngeal  nerves,  branches  of  the 
vagus,  supply  all  the  intrinsic  muscles  of  the  larynx 
with  the  exception  of  the  cricothyroids. 

Etiology. — The  recurrent  nerves  may  undergo  de- 
generation as  a  result  of  disease  in  the  vagus  centers 
or  in  the  peripheral  course  of  the  nerves.  Owing 
to  its  longer  and  more  exposed  distribution  the  left 
recurrent  nerve  is  more  prone  to  compression  than 
the  right. 

Among  the  bulbar  lesions  concerned  are  tabes 
dorsalis,  syringomyelia,  hemorrhage,  softening,  tumors, 
and  bulbar  paralysis. 

The  vagus  may  be  involved  in  tumors  or  injuries 
at  the  base  of  the  skull. 

The  recurrent  nerves  in  the  neck  may  become 
compressed  by  goiters  (especially  in  malignant  dis- 
ease) or  by  foreign  bodies  in  the  esophagus  or  may 
become  enmeshed  in  malignant  disease  of  the  hypo- 
pharynx  or  esophagus.  Wounds  of  the  neck  or  acci- 
dental injury  during  goiter  or  other  operations  may 
involve  the  nerve. 

The  most  common  cause  of  left  recurrent  paralysis 
is  aneurysm  of  the  transverse  arch  of  the  aorta.     The 


right  recurrent  is  occasionally  affected  l>\  pleuritic 
adhesions  at    the  apex  of  'lie  lui I    I'      am  U)       in  of 

the  subclavian. 

Enlarged    bronchial    glands,    mediastinal    tumot 
hypertrophj   "i   the  left  auricle,  and  pericarditis  may 

act  as  causes. 

A    neuritis    may    result    from    diphtheria,    syphilis, 

influenza,  lead,  arsenic,  etc. 
Symptoms.     Paralysis  of  the  recurrent    ma}    exist 

without  any  subjective  symptoms.  \t  other  times 
the  patient  complains  of  a  change  in  voice  01  • 

oi  fatigue  when  using  the  voice  or  of  weakness  in  the 
tunes.  Occasionally  complete  aphonia  may  result. 
A  cough  may  lie  present.  Dyspnea  is  absent  unless 
excited  by  the  underlying  cause  (aneurysm,  etc.). 
Associated   paralysis  of  the  spinal  accessor}    on  the 

same  side  may  be  present  (trapezius,  sternocleido- 
mastoid). 

Laryngoscopic  Examination.     The  first  effect  o     i 
lesion  of  the  recurrent  nerve  or  its  bulbar  cent 
manifested  by  a  paralysis  of  the  abductor  muscle  on 
the    same    side.      (Semon's    law,    see    below.)      When 
the   paralysis   is   complete   the   affected   curd    is   found 

immobile  in  the  cadaveric  position  (midwaj  between 
the  phonatory  and  respiratory  positions). 

The  corresponding  arytenoid  usually  is  tilted 
slightly  forward  into  the  larynx. 

During  inspiration  the  glottic  opening  has  the  out- 
line of  a  right-angled  triangle  of  which  the  paralyzed 
cord  constitutes  the  base  (Plate  XLI,  Fig.  13). 

During  phonatinn  the  unaffected  cord  moves  as  far 
as  the  median  line  and  when  "compensation"  has  taken 
place,  may  cross  over  to  come  in  contact  with  the 
paralyzed  cord.  This  gives  rise  to  an  oblique  glottic 
chink.  The  unaffected  arytenoid  may  cross  behind 
the  fixed  arytenoid  at  the  same  time  (Fig.  14).  The 
rare  condition  of  bilateral  paralysis  is  illustrated  by 
Fig.  1.5. 

Diagnosis. — The  diagnosis  is  made  from  the  laryn- 
goscopic examination.  The  cause  is  determined  by  a 
careful  examination  of  the  neck,  thorax,  and  central  ner- 
vous system.  In  obscure  cases  the  writer  has  found 
radiograms  of  the  neck  and  chest  invaluable  aids  to 
diagnosis. 

Prognosis  and  Treatment. — The  prognosis  and  treat- 
ment depend  upon  the  underlying  cause.  Cases  of 
short  standing  due  to  compression  by  tumors  may  re- 
turn to  normal  after  the  tumor  has  been  removed. 
Injury  to  the  nerve  during  operation  may  be  recovered 
from  if  the  nerve  has  not  been  severed.  Cases  due  to 
diphtheria  require  antitoxin.  Lead  and  arsenic  poison- 
ing require  appropriate  treatment. 

In  syphilitic  cases  salvarsan  is  indicated  and  in  se- 
lected cases  salvarsanized  serum  should  be  injected 
intraspinously. 

In  selected  cases  associated  with  a  flabby  cord  and 
aphonia  Bruennings  has  injected  paraffin  into  the 
paralyzed  cord.  Xavratil  has  proposed  an  anastomo- 
sis between  the  descending  hypoglossal  and  paralyzed 
recurrent  nerve. 

Abductor  Paralysis. — Paralysis  of  the  crico- 
arytenoideus  posticus,  the  "respiratory  muscle,"  is  an 
important  lesion  of  the  larynx.  Its  early  detection 
frequently  leads  the  way  to  the  discovery  of  some  over- 
looked lesion  in  the  central  nervous  system  or  in  the 
neck  or  thorax.  Undiscovered  bilateral  abductor 
paralysis  menaces  the  life  of  the  individual.  Tabes 
and  malignant  disease  of  the  hypopharynx  are  the 
two  most  common  causes  of  bilateral  paralyses. 

Etiology. — The  causes  of  this  form  of  paralysis  are 
the  same  as  those  of  paralysis  of  the  recurrent  laryn- 
geal nerves  (q.v.),  for  according  to  Semon's  law,  in  all 
organic  progressive  lesions  which  affect  the  ganglia  or 
branches  of  the  motor  nerves  of  the  larynx,  the  ab- 
ductor branches  and  muscles  are  involved  before  the 
adductors. 

Symptoms. — Unilateral  posticus  paralysis  frequently 
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without  any  symptoms  whatever,  since  the 
affected  cord  remains  fixed  in  the  median  line  and 
phonation  is  not  impaired  while  the  free  abduction  of 
the  sound  cord  provides  a  sufficient  opening  for  ordi- 
nary respiration  (Fig.  9). 

Bilateral  abductor  paralysis  usually  produces  a  char- 
acteristic group  of  symptoms.  Phonation  and  even 
singing  may  be  unimpaired,  but  dyspnea  occurs  on 
the  slightest  exertion  and  in  fully  developed  cases 
becomes  extreme. 

Inspiration  is  accompanied  by  a  loud,  coarse,  long- 
drawn  stridor  which  is  more  pronounced  during  sleep 
when  voluntary  control  of  respiration  is  abolished. 
This  laryngeal  snoring  in  such  cases  is  loud  enough 
to  disturb  greatly  those  in  the  same  ward  as  the 
pat  ient. 

A  slight  catarrhal  inflammation  may  aggravate  the 
symptoms  and  cause  asphyxia.  In  a  case  now  under 
the  writer's  care  the  patient  was  admitted  to  the 
hospital  after  a  brief  bronchoscope  examination  which 
so  increased  the  dyspnea  that  tracheotomy  was 
imperative. 

Laryngoscopic  examination  reveals  a  strange  phe- 
nomenon; during  inspiration  the  cords  remain  in 
the  phonatory  position  and  their  edges  are  seen  to 
roll  in  and  narrow  the  glottic  chink,  while  during 
expiration  the  edges  roll  outward,  slightly  widening  the 
orifice  (vicarious  movements  of  the  cords,  Figs. 
10  and  11). 

Diagnosis. — Unilateral  abductor  paralysis  must  be 
distinguished  from  recurrent  paralysis  in  which  the 
cord  remains  in  the  cadaveric  position.  Ankylosis  of 
the  arytenoid  must  be  differentiated  as  described 
under  that  caption. 

Bilateral  paralysis  usually  presents  characteristic 
subjective  and  objective  symptoms,  although  un- 
suspected cases  have  been  found  in  routine  examina- 
tions of  ward  patients  in  hospitals  for  nervous  diseases 
(Freudenthal). 

Treatment. — Unilateral  paralysis  requires  no  es- 
pecial treatment.  In  bilateral  paralysis  tracheotomy 
is  often  imperative  and  should  usually  be  done  as  a 
prophylactic  measure.  The  writer  has  a  patient  who 
has  worn  a  cannula  continuously  for  six  years  with  but 
slight  change  in  the  laryngeal  condition. 

Bilateral  chordectomy  may  be  undertaken  if  the 
patient  refuses  to  wear  a  cannula  permanently 
(Gleitsmann). 

Paralysis  of  the  Tensors  of  the  Larynx. — I. 
Cricothyroid  Paralysis. — This  is  a  rare  condition.  It 
may  follow  diphtheria  or  trauma  or  tumors  involving 
the  superior  laryngeal  nerve. 

Symptoms. — The  voice  is  roughened  and  may  be 
weakened  and  the  higher  tones  are  impaired.  The 
laryngoscope  shows  the  cord  on  the  affected  side  some- 
what relaxed  and  wavy  in  outline  during  phonation 
(Fig.  1).  If  the  internal  branch  of  the  superior  laryn- 
geal is  involved  anesthesia  of  the  larynx  is  also  present. 

Diagnosis. — For  the  diagnosis  of  a  bilateral  paralysis, 
radiography  of  the  larynx  or  palpation  in  the  crico- 
thyroid space  should  show  the  absence  of  elevation  of 
the  cricoid  cartilage  during  phonation. 

Treatment. — Treatment  should  include  diphtheria 
antitoxin,  electricity,  and  massage. 

//.  Internus  Paralysis. — This  may  occur  as  a 
paresis  with  acute  or  chronic  laryngitis  and  is  then 
due  to  the  inflammatory  process  involving  the  under- 
lying muscle  directly.  It  follows  straining  the  voice 
and  may  be  present  in  general  weakness,  anemia,  or 
tuberculosis,  and  as  a  secondary  phase  of  progressive 
abductor  paralysis.     (Semon.)     (See  Figs.  2  and  12.) 

Symptoms. — The  voice  is  weak  and  hoarse  and  pro- 
longed speaking  is  difficult. 

The  laryngoscope  shows  that  the  cords  fail  to  ap- 
proximate accurately  during  phonation,  leaving  an 
elliptical  cleft  between  them  (Fig.  2). 

Treatment. — Acute  or  chronic  laryngitis  should  be 
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treated.     Electric    stimulation   may  be  applied  ex- 

ii  mail  "i  "ne  electrode  may  be  introduced  into  the 
larynx.  Fresh  air,  general  hygiene  and  Ionics  con- 
taining  strychnine,  iron,  or  hypophosphites  may  be 
administered. 

Paralysis  of  Transverse  Arytenoideus. — This  is  din- 
to  the  same  causes  as  interims  paralysis  and  is  often 
associated  with  the  latter.  The  laryngoscope  shows  a 
V-shaped  slit  between  the  arytenoids  (Figs.  'A,  5, 
7,  and  8). 

Paralysis  of  the  Adductor  Group. — Etiology. — 
The  adductors  of  the  cords  become  paretic  as  a  result 
of  some  functional  neurosis,  chiefly  hysteria.  The 
condition  is  not  uncommon.  (Hysterical  aphonia. j 
It  occurs  particularly  in  females,  and  may  be  induced 
by  fright  or  trauma. 

Symptoms. — The  symptoms  come  on  suddenly, 
aphonia  may  be  complete  or  the  voice  reduced  to  a 
whisper.  The  voice  may  suddenly  return.  Other 
hysterical  stigmata  may  be  present. 

The  laryngoscope  shows  normal  inspiratory  move- 
ments, but  on  attempts  at  phonation  both  cords  fail 
to  remain  in  contact  and  the  expired  air  escapes 
rapidly  without  effective  sound  production  (Fig.  4). 
By  suggestion  during  the  examination  the  patient  may 
often  be  made  to  overcome  the  paresis. 

Treatment. — By  means  of  suggestion,  such  as  firmly 
holding  the  larynx,  the  voice  may  be  restored.  Grad- 
ual training  of  the  voice  beginning  with  vowel  sounds 
is  often  effective. 

Loeb  has  obtained  good  results  by  forcibly  depressing 
the  epiglottis  over  the  larynx  wdiile  calling  upon  the 
patient  to  phonate.  Intralaryngeal  or  external  farad- 
ization is  of  great  value.  The  psychic  condition  re- 
quires appropriate  management  as  well  as  the  reflex 
cause  of  the  hysteria. 

Spasmodic  Affections  of  the  Larynx. — Spasm  of 
the  larynx  may  occur  as  laryngismus  stridulus  in  chil- 
dren (which  is  described  in  "the  article  on  Croup).  A 
similar  disease,  spasm  of  the  glottis,  occurs  in  adults. 
Dysphonia  spastica,  chorea,  nervous  cough,  and 
laryngeal  vertigo  should  also  be  considered  under  this 
heading. 

Spasms  of  the  Glottis. — Etiology. — Hysteria  is 
often  the  underlying  cause.  Spasm  may  occur  in 
the  laryngeal  crises  of  tabes.  It  may  constitute  a 
symptom  of  tetanus,  epilepsy,  hydrophobia  or  chorea. 

Gas  or  concentrated  anesthetic  vapors  or  the  en- 
trance of  a  foreign  body  into  the  larynx  may  excite 
severe  spasm.  Nitrate  of  silver  solutions  act  in  the 
same  manner. 

Symptoms. — Spasm  of  the  larynx  is  characterized 
by  its  sudden  onset.  Inspiration  is  suspended  or 
interrupted  by  short  stridulous  sounds.  The  facial 
expression  indicates  great  anxiety.  All  of  the  symp- 
toms usually  subside  after  a  very  brief  interval.  In 
rare  cases  asphyxia  may  occur.  According  to 
Schmidt,  air  may  be  drawn  into  the  stomach  during 
the  forced  inspiration  and  is  later  expelled  as  ructus. 

When  laryngoscopy  is  possible  the  cords  are  seen 
firmly  pressed  together  and  even  slightly  overlapped. 

Treatment. — During  the  attack  if  the  patient  be 
instructed  not  to  attempt  to  breathe  for  a  few  seconds 
the  spasm  will  usually  cease.  Cold  water  to  the  face 
and  head,  smelling  salts,  and  the  like  may  be  of  service. 
Schmidt  recommends  depressing  the  epiglottis  with 
the  finger  to  relieve  the  spasm.  In  the  laryngeal 
crises  of  tabes,  Williams  found  amyl  nitrite  inhala- 
tions would  give  marked  relief.  Cocaine  may  be  ap- 
plied to  the  larynx.  Bromides,  belladonna,  tonics 
may  be  given  between  attacks. 

Dysphonia  Spastica. — In  this  condition  when  the 
patient,  usually  an  adult,  begins  to  speak,  the  vocal 
bands  become  so  firmly  pressed  together  that  speech 
becomes  jerky  or  impossible.  The  larynx  function- 
ates normally  when  no  attempt  is  made  at  phonation. 


EXPLANATION  OF  PLATE  XLI. 

POSITION  OF  THE  VOCAL  CORDS  DURING  PHON  VTloX  OR  RESPIRATION  IN 
PARALYSIS  OF  THE  MUSCLES  NAMED. 

Fig.   1. — Right  and  left  cricothyroid;  phonation 

Fig.  2. — Right  and  left  interims  (vocalis  ;  phonation 

Fig.  3. — Right  and  left  transversus;  phonation 

Fig.  4. — Right  and  left  lateralis;  phonation 

Fig.  5. — Right  and  left  interims  (vocalis)  and  transversus;  phonation 

Fig.  6. — Right  and  left  interims  (vocalis)  and  lateralis;  phonation 

Fig.  7. — Right  and  left  transversus  and  lateralis;  phonation 

Fig.  8. — Right  and  left  internus,  transversus,  and  lateralis;  phonation 

Fig.  9. — Left  posticus;  respiration 

Fig.  10. — Right  and  left  posticus;  respiration 

Fig.   11. — Right  and  left  posticus;  phonation 

Fig.   12. — Left. posticus  and  internus;  respiration 

Fig.    13. — Left  internus,  transversus,  lateralis,  and  posticus;  respiration 

Fig.   14. — Left  internus,  transversus,  lateralis,  and  posticus;  phonation 

Fig.   1.5. — Right  and  left  internus,  transversus,  lateralis,  and  posticus;  respiration  and  phona- 
tion 

Figs.   13,  14,  and  15. — Paralysis  of  the  recurrent  laryngeal  nerve 
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Varying  Positions  of  the  Vocal  Cords  during  Phonation  ok  Respiration 
in  Paralysis  of  the  Laryngeal  Muscles 

(Moritz  Schmidt — Krankheiten  der  oberen  Lu.ftw<<j<  ) 
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Breathing  exercises  and  elocutionary  training  are 
indicated  in  the  treatment. 

Chorea  Laryngis. — Ataxic  movements  of  the  vocal 
cords  may  occur  as  a  symptom  in  a  number  of  dis- 
eases, such  as  paralysis  agitans,  multiple  sclerosis, 
tabes,  etc.  The  term  chorea  laryngis  .should  be 
limited  to  the  irregular  twitching  movements  of  the 
vocal  bands  which  occasionally  arc  present  in  true 
cases  of  chorea.  The  voice  is  weakened  and  .speech 
is  jerky  owing  to  the  incoordination  of  the  laryngeal 
muscles.     The  treatment  is  that  of  the  causal  ili  - 

Nervous  Laryngeal  Cough. — This  condition  occurs 
chiefly  at  the  time  of  puberty  in  both  sexes  and  lias 
been  given  the  title  of  barking  cough  of  puberty 
(Clark). 

Overeating  and  alcohol  play  a  role  in  its  production. 
It  occurs  chiefly  in  neurotic  persons  and  Scnimi  and 
Williams  regard  it  as  "one  of  the  convulsive  tics," 
while  Schroetter  classified  it  as  a  form  of  chorea. 

Symptoms. — The  disease  is  characterized  by  a  loud 
barking  cough,  which  occurs  without  the  expectora- 
tion of  mucus.  It  is  present  during  the  waking  hours, 
but  usually  disappears  during  sleep.  It  may  be  pres- 
ent for  weeks  or  months. 

Diagnosis. — The  diagnosis  is  made  from  the  peculiar 
character  of  the  cough  and  the  absence  of  physical 
signs  in  the  larynx  and  chest. 

All  reflex  sources  of  cough  such  as  nasal  hyperes- 
thesia, a  foreign  body  in  the  ear,  enlarged  faucial  or 
lingual  tonsils,  as  well  as  an  enlarged  thymus  or 
bronchial  glands  must  be  ruled  out. 

The  treatment  is  difficult.  Bromides  or  valerian 
may  be  tried,  also  iron  or  arsenic  in  various  forms. 
Hydrotherapy  may  be  of  service.  Frequently  the 
patient  must  be  removed  from  his  home  or  his  usual 
surroundings.  According  to  Semon,  a  sea  voyage  acts 
like  a  charm  in  these  cases. 

Laryngeal  Vertigo  (Ictus  Laryngis). — This  is  a  rare 
and  obscure  spasmodic  affection  of  the  larynx,  asso- 
ciated with  a  tickling  sensation  in  the  throat  and 
an  attempt  at  forced  expiration  or  cough.  Vertigo 
ensues  and  the  patient  may  become  unconscious  for 
a  very  brief  interval.  By  some  this  condition  is 
regarded  as  a  form  of  epilepsy  with  the  aura  in  the 
larynx.  The  combination  of  forced  expiration  with  a 
closed  glottis  and  interference  with  the  circulation 
probably  explains  the  syncope. 

Sensory  Neuroses. — The  larynx  may  be  the  seat  of 
certain  disorders  of  sensation.  These  include  anes- 
thesia, paresthesia,  hyperesthesia,  and  neuralgia. 

Anesthesia  of  the  Larynx. — This  condition  results 
from  a  lesion  involving  the  superior  laryngeal  nerve, 
and  may  follow  diphtheria,  influenza,  or  multiple 
neuritis.  It  may  be  present  in  bulbar  paralysis, 
tabes,  or  syringomyelia.  It  is  artificially  induced  for 
therapeutic  purposes  by  injecting  alcohol  into  the 
internal  branch  of  the  nerve. 

Unilateral  anesthesia  usually  passes  unnoticed  unless 
the  interior  of  the  larynx  is  touched  with  instruments. 
Bilateral  anesthesia  may  lead  to  "swallowing  the  wrong 
way,"  and  the  danger  of  asphyxia  or  aspiration 
pneumonia. 

Great  precautions  must  be  taken  to  prevent  these 
complications.  Anesthesia  may  be  associated  with 
cricothyroid  paralysis  (q.v.). 

Paresthesia  of  the  Larynx. — This  usually  occurs  in 
hysteria  or  hypochondriasis  and  is  often  associated 
with  cancerophobia. 

The  patient  complains  of  a  lump  or  dryness  in  the 
throat  or  of  a  tickling,  scratching,  or  foreign  body 
sensation.  The  symptoms  may  come  and  go.  Laryn- 
geal examination  is  usually  negative,  although  some 
exciting  cause  may  be  found  in  the  pharynx,  the 
lingual  tonsil,  or  some  remote  part  of  the  body. 

The  treatment  is  chiefly  by  suggestion,  although  any 
abnormal  condition  which  may  be  discovered  in  the 
pharynx  or  larynx  requires  local  treatment. 


Hypert  llu  ia  of  tht  Larynx.     Etiology,     The  nor- 
mal  lar >  ax   vat  ie     i    ceeding]      in    ii 
Some  persons  can  tolerate  mtralaryngeal  manipula- 
tions  with   but  little  discomfort,  while  otl 
\  ei  v  active  refle  i 

Hyperesthesia  occurs  in  neurotic  pi  I   in 

cases  of  acute  or  chronic  laryngitis.     Exci 

and   drinking   are    potent    factoi  I  D    I  llberC  llo 

the  larynx  it  is  a  common    j  mptom. 

Neuralgia. — Neuralgia  may  be  due  to  rheumatism, 

or  anemia  or  ma  ■■  be  I  hi  i  ■    ■  •  of  a 

lesion,  such  as  a  carious  tooth  or  an  inflamed  tonsil. 

Symptoms. — In  hyperesthesia  slight  irritants  such 
as  smoke,  dust,  food,  or  laryngeal  application  may 
bring  on  a  spasm  of  the  throat  with  a  severe  coughing 

tit  and  even   vomit  ing. 

With  neuralgia  there  is  paroxysmal  pain  radiating 
to  the  side  of  the  neci  and  toward  the  i  ai    ofti  □  with 
a  tender  spot  at  the  outer  border  of  thi   tl 
membrane. 

Treatment.  Smoking  and  drinking  should  be  inter- 
dicted, as  well  as  the  taking  of  very  hot  food. 

Pharyngitis  and  laryngitis  require  topical  applica- 
tions. A  menthol  spray  may  be  ordered,  or  anes- 
thesine  may  be  prescribed.  Antispasmodics,  tonics, 
massage,  fresh  air,  electricity  are  indicated.  In 
severe  neuralgia  alcohol  should  be  injected  into  the 
superior  laryngeal  nerve.  Samuel  Iglai  bb. 


Larynx,  New  Growths  of  the. — Classification 
and  History. — Laryngeal  neoplasms,  like  tumors  in 
any  other  portion  of  the  body,  are  clinically  divisible 
into  benign  and  malignant  growths,  and  this  division, 
although  based  upon  purely  clinical  knowledge,  may 
with  propriety  be  retained,  as  may  also  the  purely 
anatomical  division  of  laryngeal  neoplasms  into  ex- 
trinsic and  intrinsic  (Grieshaber),  namely,  those 
which  start  from  without  the  true  anatomical  confines 
of  the  laryngeal  cavity  and  those  which  start  from 
within  that  organ.  Whether  starting  without  or 
within  the  larynx  proper  the  tumor  is  almost  invari- 
ably a  primary  growth  in  that  part.  Its  general 
anatomical  situation  is  but  little  calculated  to  en- 
courage metastasis  from  other  organs. 

Prelaryngoscopic  records  furnish  but  few  instances 
in  which  intralaryngeal  neoplasms  were  discovered  and 
successfully  removed  during  the  life  of  the  patients, 
but  there  are  a  few  cases  in  which  a  tumor  located 
high  up  in  the  larynx,  or  attached  by  a  long  pedicle  so 
that  it  could  be  brought  into  view  when  the  tongue  was 
depressed,  was  diagnosed  and  removed.  Most  of  these 
tumors  were,  however,  first  discovered  post  mortem, 
the  clinical  signs  to  which  they  had  given  rise  during 
the  lifetime  of  the  patient  having  remained  unappre- 
ciated. Middeldorpf  in  1854  collected  the  histories  of 
all  the  cases  then  on  record,  sixty-four  in  number,  in 
nine  only  of  which  had  any  attempt  been  made  to  re- 
move the  neoplasm.  To  Kaderik  in  1750  is  due  the 
credit  of  having  removed  a  laryngeal  tumor  per  vias 
nalurales.  Seventeen  years  later,  Lieutard  reported  two 
undoubted  cases  of  the  same  nature.  Brauers  in  1833 
attempted  to  remove  a  laryngeal  neoplasm  by  thyro- 
tomy,  and  Regnoli  in  1836  succeeded  after  a  prelimi- 
nary tracheotomy  in  extirpating  a  growth  through 
the  mouth.  In  1837  an  instructive  case  of  primary 
cancer  of  the  larynx  was  reported  by  Trousseau, 
and  soon  thereafter  Louis  and  Barth  each  reported  a 
case.  A  little  later  we  find  a  description  of  laryngeal 
tumors  in  liyland's  classical  work,  and  after  a  long 
interval  Ehrmann's  celebrated  treatise  appeared 
(1850),  containing  a  description  of  thirty-one  cases. 
To  these,  in  1851,  Rokitansky  added  ten  cases.  Green 
followed  in  1852  with  thirty-nine  cases,  Gurdon  Buck 
in  1S53  with  forty-nine,  and  finally  Middeldorpf  in 
1854  with  sixty-four,  bringing  the  history  of  these 
neoplasms  down  to  the  date  of  the  introduction  of  the 
laryngoscope  into  medical  practice  in  1858. 
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From  Hiis  date  the  subjecl  enters  into  an  entirely 
new  phase;  its  historical  interest  ceases,  while  its 
practical  importance  begins  to  develop.  The  rapid 
progress  in  special  knowledge,  resulting  in  an  immense 
increase  in  the  number  of  laryngeal  tumors  diagnosed, 
and  the  impetus  given  to  intralaryngeal  surgery  by 
the  success  of  von  Bruns  in  removing  a  laryngeal 
fibroma  by  the  natural  passages  with  the  aid  of  the 
laryngoscope  (1861),  have  all  been  the  natural  out- 
come of  the  discovery  of  this  instrument. 

Etiology. —  Concerning  the  causation  of  new 
growths  in  the  larynx  region  but  little  is  known,  if  we 
exclude  those  pathological  changes  which  come  in 
syphilis  and  tuberculosis.  However,  there  is  an  evi- 
dent tendency  in  the  writings  on  this  subject  to  lay 
some  stress  on  the  probability  that  any  form  of  chronic 
irritat  ion,  u  rong  or  overuse  of  the  voice  (chronic  trau- 
matism of  Seiler),  prolonged  exposure  to  dust,  smoke, 
or  irritating  vapors,  make  an  influence  for  the  produc- 
tion of  the  neoplasm.  But  this  can  never  be  the  sole 
cause  and  w  e  must  always  bring  in  the  special  suscepl  i- 
bility  of  the  individual  at  a  given  period  and  of  the 
tissues  in  this  particular  region  to  make  these  indirect 
causes  operat  ive.  Even  then  it  would  be,  for  instance, 
quite  difficult  to  conceive  how  use  of  the  voice  by  a 
faulty  method  could  account  for  the  frequency  of 
papilloniata  in  babyhood  and  early  childhood,  or 
produce  the  large  fibromata  sometimes  found  in  tin- 
adult,  or  explain  the  well-known  and  remarkable  case 
of  Morrell  Mackenzie,  where  a  papilloma  formed  in  a 
deaf  mute.  Yet  this  same  abuse  of  the  vocal  cords 
in  singing  will  produce  nodes.  These  can  become  at 
times  quite  large,  and  are  real  hypertrophies  of  the 
particular  tissue  involved.  There  also  apparently 
seems  to  be  a  greater  frequency  of  malignant  growths 
in  those  who  make  much  use  of  the  organs  of  speech. 
And  yet  males  apparently  have  more  malignant 
disease  in  the  larynx  than  the  supposedly  more  loqua- 
cious females. 

Concerning  the  malignant  growths  which  are  the 
result  of  increased  proliferation  of  the  changed  cells 
of  the  tissues  of  the  larynx,  not  much  more  is  known  at 
the  present  time,  in  spite  of  all  the  enormous  amount 
of  work  which  has  been  done  in  the  last  ten  years  on 
the  subject  of  the  causation  of  cancer.  Even  since  the 
cultivation  of  generations  upon  generations  of  cancer- 
ous growths  in  mice,  with  the  flood  of  facts  discovered 
thereby,  nothing  very  definite  has  been  made  know  nto 
help  us  see  why  one  man  has  a  cancer  and  the  others 
not.  And  though  writing  at  a  much  later  date  than 
Seiler,  the  author  of  the  article  in  the  previous 
edition  of  this  work,  I  cannot  say  anything  more 
definite  than  he  when  he  wrote:  "We  may  assume, 
however,  with  propriety,  that  in  certain  persons  a  con- 
dition if  the  system  exists  which  predisposes  them  to  lo- 
calized cell  proliferation  and  therefore  to  the  formation 
of  neoplasms.  These  will  naturally  form  in  such 
portions  of  the  body  and  such  tissues  as  are  subjected 
to  local  irritation,  and  in  this  connection  it  is  well  to 
remember  that  some  individuals  are  more  prone  to 
the  development  of  local  accumulations  of  embry- 
onal cells  (carcinoma  and  sarcoma),  w-hile  others,  prob- 
ably of  a  more  vigorous  constitution,  are  more  prone 
to  the  development  of  local  hyperplasias  of  fully  formed 
tissue  cells  (fibroma,  lipoma,  papilloma,  etc.). 

"It  is  in  the  instance  of  papillomata  that  we  find  a 
line  of  demarcation  distinctly  drawn  between  the 
benign  and  the  malignant  tumors,  for,  as  Nancrede 
has  pointed  out,  a  given  subject  with  a  predisposition 
to  the  development  of  papillomata  will  develop  such 
growths  only  in  early  life;  but  this  dyscrasia,  if  it 
exerts  its  influence  in  later  life,  when  the  superficial 
epit  helial  layers  <  if  the  skin  and  mucous  membrane  have 
become  hardened  and  indurated,  while,  at  the  same 
time,  t  he  connect  ive-tissue  layer  of  the  subdermal  and 
submucous  tissues  has  become  weakened,  will  result 
in    a     malignant    epitheliomatous    growth,    the    cell 
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proliferation  following  the  line  of  least  resistance 
and  invading  tissues  where  epithelial  ceils  do  not 
properly  belong." 

Concerning    the   possibility   of   benign    changing   to 

malignant  growths,  the  writer  holds  thai  if  any  chronic 

t  ran  mat  ism  can  be  ever  reasoned  to  be  indirect  [y  e-uisa- 

-I  a  malignant  growth  being  formed  from  pre- 
vious normal  tissues,  the  same  proce  must  Logically, 
be  equally,  if  not  more  easily  able  to  change  a  benign 

growth — normal  tissue  already  overactive — into  a 
malignancy.  And  a  propos  of  the  nature  of  papil- 
lomatous tissue  in  general,  every  observer  of  much 

perience  "ill  have  chronicled  how  frequently  a  part 
of  the  larynx,  as  for  example,  the  opposite  cord  is  so 
liable  to  have  a  growth  occur  where  it  has  been  rub- 
bed b)  a  warty  growth  on  the  other  side,  and  if  he 
operates  often,  even  if  ever  so  carefully,  he  will  be 
compelled    to    have   chronicled    that   whenever   he   has 

wounded  the  tissue  of  the  larynx  in  his  endeavors  to 
remove  papillomata,  there  he  may  later  find  a  mu 
papilloma  appearing.  Also,  it  has  been  observed  t  hat 
when  attempts  at  treatment  have  been  made  too 
frequently  or  too  violently,  tremendous  rapidity  of 
growth,  if  not  a  real  change  to  malignancy,  may 
be  provoked.  This  last  was  said  to  be  the  fact  in  the 
celebrated  case  of  the  Emperor  Friedrich  of  Germany. 
Therefore,  it  is  not  so  far  a  cry  to  believe  that  chronic 
daily  mild  irritation  might  produce  similar  effect 
in  the  tissues  of  a  benign  tumor  as  it  has  been  credited 
with  doing  in  normal  tissues,  and  if  this  is  true  it  is 
possible  for  a  benign  to  change  into  a  malignant  growth. 
This  would  also  apparently  explain  certain  instances 
which  arise  in  the  experience  of  every  one  who  does 
much  microscopical  work  on  tumors  of  the  larynx  when 
-eci  ions  taken  from  one  portion  of  growth  have 
nothing  about  them  in  the  slightest  degree  suggestive 
of  malignancy2  while  sections  from  another  part  are  so 
evidently  malignant  in  character  that  the  merest  tyro 
could  not  fail  to  recognize  their  nature.  In  two 
instances  in  the  writer's  experience  the  benign  section 
came  from  a  part  of  the  growth  known  to  have  been  in 
existence  at  least  two  years;  while  the  "malignant" 
ones  came  from  the  more  recently  grown  portions 
taken  after  the  growth  had  been  removed  by  thyroto- 
m  v.  One  could  here  perfectly  rationally  and  logically 
speak  of  a  change  to  malignancy.  Apparently,  at  least, 
both  processes  were  present  at  the  same  time. 

Frequency. — No  statistics  seem  of  much  value 
regarding  relative  frequency  as  compared  with  other 
troubles  in  the  general  run  of  cases  as  they  occur 
in  either  private  or  hospital  practice.  Certain  generali- 
zations are,  however,  permitted,  to  the  effect  that 
males  seem  to  be  more  frequently  affected  than  females; 
and  that  though  cancer  is  looked  upon  as  being  much 
more  frequent  to-day  than  twenty  years  ago,  still, 
there  has  surely,  in  the  experience  of  myself  of  over 
thirty  years,  and  that  of  others,  seemed  to  be  almost  a 
falling  off  of  cancer  in  the  larynx,  and  perhaps  of 
tumors  of  this  region  in  general.  There  is  a  time- 
honored  belief  that  singers  and  speakers  seem  to  suffer 
most  frequently  from  laryngeal  neoplasms.  Upon 
mature  reflection  the  writer  has  come  to  the  be- 
lief, however,  that  this  is  more  seeming  than  real, 
because  these  people  notice  and  seek  professional 
advice  for  hoarseness  much  quicker  than  would  the 
ordinary  run  of  individuals,  who,  as  happened  in  two 
recent  cases,  allowed  a  growth  to  exist  for  two  or 
three  years  without  bothering  to  consult  any-one  until 
they  came  to  the  writer.  Also  in  cases  of  serious 
trouble  with  the  larynx  it  makes  so  much  more  com- 
ment in  a  noted  singer  or  public  speaker  than  in  others. 
Excepting,  however,  these  speakers,  singers,  and 
hawkers — those  who  at  times  use  their  voice  with 
violence — vocation,  heredity,  and  climatic  influence 
seem  not  to  provoke  any  greater  frequency  of  growths 
than  the  average.  Statistics  seem  to  show  in  France 
and  Germany  a  greater  frequency  than  with  us  for  all 
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mucous  membrane  tumors  but  this  might  prove  to  In- 
more  apparent  than  real  if  our  statistics  were  carefully 
compiled. 

Clinical  and  Pathological  Aspect  or  Laryngeal 
Neoplasms. — The  present  author,  like  the  writer  on 
this  subject  in  the  former  edit  ion,  thinks  that  it  will 
be  best  in  this  brief  article,  to  combine  the  clinical  as- 
pect, the  location,  and  the  histological  distinction  be- 
tween the  different  growths  under  one  head,  and  begins 
the  description  of  those  which  are  benign  with  the  neo- 
plasm most  frequently  met  with,  namely,  papilloma. 
Papilloma. — Papillomata,  in  order  of  frequency, 
assume  the  first  rank,  not  only  in  adults,  but  especially 
in  children.  They  vary  greatly  in  size,  viz.,  from  a 
millet  seed  to  a  walnut.  Their  most  common  situ- 
ation is  on  the  an- 
terior two-thirds  of 
the  vocal  cords;  on 
the  ventricular  bands 
they  occur  more 
rarely;  and  they  are 
hardly  ever  seen  in 
the  posterior  com- 
missure or  in  the  pos- 
terior portions  of  the 
larynx.  On  the  epi- 
glottis they  are  sel- 
dom observed.  His- 
tologically they  differ 
in  no  wise  from  papil- 
lomata found  in  ma- 
in fact  they   might  be 


Fig.  3680. — Papillomata  on  the 
Vocal  Cords. 


cous    membrane   elsewhere 
taken  as  standard  of  their  type. 

Clinically,  three  varieties  of  these  tumors  are  met 
with:  The  first  class  includes  small  light-red  tumors 
of  uneven  surface  and  broad  base,  generally  scattered 
and  never  of  great  size.  After  removal  their  re- 
currence is  unusual.  The  second  variety  is  a  whitish- 
gray  (the  white  growths  are  frequently  mistaken  for 
condylomata),  papillary,  warty  tumor,  seated  upon  a 
broad  base  and  springing  usually  from  the  vocal  cords. 
It  recurs  very  slowly  after  removal,  if  at  all.  The 
third  form,  the  most  intractable  as  regards  recurrence, 
as  well  as  the  most  numerous,  is  the  large  reddish 
tumor,  single  or  multiple,  variously  designated  by 
different  authors  as  cauliflower,  raspberry,  strawberry, 
mulberry,  etc.  They  grow 
rapidly  and  invade  all 
parts  of  the  laryngeal 
cavity.  These  papillary 
growths,  when  they  have 
assumed  considerable  size, 
become  dangerous,  not 
because  of  any  tendency 
to  carcinomatous  degene- 
ration, but  on  account  of 
their  bulk,  by  which  they 
obstruct  normal  respira-  fig.  3681.— Papillomata  on  the 
tion,  causing  dyspnea  or  Right  Ventricle  of  Morgagni. 
even    apnea.       They    are 

sometimes  ulcerated  in  consequence  of  necrosis  of  the 
superficial  cells  resulting  from  the  insufficient  blood 
supply.  The  latter  fact  is  in  all  probability  due  to  the 
constriction  of  the  supplying  blood-vessels  in  the 
usually  slender  stem  of  these  growths,  this  con- 
striction being  caused  by  the  pressure  exerted  by  the 
growths  themselves  upon  the  surrounding  tissue. 

Fibromata. — These  growths  are  second  in  order  of 
frequency.  They  are  usually  red  in  color.  They 
are  as  a  rule  sessile  when  located,  as  they  usually  are, 
on  the  vocal  cords,  but  may  be  occasionally  met  with 
as  pedunculated  growths  especially  when  they  occur 
in  or  near  the  anterior  commissure.  Here  they  often 
drop  down  out  of  sight  during  inspiration  to  pop  up 
between  and  upon  its  vocal  cords  during  forceful 
phonation.  In  this  locality  also  the  larger  intrinsic 
tumors   of   this   type  appear.     The  writer    once  re- 


Fla.  3682. 


-Papilloma  at  the  Angle  of 
the  Glottis. 


moved  one  attached  to  the  anterior  surface  of  the 
larynx  which  had  a  pedicle  over  half  an  inch  in  width  in 
the  vertical  direction  at  the  point  of  attachment.  The 
flat  tumor  was  an  inch  and  a  quarter  long,  nearly 
three-quarters  of  an  inch  broad,  and  at  its  thic!  i  I 
portion  nearly  one-half  an  inch.     There  was  strangely 

not    much   bleeding  from   so  broad   a   base  on  removal 

with  a  cold  snare.  They  may  be  regarded  as  intrinsic 
neoplasms  when  the]  are  attached  to  the  cartilaginous 

structures  of  the  larynx,  namely,  the  perichondrium 
of  the  epiglottis,  the  arytenoid  cartilages,  or  the  cri- 
coid; or  as  extrinsic  when  they  spring  from  the  lingual 
face  of  the  epiglottis,  the  aryepiglottic  fold,  the  hyoid 
bone,  the  larger  cornua  of  the  thyroid  c.-nt  ilage,  or  the 
articulation  of  the  thyroid  ligament.  Their  surface  i, 
smooth,  they  always  occur  singly  in  t  he  larynx,  and 
they  are  of  slow  growth.  After  removal  they  have 
no  tendency  to  recur. 

Histologically,  the  hard  fibroid  tumor  is  made  up  of 
interlacing  bundles  of  white  fibrous  tissue  generally 

covered  by  several 
layers  of  epithelial 
cells.  The  softer 
forms  of  fibroma 
(sometimes  called 
cellular  fibroma) 
are  largely  made 
up  of  more  or  less 
developed  fibrocel- 
lular  tissue,  dif- 
fused through  the 
meshes  of  which  is 
a  quantity  of 
serum-like  fluid. 
The  vascular 
supply  of  both  varieties  is  but  slight,  and  is  always 
accomplished  by  anastomosis  from  the  adjacent  tis- 
sues on  which  these  tumors  are  located,  except  in 
the  rarer  pedunculated  variety,  in  which,  as  in  the 
fibrous  polypi  of  the  nasal  cavity,  we  not  unfre- 
quently  find  a  large  artery  in  the  center  of  the  pedicle 
which  carries  the  blood  supply  to  the  neoplasm. 

Cystic  growths  in  the  larynx  rarely  attain  a  large  size. 
On  the  lingual  face  of  the  epiglottis,  their  favorite  seat, 
they  are  usually  seen  of  the  size  of  a  pea,  although 
there  are  a  few  cases  on  record  in  which  they  have  at- 
tained a  size  fully  equal  to  half  of  a  large  hazel  nut. 
Their  color  may  be  yellow  or  white.  They  have 
dense  walls,  and  are  filled  with  a  thick  gelatinous 
material.  When  situated  on  the  vocal  cords,  they  are 
always  seen  on  the  free  edge,  and  their  wall  or  en- 
veloping membrane  is  much  thinner  than  when  they 
are  situated  elsewhere  within  the  laryngeal  cavity, 
because  the  epithelial  covering  of  the  vocal  cords 
themselves  is  of  a  more  delicate  structure  and  of  a 
different  variety  (squamous)  from  that  of  the  epithe- 
lial covering  of  the  rest 
of  the  surrounding  mu- 
cous membrane.  Rup- 
ture of  these  cysts  is  not 
unusual  when  they  are 
seated  in  this  locality. 
Cystic  growths,  when  laid 
open  and  their  contents 
emptied,  show  a  tendency 
to  recur,  especially  those 
with  dense  walls,  unless 
something  is  done  to  de-  F,G-  3683.— Fibroma  on  the  Left 
stroy  the  lining  or  secret-  v  ocal  Cord- 

ing  membrane. 

Histologically,  they  belong  to  the  class  of  retention 
cysts,  and  therefore  it  is  natural  that  they  should  be 
most  frequently  located  in  those  portions  of  the  laryn- 
geal cavity  which  abound  in  racemose  glands,  as  the 
epiglottis,  the  aryepiglottic  folds,  the  ventricular 
bands,  and  the  ventricle  of  Morgagni.  Some  of  the 
epiglottidean  cysts  seem  to  be  quite  like  the  branchial- 
cleft  cysts,  both  macro-  and  microscopically. 
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A  few  cases  of  inversion  of  the  ventricle  have  been 
reported  Cohen,  I  auvel),  and  these — as  Seiler  has 
personally  verified  in  an  unreported  case — closely  re- 
semble a  cystic  laryngeal  neoplasm. 

Lipoma. — Among  the  rarer  forms  of  laryngeal  neo- 
plasms— which  indeed  are  rarely  seen  even  by  the  spe- 
cialist— are  such  tumors  as  the  lipomata,  which  are 
in  this  region   perfectly  typical  fatty  tumors. 

Edematous  fibromata,  which  are  so  frequently  found 
within  the  nasal  cavity  in  the  shape  of  soft  polypi, 
strange  as  it  may  seem,  are  very  rarely  seen  in  the 
larynx.  They  constitute  the  so-called  polypi  of  the 
older  writers.  They  are  covered  with  a  thin  layer  of 
epithelium  and  filled  internally  with  delicate  interlac- 
ing fibrous  strands,  the  large  meshes  of  which  contain 
a   gelatinous   mucoid   substance,   exactly  as  are  the 

similar    growths    in    the 
middle    meatus    of    the 
nose.     In  the  larynx  they 
rarely  attain    any  great 
size.     Their    most    fre- 
quent seat  is  the  lower  or 
laryngeal  face  of  the  epi- 
glottis, or  well  down  in 
the  anterior   commissure 
even    below    the     vocal 
cords,  where  by  their  me- 
Fig.    3684.— Fibroma   on    the  chanical  interference  with 
Lrit    Vocal    Cord;     Growth    of  the  complete   closure  of 
Larger  Size.  the  cords  they  cause  par- 

tial or  complete  aphonia. 
Adenomata  and  angiomata,  owing  to  the  physio- 
logical function  of  the  upper  air  passages,  as  well  as  to 
the  anatomical  structure  of  the  larynx,  are  extremely 
rare,  as  are  also  fibromyxomata,  of  which  a  case  was  re- 
ported under  that  name  by  Seller,  and  one  of  inter- 
canicular  fibroma,  of  doubtful  diagnosis,  by  E.  O. 
Shakespeare,  and  supposed  at  first  to  have  been  a  case 
of  angioma. 

The  present  writer  having  seen  several  well-marked 
cases  of  angiomata  feels  quite  sure  that  they  are  not  as 
unique  as  at  first  supposed.  Most  writers  make  men- 
tion of  ecchondroma  occurring  but  they  must  be 
of  the  utmost  rarity. 

Malignant  Tumors. — Two  forms  are  recognized  as 
occurring  in  the  larynx,  sarcoma  and  carcinoma. 
The  former  is  very  rarely  seen,  the  present  writer 
never  having  observed  onelundoubted  case.  It  is 
described  as  occurring 
more  frequently  upon 
the  false  vocal  cords  or 
from  the  ventricles  of 
the  base  of  the  epiglot- 
tis, and  may  be  extrin- 
sic, pushing  in  from  the 
base  of  the  tongue  or 
tonsil.  It  seems  to  have 
been  usually  either  of 
the  spindle-  or  round- 
cell  variety,  but  the 
mixed  forms  have  been  known  to  occur.  Usually 
smooth  and  round,  they  may,  however,  in  later  stages 
present  some  ulceration. 

The  epitheliomas  are  much  more  frequent.  They 
begin  more  often  on  the  vocal  cords,  not  always  upon 
the  upper  surfaces,  or  they  occur  in  the  ventricles  or 
on  the  false  cords.  They  are  not  infrequently  ex- 
trinsic on  the  aryepiglottic  fold,  dipping  down  into 
the  fossa  leading  toward  the  esophagus.  Often  when 
upon  the  vocal  cords  they  present  nothing  different 
in  appearance  from  the  true  papillomata,  except 
perhaps  that  they  are  more  sessile.  During  the  early 
stages  when  diagnosis  is  difficult  they  are  not  as 
malignant,  and  may  not  recur  when  well  taken  care 
of.  Later  infiltration  sets  in  at  the  base,  the  cord 
thickens  up,  the  arytenoid  swells,  the  surface 
ulcerates,  and  immobility  of  the  affected  cord  occurs. 
When  a  rough  growth  of  the  cord  is  accompanied  by 


Fig.  36S5. — Lipomatous  Growth. 


some  infiltration  and  sluggishness  of  motion  in  that 
arytenoid  or  of  the  whole  cord  in  a  person  over  forty,  it 
is  extremely  presumptive  that  we  have  an  epithelioma, 
even  if  the  growth  looks  ever  so  benign,  and  even  if 
there  is  no  enlargement  or  hardening  of  the  lymph 
nodes  in  the  adjacent  regions  of  the  neck. 

The  one  really  positive  diagnosis  in  early  cases  is 

move  a  bit  of  the  growth  from  the  most  rapidly 

growing  part  of  the  mass,  and  even  then  it  is  often 

difficult  to  decide  with  all  the  help  of  microscopic 

study  whether  we  surely  have  a  cancer  present. 

Later  still  either  the  sarcoma  or  the  epithelioma 
may  develop  actual  metastases  into  other  regions, 
may  grow  up  and  out  from  the  larynx  into  other  parts  of 
the  throat,  or  may  break  through  the  cartilages  into 
the  tissues  of  the  neck.  A  true  epithelioma  may 
exist  for  a  long  period  without  any  sign  of  enlarging 
the  lymph  nodes  and  then  according  to  the  situation 
of  the  tumor  the  glands  involved,  as  shown  by  Crosby, 
Green,  and  others,  will  sometimes  be  those  consider- 
ably above  the  level  of  the  larynx  or  below  it  or  both. 

The  differential  diagnosis  between  carcinoma,  syph- 
ilis, and  tuberculosis  is  brought  out  with  great  clear- 
ness in  the  article  in  this  same  volume  on  tuberculosis 
of  the  larynx. 

Symptomatology. — From  what  has  already  been 
said,  in  the  above  description  of  intralaryngeal  neo- 
plasms, it  is  plain  that  a  very  few  words  will  suffice  to 
convey  to  the  reader  the  needed  additional  infor- 
mation in  regard  to 
the  clinical  picture 
presented  by  a  given 
case  of  either  a  benign 
or  a  malignant  laryn- 
geal growth. 

The  only  appreci- 
ated subjective  symp- 
toms are  those  of 
aphonia,  dysphagia, 
and  apnea,  all  three 
of  which  may  vary  in 
degree.  Thus,  for  ex- 
ample, the  aphonia 
may  vary  from  a  slight  hoarseness  to  complete 
voicelessness.  As  regards  the  dysphagia  there  may, 
in  one  case,  be  merely  a  slight  impediment  in  the 
act  of  deglutition  (particularly  of  liquids),  while  in 
another  there  may  be  absolute  inability  to  swallow 
either  liquids  or  solids  (aphagia).  And,  finally, 
there  may-  be  present  symptoms  of  difficulty  of 
breathing,  such  as  shortness  of  breath  in  ascending 
stairs  or  slight  elevations,  usually  aggravated  by  in- 
crease in  atmospheric  pressure,  and  then  frequently 
mistaken  (without  a  laryngoscopic  examination)  for 
asthma;  or,  in  a  more  serious  case,  the  difficulty  may 
amount  to  absolute  apnea.  In  such  a  case,  as  a 
matter  of  course,  tracheotomy  is  not  only  indicated 
but  should  be  at  once  performed,  whether  the  neces- 
sary or  so-called  necessary  instruments  are  at  hand  or 
not.  I  may  add  here  that  the  operation  of  tracheo- 
tomy in  the  adult  is  by  no  means  so  serious  and  diffi- 
cult a  surgical  procedure  as  it  is  usually  supposed  to 
be,  especially  in  these  days  when  local  anesthesia, 
hypodermatically  given,  has  been  developed  to  its 
present  state  of  perfection.  Fauvel,  Cohen,  and 
Seiler  have  all  mentioned  in  their  works  the  fact  that 
it  is  desirable  for  a  person  suffering  from  any  intra- 
laryngeal neoplasm  to  carry  with  him  constantly  the 
necessary  instruments  for  tracheotomv.  This  is 
particularly  to  be  urged  in  those  cases  of  papilloma, 
sarcoma,  cysts,  and  fibroma  in  which,  either  by  direct 
obstruction  of  the  rima  glottidis  or  by  reflex  irritation 
of  the  abductors  of  the  cords,  sudden  and  very 
serious  dyspnea  may  momentarily'  be  expected  to 
develop. 

Pain  as  a  subjective  symptom  is  sometimes  present 
in  the  benign  form  of  neoplasms,  but  is  always  present, 


Fig.  3686.— Colloid   Tumor  on 
Left  Vocal  Cord. 
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to  a  greater  or  lesser  degree,  in  cases  of  malignant 
tumors.  It  is  of  a  neuralgic,  lancinating,  more  or 
less  intermittent  character,  and  is  usually  felt  in  the 
region  of  the  distribution  of  the  different  branches 
of  Meckel's  ganglion.  In  the  case  of  extrinsic  foci 
of  sarcomata,  carcinomata,  or  epitheliomata,  the  pain 
is  referred  by  the  patient  to  the  middle  portion  of 
the  external  auditory  meatus  or  else  to  the  middle  or 
inner  ear,  or  to  the  mastoid  process.  Tuberculosis 
and  syphilitic  ulcerations,  as  well  as  foreign  bodies 
embedded  in  either  the  tonsils  or  the  faucial  pillars, 
also  give  rise  to  similar  sensations  of  pain  in  the 
same  regions,  but  in  none  of  these  affections  is  the 
pain  a  severe  or  persistent  one. 

All  other  important  points  in  the  symptomatology 
have  already  been  mentioned  in  the  description  of  the 
different  types  of  neoplasms  of  the  larynx,  and  the 
local  picture  is  so  manifest  to  the  eye  of  the  observer, 
when  the  patient's  larynx  is  exposed  to  view  by  means 
of  the  laryngoscope,  that  no  further  explanation  is 
necessary.  The  general  history  of  the  patient  and 
that  of  his  family  should  be  taken  into  consideration, 
particularly  in  regard  to  prognosis,  and  in  doubtful 
cases,  in  which  a  differential  diagnosis,  by  means  of 
the  general  history,  laryngoscopic  inspection,  or  other 
evidence  presented  is  apparently  difficult  to  make, 
the  laryngeal  forceps,  in  the  hands  of  the  expert, 
can  readily  obtain  sufficient  tissue  from  the  neoplastic 
formation  for  microscopic  identification. 

Prognosis. — In  the  case  of  the  benign  variety  of 
laryngeal  neoplasms,  the  prognosis,  if  the  treatment  is 
properly  conducted,  is  invariably  good.  As  before 
stated  papillomata  in  young  children  present  a  very 
definitely  different  problem  and  the  time  limit  is  neces- 
sarily difficult  to  determine.  Regarding  malignant 
growths  the  outlook  is  much  more  cheerful  than  the 
one  Seller  felt  obliged  to  take  when  the  second  edition  of 
this  work  was  printed,  which  "was  "always  bad."  As 
already  stated  the  excellent  work  of  many  operators 
proves  conclusively  that,  early  diagnosed,  the  growth 
can  often  be  removed  with  no  recurrence  by  simple 
thyrotomy.  When  it  is  more  advanced,  laryngec- 
tomy, if  we  can  imitate  the  work  of  Gluck,  will  be 
able  to  cure  a  great  many  sufferers. 

Treatment. — While  in  general  "a  tumor  is  a 
tumor,"  and,  according  to  Hippocrates,  the  father  of 
medical  law,  as  such  is  a  superabundance  of  tissue 
and  should  therefore  be  removed,  something  more 
particular  should  be  said  concerning  the  various 
forms  of  benign  and  malignant  growths. 

In  dealing  with  papillomata  in  young  children;  as 
has  already  been  observed,  a  good  deal  of  discretion 
must  be  used.  It  is  often  found  that,  whereas  one 
takes  away  one  growth  it  will  return  in  half  a  dozen 
different  places.  In  young  children,  for  some  years 
the  accepted  belief  and  treatment  of  many  of  the  best 
men  in  the  world  has  been  to  perform  a  tracheotomy, 
to  which  one  is  eventually  almost  always  forced  in 
dealing  with  them,  and  by  rest  of  the  larynx  and  non- 
interference, to  keep  the  patient  in  health  and  good 
condition  until  such  a  time  as  the  papillomata,  by 
time  limitation,  will  have  gone  away.  It  has  long 
been  observed  that  sometimes  papillomata  in  young 
children,  like  warts  in  other  situations,  disappear 
without  anything  radical  having  been  done  for  their 
removal. 

It  was  formerly  hoped  when  direct  laryngoscopy 
came  into  vogue  that  our  efforts  might  be  more 
exact,  more  easily  carried  out,  more  effective,  and 
thus  we  might  save  these  children  from  going  around 
with  a  tracheotomy  tube  for  three,  four,  or  five  years, 
until  this  time  limit  should  have  expired  and  the 
growth  cease  to  recur,  but  such  hope  has  been  dashed 
to  the  ground,  and  even  the  possibilities  of  suspension 
laryngoscopy  it  is  feared  will  not  live  down  this  ob- 
stinacy in  responding  to  therapeutic  endeavors. 


Abbi\  Harris,  Hopkins,  and  others  have  stated 
that  they  have  cured    certain   cases  "f   papillom 

by  one   or  a   few    exi n      for  a   long  period    to 

radium  emanations.  The  patient  has  been  anesthe- 
tized, and  while  under  the  anesthetic  the  tube  of 
radium  has  been  place, I  within  the  larynx  and  held 
there  for  periods  up  to  lifty  minutes.  Absolute 
cures  in  adults  have  been  accomplished.  It  seem,  to 
me  that  although  fulguration  has  been  used  in  children 
to  destroy  the  growths  while  they  are  still  tracheo- 
tomized,  it  would  be  perfectly  possible,  in  a  tract- 
able patient,  through  the  trachea]  opening,  to  intro- 
duce a  tube  of  radium  into  the  larynx  and  allow  it  to 
remain  there  over  quite  an  extended  period.  Es- 
pecially could  this  be  accomplished  if  a  slight  amount 
of  general  anesthesia  was  also  used.  The  writer  has 
recently  demonstrated  the  perfect  feasibility  of 
maintaining  a  patient  perfectly  quietly  in  position 
by  suspension  laryngoscopy  for  forty  minutes, 
the  anesthesia  heing  the  so-called  pharyngeal  in- 
sufflation through  the  double  nasal  catheter  of 
warmed  ether  vapor,  as  developed  by  Flint.  This 
particular  statement  is  the  only  one  of  encourage- 
ment that  the  present  state  of  our  work  offers  in  the 
care  of  these  obstinate  cases  of  recurring  papillomata 
in  children,  or  even  in  adults. 

Generally,  however,  papillomata  respond  readily 
in  the  adult,  to  careful  manipulation,  and  when,  by 
either  the  direct  or  indirect  method,  the  growth  is 
removed  and  the  base  cauterized,  then,  as  stated  in 
the  other  part  of  the  text,  the  growth  may  never  recur. 

Cystic  growths,  when  it  is  at  all  possible,  especially 
the  larger  ones  which  occur  on  the  epiglottis,  should  be 
incised  by  the  galvanocautery  knife  or  point,  and 
through  such  opening  the  attempt  should  be  made  to 
destroy  the  lining  membrane,  if  one  wishes  to  avoid 
the  possibility  of  recurrence. 

Fibromata,  angiofibromata,  and  edematous  fibro- 
mata are  readily  cared  for,  generally,  by  the  use 
of  the  snare  or  appropriate  forceps.  Malignant 
growths  cannot  as  a  rule  be  treated  by  any  so  pacific 
means  as  simple,  indirect  laryngeal  operations,  al- 
though the  author  has  twice  succeeded  in  the  case  of 
early  epithelioma. 

So  far  as  sarcoma  is  concerned,  each  case  must 
be  a  law  unto  itself  and  no  one  rule  can  be  laid  down 
for  all  cases. 

Concerning  epithelioma,  the  writer  feels  positive 
that,  if  early  diagnosis  can  be  made,  simple  thyrotomy 
with  removal  of  the  growth,  even  if  it  includes  the 
whole  of  the  vocal  cord  down  to  the  perichondrium,  fol- 
lowed by  thorough  cauterization  of  all  suspected  areas 
with  the  galvanocautery  or  the  thermocautery ,  presents 
possibilities  of  cure  that  should  not  be  neglected. 
A  number  of  patients  in  the  writer's  experience 
are  still  alive  and  without  recurrence  years  after 
the  removal  of  the  growth  in  this  way,  and  in  many 
of  them  there  has  been  restoration  of  a  practically 
perfect  voice  by  the  formation  of  a  cicatricial  band  in 
place  of  the  removed  vocal  cord  so  that  the  function 
of  the  larynx  has  been  perfectly  preserved.  Green 
reports  most  gratifying  successes. 

When  the  growth  seems  to  be  so  large,  in  carci- 
noma, that  thyrotomy  cannot  be  depended  upon 
to  remove  it,  the  writer  feels  that  laryngectomy 
done  by  the  method  of  Gltick  stands  a  better  chance 
of  saving  the  patient's  life  and  having  him  com- 
fortable and  a  useful  member  of  the  community  than 
does  an.v  hemilaryngectomy  or  substitute  operation. 
An  intrinsic  cancer  of  the  larynx  can  be  removed 
by  laryngectomy,  and  if  the  neighboring  glands  are 
removed,  the  probability-  of  cure  is  very  good  indeed, 
and  as  each  year  goes  by  the  percentage  of  such 
cases  which  recover  and  live  for  years  without  re- 
currence grows  notably  greater  and  greater.  Gluck's 
latest  statistics  show  sixty  odd  cases  operated  upon  by 
laryngectomy  with  no  operative  deaths — a  wonderful 
record.    All  of  this  points  to  establish  the  diagnosis 
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early  and  then  act  radically  in  the  complete  removal 
of  cancer  in  this  situation,  as  well  as  in  all  others. 

Henry  L.  Swain. 


Larynx,  Perichondritis  of  the. — Laryngeal  peri- 
chondritis is  an  inflammation  of  the  perichondrium 
which  is  prone  to  proceed  to  suppuration  and  to 
necrosis  with  exfoliation  of  the  underlying  cartilages. 
Suppuration,  however,  is  not  an  invariable  conse- 
quence, for  resolution  may  occur  or  hyperplasia  con- 
tinue indefinitely. 

Etiology. — Primary  acute  perichondritis,  which  is 
rare,  may  be  ascribed  to  "cold"  and  vocal  abuse,  but- 
only  in  the  sense  that  these  conditions  act  as  factors 
which  predispose  to  infection  by  pyogenic  micro- 
organisms. It  may  arise  by  continuity  of  tissue  in 
phlegmonous  laryngitis,  abscess  of  the  larynx,  and 
suppurative  inflammation  in  the  cervical  glands  and 
tissues.  It  may  be  due,  in  either  an  acute  or  a  chronic 
form,  to  rheumatic  infection  from  the  focal  suppura- 
tions in  retention  tonsillitis,  nasal  accessory  sinus 
disease,  pyorrhea  alveolaris,  etc.,  also  to  gout  and 
the  condition  termed  arthritis  deformans,  eventuating 
then  especially  in  cricoarytenoid  arthritis  which  is  un- 
likely to  suppurate. 

Acute  traumatic  perichondritis  may  be  occasioned  by 
blows,  wounds,  throttling,  bruising  by  high  collars,  the 
impaction  of  foreign  bodies  in  the  larynx  or  esophagus, 
or  the  unskilful  passage  of  intubation  tubes  and 
esophageal  bougies.  A  prolonged  recumbent  position 
especially  in  old  and  poorly  nourished  persons,  oc- 
casionally results  in  decubitus  by  pressure  of  the  cri- 
coid cartilage  upon  the  spinal  column.  The  aged  are 
also  subject  to  a  sort  of  spontaneous  perichondritis 
in  connection  with  calcareous  changes  in  the  cartilages. 

Secondary  perichondritis  is  more  frequent.  It  occurs 
in  an  acute  form  during  the  course  of  septic  and  con- 
tinued fevers,  especially  typhoid  fever,  smaUpox,  and 
diphtheria.  It  may  either  be  preceded  by  ulceration, 
through  which  infection  by  pyogenic  germs  occurs,  or 
it  may  represent  a  metastasis  of  the  specific  infecting 
organism.  Typhoid  bacilli  are  usually  found  in  the 
necrotic  cartilage  in  typhoid-fever  cases,  and  it  has 
been  shown  that  they  alone  are  capable  of  producing 
suppuration,  but  it  is  probable  that  they  act  usually  in 
conjunction  with  pyococci. 

The  most  frequent  of  all  forms  of  perichondritis  are 
those  which  are  secondary  to  syphilis,  tuberculosis, 
and  carcinoma.  Though  often  commencing  in  an 
acute  manner  they  usually  eventuate  in  a  chronic 
process.  The  Spirochceta  pallida,  leading  to  the  in- 
filtration of  syphilis,  may  attack  directly  the  cartilages 
and  perichondrium,  and  tuberculous  arthritis  analo- 
gous to  the  white  swellings  of  the  larger  joints  is  a 
possibility,  but  usually  ulceration  of  the  soft  parts 
serves  as  an  intermediate  cause,  providing  an  opening 
through  which  infection  by  pyococci  takes 'place.j 

Pathology. — In  acute  perichondritis  there  occurs  a 
purulent  infiltration  of  the  perichondrium  whereby  it 
is  separated  from  the  underlying  cartilage;  and  this, 
involving  also  the  overlying  soft  parts,  constitutes  a 
perichondritic  abscess  or  swelling,  which  according  to 
the  layer  affected  may  project  externally  or  into  the 
lumen  of  the  larynx.  Necrosis  of  the  underlying 
cartilage  and  exfoliation  of  small  or  large  sloughs  may 
eventually  ensue.  If  the  perichondrium  and  part  of 
the  cartilage  remain ,  partial  reproduction  or  else  fibrous 
substitution  may  take  place.  A  fistula  is  apt  to 
persist.  In  so-called  rheumatic  cases  and  in  syphilis 
under  vigorous  antisyphilitic  treatment  the  exudation 
may  proceed  to  absorption  without  suppuration. 
In  typhoid  fever  and  other  cases  extensive  ulceration 
may  follow  the  rupture  of  the  abscess.  Edema  is  a 
prominent  feature  of  tuberculous  perichondritis  as 
well  as  of  the  syphilitic  form  of  the  disease.  It  helps 
to  impede  the  movements  of  the  larynx,  and  is  liable 


to  culminate  suddenly  in  dangerous  occlusion  of  tin 
rima  glottidis.  The  cricoid  cartilage  i  the  one  at- 
tacked in  about  two-thirds  of  the  cases,  and  the 
arytenoid  comes  next  in  order.  In  the  former  case 
the  abscess  points  cither  into  the  lumen  of  the  larynx 
or  into  the  esophagus  or  pyriform  sinus;  in  the  latter 
the  opening  is  seen  near  the  position  of  the  vocal 
process.  Instead  of  one  there  may  be  several  open- 
ings, all  discharging  pus.  When  the  thyroid  is 
affected,  the  involvement  is  more  often  unilateral  and 
internal.  Extensive  necrosis  of  this  cartilage  is  less 
likely  to  occur  because  of  a  richer  blood  supply.  The 
epiglottis  being  a  fibrocartilage  is  affected  only  by  an 
ulcerative  action.  The  tracheal  rings  sometimes  be- 
come  involved. 

Symptoms. — The  acute  type  is  ushered  in  by  febrile 
symptoms  and  local  pain  or  discomfort,  followed  by 
dysphagia,  dyspnea;  tenderness  on  pressure,  and  im- 
pairment of  the  voice,  all  varying  in  degree  according 
to  the  cartilage  and  surface  involved. 

Seated  in  the  cricoid,  when  the  sides  of  the  cartilage 
are  affected,  the  swelling  projects  into  the  lumen  of 
the  larynx,  thus  obstructing  respiration;  when  the 
rear  plate  is  involved  the  tumefaction  is  toward  the 
esophagus,  then  impeding  deglutition.  When  the 
arytenoid  is  the  seat  of  the  disease  it  is  liable  to  im- 
pede both  respiration  and  deglutition.  The  crico- 
arytenoid joint  becomes  ankylosed  and  the  vocal 
cord  fixed,  hoarseness  of  the  voice  resulting.  Fixa- 
tion of  the  cord  in  the  median  line  would  contribute 
to  dyspnea. 

Affection  of  the  thyroid  on  the  inner  face  leads  to 
dyspnea  but  may  or  may  not  impair  the  voice.  The 
most  dangerous  dyspnea  results  from  collapse  of  the 
laryngeal  framework  after  the  expulsion  of  the  greater 
part  of  the  cricoid  cartilage.  Wherever  seated,  the 
pus  is  liable  to  burrow,  discharging  through  fistula? 
which  may  open  either  within  the  throat  or  upon  the 
neck.  The  sequestrum  serves  to  maintain  suppura- 
tion until  exfoliation  occurs,  a  process  which  unassisted 
may  require  months  or  years,  depending  upon  the 
size  and  position  of  the  sequestrum. 

In  typhoid  fever  the  onset  is  usually  rapid,  although 
slight  hoarseness  and  dysphagia  may  have  been  per- 
ceived for  some  days.  The  suffocative  attacks  once 
commenced  recur  at  shorter  intervals  and  are  more 
and  more  terrible  until  tracheotomy  becomes  nec- 
essary to  prevent  a  fatal  termination. 

Laryngeal  Image. — Arytenoid  perichondritis  causes 
a  unilateral  pyriform  swelling,  or  if  bilateral  the  tume- 
faction is  not  exactly  symmetrical.  There  is  immo- 
bility of  the  cartilage  and  the  edema  extends  along 
the  aryepiglottic  fold.  The  necrotic  cartilage  will 
sometimes  be  seen  to  project  from  the  abscess  open- 
ing. When  the  inner  surface  of  one  side  of  the 
cricoid  cartilage  is  affected  there  will  be  a  bulging 
beneath  the  vocal  cord,  perhaps  extending  around  the 
posterior  laryngeal  wall,  and  this  condition  is  often 
combined  with  tumefaction  of  the  arytenoid.  A  swell- 
ing in  the  pyriform  sinus  or  in  the  laryngopharynx 
indicates  involvement  of  the  outer  surface  of  the  cri- 
coid. An  abscess  under  the  anterior  commissure  in- 
dicates a  perichondritis  of  the  inner  surface  of  one 
or  both  plates  of  the  thyroid  cartilage,  in  which 
position  tuberculous  ulceration  is  the  usual  cause. 

Diagnosis. — The  tumefaction  of  perichondritis  is 
unilateral  or  not  equally  bilateral,  and  is  irregular  in 
outline.  Tn  edema  of  the  larynx  and  acute  phleg- 
monous laryngitis  the  puffiness  of  the  parts  is  usually 
symmetrical,  and  in  laryngeal  diphtheria  there  is  an 
exudate. 

In  chronic  cases,  especially  those  secondary  to 
syphilis,  tuberculosis,  and  carcinoma,  the  perichon- 
dritis is  apt  to  be  obscured  by  the  infiltration  and 
ulceration  incident  to  the  primary  disease.  A  fistula 
discharging  pus,  a  swelling  corresponding  in  location 
to    the    cartilages    affected,    and    ankylosis    of    the 


836 


REFERENCE   HWDHOOK   OF  THE    MKIiK'AI,  SCIENCES 


Larynx,  Physiology  of 


cricoarytenoid  joint,  are  indications  of  perichondritis. 
Ankylosis  resulting  in  a  fixed  position  of  the  vocal 
cord  is  distinguished  by  arytenoid  swelling  from  ab- 
ductor paralysis  of  the  cord.  The  presence  of  swelling 
and  the  absence  of  "falling  in"  of  the  arytenoid 
distinguish  it  from  complete  recurrent-nerve  par- 
alysis. Additional  details  are  given  in  the  article  on 
"Cricoarytenoid." 

Prognosis. — In  acute  cases  the  danger  to  life  from 
dyspnea  may  require  a  prompt    tracheotomy,  with- 
out which  the  gravity  can- 
not be  overestimated.    In 

typhoid-fever  cases,  when  j.  t 

necrosis  of  cartilage  en- 
sues, the  mortality  is  very 
high.  The  prognosis  is 
favorable  in  traumatic, 
rheumatic,  and  syphilitic 
cases  provided  the  nature 
of  the  disease  is  recognized 
and  appropriate  treat- 
ment instituted.  Among 
these  there  are  many  mild 
cases  in  which  recovery 
takes  place  without  diffi- 
culty, and  in  the  majority 
of  severe  ones  the  patients  survive,  but  with  more  or 
less  damage  to  the  larynx.  The  disease  may  run  a 
course  of  several  years,  for  exfoliation  is  a  slow  process, 
and  meanwhile  the  patient  is  liable  to  exhaustion  by 
cough,  dysphagia,  and  general  distress,  so  that  surgical 
assistance  may  improve  his  chances.  Naturally,  the 
tuberculous  and  carcinomatous  conditions  are  most 
unfavorable. 

Treatment. — In  the  very  early  stage  of  acute  peri- 
chondritis, cold  in  the  form  of  ice  slowly  swallowed 
and  cold  application  for  a  brief  period  over  the  larynx 
externally,  supplemented  by  an  ichthyol  ointment, 
tends  to'  abort  the  disease.  Hot  sedative  vapors 
and  steam  inhalants  allay  the  pain,  but  are  indicated 
only  when  the  tumefaction  is  insufficient  to  cause 
dyspnea  and  after  tracheotomy  has  been  performed, 
because,  while  allaying  pain,  they  are  liable  to  in- 
tensify the  dyspnea  by  increasing  the  swelling. 
Alkaline  and  emollient  sprays  serve  to  clear  the  throat 
of  mucus.  Cocaine  one  per  cent,  in  adrenalin  solu- 
tion, 1  :  10,000  or  less,  is  of  value  in  causing  temporary 
retraction  of  the  swelling,  but  its  powers  are  limited. 
An  accessible  abscess  may  be  opened  by  a  laryngeal 
lancet,  but  if  the  pus  collection  is  large  and  points 
within  the  larynx,  care  should  be  taken  to  evacuate 
it  slowly  unless  a  tracheotomy  tube  is  in  place. 
Measures  which  are  appropriate  in  the  treatment  of 
the  primary  diseases  are  serviceable  for  secondary 
perichondritis  e.  g.  potassium  iodide,  salvarsan,  and 
mercury  in  syphilitic  cases.  On  the  appearance  of 
severe  dyspnea  a  low  tracheotomy  should  be  promptly 
performed.  Delay  involves  the  risk  of  pulmonary 
edema.  After  exfoliation  and  cicatrization,  the  re- 
sulting stenosis  of  the  larynx  will  require  dilatation 
in  the  same  manner  as  syphilitic  stenosis  of  the  larynx, 
or  else  the  tracheotomy  tube  will  need  to  be  indefinitely 
retained.  W.  E.  Casselberry. 


Larynx,  Physiology  of  the. — The  larynx  is  that 
portion  of  the  respiratory  tract  which  is  situated 
in  the  median  line  of  the  neck  between  the  trachea 
and  the  pharynx.  It  may  be  regarded  merely  as  a 
prolongation  upward  of  the  trachea,  with  such  modi- 
fications of  structure  as  are  required  for  the  per- 
formance of  its  various  specialized  functions.  A  com- 
parative study  of  the  larynges  of  animals  indicates 
that  the  extent  of  the  modifications  of  structure  is 
proportional  to  the  variety  of  the  specialized  func- 
tions. Following  this  law,  the  structure  of  the 
human  larynx  differs  very  considerably  from  that  of 


the  trachea,  and  its  mechanism  is  interesting  and 
complex  (Pigs.  3687,  3688,  and  3689).  The  frame- 
work of  the  trachea  is  composed  of  incomplete  cartil- 
aginous rings,   healing  a   close    resemblance  to  one 

another,  and  bound  together  by  liliromuscular    'issue, 

and  while  the  cartilages  of  the  larynx  are  for  the 
pari  irregular  in  shape,  a  scheme  somewhat  similar 
to  that  ol  the  trachea  is  carried  into  its  structure. 
The  cricoid,  i  he  fin  I  cai  i  ilage   abo>  e  I  he  1 1 

differs  from  all  the  others  in  that,  if  is  complete  t  Inoiigh- 


- 1 .,  h  ing  i  be  Posi- 
Vocal  Band*  during 


Fig.  3687. — Showing  the  Posi-  Fig.  3688.-  Showing  the  Posi-  Flo.  3688 
tion  of  the  Vocal  Bands  during  tiou  of  the  Vooal  Bands  during  tion  of  the 
Passive  Inhalation.  Forced    Inhalation  Phonation 

Figs.  3687.  3688,  and  3689. —  T,  Tongue;  L.  epiglottis;  P,  P,  ventricular  bands;  If,  If.  .i.rtilages 
ofWrisberg;  S,  S,  cartilages  of  Santorini;  V,  7,  vocal  bands;  II  P,  wind  1 1  trachea  />'.  bifur- 
cation of  the  trachea.      (From  Lennox  Browne  and  E.  Selenke.) 


out  its  entire  circumference,  and  it  thus  serves  as  a 
firm  base  for  the  superstructure  of  the  larynx.  The 
thyroid,  like  the  cartilages  of  the  trachea,  is  open 
posteriorly,  thus  giving  room  for  the  two  arytenoids 
which  articulate  with  the  elevated  posterior  portion 
of  the  cricoid.  The  hyoid  bone,  which  is  closely 
related  to  the  larynx,  is  also  open  posteriorly  to  make 
room  for  the  anterior  portion  of  the  pharynx.  The 
other  cartilages  of  the  larynx  are  the  cornicula  laryngis, 
the  cuneiform  cartilages,  and  the  epiglottis.  These 
cartilages  form  the  framework  of  the  larynx,  and 
they  are  so  jointed  and  connected  by   ligaments  as 


■ti,  A 


ti,  C 


-  C 


Fig.  3690. — Tli  A,  Thyroarytenoid  muscle;  Th   ('.   thyroid  carti- 
Lage,  C,  cricoid  cartilage;  M,  vocal    I 

to  be  freely  movable  when  acted  upon  by  their  re- 
spective muscles.  The  object  of  this  motion  is 
threefold:  (1)  to  control  the  breath,  (2)  to  bring  into 
position  the  bands  or  shelves  the  vibrations  of  which 
cause  the  sound  of  which  voice  is  made,  and  (3)  to 
assist  in  the  production  of  voice  and  speech.  The 
three  highly  specialized  functions  of  the  larynx, 
therefore,  maybe  described  under  the  following  heads: 
(1)  Respiration;  (2)  Phonation;  (3)Articulation. 

Respiration. — The  respiratory  function  of  the  larynx 
is  an  important  one  and  it  includes  more  than  would 
appear  at  first  thought.  Air  could  be  made  to  pass  to 
and  from  the  lungs  without  the  intervention  of  this 
complicated  structure  and  therefore  the  act  of  breath- 
ing may  be  regarded  as  a  purely  incidental  function  of 
the  larynx.     It  was  necessary  to  place  somewhere  in 
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the  respiratory  tract  a  structure  that  would  not  only 
furnish  a  free  passageway  for  the  breath,  but  would 
also,  at  the  same  time,  serve  other  important  purposes. 
Of  these  purposes  phonation,  to  be  described  later,  is 
the  most  important,  and  the  act  of  phonation  requires 
some  kind  of  temporary  obstruction  in  the  air  channel, 
such  as  is  provided  by  the  two  muscular  bands  that 
run  from  the  thyroid  to  the  arytenoid  cartilages. 
Moreover,  these  bands  must  obstruct  respiration  as 
little  as  possible  and  only  at  those  times  when  the 
obstruction  is  necessary  for  the  phonatory  act. 
Provision  is  therefore  made  for  their  removal  from  the 
lumen  of  the  larynx  when  not  required  for  this  purpose, 
and  this  is  accomplished  by  the  contraction  of  the 
posterior  cricoarytenoid  or  so-called  respiratory  mus- 
cles. These  abductor  muscles  are  supplied  by  the 
external  branch  of  the  superior  laryngeal  nerve,  and  so 
important  are  their  functions  in  maintaining  the 
patency  of  the  larynx  for  respiratory  purposes,  con- 
tracting as  they  do  for  every  act  of  inspiration  (about 
eighteen  times  a  minute),  that  they  seem  to  be 
endowed  with  greater  strength  and  they  are  less  sus- 
ceptible to  disease  than  the  other  muscles  of  the 
larvnx.  Life  itself  depends  upon  their  health  and 
tone  (Figs.  3687,  3688,  and  3689).  But  the  larynx 
has  another  important  function  that  should  be  de- 
scribed under  this  head,  and  that  is  the  closure  of  its 
upper  portion  during  the  vigorous  muscular  acts 
which  are  performed  by  the  hands  and  arms,  and  also 
during  the  acts  of  defecation,  coughing,  laughing,  etc. 

This  strong  closure 
of  the  upper  portion 
of  the  larynx  takes 
place  above  the  vocal 
bands,  and  not  so 
much  in  the  glottis  as 
has  been  supposed. 
The  glottis,  it  may  be 
remarked,  is  merely 
the  aperture  formed  by 
the  vocal  bands,  the 
vocal  processes,  and  a 
portion  of  the  trans- 
verse arytenoid  muscle 
(Fig.  3687).  The 
vocal  bands  are  too 
slender  and  delicate  to 
endure  the  strain  that 
would  be  put  upon 
them  by  this  action, 
and  their  structure, 
shape,  and  position, 
when  the  glottis  is 
closed,  render  them  incapable  of  resisting  much 
pressure  of  the  breath  from  below.  They  are  not 
in  reality  bands  at  all  in  their  shape  and  structure,  but 
if  a  cross-section  of  them  were  made  (Fig.  3690), 
they  would  be  found  to  be  somewhat  wedge  shaped 
with  the  head  of  the  wedge  looking  upward  and  the 
apex  downward;  their  inner  edges  contribute,  during 
tone  production,  to  the  formation  of  the  vibrating 
portion  of  the  glottis,  and  their  inner  surfaces  gradu- 
ally taper  downward  along  either  side  of  the  larynx. 
Other  names  have  been  suggested  for  them  such  as 
cushions  or  shelves,  and  the  latter  is  the  one  to  be 
preferred  because  it  more  accurately  describes  their 
shape  and  functions.  It  will  be  observed  that  when 
the  glottis  is  closed  the  gradual  tapering  of  the  vocal 
shelves  downward  makes  the  lower  portion  of  the 
larynx  somewhat  cone  shaped  with  the  apex  pointing 
upward,  and  that  this  approach  to  the  glottis  adapts 
it  not  for  cheeking  but  rather  for  favoring  the  egress 
of  air  (see  Fig.  3690).  When  the  breath  is  forcibly 
held  for  any  purposes  whatsoever,  the  true  glottis  is 
not  closed  at  all,  but  the  pseudoglottis  is  closed  by  the 
approximation  of  the  ventricular  bands,  and  the 
ventricles,  the  shape  of  which  is  so  well  adapted  to  this 
purpose,  become  inflated  and  unite  to  form  a  more  or 
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Fig.  3691. — Shows  the  Valvular 
Action  of  the  Ventricular  Bands, 
a,  Ventricular  bands. 


less  perfect  valve  capable  of  resisting  great  pressure 
with  a  minimum  amount  of  effort  [see  Fig.  '-'Ai'M). 
The  upper  surface  of  the  closed  glottis  to  a  lesser 
degree  acts  like  a  valve  in  checking  the  ingress  of  air. 
This  function,  however,  Ls  not  so  important,  for  the 
amount  of  air  taken  into  the  lungs  is  controlled  largely 
by  the  great  respiratory  muscles  of  the  thorax. 

In  addition  to  this  valvular  action  the  upper  portion 
of  the  larynx  closes  at  times  in  much  the  same  way  as 
do  the  sphincters  in  other  parts  of  the  body.  It  was 
formerly  supposed  that  the  epiglottis,  serving  as  a  lid 
to  the  larynx,  was  the  only  means  of  preventing  the 
food  from  entering  this  cavity  during  deglutition, 
but,  in  refutation  of  this  theory,  it  was  found  that  the 
entire  removal  of  the  epiglottis,  either  by  operative 
procedure  or  by  disease,  in  no  respect  interferes  with 
deglutition.  It  appears,  therefore,  that  nature  has 
not  entrusted  to  the  epiglottis  alone  the  important 
function  of  guarding  the  gateway  to  the  lungs  against 
the  intrusion  of  foreign  substances,  but,  in  addition  to 
and  immediately  preceding  the  falling  of  the  epiglottis 
over  the  larynx  during  deglutition,  there  is  a  complete 
closure  of  the  entire  upper  part  of  the  larynx.  This 
is  effected  by  the  approximation  of  the  ventricular 
bands,  the  upper  part  of  the  arytenoid  cartilages, 
the  aryepiglottic  folds,  and  the  lower  portion,  or  so- 
called  cushion,  of  the  epiglottis.  The  muscles  causing 
this  closure  of  the  upper  portion  of  the  larynx  have 
been  called  the  sphincters  of  the  larynx.  They  are 
the  thyroaryepiglotticus,  the  thyroarytenoideus  ex- 
ternus,  and  the  arytenoideus  posticus. 

In  the  act  of  deglutition  the  sphincter  muscles  con- 
tract, and  over  the  closed  gateway  of  the  larynx  the 
epiglottis  falls  of  its  own  weight,  or  rather  as  a  result 
of  the  relaxation  of  the  hyoepiglottic  ligament,  inci- 
dent upon  the  elevation  of  the  larynx.  The  theory 
formerly  held,  that  the  epiglottis  is  drawn  over  the 
larynx  by  muscular  action,  is  rendered  improbable 
by  the  fact  that  the  muscular  fibers  running  from  the 
epiglottis  to  the  hyoid  bone,  in  the  human  subject, 
are  very  small  and  but  slightly  developed. 

Phonation. — The  chief  purpose  of  the  larynx  and 
the  one  to  which  it  is  especially  adapted  is  phonation, 
but  this  function  is  so  closely  related  to  the  action  of 
certain  other  organs,  notably  those  of  respiration  and 
articulation,  that  it  will  be  necessary  to  take  these 
into  account  also,  at  least  to  some  extent. 

Voice,  as  I  have  defined  it  elsewhere,  is  the  result  of 
a  moving  column  of  breath,  set  in  vibration  by  its 
own  impact  with  the  vocal  shelves  and  re-enforced  by 
its  diffusion  through  the  various  resonant  chambers 
into  the  surrounding  atmosphere,  and  therefore  it 
follows  that  the  act  of  phonation  is  the  process  by 
which  the  column  of  breath  is  formed,  set  in  vibration, 
and  diffused,  and  a  description  of  this  process  must 
include  the  necessary  respiratory  movements,  and  at 
least  a  reference  to  the  resonant  chambers,  as  wTell  as 
a  description  of  the  action  of  the  larynx  itself. 

The  respiratory  movements  of  phonation  are  differ- 
ent from  those  of  ordinary  breathing.  The  one  is 
active,  and  the  other  is  passive.  The  breathing  of 
phonation  supplies  the  system  with  oxygen,  and  car- 
ries off  the  effete  products,  in  the  same  manner  as 
does  ordinary  breathing,  but  it  does  this  only  inci- 
dentally, its  special  function  being  to  cause  impaction 
of  air  upon  the  vocal  shelves,  which  impaction  causes 
the  necessary  vibrations.  Moreover,  the  character 
of  this  impaction  of  the  column  of  breath  upon  the 
vocal  shelves  is  an  important  factor  in  the  regulation 
of  their  vibrations.  It  has  been  shown  by  actual 
demonstration  that  the  rapidity  of  the  vibratory 
excursions  of  the  vocal  shelves  is  increased  and  the 
pitch  of  the  voice  heightened  by  an  increase  in  the 
rate  of  motion  of  the  column  of  breath.  This  is  true, 
in  part  at  least,  because  the  increase  in  the  rate  of 
motion  is  attended  by  an  increase  of  expiratory  effort, 
and  a  corresponding  increase  of  pressure  within  the 
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column  of  breath;  the  tracheal  tube  being  somewhal 
elastic,  this  pressure  tends  to  enlarge  the  column  of 
breath  in  the  trachea,  and  as  this  is  forced  through 
the  smaller  opening  of  the  cricoid  cartilage  it  carries 
its  anterior  portion  upward  toward  the  thyroid,  and 
its  posterior  portion  downward,  thus  increasing  the 
distance  between  the  anterior  and  posterior  attach- 
ments, and  becoming  a  direct  longitudinal  tensor  of 
the  vocal  shelves.  On  the  other  hand,  if  this  tendency 
of  the  column  of  breath  to  render  the  vocal  shelves 
tense  during  its  rapid  and  forcible  movement  is  re- 
sisted by  the  contraction  of  the  internal  thyroary- 
tenoid muscles,  the  result  will  be  a  wider  vibratory 
excursion  of  the  vocal  shelves  and  a  greater  intensit) 
or  loudness  of  voice.  In  this  way  the  column  of 
breath  becomes  an  important  factor  in  regulating 
both  the  pitch  and  the  intensity  of  the  voice. 

The  respiratory  movements  of  phonation,  therefore, 
are  definite  and  active.  The  base  of  the  column  of 
breath  rests  upon  the  diaphragm,  and  it  is  surrounded 
laterally  by  the  walls  of  the  thorax  with  their  envelop- 
ing ligaments  and  muscles. 
The  muscles  may  be  divided 
into  two  sets,  those  which  ele- 
vate the  ribs  and  those  which 
depress  them,  the  former  tend- 
ing to  enlarge  the  thoracic- 
cavity,  and  the  latter  to  dimin- 
ish its  capacity.  It  will  be  ob- 
served that  the  depressor  mus- 
cles exert  a  force  which  is  di- 
rectly opposed  to  the  action  of 
the  levator  muscles,  and  it  is 
by  means  of  these  two  opposing 
forces  that  the  column  of  breath 
may  be  controlled  with  the 
necessary  accuracy,  and  that 
the  requisite  tension  may  be 
given  to  the  drum-like  walls  of 
the  thorax  for  the  purpose  of 
giving  resonance  to  the  voice 
(Fig.  3692).  The  column  of 
breath  is,  therefore,  compressed 
and  its  rate  of  motion  through 
the  glottis  regulated  with  great 
precision. 

The  tracheal,  pharyngeal, 
oral,  and  nasal  cavities  are  also 
resonators,  and  serve  to  re-en- 
force the  tones  produced  by  the 
vibration  of  the  vocal  shelves. 
The  framework  of  the  larynx,  as  already  mentioned, 
is  composed  of  irregularly  shaped  cartilages  articu- 
lating at  the  several  points  of  contact  by  means  of 
freely  movable  joints.  The  muscles  having  their 
attachments  only  to  these  cartilages,  and  whose 
function  it  is  to  assist  in  the  regulation  of  their  relative 
positions,  are  called  intrinsic  muscles;  those  running 
from  the  cartilages  to  various  points  without  the 
larynx  are  called  extrinsic  muscles.  The  extrinsic 
laryngeal  muscles,  like  the  thoracic  muscles,  may  be 
divided  into  two  sets,  according  as  they  elevate  or 
depress  the  larynx.  The  levator  muscles  are  the 
palatopharyngei,  the  stylopharyngei,  digastric,  stylo- 
hyoid, geniohyoid,  and  hyoglossi.  The  depressor 
muscles  are  the  omohyoid,  sternohyoid,  and  sternothy- 
roid. The  function  of  the  extrinsic  muscles  is  ( 1 )  to  de- 
termine the  position  of  the  larynx  in  its  relation  to  the 
adjacent  structures,  and  (2)  to  determine  the  position 
of  certain  important  parts  of  the  larynx  in  their 
relation  to  other  parts.  The  position  of  the  larynx 
in  its  relation  to  adjacent  structures  varies  with  the 
variation  in  the  quality  and  pitch  of  the  voice,  and 
the  importance  of  a  correct  position  cannot  be  over- 
estimated. When  both  the  levator  and  depressor 
muscles  are  brought  into  action,  the  larynx  becomes 
fixed,  and  an  additional  result  of  these  two  forces 
(as  will  be  observed  in  Fig.  3(593)  is  to  draw  the  larynx 


Fig.  36  9  2.— Dia- 
gram showing  the  Op- 
posing action  of  the 
Diaphragm  and  Abdom- 
inal Muscles.  A-B, 
Diaphragm;  B  C,  abdom- 
inal muscles;  D,  direc- 
tion in  which  the  dia- 
phragm acts;  E,  direc- 
tion in  which  the  abdom- 
inal muscles  act. 


backward  against  the  spine.  If  these  two  sets  of 
muscles  are  strongly  contracted,  the  po  tenor  surface 
of  the  plate  of  the  cricoid  cartilage  will  be  fixed  against 
the  anterior  surface  of  the  fifth  cervical  vertebra, 
and  thus  vocal  resonance  may  be  transmitted  through 
the  spinal  column  to  all  parts  of  the  body. 

Moreover,  with  the  cricoid  cartilage  in  contact  with 
the  fifth  cervical  vertebra,i1  isevidenl  that  if  the  force 
of  the  contraction  of  the  depressor  muscles  is  greater 
than  that  of  the  levator,  the  result  will  be  a  forward 
tilting  of  the  thyroid  upon  the  cricoid  cartilage  and 
a  stretching  of  the  vocal  shelves.  In  this  way  it  i 
allogel  her  probable  that  the  e\1  I  insic  muscles  of  the 
larynx  may  assist  the  intrinsic  muscles  in  rendei  ingthe 
vocal  shelves  tense,  at  least  during  the  production  ol 
tones  of  unusually  high  pitch.  Opinions  differ,  how- 
ever, with  reference  to  this  important  point,  some  claim- 
ing that  the  extrinsic  muscles  are  the  sole  cord  stretch- 
ers in  voice  production,  others  that  this  function  comes 
entirely  within  the  province  of  the  intrinsic  muscles. 
While  this  is  one  of  the  many  quest  ions  with  reference 
to  the  physiology  of  the  voice  that  are  difficult  of 
demonstration,  it  is  quite  probable  that  there  may  be 
some  truth  in  both  theories  and  that  unusual  results 
in  voice  production  may  be  attained  by  a  judicious 
combination  of  both  the  extrinsic  and  the  intrinsic 
muscles   in    the   control   of  the   vocal    shelves.     The 


Fig.  3693. — Diagram  Showing  the  Direction  in  which  the 
Levator  and  Depressor  Extrinsic  Muscles  Act  in  Holding  the 
Larynx  Against  the  Spine.     (From  Howard.) 

function  of  the  larynx  in  phonation  is  to  furnish  and 
control  the  shelves,  the  vibration  of  which  is  the  first 
cause  of  the  sound  of  which  voice  is  made.  These 
shelves  are  merely  reduplications  or  folds  of  the  lining 
membrane  of  the  larynx  reflected  over  the  thyro- 
arytenoid or  so-called  vocal  muscles,  the  lining  mem- 
brane of  that  portion  of  the  shelves  which  forms  the 
rima  glottidis  having  been  transformed,  by  the  exer- 
cise of  its  function,  into  white  fibrous  tissue.  The 
various  changes  in  the  laryngeal  tones  of  the  voice 
depend  upon  certain  changes  in  the  physical  condition 
of  the  vocal  shelves.  The  laws  governing  the  vibra- 
tions of  the  vocal  shelves  are  somewhat  similar  to 
those  governing  the  vibrations  of  strings,  the  three 
physical  changes  in  them  which  govern  the  pitch 
of  the  tone  being  changes  in  length,  weight,  and  ten- 
sion. The  length  and  weight  of  the  vocal  shelves 
vary  somewhat  in  different  larynges.  Those  in  the 
larynx  of  the  male,  for  instance,  are  longer  and  heavier 
than  those  in  the  larynx  of  the  female,  and  the  pitch 
is  correspondingly  lower.  The  length  of  the  vibratory 
portion  of  the  shelves,  however,  may  be  changed  in 
each  larynx  by  certain  changes  in  the  action  of  its 
muscles."    This   phenomenon    may    be   observed   by 
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means  of  the  laryngoscope.  When  a  tone  of  high 
pitch  is  produced,  the  vocal  processes  of  the  arytenoid 
cartilages  appear  to  meet  in  the  middle  line,  and  the 

posterior  edges  of  the  glottis  are  held  in  apposition. 
The  same  conditions  seem  to  obtain  also  with  reference 
to  the  anterior  edges  (although  in  many  cases,  espe- 
cially during  the  emission  of  low  tones,  they  are  par- 
tially hidden  from  view),  and  thus  the  vibrations  may 
be  limited  to  scarcely  more  than  the  middle  third  of 
the  glottis  (Figs.  3687,  3688  and  3689).  The  shorten- 
ing of  the  glottis  posteriorly  is  brought  about  by  a 
vigorous  contraction  of  the  arytenoid  and  the  lateral 
cricoarytenoid  muscles,  causing  the  vocal  processes 
to  come  into  close  apposition  and  possibly  to  overlap 
slightly.  At  the  same  time  the  thyroid  tilting 
muscles,  the  cricothyroid  and  the  stern othyroid, 
serve  to  stretch  further  the  vocal  shelves;  and  the 
latter  muscles  when  the  levator  laryngei  muscles  are  in 
action  serve  also  to  compress  the  alae  of  the  thyroid 
cartilage,  which  compression  would  naturally  bring 
into  closer  apposition,  not  only  the  posterior  but  also 
the  anterior  edges  of  the  glottis.  Moreover,  it  has 
been  shown  by  Willis  that  the  approximation  of  the 
anterior  portion  of  the  cricoid  cartilage  to  the  thyroid, 
which  is  made  evident  by  placing  the  finger  in  this 
region  during  the  emission  of  a  high  tone,  has  a  tend-* 
ency  to  push  the  tapering  portions  of  the  vocal  shelves 
upward,  and  to  bring  into  close  contact  the  anterior 
edges  of  the  glottis.  This  theory  of  the  regulation  ot 
the  glottis  by  forced  muscular  action  during  the  pro- 
duction of  the  higher  notes  of  the  falsetto  voice  is 
demonstrated  not  only  by  the  laryngoscope,  but  also 
by  the  conscious  increase  of  the  muscular  effort 
required  for  the  production  of  these  tones.  The 
mechanism  that  shortens  the  vibratory  portions  of 
the  shelves,  at  the  same  time  diminishes  the  width 
of  their  vibrating  surfaces  and  increases  their  tension. 
As  the  internal  thyroarytenoid  or  vocal  muscles 
contract  more  and  more  when  their  attachments  are 
fixed  both  anteriorly  and  posteriorly,  as  above 
described,  the  result  is  a  lateral  diminution  of  the 
vibrating  portions  of  the  vocal  shelves.  When  these 
vocal  muscles  are  contracted  to  their  utmost,  only 
the  very  thin  edges  of  the  shelves  are  available  for 
vibration.  The  internal  thyroarytenoid  muscles 
throw  out  numerous  small  muscular  fibers  into  the 
bodies  of  the  shelves,  the  function  of  which  is  to  regu- 
late the  extent  of  the  lateral  vibratory  surfaces  of  the 
shelves,  and  probably  also  to  assist  in  regulating  the 
longitudinal  vibratory  surfaces. 

Articulation. — Thus  far  we  have  considered  the 
larynx  in  its  relation  to  tone  production.  It  must  be 
borne  in  mind  that  the  tone  produced  by  the  laryngeal 
mechanism  above  described  differs  from  what  we 
hear  as  the  human  voice,  but  this  difference  is  not 
apparent  because  it  is  impossible  for  the  human  ear 
to  differentiate  the  two.  If  we  could  make  a  section 
of  the  larynx  containing  the  vocal  shelves  as  they  actu- 
ally exist,  and  if  by  some  '<  mechanical  measures  we 
could  reproduce  their  actual  movements  of  adduction 
during  tone  production,  and  also  at  the  same  time 
set  them  into  vibration  by  artificial  means,  we  should 
then  be  able  to  get  the  primary  tonal  element  of  the 
voice.  The  vocal  shelves  hold  the  same  relation  to 
the  organs  of  voice  that  the  strings  of  a  violin  hold  to 
the  instrument  itself.  The  tones  that  we  hear  from 
the  violin  are  the  result  not  alone  of  the  vibrations 
of  the  strings,  but  of  the  effect  that  these  vibrations 
make  upon  the  whole  instrument,  and  so  the  human 
voice  is  the  result  of  vibrations  originating  at  the 
vocal  shelves  and  modified  not  only  by  the  larynx 
itself,  but,  to  some  extent  at  least,  by  the  entire  organ- 
ism. The  human  voice,  therefore,  is  the  result  of 
various  complex  conditions.  People  differ,  as  do 
violins,  both  in  their  composition  and  in  their  struc- 
ture, and  as  the  tones  of  violins  differ,  so  for  the  same 
reason,  and  to  a  greater  extent,  do  voices  differ  one  I 
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from  the  other.  The  simplest  tone  of  <  he  voice  reaches 
the  ear  as  one  of  the  so-called  vowel  sounds,  or  as 
some  modification  of  them.  The  vowel  sounds,  there- 
fore, are  the  purely  vocal  elements  of  speech  and  song. 
The  tone  originating  in  the  glottis  immediately  bi 
to  take  on  the  quality  of  one  of  the  six  physiological 
vowel  sounds,  or  some  combination  of  them,  according 
to  the  adjustment  of  those  portions  of  the  respiratory 
tract  which  are  situated  above  the  glottis.  Con- 
cerning the  mechanism  of  the  production  of  the  vowel 
sounds  there  have  been  numerous  theories.  It  has 
been  generally  conceded  that  the  vowel  sounds  are 
the  results  of  various  combinations  of  the  laryngeal 
with  certain  other  so-called  resonance  tones.  Hehn- 
holtz  claimed  that  the  vocal  apparatus  resembles  the 
pipe  organ,  the  vocal  shelves  corresponding  to  the 
reeds,  and  the  pharyngeal  and  oral  cavities  to  the 
pipes;  and  that,  as  the  reeds  of  the  organ  vibrate  in 
wholes  for  the  fundamental  tone,  and  halves,  thirds, 
etc.,  for  the  harmonics  (overtones),  each  of  the  various 
pipes  of  the  organ  selecting  the  particular  harmonic 
to  which  its  vibratory  caliber  corresponds,  and  thus 
determining  the  characteristic  note  of  the  organ,  so 
the  vocal  shelves  vibrate  in  wholes  for  the  fundamental 
tone,  in  halves,  thirds,  etc.,  for  the  harmonics,  and 
the  pharyngeal  and  oral  cavities,  being  flexible  and 
capable  of  many  variations  in  shape  and  size,  adjust 
themselves  to  correspond  to  the  particular  overtone 
the  combination  of  which  with  the  fundamental 
tone  is  characteristic  of  the  vowel  sound  to  be 
produced. 

Up  to  the  present  time  this  has  been  the  theory  ac- 
cepted by  the  majority  of  writers  and  teachers  of  the 
subject,  but  there  appear  to  be  decided  objections  to 
it,  and  it  does  not  accord  with  more  recent  investiga- 
tions. Notwithstanding  the  great  flexibility  of  the 
laryngeal,  pharyngeal,  and  oral  cavities  it  is  probably 
impossible  for  them  to  be  adjusted  in  size  and  shape 
to  meet  the  requirements  of  Helmholtz's  harmonic 
or  overtone  theory. 

Antedating  the  theory  of  Helmholtz,  and  opposing 
it  in  some  respects,  is  the  theory  of  Willis.  He  claims 
that  the  resonance  tones  are  independent  of  the 
laryngeal  tones  in  respect  to  pitch.  This  theory  was 
strengthened  by  the  later  experiments  of  Hermann 
and  others,  and  it  seems  about  to  be  verified  by  the 
extensive  investigations  of  Prof.  E.  W.  Scripture,  of 
Columbia  University. 

These  investigations  are  being  made  with  care  and 
accuracy  and  they  cannot  fail  to  be  of  great  scientific 
value.  By  means  of  complicated  machinery,  enlarged 
tracings  of  the  curves  of  speech  are  taken  from  gramo- 
phone plates,  and  the  character  of  the  vowel  sounds  is 
computed  by  accurate  measurements  of  these  tracings. 
The  result  will  probably  change  some 'of  the  hitherto 
accepted  views  concerning  the  elements  of  speech  and 
clear  up  disputed  points  with  reference  to  voice  pro- 
duction. The  tracings  appear  to  show  that  the  glot- 
tic tone  is  the  result  not  of  actual  vibrations  of  the 
vocal  shelves,  but  of  a  succession  of  respiratory  puffs 
through  the  glottic  chink,  and  that  the  resonance 
tones  are  the  result  of  free,  in  contradistinction  to 
forced,  vibrations  in  the  cavities  above  and  below 
the  glottis;  or,  in  other  words,  that  the  resonance 
tones  are  the  result  of  vibrations  set  up  in  these  cavi- 
ties by  a  more  or  less  irregular  succession  of  blows 
from  the  vocal  shelves. 

These  investigations  also  show  that  the  resonance 
tones  are  composed  of  a  series  of  tones  that  may  have 
a  different  pitch  the  one  from  the  other,  and  that  the 
pitch  of  the  resonance  tones  does  not  necessarily 
change  with  that  of  the  glottic  tone,  and  therefore 
that  the  resonance  tones  cannot  be  overtones  of  the 
glottic  tone,  as  is  commonly  supposed.  They  show, 
also,  that  the  vowel  sounds  as  they  appear  in  good 
speech  are  of  almost  constantly  varying  pitch. 

This  analytical  method  of  studying  the  curves  of 
speech  is  only  in  its  infancy,  but  it  is  so  distinctly 
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scientific  in  its  nature  as  to  warrant  this  brief  descrip- 
tion of  it,  and  the  interesting  results  thus  tar  obtained. 
Whatever  may  be  the  truth  with  reference  to  these 
disputed  points,  we  know  that  the  vowel  sounds  are 
the  result  of  the  proper  blending  of  the  glottic  with 
the  resonance  tones.  The  principal  resonance  cham- 
bers are  the  tracheal,  upper  laryngeal,  pharyngeal, 
oral,  and  nasal  cavities.  With  the  exception  of  the 
tracheal  and  nasal  cavities  these  resonance  chambers 
are  flexible  and  capable  of  numerous  changes  not  only 
in  their  size  and  shape,  but  also  in  the  muscular  rigiditj 

of  their  walls,  and  together  they  form  what  have  I Q 

called  the  moulds  of  speech,  each  vowel  sound  having 
its  individual  resonance  mould,  which  varies  mine  or 
less  continuously  in  respect  both  to  its  shape  and  its 
size  and  to  the  rigidity  of  its  walls. 

Vowels. — It  is  the  manipulation  of  the  mould  thai 
determines  the  character  of  each  vowel  sound  anil  I  li.it 
distinguishes  one  vowel  sound  from  another.  The  res- 
onance mould  may  be  shortened  more  than  an  inch 
by  the  elevation  of  the  larynx  and  the  retract  ton  of  the 
lips.  Several  of  its  diameters  may  also  be  shortened 
by  the  contraction  of  the  lateral  walls  of  the  larynx 
and  pharynx,  and  by  the  various  movements  of  the 
epiglottis,  velum  paiati,  tongue,  lower  jaw,  and  lips. 
Some  of  these  parts  have  points  of  actual  contact, 
thus  dividing  the  mould  into  several  smaller  and  more 
or  less  well-defined  compartments  with  or  without 
communicating  passageways.  Each  compartment 
has  its  individual  vibrations,  and  it  is  the  various 
admixtures  of  the  resultant  tones  combined  with  the 
glottic  tone  that  produce  the  characteristic  elements 
of  speech. 

For  the  sound  of  E  in  eve,  the  mould  is  shortened  by 
the  elevation  of  the  larynx  and  the  retraction  of  the 
lips,  and  it  is  flattened  and  narrowed  in  the  linguo- 
palatal  region  by  the  elevation  of  the  tongue  and  its 
contact  with  the  lateral  molar  teeth.  Its  diameters 
are  also  shortened  in  the  region  of  the  ventricular 
bands  and  the  aryepiglottic  folds. 

The  sound  of  .4  in  ate,  requires  a  somewhat  longer 
mould  and  a  larger  labial  and  linguopalatal  aperture 


for  the  beginning  of  tin-  sound,  and  for  the  ending  of 
the  sound  it  approximates  the  mould  foi   fchi     mind 
of  E. 
The  sound  of  Ah,  or  .!,  in  father,  require    a  still 

longer  mould  and  a    wider  aperture  in   lie-  labial  and 

Linguopalatal  regions. 
The  sound  of  Aw,  as  in  awe,  require    a    'ill  longer 

mould. 

In  the  sound  Of  0  in  old,  the  long  diameter  of  the 
mould     is    considerably     increased     by     lowering    the 

larynx  and  protruding  tin-  lips.  The  linguopalatal, 
pharyngeal,  and  laryngeal  diameters  an-  also  con- 
siderably increased. 

In  thi!  sound  of  00  in  boot,  the  lips  are  somewhat 
farther  protruded  and  the  labial  aperture  diminished 
in  size. 

It  will  be  observed  that  for  the  six  physiological 
vowel  sounds,  named  in  their  order'  as  above,  the 
resonance  mould  grows  progressive!  >  longi  i  beginning 
with  E  as  its  shortest  and  ending  wit  h  OO  as  its  longest 
diameters. 

It  must  be  apparent  that  t  he  above  is  merely  a  brief 
outline  of  some  of  the  important  adjustments  of  the 
vowel  moulds,  and  that  a  precise  description  of  them, 
for  even  a  single  vowel,  would  be  impossible,  because 
they  differ  not  only  in  different  individuals,  but  in  the 
same  individual  during  different  intellectual  and 
emotional  states  of  mind. 

Consonants. — There  are  twenty-three  so-called  con- 
sonant sounds  in  the  English  language,  and  they  may 
be  classified,  as  in  the  accompanying  table,  first,- 
according  to  the  particular  parts  of  the  resonance 
mould  actively  employed  in  their  production  (Fig. 
3694),  and  secondly,  according  to  the  character  of  the 
sounds  (see  table).  It  has  been  observed  that  the 
sounds  of  the  five  consonants,  P,  B,  M,  Wh,  and  W, 
are  made  by  the  lips,  and,  therefore,  they  have  been 
classified  as  labials,  and  that  the  sounds  of  B,  IF,  and 
M  are  voiced  sounds  while  those  of  P  and  Wh  are 
voiceless  or  merely  breath  sounds.  The  sounds  of  F 
and  V  are  made  with  the  lower  lip  and  upper  teeth  and 
are  named  labiodentals,  the  first  one  being  a  voiceless, 


P  and  B 


M 


Wh  and   W 


F  and  V 


Th'  and  Th" 


S  and  Z 


Sh  and  Zh 


T  and  D 


R  K  and  G  A'ff  //  Y 

Fig.  3694. — Showing  Approximately  the  Position  of  the  Organs  in  the  Articulation  of  the  English  Consonant  Sounds. 
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and  the  second  a  voiced  sound.  The  sound  of  Tht  as 
in  think,  and  Th,  as  in  thou,  are  made  with  the  tip  of 
the  tongue  and  the  upper  teeth,  and  are  called  linguo- 
dentals,  the  first  one  being  voiceless,  and  the  second 
voiced. 

Physiological  Alphabet. 
Consonants. 


Labials 


Labiodentals. .  .  . 
Linguodi'iii  ;il 
Anterior     linguo- 
palatals. 


Posterior   linguo- 
palatals. 


Vowels. 


Wh 

R 

F 

V 

Th' 

Th" 

S 

Z 

Sh 

Zh 

T 

D 

L 
K 

N 

K 

G 

Ng 

H 

Y 

Paul  Brown  made  ■■■.  bite 
wax. 

Full  voice. 

Think  thou. 

Some  zealous  sheep  lei- 
surely took  down  rti in- 
large  rails. 


Can    girls    bring    home 


a  a  le 

a  .1    t 

u  ii  Lma 

a  a  II 

a  a  sk 

e  e    ve 

e  e  Ik 


o  5  Id 
6_  6_  n 
60  00  ze 

00  168  k 

1  I  t 
u     up 


Coalescents. 


ar  f  af  e 
ar  f  af 
r  h  ere 
r  h   ef 


or  f  of  e 

or  f  or 

00T  p  .TTTr 

uf  p  uf  r 


The  sounds  of  S,  Z,  Sh,  Zh,  T,  D,  N,  L,  and  R  are 
made  by  the  tongue  and  the  anterior  portion  of  the 
hard  palate,  and  are  called  anterior  linguopalatals, 
the  S,  Sh,  and  T  being  voiceless,  and  the  Z,  Zh,  D,  N, 
L,  and  R  being  voiced. 

The  sounds  of  A',  G,  Ng,  H,  and  Y  are  made  by  the 
dorsum  of  the  tongue  and  the  velum  palati,  and  are 
called  posterior  linguopalatals,  the  K  and  H  being 
voiceless,  and  the  G,  Ng,  and  Y  being  voiced.  In 
considering  the  elements  of  speech  it  must  be  borne 
in  mind  that  the  names  of  the  letters  of  the  alphabet 
do  not  always  indicate  the  sounds  of  the  letters.  For 
instance,  the  letter  B  is  composed  of  two  elementary 
sounds,  B  and  E\  G  is  composed  of  three  elementary 
sounds  — D,  Zh,  and  E;  and  the  letter  W  is  composed 
of  six  elementary  sounds — Dublyoo.  Hence  it  has 
been  found  necessary  to  construct  an  alphabet  of 
sounds.  This  was  done  in  1827  by  Dr.  Neil  Arnott, 
and  his  alphabet  was  modified,  during  the  last  decade, 
by  Dr.  John  Wyllie,  of  Edinburgh,  who  gave  it  the 
name  of  physiological  alphabet.  It  is  reproduced  here 
with  some  important  additions  and  alterations.  This 
revised  physiological  alphabet  contains  forty-four 
sounds,  and  it  will  be  found  useful  as  a  standard  for 
comparison  in  cases  of  marked  defective  speech. 

Registers  of  the  Voice. — The  singing  voice  has  a 
certain  range  of  pitch  that  seems  to  be  adapted  to  a 
fixed  adjustment  of  the  larynx,  and  in  order  to  increase 
the  range  of  pitch  it  is  necessary  to  make  a  somewhat 
different  adjustment.  These  changes  are  accom- 
plished chiefly  by  the  action  of  the  extrinsic  muscles, 
and  in  going  from  one  adjustment  to  another  it  has 
seemed  to  be  necessary  to  make  a  slight  break  in  the 
voice.  This  fact  has  given  rise  to  the  so-called  upper, 
lower,  and  middle  registers  of  the  voice,  each  register 
having  its  own  particular  adjustment  of  the  larynx, 
and  being  separated  by  a  more  or  less  marked  inter- 
ruption of  the  tone,  consequent  upon  the  readjust- 
ment of  the  laryngeal  mechanism.  One  great  test  of 
the  excellence  of  a  vocal  method  seems  to  be  its  power 
to  enable  the  singer  to  make  the  readjustments  for 
the  different  registers  with  the  least  possible  inter- 
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ruption.  If  these  interruptions  or  breaks,  as  they  are 
named,  could  be  eliminated  en  tin  I;  1  here  would  be  no 
necessity  for  the  use  of  the  term  registers,  and  this 
is  the  position  taken  by  many  of  the  best  vocalists 
and  physiologists.  It  seems  eni  irely  within  the  bounds 
of  reason  to  suppose  that,  in  the  thoroughly  trained 
larynx,  the  various  adjustments  of  its  parts,  compli- 
cated though  they  may  be,  could  be  accomplished  with 
sufficient  smoothness  to  enable  the  singer  to  go  from 
the  lowest  to  the  highest  pitch  with  no  appreciable 
break,  and  that  there  should  therefore  be  but  one 
vocal  register. 

The  Falsetto  Voice. — The  thin  upper  tones  of  the 
voice,  containing  no  appreciable  resonance  from  the 
chest  or  other  large  resonance  chambers,  have  been 
named  the  falsetto  or  false  voice,  in  contradistinction 
to  the  well-rounded  voice  resulting  from  a  combination 
of  the  laryngeal  with  all  the  various  resonance  tones. 
The  name  for  this  quality  of  voice  is  unfortunate, 
because  it  has  its  place  both  in  singing  and  in  speaking, 
and  it  differs  from  the  so-called  true  voice  only  in  the 
fact  that  it  contains  fewer  of  the  resonance  tones. 

Whispering. — Another  quality  of  voice  that  must  be 
considered  is  that  of  whispering.  It  is  also  the  result 
of  a  combination  of  laryngeal  with  resonance  vibra- 
tions. But  the  laryngeal  tones  arise  from  a  free 
efflux  of  breath  through  a  comparatively  open  glottis, 
and  it  is  quite  probable  that  the  ventricular  bands  also 
take  some  part  in  this  fricative  sound.  The  laryngeal 
vibrations,  however,  are  not  of  such  a  nature  as  to  set 
up  additional  vibrations  in  all  the  resonance  chambers. 
The  whispering  voice,  therefore,  is  the  result  of  fri- 
cative laryngeal  vibrations  re-enforced  by  imperfect 
resonance  vibrations. 

Defective  Speech. — In  the  majority  of  cases  the 
immediate  cause  of  defective  speech  is  a  faulty  con- 
struction of  the  moulds  of  speech.  The  remote  causes 
are  often  more  difficult  to  determine.  In  their  origin 
they  are  either  central  or  peripheral,  and  cases  of  long 
standing  are  both  central  and  peripheral.  A  cleft 
palate,  for  instance,  always  results  in  defective  speech, 
and  the  primary  cause  is  peripheral,  but  the  effort  to 
adapt  the  faulty  organs  to  the  requirements  of  speech 
develops  a  defective  action  in  the  motor  and  auditory 
centers  of  the  brain  which  marks  the  case  as  coming 
under  the  head  of  both  a  central  and  a  peripheral 
affection.  The  central  affection,  of  course,  is  purely 
functional,  but  it  is  often  exceedingly  difficult  to  eradi- 
cate. The  patient  must  be  taught  to  make  correct 
moulds,  and  it  has  been  found  that,  when  the  periph- 
eral organs  are  intact,  a  frequent  repetition  of  this 
process,  continued  for  a  sufficiently  long  time,  will 
correct  the  faulty  cerebral  action  and  improve  the 
habits  of  speech. 

Stammering. — A  somewhat  less  frequent,  though 
more  distressing,  affection  of  speech  is  stammering. 
Its  primary  cause  may  also  exist  in  the  peripheral 
organs,  but  it  is  more  often  of  cerebral  origin.  So  com- 
plicated are  the  nervous  processes  of  speech  that  the 
only  wonder  is  that  the  disorder  is  not  more  common. 
The  motor  processes  of  normal  speech  are  for  the  most 
part  automatic,  and  a  slight  disturbance  in  any  part 
of  them  may  for  the  time  being  completely  destroy 
their  automatic  action.  This  leads  to  a  kind  of 
mental  confusion  which  is  incompatible  with  normal 
speech  and  which  results  in  a  condition  of  partial  or 
complete  auditory  amnesia.  The  stammerer  cannot  say 
the  word  or  a  portion  of  the  word  because  in  his  mental 
confusion  he  cannot  on  the  instant  recall  its  complete 
auditory  image.  No  two  cases  of  stammering  are 
alike,  and  therefore  the  scientific  treatment  of  the 
affection  should  include  a  knowledge  of  the  various 
methods  for  ascertaining  the  abnormal  mental  and 
physical  conditions  giving  rise  to  the  affection.  In 
other  words,  as  in  faulty  machinery  of  any  kind,  the 
weak  points  should  be  found  and  the  remedy  applied 
directly  to  them. 

The    normal   automatic   action    of   the    organs   of 
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speech  must  be  restored,  and  this  can  be  accomplished 
only  by  slow  stages  through  the  intermediation  of 
the  development  of  volitional  action.  The  patient 
must  first  learn  to  recognize,  through  the  auditory 
and  perceptive  centers  of  the  brain,  the  nature  of 
normal  speech,  and  then  he  must  Learn  to  recognize 
the  sensations  attendant  upon  its  production. 

G.  Hudson  Makuen. 


Larynx,  Stenosis  of  the. — Stenosis  of  the  larynx 
as  it  is  understood  clinically  means  a  narrowing  of 
the  lumen  of  that  structure.  The  symptoms  vary 
from  a  slight  difficulty  in  breathing  to  actual  stran- 
gling.    Often  there  is  no  impairment  of  the  voice. 

Cases  of  stenosis  of  the  larynx  fall  into  four  groups, 
as  follows:  (1)  Stenosis  due  to  faulty  development. 
(2)  Stenosis  due  to  infection.  (3)  Stenosis  due  to 
papilloma.  (4)  Stenosis  due  to  scar  tissue.  Groups 
three  and  four  furnish  the  majority  of  the  cases. 

Diagnosis. — The  diagnosis  of  the  cause  of  the  lesion 
must  be  made  by  inspection.  The  larynx  can  be 
examined  indirectly  by  the  laryngeal  mirror  or 
directly  by  means  of  a  speculum.  The  patterns  of 
speculum  in  common  use  are  the  autoscope  of 
Brunings,  the  tubular  speculum  of  Jackson,  and  the 
adjustable  speculum  of  the  writer.  In  many" 
instances  the  history  of  the  case  gives  a  clue  to  the 
diagnosis,  and  so  before  speaking  of  the  various 
methods  of  examining  the  larynx  a  little  may  be  said 
profitably  on  this  part  of  the  subject.  A  frequent 
and  typical  history  runs  in  the  following  manner.  A 
child  is  presented  of  whom  the  parents  say  that  since 
an  attack  of  diphtheria  which  required  intubation 
it  has  had  gradually  increasing  difficulty  in  breathing. 
Often  on  inquiry,  it  is  found  also  that  it  was  impos- 
sible to  leave  the  intubation  tube  out  safely  until 
after  some  weeks.  Such  a  case  is  practically  sure 
to  show  on  examination  a  gluing  together  of  the  vocal 
cords,  generally  anteriorly,  or  a  subglottic  swelling, 
or  both  conditions.  A  second  typical  history  is 
the  following:  An  apparently  healthy  child  begins 
to  lose  his  voice  and  to  talk  in  a  whisper.  In 
time  he  has  trouble  in  breathing.  With  the  onset 
of  a  cold  this  may  become  alarming.  Nine  times 
out  of  ten  this  is  a  case  of  papilloma  of  the  larynx. 
Again,  given  a  well-nourished  adult,  below  the  can- 
cer age,  who  has  signs  of  laryngeal  narrowing,  and 
admits  syphilis,  there  is  a  very  strong  probability 
that  he  is  suffering  from  narrowing  of  the  larynx  due 
to  the  contraction  of  scar  tissue  left  by  a  previous 
syphilitis  chondritis.  Finally,  if  a  baby  is  pre- 
sented with  the  history  that  since  birth  she  has  never 
breathed  well  the  probable  diagnosis  lies  between 
adenoids,  an  enlarged  thymus,  and  a  congenital  web 
between  the  vocal  cords.  A  probable  diagnosis 
of  the  cause  of  the  laryngeal  stenosis  in  many  instances, 
therefore,  can  be  made  from  the  history.  The  actual 
diagnosis,  as  was  said  at  the  beginning,  must  be  made 
by  sight,  that  is  by  using  the  laryngeal  mirror,  the 
indirect  method,  or  by  direct  inspection  of  the  larynx 
through  a  speculum,  or  by  the  speculum  reinforced 
by  suspension — suspension  laryngoscopy.  Children 
are  best  examined  by  the  direct  method,  especially 
infants  and  young  children;  adults  in  most  cases  can 
be  examined  satisfactorily  by  either  mirror  or  specu- 
lum. For  carrying  out  treatment  in  children  and 
adults  the  writer  much  prefers  the  speculum. 

Method  op  Examination. — The  method  of  examin- 
ing the  larynx  with  the  laryngeal  mirror  is  too  well 
known  to  require  description.  Direct  inspection  is 
a  newer  procedure  and  requires  a  few  words.  Sup- 
pose the  patient  to  be  examined  is  a  child,  and  the 
speculum  to  be  employed  either  that  of  Jackson  or  the 
writer's,  since  these  are  the  two  forms  which  are  the 
easiest  to  use.  The  child  is  wrapped  and  pinned  in 
a  blanket  as  for  intubation,   and  held  upright  in  the 


arm    of  a  nurse,  with  the  child's  head  on  her  shoulder. 
The  typical   method  of  introducing  the  speculum  i 
in    have    the    head    of   the   child    extended    slightlj 
backward  and  to  pass  the  self-lighted  speculum  over 
the   Center  of   the  dorsum   of   the  tongue  until  the  tip 

of  the  epiglotti  come  in  ight.  The  forefinger 
thumb  of  the  lefl  hand  of  the  physician  hold  the 
upper  lip  of  the  patient  out  of  the  way.  The  end  of 
the  speculum  is  made  to  pass  over  and  a  little  be- 
yond this  so  that  it  is  engaged  by  the  instrument. 
Then  forward  traction  on  the  handle  brings  the 
point  of  the  speculum  forward  and  with  it  the 
epiglottis  and  the  base  of  the  tongue.  With  the 
beginner  a  hitch  in  the  examination  often  occurs 
at  this  point.  This  is  due  to  missing  the  tip  of  the 
epiglottis  and  going  so  far  backward  that  the  end  of 
the  instrument  strikes  the  posterior  wall  of  the  pharynx. 
This  causes  bleeding  and  uncontrollable  gagging.  If 
this  misadventure  happens  the  speculum  should  be 
withdrawn  and  reintroduced. 

In  examining  an  adult  by  the  direct  method  the 
pharynx  and  larynx  are  anesthetized,  the  first  with 
ten  per  cent.,  and  the  larynx  with  twenty  per  cent. 
cocaine  and  the  examination  made  with  the  patient 
sitting  on  a  low  stool  with  an  attendant  standing 
behind  and  holding  his  head,  or  the  patienl  may 
lie  on  a  table  if  the  operator  prefers.  In  order  to 
operate  upon  the  larynx  the  lumen  is  first  exposed  as 
has  just  been  described,  and  whatever  operative 
procedure  the  case  calls  for  is  carried  out  through  the 
speculum.  In  operative  work  the  open  adjustable 
speculum  is  more  serviceable  than   the  tubular  one. 

Within  the  last  few  years  the  direct  method  of 
examination  and  treatment  has  been  made  easier 
by  the  introduction  of  suspension  laryngoscopy  (q.  v.). 
This  has  as  its  essential  principle  the  hanging  of  the 
patient's  head  from  a  suitable  crane  by  elongating 
the  handle  of  the  speculum,  and  swinging  this 
from  the  arm  of  the  crane.  The  procedure  frees 
the  left  hand  of  the  physician  from  the  weight  of 
the  patient's  head  and  leaves  it  free  to  help  in  the 
operative  manipulations.  Naturally  it  has  been 
found  that  when  one  has  both  hands  to  work  with 
better  and  more  extensive  work  can  be  carried  on 
within  the  cavity  of  the  larynx. 

Stenosis  due  to  Congenital  Webs. — When  the 
examination  shows  a  congenital  web  uniting  the  vocal 
cords  and  so  causing  stenosis,  the  obvious  treatment 
is  to  cut  the  web.  Such  webs  are  easily  divided  by 
the  direct  method.  If  the  tissue  which  forms  them 
is  considerable  it  may  call  for  excision.  This  is  best 
accomplished  by  suspensionlaryngoscopy.  Congenital 
webs  of  the  larynx  are  generally  placed  between  the 
anterior  halves  of  the  vocal  cords. 

Stenosis  due  to  Infection. — Chief  among  the 
infectious  diseases  which  cause  stenosis  of  the  larynx 
is  diphtheria.  When  this  is  an  extension  of  faucial 
or  nasal  diphtheria  the  diagnosis  and  treatment  are 
comparatively  simple.  At  times,  however,  laryngeal 
diphtheria  exists  by  itself.  There  is  no  membrane 
in  the  nose  or  throat  and  cultures  even  from  the 
deep  pharynx  are  negative.  Laryngeal  obstruction 
which  occurs  only  at  night  is  croup,  laryngeal  obstruc- 
tion which  occurs  in  the  daytime  is  diphtheria. 
Direct  examination  is  of  the  utmost  value  in  deter- 
mining the  presence  or  absence  of  this  condition.  Any 
case  of  persistent  laryngeal  obstruction  calls  for 
direct  examination.  The  writer  has  uncovered  two 
unsuspected  cases  of  diphtheria  in  this  way.  A  look 
at  the  larynx  shows  at  once  whether  or  not  there  is 
membrane  present,  and  the  amount,  and  if  there  is 
sufficient  obstruction  intubation  can  be  at  once  per- 
formed. In  the  Contagious  Department  of  the 
Boston  City  Hospital  it  has  become  the  routine  to 
examine  in  this  way  every  case  of  laryngeal  obstruc- 
tion. In  the  writer's  opinion  direct  diagnosis  of 
membrane  in  the  larynx  and  direct  intubation  and  extu- 
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bation  should  soon  prpve,  at  least  in  institutions,  a 
strong  rival  of  the  indirect  method.  Direct  intuba- 
tion is  certainly  the  more  logical.  Of  the  acute 
infections,  diphtheria  is  the  commonest  cause  of 
laryngeal  obstruction  in  a  child,  in  adults  other  in- 
fections plaj  a  more  prominent  part.  Certain  sys- 
temic diseases  like  nephritis  occasionally  lead  to  edema 
of  the  larynx  and  its  partial  occlusion.  The  more  fre- 
quent cause  of  acute  laryngeal  obstruction  in  the  adult, 
however,  is  an  extension  downward  of  an  infection  from 

the  fauces  or  from  the  pharynx.     Any  of  the  CO n 

bacteria  may  be  at  the  bottom  of  this.  Not  rarely 
the  inflammatory  process  originates  in  the  larynx 
and  is  confined  there.  The  modern  method  of  deal- 
ing with  a  case  of  this  kind  is  as  follows:  The  pharynx 
and  larynx  are  anesthetized  with  cocaine.  This  is 
best  done  with  the  laryngeal  mirror.  The  mirror  is 
used  also  to  examine  the  larynx  and  to  show  its 
condition.  In  many  instances  the  larynx  is  intensely 
injected  and  its  various  parts  swollen,  the  epiglottis 
being  large  and  pillow  like,  the  arytenoids  the 
same  as  well  as  the  false  cords.  Below  the  true  cords 
the  subglottic  tissue  is  engorged  and  swollen.  The 
aryteno-epiglottic  folds  share  in  the  general  thicken- 
ing and  the  vocal  cords  are  buried  from  sight  in  the 
swelling  of  the  tissues  above  and  below  them.  In 
still  other  cases  there  is  the  same  general  swelling  of 
the  whole  larynx  with  partial  obliteration  of  the  air 
channel,  but  the  swelling  is  more  of  an  edema  so  that 
the  larynx  on  examination  is  white  instead  of  red. 
In  the  cases  where  the  inflammatory  signs  predominate 
it.  is  not  rare  to  have  pus  form  at  some  point,  the 
region  of  the  arytenoid  being  a  favorite  place.  Hav- 
ing made  out  the  condition  of  the  larynx  by  the 
mirror  the  physician  does  best  in  the  writer's  opinion 
if  he  carries  out  the  treatment  by  the  direct  method. 
Treatment. — Stenosis  due  to  diphtheria  calls  for 
antitoxin  and  intubation.  If  these  two  measures  do 
not  relieve,  tracheotomy  is  necessary.  Edema  calls 
for  multiple  puncture  of  the  swollen  tissues  or  scari- 
fication and  appropriate  systemic  treatment.  In 
the  stenosis  of  adults  due  to  infection,  if  an  abscess 
can  be  located  it  should  be  opened.  Failing  in  this, 
scarification  may  be  of  some  service  combined  with 
the  inhalation  of  medicated  steam  and  the  use  of 
an  icebag  placed  on  the  outside  of  the  neck.  If 
these  measures  fail,  intubation  or  tracheotomy  may 
be  necessary.  In  the  adult  direct  intubation  is 
easier  than  the  indirect. 

Stenosis  dub  to  Papilloma. — Papilloma  of  the 
larynx  is  an  insidious  cause  of  stenosis.  The  signs  of 
this  condition  are:  diminution  of  the  voice  to  a  whisper 
with  increasing  difficulty  in  breathing  and  super- 
imposed on  these  symptoms  occasional  alarming 
attacks  of  dyspnea.  The  mirror,  or  better  direct 
examination,  shows  the  presence  of  the  mulberry- 
like growths.  They  may  occur  singly  or  may  be 
multiple  and  almost  fill  the  lumen  of  the  larynx. 
Histologically  a  papilloma  is  a  wart  and  like  the  fa- 
miliar wart  of  the  skin  after  a  time  tends  to  disappear. 

Treatment. — The  aim  of  the  treatment  of  papilloma 
of  the  larynx  is  to  keep  the  patient  from  choking  to 
death  until  such  a  time  as  the  warts  have  lived  their 
cycle  and  disappear  of  themselves.  The  time  of 
disappearance  varies  with  the  individual  case.  It 
may  be  three  or  four  years  before  this  welcome  tend- 
ency manifests  itself.  Papillomata  can  be  made  to 
disappear  temporarily  by  many  methods.  Chief 
among  these  is  excision  by  the  direct  method.  For 
accomplishing  this  grasping  and  punch  forceps  and 
the  wire  curette  of  the  writer  are  the  most  useful 
instruments.  The  list  of  remedies  tried  for  the  eradi- 
cation of  these  growths  is  a  very  long  one.  Single 
removal  is  seldom  permanently  successful.  The 
methods  of  treatment  which  have  been  tried  most  are 
the  instillation  of  alcohol,  in  order  to  desiccate  the 
growths,  repeated  removal  by  punch  forceps,  and  ful- 
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guration.  Recurrences  are  the  rule  until  tin  growth 
of  its  ow  n  volition  ceases  to  return.  Radium  of  cc 
has  been  tried  of  late,  and  it  is  credited  with  removal 
of  the  growths.  Whether  or  not  its  use  will  b> 
followed  by  their  permanent  disappearance  has  not 
yet  been  determined.  Syphilographers  have  noticed 
thai  'luring  the  administration  of  salvarsan  warts 
of  the  skin  disappear.  A  hint  might  be  taken  from 
this  and  an  experimental  injection  of  salvarsan  given 
in  certain  cases.     (Coolidge.) 

Another  method  and  a  new  one  which   prom 
well  is  the  procedure  of  Lynch.     By  means  of  sus- 
pension laryngoscopy  and  appropriate  instrument 
dissects  out  the  masses  of  papilloma  the  same  as  the 
surgeon  cuts  out  a  skin  wart  and  then  sutures  thi 
mucous  membrane.     He  reports  some  very  striking 
results.     For    the    performance    of    this    procedure 
naturally  the  growths  have  to  be  somewhat  grouped 
and    pedunculated.     Until    this    method    has    been 
tried  out   a  little  longer  and  more  operators   have 
acquired  the  skill  to  do  it,  the  management  of  the 
ordinary  case  of  papilloma  of  the  larynx  should  be 
along  the  following  lines: 

If  the  patient  is  a  child  and  the  examination  shows 
that  the  larynx  is  moderately  full  of  papilloma,  a 
tracheotomy  should  be  done.  Often  the  giving  of 
ether  in  such  cases  is  a  dangerous  procedure  but  it 
can  be  made  safe  and  the  tracheotomy  rendered 
deliberate  instead  of  hurried,  by  first  intubing  with  a 
small  bronchoscope  or  with  the  writer's  emergency 
intubation  tube  which  is  practically  the  same  thing. 
Such  an  instrument  should  always  be  at  hand  during 
any  work  upon  papilloma.  The  child  intubed,  then, 
and  the  tracheotomy  carried  out  deliberately,  the 
physician  clears  the  larynx  of  the  growths  by  the 
direct  method.  He  uses  his  discretion  as  to  when  he 
shall  repeat  the  cleaning  out.  If  the  growths  recur 
speedily,  as  shown  by  the  quick  loss  of  the  voice,  it 
is  not  worth  while  to  attack  the  papilloma  again 
for  some  months.  The  tracheotomy  tube  gives 
the  larynx  rest,  and  is  worn  until  the  activity  of  the 
growths  has  exhausted  itself.  Favorable  cases  show 
a  disappearance  inside  of  two  years.  This  is  the 
treatment  long  advocated  by  Clark  and  recently  con- 
curred in  by  Smith  who  for  some  years  has  made  a 
special  study  of  this  disease.  It  is  usually  possible 
to  manage  papillomata  in  the  adult  without  trache- 
otomy. The  preference  of  the  writer  is  to  operate 
by  the  direct  method.  Many  cases,  however,  have 
been  successfully  operated  upon  by  the  indirect 
method. 

Stenosis  due  to  Scar  Tissue. — After  long  wearing 
of  an  intubation  tube  the  vocal  cords  are  prone  to 
adhere  for  a  certain  part  of  their  length.  Together 
with  this  there  is  often  subglottic  thickening.  In 
typhoid  fever  occasionally  there  is  involvement  of 
the  larynx  which  leaves  its  lumen  narrowed.  Any 
ulcerative  process  involving  the  larynx  may  do  this. 
Chief  among  these  conditions  is  syphilis.  This  even 
more  than  typhoid  fever  causes  a  chondritis  which 
when  it  has  healed  leaves  the  lumen  of  the  larynx 
narrowed  and  distorted.  The  physician  in  these 
cases  is  dealing  with  scar  tissue  and  must  be  pre- 
pared for  a  siege  as  he  has  its  unenviable  qualities  of 
contraction  and  recurrence  to  combat.  This  means 
that  the  treatment  is  tedious  and  often  very  dis- 
couraging for  patient,  parent,  and  physician.  Re- 
covery after  the  removal  of  papillomata  leaves  the 
patient  with  a  good  speaking  voice.  After  a  success- 
ful removal  of  scar  tissue  there  is  no  laryngeal  voice, 
only  a  whisper  which  is  made  in  the  pharynx. 

Treatment. — There  are  two  ways  of  attacking  steno- 
sis of  the  larynx  due  to  scar  tissue,  the  internal,  or 
the  method  of  prolonged  intubation  and  dilatation; 
and  the  external. 

The  aim  of  the  internal  method  is  to  dilate  the 
lumen  of  the  larynx  by  an  appropriate  instrument. 
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such  as  a  male  urethral  sound,  or  a  Kolhnan  dilator, 
and  to  maintain  the  increase  in  size  by  prolonged 
intubation  until  the  tendency  of  the  scar  tissue  to 
retract  is  overcome.  If  there  is  much  narrowing 
it  is  safer  to  do  a  tracheotomy  at  the  start  in  order 
that  a  retaining  apparatus  may  be  applied  In  the 
intubation  tube,  otherwise  there  is  great  damn  that 
it  may  be  coughed  out  and  the  patient  strangle  to 
death.  Instances  of  this  happening  are  not  ran 
The  writer  prefers  to  accomplish  the  dilatation  and 
the  introduction  and  removal  of  the  intubation  tube 
by  the  direct  method. 

If  a  child  with  postdiphtherit  ic  adhesions  is 
before  the  physician  on  the  examining  table,  the 
following  is  the  technique  of  the  treatment:  As 
soon  as  the  etherization  is  well  started  the  larynx  is 
intubed  with  the  intubation  bronchoscope.  Should 
respiration  be  difficult  this  procedure  is  carried  ou1 
as  soon  as  the  ether  is  started  or  even  before.  When 
the  anesthesia  is  complete  and  the  tracheotomy 
performed  the  larynx  is  examined  by  suspension 
laryngoscopy.  If  the  adhesions  are  such  that  they 
can  be  cut  they  are  divided,  if  on  the  contrary  there 
is  a  general  narrowing  of  the  larynx  the  Kollman 
dilator  is  inserted  and  expanded  until  an  intubation 
tube  a  little  larger  than  that  which  the  age  of  the  child 
calls  for,  can  be  inserted.  This  is  clamped  in  place  by 
a  retaining  apparatus  inserted  through  the  trache- 
otomy wound.  It  may  not  be  possible  to  get  a  full 
sized  tube  into  the  larynx  at  the  first  examination. 
If  such  is  the  case  the  operator  has  to  content  himself 
with  one  which  fits  snugly.  This  is  left  in  place  some 
weeks,  four  or  six,  according  to  the  time  when  it 
becomes  foul.  Then  it  is  taken  out,  cleaned,  and 
reintroduced.  After  a  few  months  the  tube  may  be 
left  out  altogether,  the  child  of  course  being  under 
hospital  observation,  in  order  to  see  what  the  larynx 
will  do.  When  this  is  done  often  it  will  be  found  on 
examining  the  larynx  that  the  muscles  have  not 
regained  their  function,  and  that  the  arytenoids  fall 
aimlessly  about.  The  crowing  respiration  soon 
returns  and  the  tube  has  to  go  back,  usually  quickly. 
Once  in  place  again  the  tube  is  worn  a  few  months 
more.  In  favorable  cases  a  time  finally  comes,  and 
experiment  alone  will  determine  when  this  has  arrived 
when  the  larynx  can  stand  alone  again.  Histolog- 
ically such  a  larynx  is  a  poor  affair;  it  is  mostly  scar 
tissue  reinforced  by  the  distorted  and  partially  ossi- 
fied thyroid  and  the  cricoid  cartilages.  Success 
can  be  gained  by  this  method  as  Rogers  and  others 
have  shown,  but  it  is  bj-  no  means  certain. 

So  discouraging  and  uncertain  is  the  method  of 
prolonged  intubation  for  the  cure  of  advanced  cases 
of  stenosis  of  the  larynx  that  many  operators  early- 
turn  to  the  external  method.  The  external  method  is 
fully  as  tedious  as  the  internal.  The  principle  of  the 
external  operation  is  simple.  The  larynx  is  laid  open 
from  the  front,  the  scar  tissue  removed,  and  its  cavity 
allowed  to  epidermatize  from  the  edges  of  the  skin 
incision.  When  this  process  is  complete  a  plastic 
skin  operation  is  performed  to  close  the  larynx  from 
the  front.  Contraction  of  the  larynx  is  prevented  by- 
having  the  patient  wear  a  tracheotomy  tube  which 
bears  an  upward  spur  supporting  a  piece  of  rubber 
tubing.  This  is  worn  while  the  process  of  epiderma- 
tization  is  going  on.  The  pressure  of  the  tubing 
absorbs  the  remaining  scar  tissue  and  maintains  the 
lumen  of  the  larynx.  The  healing  by  this  method  is  a 
matter  of  six  to  nine  months. 

Harris  P.  Mosher. 


Larynx,  Syphilis  of  the. — The  period  from  the 
primary  infection  to  the  development  of  general 
infection,  as  evidenced  in  the  larynx,  varies  from  eight 
weeks  to  three  months,  but  the  latter  may  occur  as 
late  as  twenty  or  even  thirty  years  after  the  primary 
inoculation.     Primary  syphilis   of   the  larynx   is  an 


extremely  rare  condition,  onh  two 

»  niii  1 1. 1    been  able  to  discover,  having  been  reported 

— one  by    Krishaber   in    ISTT.   and    tin'   second   "in-  by 

Moure  in    1890.     'I  ic  lesions  mel   with  in  acquired 
lar\  ngeal  syphilis  are,  therefore,  of  the  secondary  and 

t.ert  iury  type,  and  con  com  it  a  ut  I  \  with  these  I  here  are 
frequently  cutaneou     li  tiding  to  each 

period.     The  larynx,  from  it    liability  tovi i  ■  forms 

of  catarrhal  troubl  i  iallj   apt,  on  account  of 

its  thus  lowered  ic-i  ting   po  lesions  of 

syphilis.  From  the  frequency  with  which  thi  are 
exposed,  through  the  variety  of  occupations  of  life,  to 
catarrhal  conditions  of  the  respirator}  pa 
— as  it  appears  from  a  review  ,,\  the  -tati  tict  of  nu- 
merous authors  on  this  subject,  are  more  Cable  than 
women  to  have  syphilis  of  the  larynx.  The  question  of 
t  lie  relative  frequency  of  secondary  and  tertiary  laryn- 
geal manifestations  is  variously  stated  by  different 
authors.  In  the  writer's  experience  the  tertiary  mani- 
festations have  been  the  more  frequent.  There  i  no 
relation  between  the  character  of  either  the  primary 
or  the  secondary  manife  tations  and  the  subseqt 
tertiary  symptoms.  In  a  few  cases  neither  the  physi- 
cian nor  the  patient  himself  has  been  able  to  detect 
any  evidence  of  primary  infection,  and  even  seeondary 
manifestations  may  not  be  noticed:  and  the  only 
evidence  one  has  that  a  former  infection  has  occurred 
is  the  presence  of  extensive  tertiary  ulceration. 

Etiology. — As  a  result  of  the  untiring  efforts  of 
Schaudinn  it  is  now  definitely  recognized  thai  syphilis 
is  due  to  Spirochoetd  pallida  which  was  first  described 
by  him  in  1905. 

Objective  Symptoms. — The  lesions  which  manifest 
themselves  are  of  the  secondary  and  tertiary  stages: 
The  most  common  lesions  of  the  secondary  stage  are. 
(1)  erythema;  (2)  superficial  ulceration;  (3)  a  mucous 
patch,  and  (4)  condylomata. 

Upon  laryngoscopic  examination  the  mucous  mem- 
brane will  be  found  to  be  uniformly  hyperemic, 
thus  presenting  essentially  the  same  appearance  as 
that  of  an  ordinary  acute  laryngitis,  or  it  may  show  an 
irregularity  in  the  distribution  of  the  inflammatory 
areas,  this  irregularity-  being  due  to  interposed  areas 
which  are  non-vascular,  and  the  whole  picture  present- 
ing a  so-called  mottled  appearance  which,  as  some 
authors  maintain,  is  definitely  characteristic  of  second- 
ary syphilis. 

The  areas  involved  in  the  inflammatory  process  are 
generally  the  epiglottis,  the  false  and  the  true  cords. 
In  cases  in  which  the  inflammation  is  uniformly  dis- 
tributed and  persistent,  its  specific  nature  may  be  in- 
ferred from  the  fact  that  it  does  not  yield  to  anything 
but  definite  antisyphilitic treatment.  This  inflamma- 
tory process  may  lead  to  a  destruction  of  the  superficial 
layer  of  the  mucous  membrane,  in  which  case  there 
will  then  be  seen  a  small,  shallow,  and  irregularly 
shaped  ulcer  whose  surface  is  covered  with  a  yellowish- 
colored  secretion.  The  superficial  ulcers  may  extend 
and  unite  with  others,  and  when  healed  leave  a  very 
thin,  stellate-looking  cicatrix. 

The  occurrence  of  the  mucous  patch  within  the 
larynx  is  doubted  by  many-,  and  on  the  other  hand, 
there  are  some  who  believe  that  it  occurs  frequently  in 
this  locality.  As  a  feature  of  secondary  laryngeal 
syphilis  it  evidently  occurs  with  comparative  rarity. 
In  appearance  the  lary-ngeal  mucous  patch  is  similar  to 
that  which  occurs  in  the  mouth;  there  is  a  thickening 
of  the  mucous  membrane,  rounded,  oval,  or  oblong  in 
outline,  of  a  whitish-gray  or  yellowish  color,  and  sur- 
rounded by  an  area  which  is  markedly  hyperemic. 
The  surface  of  the  patch  may  be  either  elevated  or 
depressed.  The  localities  where  such  a  patch  may  be 
seen  are  the  laryngeal  surface  of  the  epiglottis  and  its 
edges,  the  aryepiglottidean  fold,  and  the  false  and 
true  cords.  This  lesion  is  generally  associated  with 
the  earliest  syphilides. 

Condylomata  in  the  larynx  appear  as  rounded  or 
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oval  elevations  with  a  yellowish-colored  surface;  the} 
seem  like  aggregated  mucous  patches.  Whistler  has 
called  attention  to  a  relapsing  ulcerative  laryngitis, 
which  marks  an  intermediary  stage  between  the  sec- 
ondary and  the  tertiary  forms,  and  is  characterized 
I  iv  a  loss  of  substance  of  the  mucous  membrane  neither 
So  extensive  nor  so  deep  as  that  which  occurs  in  the 
tertiary  form.  This  ulceration  attacks,  in  order  of 
frequency,  the  vocal  cords,  the  interarytenoidean 
space,   and   the   false   cords. 

Tertiary  Syphilis  manifests  itself  in  the  three  forms 
of  a  gumma,  an  ulceration,  and  cicatricial  tissue. 
These    conditions    exhibit   themselves    in    succession 

within  a  period  varying  from  three  to  twenty  or  i r 

years  after  primary  infection. 

The  gumma  presents  itself  as  an  infiltration,  varying 
from  the  size  of  a  very  small  pea  to  a  size  sufficienl 
to  produce  obstructive  symptoms.  In  appearance  the 
mucous  membrane  covering  it  may  be  normal  or  of  a 
darker  hue,  elevated  above  the  surrounding  mucous 
membrane,  and  its  base  presenting  an  area  of  inflam- 
mation of  a  deep  rose  color.  It  may  be  found  on  the 
laryngeal  surface  and  edges  of  the  epiglottis,  the  ary- 
epiglottidean  folds,  the  interarytenoidean  space,  the 
false  cords,  and  the  subglottic  region.  The  gumma  is 
usually  single  but  may  be  multiple.  With  the  pro- 
gress of  time  the  gumma  undergoes  a  retrograde 
metamorphosis,  as  a  result  of  which  it  becomes  yellow- 
ish in  color  and  at  last  breaking  down,  presents  the 
stage  of   ulceration. 

The  ulcer  thus  formed  has  generally  a  circular  out- 
line, edges  which  are  ragged  and  thickened,  a  surface 
excavated  and  covered  with  a  dirty  yellowish-colored 
secretion,  and  a  base  displaying  a  zone  of  hyperemia. 
The  ulcer  is  usually  single,  but  sometimes  there  are 
several  of  them,  corresponding  to  the  areas  previously 
occupied  by  gummata.  If  neglected  the  inflammatory 
process  may  extend  to  the  deeper-lying  structures, 
and  a  perichondritis  with  subsequent  abscess  forma- 
tion,  necrosis  of  the  cartilage  and  its  exfoliation,  may 
ensue.  Perichondritis  may,  however,  occur  without 
ulceration.  It  is  in  this  stage  of  ulceration  that  dan- 
gerous symptoms  are  apt  to  supervene.  An  edema, 
either  acute  or  chronic,  may  arise  and  produce  symp- 
toms of  marked   dyspnea;  or  the  exfoliated  cartilage 


Fig.  3695. — Acute  Syphilitic  Laryngitis.      (Turck.) 

may  obstruct  the  respiratory  tract,  or  the  loss  of  the 
cartilage — especially  if  it  be  a  portion  of  the  thyroid, 
cricoid,  or  arytenoid — may  lead  to  such  collapse  of 
the  larynx  proper  as  very  materially  to  interfere  with 
respiration.  The  epiglottis  may  be  involved  to  such 
an  extent  as  to  interfere  with  the  process  of  deglu- 
tition and  allow  portions  of  food  to  enter  the  larynx. 
Fixation  of  one  or  both  vocal  cords,  as  a  result  of  a 
perichondritis  or  chondritis,  may  lead  in  some  cases  to 
a  narrowing  of  the  rirna  glottidis  and  consequent 
dyspnea.  Myopathic  paralysis  of  the  abductors  is 
not  of  common  occurrence,  but  of  very  serious  moment 
when  present.  Finally,  hemorrhage  may  occur  and 
may  even  result  fatally,  but,  fortunately,  this  happens 
rarely. 

The  final  step  of  the  tertiary  stage  is  that  of  cicatri- 
zation. The  result  of  a  healed  syphilitic  ulcer  may 
present  itself  in  many  forms.  The  less  extensive 
cicatrization  is  evidenced  by  a  white  stellate  scar  of 
varying  extent.     The  results  of  ulceration  and  cicatri- 
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zation  of  adjacent  structures  often  lead  to  the  epi- 
glottis being  bound  down  to  the  base  ol  t  he  tongue,  or 
to  the  posterior  or  the  lateral  walls  of  the  pharynx. 
Hands  may  be  stretched  across  the  lumen  of  the  larynx 
and  by  their  contraction  lead  to  great  distortion  of  its 
structures.  Again,  adhesions  between  the  vocal  cords 
may  result  in  web-like  bands  which  may  involvi 
glottis  to  a  greater  or  lesser  degree.  The  cicatricial 
process  may  be  so  severe  as  simply  to  convert  the 
larynx  into  a  mass  of  cicatricial  tissue  with  a  small 
perforation  in  the  center  acting  as  the  glottis. 

Subjective  Symptoms. — In  the  secondary  stage  the 
subjective  symptoms  are  usually  those  of  a  severe 
acute  laryngitis:  the  voice  is  husky  and  even  aphonic, 
there  is  moderate  cough  with  expectoration  of  a  small 
amount  of  tenacious  secretion,  and,  if  the  epiglottis  be 
involved,  deglutition  may  be  painful.  In  the  tertiary 
stage  the  symptoms  are  more  pronounced.  The 
alteration  in  the  character  of  the  voice  varies  from  a 
slight  huskiness  to  complete  aphonia.     Dysphagia  is 


Fig.  3096. — Extensive  Destruction  and  Cicatrization  of  the 
Epiglottis;  Involvement  of  the  False  and  True  Vocal  Cords; 
Stenosis  of  the  Pharynx  from  Adhesion  of  the  Epiglottis  to  the 
Root  of  the  Tongue  and  Posterior  and  Lateral  Walls  of  the  Pharynx. 
(Turck.) 

apt  to  be  a  more  frequent  symptom  in  this  than  in  the 
secondary  stage,  owing  to  the  involvement  of  the  epi- 
glottis in  the  inflammatory  and  destructive  processes. 
Occasionally  food  finds  its  way  into  the  larynx  when 
the  epiglottis  is  involved  in  the  destructive  process, 
but  it  is  astonishing  how  readily  patients  in  whom  the 
epiglottis  is  totally  destroyed  learn  to  swallow  without, 
food  entering  or  obstructing  the  larynx. 

It  is  in  the  tertiary  stage  that  sudden  edema  is  apt  to 
supervene,  and  it  may  produce  such  grave  symptoms 
of  stenosis  as  to  necessitate  immediate  tracheotomy. 
When  a  suppurative  process  is  going  on  in  the  larynx 
there  is  apt  to  be  marked  general  disturbance,  the 
temperature  rising  to  102°  or  103°  F.  Externally,  the 
perichondritis  or  suppurative  process  may  be  marked 
by  swelling  and  tenderness  over  the  affected  part,  and 
with  destruction  of  the  cartilage  and  its  exfoliation 
there  is  always  danger  of  the  exfoliated  portion  ob- 
structing respiration.  The  breath,  when  the  disease 
has  reached  such  a  stage,  is  usually  very  offensive; 
the  expectoration  is  mucopurulent  in  character,  some- 
times tinged  with  blood,  and  it  may  contain  fragments 
of  necrotic  tissue. 

Diagnosis. — The  recognition  of  the  primary  lesion  in 
cases  of  very  recent  infection  can  readily  be  deter- 
mined by  submitting  the  scrapings  from  it  to  micro- 
scopical investigation  and  determining  the  presence  or 
absence  of  the  Spiroch  ozla  pallida.  When  the  symptoms 
of  syphilis  are  showing  themselves  by  mucous  placques 
the  etiological  factor  may  also  be  demonstrated  in 
them.  These  manifestations  as  well  as  those  of  a 
later  period  may  now  be  recognized  through  the  work 
of  Wassermann,  Neisser  and  Bruck,  who  introduced 
the  indirect  method  of  diagnosis  by  serum  reaction, 
which  reveals  the  presence  of  the  disease  when  all 
outward  symptoms  have  disappeared. 

Where  the  facilities  of  carrying  out  the  foregoing 
tests  do  not  exist,  one  may  be  assisted  to  some  de- 
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gree  as  regards  a  differential  diagnosis  by  noting  the 
following  remarks:  It  is  the  diffuse  laryngitis  of  the 
secondary  stage  that  alone  requires  differentiating 
from  the  non-specific  acute  catarrhal  laryngitis. 
Objectively,  there  may  be  at  times,  and  especially 
when  the  inflammation  is  uniformly  disposed,  con- 
siderable difficulty  in  deciding  which  of  the  two  con- 
ditions one  has  to  deal  with.  Under  such  circumstances 
it  will  be  found  that  the  non-specific  form  of  laryngitis 
will  yield  to  the  usual  methods  of  treatment,  while 
one  should  always  be  suspicious  of  a  laryngitis  which 
resists  such  treatment.  A  laryngitis  which  occurs  in  a 
tuberculous  subject  may  also  resist  local  treatment, 
but  in  this  case  there  are  marked  pallor  of  the  soft 
palate  and  an  irritable  condition  of  the  posterior  wall 
of  the  pharynx,  and  a  careful  examination  of  the  pa- 
tient's general  condition  and  of  the  sputum  will  very 


Fig.  3697. — Membranous     Adhesion     between     the    True    Vocal 
Cords.     (Turck.) 

materially  aid  in  clearing  up  the  diagnosis.  It  is,  how- 
ever, more  in  the  ulcerative  form  of  the  disease  that 
difficulties  of  diagnosis  present  themselves;  the  dis- 
eases from  which  syphilis  of  the  larynx  in  this  stage 
requires  to  be  differentiated  being  tuberculosis  and 
carcinoma. 

In  tuberculosis  the  ulcers  are  apt  to  be  numerous, 
the  outline  not  so  sharp  or  distinct,  the  edges  less 
indurated,  the  surface  not  so  deeply  excavated,  and 
the  granulations  pale  and  indolent-looking;  the  mu- 
cous membrane  of  the  soft  palate,  pharynx,  and  larynx 
is  distinctly  pale;  there  is  some  general  febrile  disturb- 
ance (99.4°  to  101°  F.)  with  increased  rate  of  pulse; 
and  the  general  appearance  of  the  patient  is  commonly 
that  of  a  person  suffering  from  anemia.  Smears  from 
the  ulcerated  areas  will  often  reveal  the  presence  of 
tubercle  bacilli,  and  an  examination  of  the  expectora- 
tion will  generally  give  a  like  result.  It  must  be 
borne  in  mind  that  the  two  diseases  may  coexist;  the 
ulceration,  being  originally  syphilitic,  may  take  on 
tuberculous  action. 

In  carcinoma  the  difficulty  of  a  differential  diagnosis 
is  much  greater.  Here  a  new  growth  precedes  the 
stage  of  ulceration,  and  it  is  in  this  latter  condition 
that  the  difficulty  of  a  diagnosis  so  often  arises.  In 
carcinoma  the  disease  presents  itself  more  frequently  as 
an  ulcerating  outgrowth,  rather  than  as  a  true,  deep, 
excavating  ulcer  such  as  is  observed  in  syphilis.  The 
ulcerating  outgrowth  has  a  more  vascularized  appear- 
ance and  bleeds  very  easily  on  manipulation.  The 
surrounding  inflammatory  area  is  of  a  much  deeper 
color  than  that  which  is  seen  in  syphilis.  The  progress 
of  a  carcinomatous  ulcer  is  much  slower  than  that  of  a 
syphilitic  one.  Other  subsidiary  points  which  are  fre- 
quently considered  in  the  question  of  a  differential 
diagnosis,  are:  the  age  of  the  patient,  the  presence  or 
absence  of  enlarged  glands,  and  the  existence  of  pain. 
But,  in  the  writer's  experience,  these  afford  very  little 
support  for  either  view  of  the  case. 

Microscopical  examination  of  a  portion  removed  is 
often  doubtful  in  its  results,  but  recourse  should  always 
be  had  to  it,  for  occasionally  it  has  given  satisfactory- 
aid.  But  the  writer  has,  on  the  other  hand,  repeatedly 
subjected  portions  thus  removed  to  examination  with 
a  very  unsatisfactory  result.     This,  however,  may  be 


explained  by  the  fact  that  the  portion  removed  has 
not  been  from  the  more  deeply  situated  tissue.  In 
doubtful  cases,  recourse  to  proper  antisyphilitic  reme- 
dies may  clear  up  the  difficulty,  and  yel  one  must  not 
be  too  sanguine  as  to  ultimate  results,  for  the  iodide  of 
potassium  has  often  the  effeol  of  producing  ab  orption 

of  the  inflammatory  producl  in  cases  of  carcinoma  and 
thus  materially  altering  the  picture  presented.  One 
is  sometimes  confronted  with  the  further  difficulty  of 
finding  the  two  diseases  (syphilis  and  carcinoma) 
coexisting. 

Prognosis.— The  prognosis  to  tie  expressed  in  any 
given  case  of  syphilis  of  the  larynx  depends  upon:  (1) 
the  absence  of  any  other  coexisting  disease  (tubercu- 
losis and  carcinoma);  (2)  the  extent  of  the  existing 
lesions;  and  (3)  the  faithfulness  with  which  the  pal  nut 
will  adhere  to  treatment  and  advice.  In  the  second- 
ary lesions  recovery  usually  takes  place  without  leav- 
ing any  noticeable  after-result.  In  the  tertiary  stage, 
when  ulceration  is  .present,  the  progress  is  usually 
readily  arrested  and  the  function  of  the  larynx  inter- 
fered with  only  so  far  as  the  destructive  process  has  ex- 
tended. When  cicatrization  has  oocurred  very  little 
improvement  is  to  be  expected  from  treatment. 

Treatment. — Salvarsan  first  introduced  by  Ehrlich 
in  1910  as  a  therapeutic  agent  in  the  cure  of  syphilis 
has  long  passed  the  experimental  stage.  Its  use  is 
indicated  in  any  form  of  lesion  manifesting  itself  in  the 
larynx.  The  use  of  salvarsan  or  neosalvarsan  is,  how- 
ever, not  always  possible.  Then,  one  must  fall  back 
on  the  method"  of  treatment  by  mercury. 

The  treatment  of  syphilis  of  the  larynx  is  similar  to 
that  of  syphilis  affecting  other  parts  of  the  body.  In 
the  secondary  manifestations  the  method  of  administra- 
tion of  mercury  by  inunction  furnishes  by  far  the  most 
satisfactory  results.  It  must  be  admitted  that  at 
times  it  is  very  difficult  to  carry  out  this  mode  of  treat- 
ment with  any  degree  of  thoroughness;  and  yet,  unless 
this  be  done,  one  can  scarcely  hope  to  secure  very  sat- 
isfactory results. 

Locally,  alkaline  sprays,  such  as  Dobell's  and  Seller's, 
and  sedative  inhalations  (compound  tincture  of  ben- 
zoin) are  indicated,  and,  after  the  subsidence  of  the 
acute  stage,  applications  of  weak  solutions  (gr. 
xx.-xxx.  to  the  ounce)  of  nitrate  of  silver  may  be 
made  to  the  larynx.  In  the  tertiary  manifestations 
(gummatous  and  ulcerous  infiltration)  iodide  of  potas- 
sium in  increasing  doses  is  indicated.  The  writer's 
method  of  giving  it  is  in  a  saturated  solution  (one 
ounce  of  the  iodide  to  one  ounce  of  water),  each  drop 
of  which  approximately  represents  one  grain  of  the 
iodide.  It  is  well  to  begin  with  small  doses,  ten  drops, 
to  be  taken  in  half  a  tumblerful  of  water  three  times  a 
day  before  meals.  It  is  to  be  noted  that  most  physi- 
cians prescribe  the  iodide  after  meals,  and  this  is  the 
reason,  the  writer  thinks,  why  one  frequently  hears 
the  complaint  that  the  iodide  disagrees  with  the  pa- 
tient, producing  symptoms  of  indigestion.  And  so  it 
does,  for  the  iodide  of  potassium  given  after  meals 
neutralizes  to  a  very  great  extent  the  action  of  the 
gastric  juice.  The  writer  has  repeatedly  met  with 
patients  who  have  made  such  complaints;  but,  upon 
their  taking  the  iodide  before  meals,  not  only  did 
they  find  that  it  agreed  with  them  but  they  were  able 
to  take  it  in  much  larger  doses.  The  quantity  of  the 
iodide  should  be  slowly  increased,  and,  if  we  watch 
its  effect  upon  the  ulceration  or  the  gummatous  con- 
dition, we  may  find  it  necessary  to  increase  the  dose  to 
gr.  1.  or  lx.  three  times  a  day.  The  chief  points  in  the 
administration  of  this  drug  for  syphilitic  affections  are, 
that  it  should  be  taken  before  meals  and  that  it  should 
be  largely  diluted.  The  acne  accompanving  the  use 
of  the  iodide  may  be  moderated  by  the  administra- 
tion of  small  doses  (TTU.-iij.)  of  Fowler's  solution  after 
meals. 

Locally,  cleansing  the  ulcerated  area  with  alkaline 
and  antiseptic  sprays  and  the  subsequent  application 
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of  a  solution  of  nil  rati;  of  silver  (gr.  xx.  or  xxx.  to  the 
ounce),  or  the  insufflation  of  iodoform  or  iodol,  will 
i  ei )  materially  assist  in  I  tie  healing  process  and  mod- 
erate the  offensiveness  of  the  breath.  Vegetations 
Mi.ii  require  the  use  of  the  curette,  forceps,  galvano 
cautery,  or  chromic  acid,  to  hasten  their  disappear- 
ance. Neither  general  nor  local  treatment  avails 
when  fibroid  changes  with  extensive  hypertroph; 
have  already  taken  place.  The  local  treatment  oi 
adhesions  and  of  fibrous  bands  or  membranes,  and  oi 
stenosis  of  the  larynx,  is  dealt  with  in  the  article  on 
Stenosis,  to  which  the  reader  is  referred. 

When  syphilis  and  tuberculosis  coexist  it  is  general!) 
agreed  that  the  syphilitic  element  should  first  i,  ,  i  i  ,■ 
treatment.  In  all  forms  of  syphilis  of  the  larynx 
smoking  and  the  use  of  alcohol  in  any  form  should  be 
prohibited. 

S  vphilis  of  the  Trachea  and  Bronchi. — The  trachea 
and  bronchi  are  less  frequently  involved  in  the  syphi- 
litic process  than  are  the  upper  portions  of  the  respi- 
ratory tract.  It  is  rare  to  find  these  regions  involved, 
however,  without  existing  lesions  in  the  remaining  por- 
tion of  the  respiratory  tract,  for  usually  the  conditions 
here  found  are  extensions  of  the  process  existing  above. 
Mucous  patches  have  occasionally  been  met  with  and 
may  be  found  situated  in  any  portion  of  the  trachea. 
Gummata,  in  the  writer's  ex- 
perience, are  more  frequently 
met  with;  they  are  usually 
single,  although  occasionally 
several  are  present  at  the  same 
time.  As  regards  the  situation 
occupied  by  these  lesions,  I 
may  say  that  those  which  I 
saw  (three  cases)  were  located 
on  the  posterior  wall  of  the 
trachea.  They  vary  in  size 
and  to  such  a  degree  that  in 
some  cases  they  may  produce 
no  symptoms  at  all,  while  in 
others  they  may  give  rise  to 
the  symptoms  of  increasing 
stenosis.  In  the  ulcerative 
stage  the  lesions  may,  as  in 
the  case  of  the  gummata,  be 
multiple,  but  usually  they  are. 
single  and  very  extensive. 
Cicatrization  is  also  apt  to  be 
extensive,  the  affected  areas 
assuming  a  great  varietv  of 
shapes.     (Fig.  3698.) 

The  symptoms  depend  upon 
the  nature  and  extent  of  the 
lesions  present.  In  some  cases 
they  may  be  insignificant,  but 
in  others  they  are  alarming, 
especially  when  stenosis  exists. 
The  prognosis  of  syphilis  in 
these  regions  is  more  unfavor- 
able than  when  the  disease 
affects  the  larynx,  there  being 
greater  danger  of  hemorrhage 
from  perforation  of  the  ulcer 
into  the  aorta  or  the  pulmo- 
nary artery.  Perforation  has 
also  taken  place  into  the  medi- 
astinum or  into  the  esophagus. 
When  stenosis  exists  as  the  result  of  cicatrization  the 
outlook  is  very  grave. 

The  treatment  resolves  itself  into  that  of  syphilis  in 
general.  Local  treatment  cannot  be  carried  out  with 
any  degree  of  certainty. 

Congenital  Syphilis  of  the  Larynx,  Trachea,  and 
Bronchi. — Congenital  syphilis  of  these  regions  has 
long  been  recognized  but  in  an  indifferent  way,  and  it 
remained  for  John  N.  Mackenzie  to  draw  the  attention 
of  the  profession  to  its  more  frequent  occurrence  than 
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Fig.  3698.— Syphilitic 
Cicatrices  of  the  Larynx 
and  Trachea.  (Orth's 
"  Pathologische  Anato- 
mie.") 


was  generally  admitted,  by  a  mosl  scholarly  article 
«  Inch  appeared  in  the  American  Journal  of  the  Medical 
Sciences  in  1880.  And,  as  the  writer  has  seen  only 
seven  cases  within  his  own  experience,  he  has  largely 
drawn  upon  Mackenzie's  paper  for  the  full  and 
elaborate  information  there  given  of  this  interesting 
subject. 

"Laryngeal  affections  in  congenital  syphilis  are  the 
most  common  and  characteristic  of  its  pathological 
phenomena,  and  invasion  of  the  larynx  may  be  looked 
for  with  the  same  confidence  in  the  congenital  as  in 
the  acquired  form  of  the  disease." 

The  larynx  may  be  involved  at  any  age,  but  the 
disease  more  commonly  shows  itself  within  the  first 
six  months  after  birth.  In  the  writer's  cases  the  ages 
were  as  follows:  Two  within  the  first  year,  three  be- 
tween the  ages  of  four  and  five  years,  and  two  between 
the  ages  of  six  and  ten  years.  As  to  sex,  it  is  more 
frequently  met  with  in  the  female — in  the  proportion 
of  three  to  two  (Mackenzie).  In  the  writer's  cases, 
four  were  females  and  three  males.  In  congenital 
syphilis  of  the  larynx  three  distinct  forms  are  to  be 
met  with:  In  the  first,  the  lesions  involve  the  mucous 
membrane  and  the  submucosa;  in  the  second,  the 
lesions  involve  the  deeper  structures,  and  are  char- 
acterized by  extensive  ulceration  rapidly  involving 
the  cartilaginous  framework  of  the  larynx;  in  the 
third  form,  there  is  a  deposit  of  dense,  fibrous  tissue 
leading  subsequently  to  contraction  and  stenosis. 

Symptoms. — In  the  early  manifestations  of  the  dis- 
ease the  subjective  symptoms  are  those  of  an  intense 
laryngitis,  the  voice  being  quite  hoarse,  and  in  two  of 
the  writer's  cases,  seen  in  infancy,  nothing  more  than 
a  very  marked  hyperemia  of  all  the  laryngeal  struc- 
tures was  observed,  the  examination  being  carried  out 
under  a  general  anesthetic.  The  coexistence  of  cu- 
taneous syphilis  is  of  frequent  occurrence.  In  the 
secondary  stage  the  presence  of  extensive  ulceration 
involving  the  epiglottis  and  laryngeal  structures  leads 
to  the  cry  of  the  child  being  extremely  hoarse  and 
more  deeply  pitched  than  in  the  early  stages.  The 
cough  is  harsh  and  paroxysmal,  leading  frequently-  to 
an  attack  of  vomiting,  and  deglutition  is  often  difficult. 


Fig.   3699. — Congenital   Syphilis   of    the   Trachea,   showing  very 
marked  Stenosis.      (Pathological  Museum,  McGill  University.) 

In  the  third  variety  the  voice  is  almost  aphonic,  and, 
in  consequence  of  the  lumen  of  the  larynx  and  trachea 
being  considerably  reduced,  there  is  marked  respira- 
tory difficulty,  amounting  in  some  cases  to  orthopnea, 
cyanosis,  and  convulsions.  The  degree  to  which 
stenosis  of  the  trachea  may  reach  in  this  form  is  well 
shown  in  the  accompanying  figure  taken  from  a  speci- 
men in  the  Museum  of  the  Medical  Faculty  of  McGill 
University  (Fig.  3699). 

Diagnosis. — In  the  Wassermann  serum  reaction,  we 
have  a  very  satisfactory  method  of  clearing  up  any 
doubtful  cases  of  hereditary  syphilis.  In  the  early 
forms  of  the  disease  it  may  be  mistaken  for  simple 
laryngitis,  but  often  there  are  other  symptoms  of 
the  inherited  form  to  be  seen  in  the  skin  and  mucous 
membranes  of  the  mouth  and  throat.     In  the  more 
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advanced  form  the  evidence  of  the  disease   mai    be 

found  in  the  state  of  the  teeth,  the  condition  of  the 
eyes,  and  the  presence  of  cicatrices  about  the  angles 
of  the  mouth. 

Prognosis. — The  prognosis  of  congenital  syphilis  of 
these  regions  is  always  grave,  but  less  so  in  the  earlier 
stages,  when,  if  the  affection  be  recognized  andl  rented, 
favorable  results  may  be  looked  for.  In  the  later 
forms  of  the  disease,  however,  even  when  its  true 
nature  is  recognized,  the  treatment  seems  to  pro- 
duce less  effect  than  it  does  in  the  acquired  form. 

Treatment. — The  use  of  salvarsan  has  in  my  hands 
in  cases  of  hereditary  syphilis  proved  to  be  very  grati- 
fying. I  have  only  resorted  to  its  use  in  children  over 
ten  years  of  age,  but  in  those  of  younger  years  I 
have  found  that  the  best  method  of  treating  these 
forms  of  infantile  syphilis  is  by  the  use  of  the  mercurial 
ointment.  A  small  quantity  of  this  may  be  applied 
on  the  walls  of  the  abdomen,  and  a  flannel  binder 
also  containing  a  small  quantity  of  the  ointment  may 
be  applied  about  the  body.  One  must  be  careful  in 
using  mercurial  ointments  on  the  skin  of  very  young 
infants,  as,  owing  to  its  being  particularly  sensith  e, 
the  application  may  do  harm.  Calomel,  gr.  i,  three 
times  a  day  for  several  weeks,  or  pulvis  hydrargyri 
cum  creta,  gr.  j-J,  may  also  be  given.  General  tonic 
treatment  should  follow  a  course  of  mercury. 

Herbert  Stanley  Birkett. 
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Larynx,     Tuberculosis     of     the. — Definition. — 

Tuberculosis  of  the  larynx  is  an  inflammatory  condi- 
tion of  the  mucous  membrane  in  which  newly  formed 
cells  containing  tubercle  bacilli  are  found  which  fre- 
quently break  down  and  form  ulcers.  The  disease  may 
involve  the  perichondrium  and  cartilage  with  a  result- 
ing necrosis  and  caries. 

Etiology. — The  infection  may  occur  by  means  of 
the  bacilli-laden  sputum,  possibly  in  conjunction  with 
chemical  irritation  of  the  mucous  membrane  of  the 
larynx  by  the  irritated  sputum,  or  there  may  be  second- 
ary infection  by  way  of  the  blood-vessels  or  lym- 
phatics. Primary  tuberculosis  of  the  larynx  is  rare 
and  is  more  frequently  found  clinically  than  anatomic- 
ally. Macroscopically  a  variety  of  forms  of  tuberculo- 
sis of  the  larynx  can  be  differentiated. 

As  a  general  rule,  laryngeal  tuberculosis  is  secondary 
to  pulmonary  tuberculosis.  It  is  much  more  common 
in  males  than  in  females  and  authorities  vary  as  to  the 
relative  frequency.  Thus  Nowicki1  found  tuberculous 
alterations  in  one-half  of  5,095  autopsies,  and  twenty- 
one  per  cent,  of  these  were  of  the  larynx  and  trachea; 
Lewies2  found  it  to  occur  most  frequently  at  the  age 
of  fifty;  seventy-one  per  cent,  of  these  were  in  males; 
while  Harada  and  Yamoguchi3  found  but  1.5  per 
cent,  of  tuberculosis  of  the  upper  air  passages  in  42,441 
nose  and  throat  patients,  and  in  sixteen  per  cent,  of  the 
necropsies  the  upper  air  passage  was  affected  in  2,162 
individuals. 

L.  D.  Brose4  believes  that  one-third  of  the  pul- 
monary tuberculosis  patients  have  laryngeal  involve- 
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ment.  Judging  from  mi  own  experience  I  would  aj 
thai    twenty-five  per  cent,   ol   the  patient    afflicted 

with  pulmonary  tuberculosis  have  a  laryngeal  involve- 
ment ultimately. 

Laryngeal  tuberculosis  occurs  rarclv  among  chil- 
dren.    Nobecourt  and  Tixiei    report  a  ca  e  occun 

in  an  infant  aged  three  and  one-half  moot  lis.      Collet' 

reported  a  case  in  a  child  of  thirteen,  and  the  same 

author  Collected  four  cases  of  1  uberculosis  in  a  thou- 
sand children  of  all  ages,  while  Lockard,7 Solis Cohen, 

J.  N.  Mackenzie.  Moritz  Schmidt,  and  \V.  .1.  Horn 
have  recorded  instances  of  this  affection  in  young  chil- 
dren, as  stated  by   Hunt'  who  also  records  the  case  of 

an  infant  of  seventeen  months  in  whom  a  t  racheotom  ■ 
had  to  be  performed  for  stenosis.  At  iheautop  both 
lungs   were  found  riddled  with  miliar}    tuberculo 

and  there  was  a  smooth  walled  cavity  at  the  right 
apex  I  he  size  of  a  walnut ,  and  also  large  "lands.  There 
was  an  ulcer  of  the  right  aryepiglottic  fold  and  ven- 
tricular band  and  the  left  arytenoid  with  granulations 
over  t  he  ulcerated  surface. 

It  is  believed  that  the  disease  would  be  found  more 
frequently  among  children  if  it  were  i , < . t  for  the  fact 
that  they  succumb  to  the  pulmonary  tuberculosis 
long  before  there  is  an  opportunity  for  involvement  of 
the  larynx. 

Laryngeal  tuberculosis  is  an  occupational  disease  as 
with  stone  cutters,  bakers,  and  workers  in  dust-laden 
factories,  and  the  use  of  tobacco  seems  to  have  a 
decided  influence  in  the  tendency  toward  the  produc- 
tion of  tuberculosis.  Labatt'J  investigated  a  number 
of  patients  who  were  chewers  of  snuff  and  found 
sixty-four  per  cent,  of  the  cases  addicted  to  this  habit  ; 
forty-one  per  cent,  of  the  total  number  were  smokers, 
while  twenty-five  per  cent,  were  non-users  of  tobacco. 

As  a  predisposing  factor  to  pulmonary  tuberculosis 
McCambridge10  believes  that  nasal  obstruction  is 
responsible  for  producing  laryngeal  and  pulmonary 
tuberculosis. 

Pathology. — A.  Rather  sharply  circumscribed 
lentil-shaped  ulcerations  beginning  superficially, usu- 
ally on  the  inner  surface  of  the  epiglottis,  and  at  first 
very  easily  overlooked,  with  a  pale  yellowish-gray 
base,  frequently  confluent,  forming  grape-like  cir- 
cumscribed figures.  This  process  may  eventually 
cover  the  entire  larynx.  Small  miliary  nodules 
eventually  form  under  the  epithelium  of  the  mucous 
membrane  which  break  down,  become  cheesy  and 
ulcerate,  forming  an  erosion  of  the  overlying  tissue. 
Before  these  nodules  can  be  observed  macroscopically 
they  have  usually  broken  down  and  ulcerated.  In  the 
depths  and  in  the  edges  of  the  ulcerations  new  tuber- 
cles form  by  means  of  which  the  defect  is  spread  and 
deepened  and  the  lenticular  character  of  the  lesions  is 
lost  more  and  more.  The  process  becomes  deeper, 
shows  cheesy  masses  and  nodules,  and  the  edges 
become  ragged  and  irregular.  These  ulcerative  proc- 
esses may  progress  and  eventually  involve  the  car- 
tilage of  the  larynx  producing  a  perichondritis. 

B.  Tuberculous  infiltrations  may  occur  in  the 
depths  of  the  mucous  membrane  which  on  breaking 
down  form  deep  ulcerations;  then  a  thickened  larda- 
cious  area  is  formed  in  which  cheesy  yellowish  degen- 
erative areas  occur.  I,n  these  tubercle  bacilli  are 
found.  The  follicles  are  the  first  area  of  involvement 
of  the  tuberculous  infiltration,  and  by  the  breaking 
down  of  these  lesions  deep  irregular  masses  wit  h  jagged 
walls,  uneven,  with  cheesy  bases  are  formed.  These 
infiltrations  are  present  in  those  portions  of  the 
larynx  with  a  spongy  submucosa  rich  in  follicular 
tissue,  e.g.  the  epiglottis,  false  cords,  and  over  the 
arytenoid  cartilage,  and  often  lead  to  a  perichondritis. 
Fistulous  tracts  may  occasionally  be  seen.  According 
to  Frankel.  in  the  subsequent  "development  of  these 
ulcerations  secondary  infections  with  staphylococci 
and  streptococci  play  a  role. 

C.  This  is  a  chronic  form  with  the  formation  of 
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masses  having  a  tendency  to  perichondritis.  These 
ulcerations  usually  occur  upon  the  arytenoid  cartilage 
and  are  very  deep,  having  an  irregular  hard  wall. 
At  times  the  true  vocal  cords  show  chronic  ulcerations 
which  are  elongated  and  slit-like,  and  occasionally  are 
so  long  and  deep  that  they  split  the  vocal  cords.  The 
vocal  cords  may  be  entirely  destroyed  with  the  in- 
cidence of  aphonia.  Often  the  vicinity  of  these 
lesions  shows  a  milk-white  thickening  of  the  superficial 
epithelium. 

D.  This  form,  which  occurs  only  occasionally, 
shows  masses  of  polypoid  excrescences  of  the  mucous 
membrane  caused  by  marked  subepithelial  develop- 
ment of  tuberculous  granular  tissue.  Usually  the 
course  of  this  form  is  very  chronic.  This  is  the 
tuberculosis  laryngis  hypertrophica  of  Ziegler.  The 
interarytenoid  region  of  the  larynx  is  most  frequently 
involved,  but  these  lesions  may  occasionally  occur  in 
other  portions  of  the  larynx.  They  may  break  down 
and  ulcerate  and  occasionally  true  polypoid  exuber- 
ances occur. \  ' 

Early  Manifestations  and  Diagnosis. — Hoarseness 
is  perhaps  the  earliest  indication  of  beginning  laryn- 
geal involvement.  This  may  be  due  to  weakness  in 
the  motility  of  the  vocal  bands  as  a  result  of  the 
general  anemia  of  all  the  mucous  membranes.  Con- 
stant clearing  of  the  throat  and  cough  in  addition  to  that 
previously  existing  may  be  present.  In  these  early 
cases  there  is  frequently  a  unilateral  lesion  with  a  lack  of 
motility  on  that  side  and  this  unilateral  manifestation 
is  one  of  the  earliest  symptoms  of  laryngeal  tuber- 
culosis. Quite  early  in  the  onset  of  the  disease  there 
is  a  thickening  in  the  interarytenoid  space.  This  I 
consider  to  be  a  diagnostic  sign  (Plate  XL1I,  Fig.  1) 
so  much  so  that  it  is  my  invariable  rule  to  insist  upon 
a  most  careful  examination  made  when  this  thickening 
is  present  to  determine  the  presence  of  tuberculosis 
elsewhere,  and  it  has  happened  very  frequently  that 
this  early  sign  has  led  to  the  prompt  discovery  of 
tuberculosis  that  was  not  even  suspected.  I  found 
that  others  had  noted  this,  as  Solenberger,11  Lamber- 
son,12and  Hughes.13  The  latter  speaks  of  it  as  the 
earliest  manifestation  in  nearly  every  case  and  is 
inclined  to  believe  that  many  cases  of  pulmonary 
tuberculosis  have  their  origin  in  the  larynx  and  that 
careful  examination  will  reveal  the  fact.  Casselberry1,1 
in  speaking  of  the  recognition  of  early  changes  of  the 
larynx  in  tuberculosis  mentions  the  "vocal  angle," 
which  was  originally  noted  by  C.  L.  Minor.  This 
vocal  angle  marks  the  line  at  which  the  superficial 
structures  of  the  true  cord,  the  false  cord,  and  the 
arytenoid  fold  merge  into  one.  This  is  a  hinge  folding 
in  and  out  with  every  movement  of  the  vocal  cord;  a 
tuberculous  infiltrate  forms  a  furrow  or  fissure.  This 
infiltrate  may  appear  at  any  part  of  the  vocal  angle. 
He  considers  that  as  the  most  distinctive  of  all  local 
changes  of  tuberculosis  of  the  larynx,  and  at  a  period 
before  interarytenoid  hyperplasia.  He  says  further, 
"if  an  infiltration  at  a  vocal  angle  be  recognized  in 
addition  to  the  questionable  hyperplasia  the  diagnosis 
is  laryngopulmonary  tuberculosis."  We  have  then 
in  these  two  positive  and  distinct  signs  indubitable 
assistance  toward  the  early  diagnosis  of  tuberculosis. 
Dennis15  places  no  reliance  on  the  sign  of  pallor  of 
the  mucous  membrane,  but  says  that  "a  sign  which 
has  seemed  to  me  to  be  so  constantly  present  that  I 
attach  great  importance  to  it  is  a  thin  line  of  mucopus 
which  lies  in  the  posterior  commissure  and  extends  up 
and  over  the  interarytenoid  region."  Levy16  men- 
tions excessive  sensitiveness  and  irritability  of  the 
pharynx  as  an  early  symptom. 

Differential  Diagnosis. — In  the  differential  diag- 
nosis we  must  consider  simple  catarrhal  laryngitis, 
pachyderma,  S3'philis,  carcinoma,  posticus  paralysis, 
rheumatic  arthritis  of  the  arytenoid  joint,  lupus, 
scleroma,  and  aphthous  ulcers.  It  is  quite  important 
to  bear  in  mind  that  there  is  a  decided  difference 


between   the   tuberculous   laryngitis  and   the   simple 
laryngitis  of  tuberculosis. 

One  of  the  most  persistent  symptoms  of  the  pres- 
ence of  tuberculosis  is  pain.  This  may  be  of  a  very 
severe  and  lancinating  character  and  may  be  so  dis- 
tressing as  to  prevent  the  patient  from  swallowing, 
thus  adding  materially  to  his  weakness.  In  syphilis 
there  is  practically  no  pain,  while  pain  is  constant  in 
malignant  disease,  and  entirely  absent  in  all  of  the 
other  affections  excepting  the  rheumatic.  The  slow 
process  of  ulceration,  the  great  edema  of  the  aryte- 
noids, pale  condition  of  the  mucous  membrane,  previ- 
ous impairment  of  the  general  health  with  indication 
of  pulmonary  complication,  all  point  to  the  diagnosis 
of  tuberculosis.  Added  to  this  the  presence  of  tubercle 
bacilli  which  is  only  found  also  in  lupus,  and  here  the 
microscope  comes  to  our  aid  and  is  absolutely  to  be 
relied  upon.  In  doubtful  cases  the  Wassermann  re- 
action together  with  the  past  history  would  help  in- 
dicate the  presence  of  syphilis,lbut  it  must  be  borne  in 
mind  that  both  diseases  may  occur  at  the  same  time. 
In  this  connection  Strandberg17  says,  "The  differential 
diagnosis  is  at  times  very  difficult,  and  even  histo- 
logical examination  cannot  be  relied  upon.  A  positive 
Wassermann  reaction  means  much,  but  a  negative 
report  does  not  absolutely  exclude  the  presence  of 
syphilis.  Hence  in  doubtful  cases  the  test  of  anti- 
specific  treatment  only  remains,  iodide  of  sodium  up  to 
ten  grams  (150  grains)  daily,  using  200  to  300  grams 
(seven  to  ten  ounces)  altogether.  Besides,  ten  to 
fifteen  mercurial  injections  are  to  be  given.  No 
improvement  following  this  test,  we  are  assured  of  the 
absence  of  syphilis."  The  aphthous  ulcers  occurring 
in  the  larynx  in  pulmonary  tuberculosis  were  presented 
in  a  careful  study  by  J.  N.  Mackenzie18  who  believed 
these  to  be  due  to  streptococci  in  the  sputum  affecting 
the  inner  surface  of  the  mucosa  and  resulting  in 
ulceration  and  eventually  possibly  becoming  infected 
with  tubercle  bacilli.  Ziba  Schinizi19  has  made  a 
study  of  these  aphthous  ulcers  recently  and  agrees  in 
the  main  with  Mackenzie.  He  believes  that  they  are 
occasioned  as  a  result  of  superficial  diphtheritic 
inflammation  and  that  it  is  a  cellular  infiltration  of  the 
tissues  resulting  in  necrosis,  the  irritation  of  the 
mucous  membrane  as  a  result  of  the  acrid  tuberculous 
sputum  being  a  causal  factor.  He  has  found  the 
same  ulcers  in  gangrene  of  the  tongue,  in  perforation 
of  the  trachea  following  destruction  of  the_  bronchial 
glands,  and  in  the  vagina  in  purulent  conditions. 

As  a  further  means  of  diagnosis,  tuberculin  may  be 
injected,  but  it  must  be  used  under  great  precautions. 
The  old  tuberculin  of  Koch  is  the  safer  in  these  cases. 
The  patient's  temperature  is  to  be  taken  every  four 
hours  for  three  days  previous  to  the  administration  of 
the  tuberculin  and  again  after  the  injection.  There  is 
a  decided  rise  of  two  to  three  degrees  of  temperature  if 
tuberculosis  exists  and  there  is  an  increase  of  the 
infiltration  in  the  larynx.  This  increase  of  the  infil- 
tration of  the  larynx"  may  amount  to  an  edema  and 
hence  in  these  cases  much  care  should  be  exercised 
that  the  dose  should  begin  with  the  smallest  possible 
amount,  lest  suffocation  ensue. 

Prognosis. — In  this  particular  we  are  most  able  to 
note  the  advance  that  modern  methods  have  made  in 
the  successful  treatment  of  this  affection.  It  is  not 
so  very  long  ago  that  the  diagnosis  of  tuberculous 
laryngitis  meant  an  absolutely  unfavorable  prognosis, 
but  so  much  has  been  done  in  this  connection,  so 
much  faithful  work  and  conscientious  attention  to  the 
smallest  possible  details,  that  the  literature  abounds 
in  case  after  case  being  reported  as  cured  that  were 
formerly  considered  as  inevitably  doomed.  Nor  are 
cases  marked  cured  after  improvement  of  a  temporary 
nature,  but,  as  stated  by  Brull,20  only  those  must  be 
considered  as  cured  in  whom  there  was  no  sign  of 
recurrence  for  at  least  two  years.  There  are  still 
certain  conditions  under  which  the  prognosis  in  laryn- 
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Tuberculosis  and  Lupus  of  Larynx. 

(Original  drawings  from  life  made  for  this  article  under  the  direction  of  the  author.) 

Fig.  1.— Interarytenoideal  Thickening,  one  of  the  earliest  pathological  appearances  of  tuberculosis  of  the 
larynx. 

Fig.  2.— Advanced  Tuberculosis  of  the  Larynx.  Showing  swollen  epiglottis,  edema  of  both  arytenoids, 
interarytenoid  thickening,  and  ulceration  of  false  vocal  cords. 

Fig.  3. — Early  Lupus  of  Larynx.  Showing  peculiar  saddle-bag  appearance  of  epiglottis,  the  remainder  of 
larynx  normal. 

Fig.  4.— Advanced  Lupus  of  Larynx.  Showing  destruction  of  epiglottis,  with  cicatrization,  large  indura- 
tions in  the  ventricles,  while  the  remainder  of  larynx  is  entirely  normal. 
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geal  tuberculosis  is  absolutely  bad,  ;irn]  especially  is 
that  the  case  when  it  occurs  in  connection  with 
pregnancy.  Where  the  tuberculosis  is  manifest  early 
in  pregnancy,  Pankow  and  Kupferle'-1  found  that 
ninety  per  cent,  are  apt  to  become  worse,  and  thai 
fifty-six  per  cent,  of  these  die  within  the  year,  while  if 
the  tuberculosis  remains  latent  during  pregnancy 
death  ensues  in  but  three  per  cent.  While  the 
tuberculous  process  may  become  active  at  any  time 
during  pregnancy  the  tendency  is  far  greater  immedi- 
ately after  confinement  and  the  chances  of  the  patient 
are  greatly  enhanced  by  artificial  induction  of  labor 
within  the  first  four  months.  More  than  one-half 
the  children  born  of  tuberculous  mothers  die  within 
the  first  year  and  interruption  of  pregnancy  in  these 
circumstances  is  permitted  by  the  criminal  law  of 
Germany.  That  pregnancy  should  be  interrupted  in 
all  of  the  cases  is  the  belief  of  Baumgarten,22  Sehroeder23 
and  Bilancioni.24  In  cases  of  advanced  tuberculosis 
pregnancy  should  not  be  interfered  with  in  the  interest 
of  the  child.  To  interrupt  pregnancy  in  the  interest 
of  the  mother  it  should  be  done  only  in  the  first  months 
of  pregnancy. 

The  prognosis  of  laryngeal  tuberculosis  must  be 
considered  from  two  points  of  view,  that  relating  to 
its  influence  on  the  general  condition  and  to  a  possible 
fatal  termination,  and  that  relating  to  its  effect  on 
the  voice.  Generally  speaking,  the  advent  of  laryn- 
geal complication  adds  to  the  gravity  of  the  prognosis 
of  pulmonary  tuberculosis.  This  statement  applies 
only  to  those  cases  in  which  the  nature  of  the  com- 
plication is  of  the  rapidly  active  type  with  marked 
edematous  swelling  and  abundant  deposits  of  tubercles 
in  the  larynx.  The  seriousness  of  the  prognosis  of 
laryngeal  tuberculosis  increases  with  the  lateness  in 
the  stage  of  the  general  disease  in  which  the  former 
develops.  In  that  form  of  laryngeal  tuberculosis  in 
which  there  is  little  or  no  tendency  to  ulceration, 
the  form  characterized  by  more  or  less  "firm  infiltration, 
the  progress  of  the  general  disease  is  not  materially 
augmented.  Unquestionably  the  local  and  the 
pulmonary  or  general  infection  progress  favorably 
or  unfavorably  one  with  the  other,  but  on  the  whole 
the  general  infection  is  much  more  responsible  for  a 
failure  to  obtain  laryngeal  improvement  than  is  the 
local  affection  for  the  general  or  pulmonary  condition. 
On  the  other  hand,  the  latter  often  improves  in  pro- 
portion to  the  favorable  progress  made  in  the  larynx. 
This  is  especially  true  in  those  cases  in  which  local 
treatment  overcomes  odynphagia,  thus  enabling  the 
patient  to  keep  up  nutrition. 

The  prognosis  as  regards  the  restoration  of  the 
vocal  function  is  of  great  importance.  The  mental 
distress  occasioned  by  the  loss  of  voice  is  often  great, 
and  although  it  must  be  looked  upon  as  of  less  actual 
importance  than  the  general  systemic  disturbances, 
its  gravity  should  not  be  underestimated.  Where 
complete  loss  of  voice  has  occurred  it  cannot  be  re- 
stored to  perfectly  normal  function;  nevertheless  a 
large  proportion  of  voices  can  be  restored  to  usefulness. 
Even  in  those  cases  in  which  extensive  destruction  of 
one  vocal  band  has  resulted  or  marked  infiltration  has 
been  present,  the  patient  may  be  rescued  from  a  voice- 
less future.  The  cases  offering  the  least  hope  in  this 
particular  are  those  in  which  the  arytenoids  and  the 
interarytenoid  space  undergo  extensive  fibroid  hyper- 
trophy associated  with  perichondritis  which  invades 
the  cricoarytenoid  articulation  (Plate  XLII,  Fig.  2). 

Treatment. — When  we  speak  of  the  curability  of 
laryngeal  tuberculosis  we  mean  as  a  result  of  careful, 
conscientious  and  systematic  treatment  of  the  disease, 
for  each  case  requires  careful  study  and  consideration 
and  that  form  of  treatment  adapted  to  the  particular 
case  which  will  give  the  best  results.  Many  sugges- 
tions have  been  made  as  to  the  manner  of  treating  this 
affection  and  they  are  all  here  presented  in  their  proper 
connection. 


Vocal  rest  was  .suggested  as  far  back  as  1838. 
Complete  cessation  of  speech  ha;  been  followed  by 
very  satisfactory  results;  it  requires  determination 
little  short  of  heroic-,  bul  wonderful  results  have  fol- 
lowed faithful  persistence  in  absolute  sill 

Medicinal  treatment  may  be  divided  into  two 
forms — (1)  those  remedies  which  are  supposed  to  act 
by  directly  destroying  the  tubercle  bacilli;  (2)  symptom 
remedies  for  the  relief  of  pain,  cough,  irritation,  etc. 

Ilinman26  has  made  applications  twice  daily  of 
scarlet  red,  using  a  ten-per-cenl .  dye  in  equal  parts  of 
sesame  oil  and  vaseline,  with  surprising  beneficial 
results. 

Pfannenstill26  treats  laryngeal  tuberculosis  with 
iodide  of  sodium  and  ozone.  The  iodide  of  sodium 
isgiven  internally,  1.0  to  2.0  (fifteen  to  thirty  grains) 
daily,  followed  by  the  inhalation  of  ozone.  Where  an 
inhalation  apparatus  is  not  at  hand,  free  spraying  of 
the  parts  with  an  acidulous  peroxide  of  hydrogen 
solution  takes  the  place  of  the  ozone.  Laryngeal 
cases  with  advanced  pulmonary  tuberculosis  are  not 
amenable  to  this  treatment.  He  reports  nine  cures 
in  fourteen  cases  with  benefit  to  the  remainder.  A 
chemical  action  must  occur,  a  freeing  of  iodine.  The 
method  acts  only  locally  and  hence  the  diseased  con- 
dition must  be  within  reach.  Ohnmacht,"  taking 
the  suggestion  of  Pfannenstill,  uses  iodine  locally 
and  has  a  preparation  made  of  a  hydroiodine  borate, 
a  yellowish  powder  which  is  put  up  in  sealed  glass 
tubes  and  must  be  kept  free  from  moisture.  This 
preparation  is  called  ulsanin.  As  soon  as  the  powder 
becomes  moist,  it  becomes  dark  brown  and  liberates 
a  form  of  iodine  and  oxygen.  Applications  are  made 
with  a  cotton  swab  direct  to  the  part,  much  care  being 
required  that  the  powder  should  not  become  moist 
before  it  reaches  the  affected  part.  Fifteen  out  of 
seventeen  ulcerations  were  decidedly  benefited  by 
means  of  this  application. 

Trichloracetic  acid  has  been  successfully  used  by 
Syltschow,  being  applied  directly  to  the  ulcerated 
part  after  thorough  cocainization.  Subcutaneous 
injections  of  oxygen  are  said  to  be  beneficial  by 
Lubiner.28  Baumgarten29  and  Bosse30  extol  the  use 
of  cycloform  or  anesthesin  with  coryfin  in  four  per 
cent,  solution.  Orthoform  and  propaesin  are  of  great 
use  in  the  treatment  of  painful  laryngitis.  Freuden- 
thal31  gives  the  following  formula: 

R.      Propaesin 5 .  0  (gr.  75) 

Formaldehyd n.l(gr.  15) 

Menthol 0.5  (gr.  7J) 

01.  amygdal  dulc 15.0  (gr.  225) 

Gum  acacia q.s. 

Aq.  dist.  ad 50.0  (gr.  750) 

Inhalations  of  the  compound  tincture  of  benzoin, 
eucalyptol,  or  creosote  are  of  undoubted  value  in 
adding  to  the  comfort  of  the  patient.  I  prescribe 
the  following: 

R.    Beechwood  creosote 12.0  (dr.  3) 

Mag.  carbonate 4.0  (dr.  1) 

Water 90.0  (oz.  3) 

Mis;  shake  well;  put  one  teaspoonful  in  a  pint 
of  boiling  water,  and  inhale  night  and 
morning. 

Formalin  solutions  two  per  cent,  at  first  directly 
applied  to  the  larynx  are  of  value;  it  is  important  to 
cocainize  the  larynx  first  as  the  formalin  is  irritating 
to  the  respiratory  tract. 

The  action  of  the  rays  of  the  sun  and  the  Rontgen 
rays  have  been  advised  and  extolled  by  Sari,32  Jans- 
sen,33  Alexandre,34  Wilms,35  and  others,  while  Blumen- 
thal36  expresses  his  doubts,  quoting  Siebenmann  who 
treated  twenty  cases  externally  with  the  Rontgen 
rays  without  any  relief  whatsoever;  Briinings  who 
applied  the  Rontgen  rays  through  a  tube  placed  in 
the  patient's  mouth,  found  no  resulting  benefit. 
Blumenthal's  personal  experience  was  with  two  cases, 
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and  he  states  tli.it  the  direcl  treatment  of  a  tubercu- 
lous larynx  with  the  rays  of  the  sun  or  the  Rnntgen 
rays  is  of  so  negative  a  nal  lire  that  its  value  is 
doubted.  Edmund  Meyer37  has  never  seen  a  cure 
follow  the  use  of  the  Ronfgen  rays  in  laryngeal  tuber- 
culosis. Freudenthal"  advises  fulguration.  It  lend 
a  mild  caustic  effect  destroy  ing  the  ulcer  so  that  it  is 
not  nearly  so  difficult  to  use  as  the  galvanocautery. 
There  is  an  antiseptic  effect  from  the  ozone  produced 
by  the  current  and  there  is  no  danger  of  an  edema. 

For  the  relief  of  pain,  nothing  has  been  suggested 
of  late  years  that  quite  equals  the  use  of  alcohol 
injected  in  the  superior  laryngeal  nerve.  This  was 
first  suggested  by  Hoffman,3"  in  1908,  and  has  been 
most  enthusiastically  commented  upon  by  Combies,40 
Davis,"  Mithoefer,"  Renoux,43  Karbowski,44  Dundas 
Grant,45  Roth,4'  Fetteroff,47  and  Horn48  with  remark- 
able unanimity;  not  a  single  dissent.  This  method,  so 
much  extolled,  has  proven  entirely  satisfactory  in 
my  own  hands.  The  nerve  lends  itself  particularly 
well  to  injection  in  that  it  is  purely  sensory.  It 
supplies  all  of  the  lower  and  greater  part  of  the  upper 
larynx.  It  is  comparatively  near  the  surface  and 
very  accessible,  and  is  fairly  well  removed  from  all 
vulnerable  structures.  Branching  over  from  the 
superior  laryngeal  it  passes  obliquely  downward  and 
inward  to  pierce  the  outer  portion  of  the  thyrohyoid 
membrane.  Having  passed  through  the  membrane 
it  supplies  all  the  interior  of  the  larynx  with  sensory 
fibers  with  the  exception  of  the  epiglottis  in  whose 
supply  the  glossopharyngeal  shares.  Abolition  of 
the  function  of  this  nerve  therefore  removes  all  sensa- 
tion in  the  larynx  except  from  some  of  those  originat- 
ing in  the  epiglottis. 

The  following  is  the  technique:  The  patient  is  placed 
in  the  recumbent  position  with  a  pillow  under  the 
shoulders  and  the  head  extended  and  rotated  away 
from  the  side  of  the  neck  to  be  injected.  With  an 
anilin  pencil  the  lateral  part  of  the  thyrohyoid  inter- 
val is  explored  until  a  tender  spot  is  found  and  marked, 
this  spot  corresponding  to  the  internal  laryngeal  nerve. 
With  the  thumb  and  fingers  of  the  left  hand  the  larynx 
is  steadied  and  the  needle  is  introduced  at  a  right  angle 
to  the  surface  through  the  skin.  After  traversing  the 
skin  the  needle  seems  to  enter  a  cavity  in  which  its 
point  can  move  freely.  It  is  then  gradually  pushed 
in  in  an  attempt  to  elicit  pain  in  the  ear  which  would 
indicate  that  the  point  of  the  needle  has  come  in 
contact  with  the  nerve.  The  solution  is  a  warmed 
eighty  per  cent,  solution  of  alcohol.  At  first  a  drop  or 
two  is  injected  in  order  to  be  sure  that  the  needle 
has  not  pierced  the  laryngeal  mucosa  and  entered  the 
larynx.  If  there  is  no  cough  a  few  more  drops  are 
forced  out  and  the  resulting  burning  sensation  dis- 
appears. This  takes  but  a  minute  or  two  and  then 
the  remainder  of  a  syringeful  is  injected  into  the  neck, 
atotalof  twenty  to  twenty-five  minims  being  used  for 
each  injection.  In  this  connection  Horn48  has  treated 
cases  with  the  alcohol  injections  where  death  was 
inevitable  within  a  few  weeks.  The  sufferings  of  these 
poor  individuals  were  intense  and  the  majority  found 
the  greatest  relief  from  pain. 

Opinions  differ  as  to  the  value  of  the  tuberculin 
treatment  in  this  affection.  Von  Ruck49  is  an  enthu- 
siastic .  endorser.  Matsuy50  reports  good  results  in 
two  cases,  while  Edmund  Meyer51  who  has  given  this 
matter  a  very  careful  study,  declares  it  to  be  of  value 
in  carefully  selected  cases  only.  It  is  contraindicated 
in  general  debility,  increased  temperature,  and  ad- 
vanced tuberculosis  of  the  larynx. 

Thost52  calls  attention  to  the  need  of  this  form  of 
treatment  in  hospitals  and  sanatoria,  as  one  patient 
treated  in  an  ambulatory  manner  died  of  edema  of  the 
glottis  following  the  injection.  Blumenfeld,53  who 
has  also  given  this  matter  much  attention,  says  that 
in  chronic  coughs  with  elevated  temperature  and  those 
witha  diazo reaction,  tuberculin  should  not  be  used,  its 
real  domain  being  in  the  ulcerative  cases;  hence  the 
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best  results  are  noted  in  ulcerations,  and  he  has  seen 
such  torpid  ulcers  heal  that   have   been  unsuccessfully 

treated  with  lactic  acid.  Tuberculin  is  of  no  avail 
where  a  perichondritis  or  greal  infiltration  of  the  ary- 
tenoids and  the  arytenoepiglottic  folds  exists.  He 
begins  usually  with  a  very  small  dose  of  old  t  uberculin 
increasing  gradu 

Robert  Levy10  endorses  the  use  of  tuberculin.  Lock- 
ard'  has  seen  no  such  benefit  follow  its  use. 

The  Marniorek  serum  has  not  been  of  any  benefit 
in  the  hands  of  Jeie-lau . '■'  while  Barenek's  tuber- 
culin failed  entirely  in  the  hands  of  Siebenmann.w 
Hotter''  believes  that  tuberculin  is  of  great  value  in 
operative  cases,  as  healing  is  said  to  be  much  more  apt 
to  follow  the  treatment.  This  treatment  is  indicated 
if  there  is  a  status  quo,  slight  local  disturbance,  fever 
and  general  condition  poor,  and  when  surgical  treat- 
ment has  been  instituted.  One  should  carefully 
wi  i-li  the  indications  before  using  tuberculin. 

In  one  case  Da  Gradi"  claims  that  improvement 
followed  the  treatment  of  pulmonary  tuberculosis 
by  artificial  pneumothorax. 

Surgical  Trealmi  nt. — This  may  be  a  removal  of  the 
diseased  part  by  means  of  the  double  curette  or  forceps, 
galvanocautery,  tracheotomy,  or  external  operations. 

Lockard7  removes  the  epiglottis  entirely,  and  states 
that  pain  ceased  in  eighty  per  cent,  of  the  cases  that 
were  operated  upon. 

Moeller58  removed  the  epiglottis  in  twenty-five 
cases;  as  all  these  had  advanced  tuberculosis  the  re- 
sults were  not  good;  but  one  recovered,  the  remainder 
dying  a  few  weeks  or  months  after  operation.  Moel- 
ler, nevertheless,  is  an  earnest  advocate  of  this  method, 
and  gives  the  following  indications  for  amputation: 

1.  Where  the  tuberculous  disease  is  entirely  in  the 
epiglottis,  and  where  the  physical  strength  of  the 
patient  will  at  all  permit. 

2.  Marked  dysphagia  without  reference  to  the 
remainder  of  the  larynx  or  the  lungs. 

3.  In  tuberculous  affections  of  the  epiglottis  even 
if  no  dysphagia  is  present  so  long  as  the  lungs  are  free 
from  disease  or  are  only  slightly  affected. . 

Ruedi59  suggests  the  advisability  of  the  cautery 
followed  by  the  double  curette.  Kahler60  employs 
cutting  forceps  and  secures  excellent  results  with  the 
patient  in  the  suspension  laryngoscope.  The  galvano- 
cautery was  first  suggested  by  Mermod.  The  danger 
of  edema  following  was  pointed  out  by  some  authors. 
Deep  cauterizations  are  not  followed  by  edema  and 
are  extolled  bv  Bar,61  Hajek,62  Killian,63  R.  Lew. "and 
Pettit.64 

Gluck  and  Sorenson,65  as  also  Franceschi,66  advocate 
total  extirpation  of  the  larynx.  Sanpiquet67  claims 
to  have  achieved  wonderful  results  in  one  ease  by 
removing  piece  by  piece  the  mucous  membrane  and 
perichondrium  of  the  arytenoid  first  of  one  side  and 
then  the  other. 

Tracheotomy  may  be  required  for  dyspnea  and 
much  benefit  has  followed  this  operation  at  times  be- 
cause of  the  enforced  rest  to  the  voice. 

These  then  are  the  various  methods  now  in  vogue 
for  the  successful  treatment  of  laryngeal  tuberculosis. 

To  recapitulate:  In  the  very  early  stages  the  best 
treatment  consists  of  inhalations  with  local  sprays  of 
mild  astringents  like  the  tincture  of  chloride  of  iron 
and  mild  solution  of  iodine;  rest  of  the  voice  as 
complete  as  possible,  and  finally  close  attention  to  the 
general  health. 

In  this  connection  I  would  say  that  nothing  that  is 
advised  for  the  successful  treatment  of  laryngeal 
tuberculosis  should  interfere  in  any  way  with  the  care 
of  the  general  health;  on  the  contrary  the  treatments 
should  go  hand  in  hand  with  each  other. 

If  pain  exists  local  applications  of  an  emulsion  of 
orthoform  or  propaesin  made  daily,  or  this  failing, 
a  twenty-five  per  cent,  solution  of  anesthesin  in 
coryfin.  These  applications  may  be  made  by  the 
patient  and  a  simple  and  inexpensive  method  is  the 
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small  device  of  Yankauer.  It  consists  of  an  elongated 
dropper  and  the  distance  t  hat  t  he  glass  I  ube  may  enter 
the  mouth  is  marked  off  with  a  piece  of  adhesive 
plaster  which  just  touches  the  line  of  the  incisor  teel  h, 
simple  pressure  on  the  bulb  will  send  the  application 
directly  into  the  larynx.  Orthoform  tabids  may  be 
dissolved  in  the  mouth  shortly  before  eating.  In 
the  event  of  failure  of  these  to  relieve  the  dysphagia 
then  the  alcohol  injections  are  next  in  line. 

For  the  cure  of  the  ulcerative  process  the  iodine 
treatment  of  Pfannenstill;  .or  scarlet  red  ;  the  galvano- 
cautery  or  the  curette,  resort  being  had  to  extreme 
surgical  measures  last  of  all. 

As  so  much  may  be  done  for  these  patients  every 
properly  equipped  sanatorium  should  have  a  compe- 
tent laryngologist  in  attendance  as  should  also  every 
tuberculosis  clinic,  for  the  early  detection  of  the 
presence  of  this  so  justly  dreaded  invader. 

Emil  Mayer. 
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Las  Vegas  Hot  Springs. — San  Miguel  County, 
New  Mexico. 

Post-office. — Las  Vegas  Hot  Springs. 

Access. — Vii  Atchison,  Topeka  and  Sante  Fe 
Railroad  to  Las  Vegas,  thence  by  branch  line  six  miles 
to  springs.  Through  Pullman  sleeping-cars  pass 
Las  Vegas  twice  a  day  in  both  directions.  These 
springs  are  situated  upon  the  southeastern  slope  of 
the  Santa  Fe  range  of  the  Rocky  Mountains  at  an 
altitude  of  6,767  feet  above  the  sea-level.  They  are 
about  forty  in  number,  and  vary  in  temperature 
from  ice-cold  to  very  hot,  the  thermal  springs  rang- 
ing from  110°  F.  to'l-10°F.  The  following  analysis 
of  the  waters  of  the  largest  of  the  latter,  flowing, 
1,250  gallons  per  hour,  was  made  by  Dr.  Walter  L. 
Haines,  professor  of  chemistry  at'  Rush  Medical 
College,  Chicago: 

Spring  No.  6  (Las  Vegas  Hot  Springs). 
One  LTnited  States  Gallon  Contains: 
Solids.  Grains. 


0.89 

15 

8.38 

.28 
3.35 

14.68 

3.50 

10 

32 

Total 31.65 

In  its  chemical  composition  this  water  resembles  in 
many  respects  that  of  the  famous  hot  springs  of  Toep- 
litz,  in  Austria.  The  baths  are  said  to  have  accom- 
plished excellent  results  in  rheumatism,  gout,  and 
diseases  of  the  skin  and  lymphatic  system.  Mud 
baths  are  a  special  feature.  This  vicinity  partakes  in 
a  large  degree  of  the  magnificent  climatic  conditions 
prevailing  in  New  Mexico.  The  average  humidity  of 
New  Mexico,  as  shown  by  the  recent  reports  of  the 
United  States  Signal  Service,  varies  from  29  to  43 
per  cent,  according  to  locality — as  compared  with  72 
per  cent.  forNew  York  City,  73  per  cent,  for  New  Eng- 
land, 74  per  cent,  for  the  Middle  Atlantic,  and  79 
per  cent,  for  the  Southern  Atlantic  States.  The 
climate  here  is  peculiarly  adapted  to  persons  afflicted 
with  hay  fever,  bronchial  asthma,  and  most  forms 
of  throat  and  lung  diseases.  The  rarity  of  the  air, 
caused  by  the  high  elevation,  renders  this  region  un- 
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favorable  for  cardiac  affections.  Among  the  many 
attractions  surrounding  the  Las  Vegas  Hot  Springs 
may  be  mentioned  the  magnificent  mountain  scenery, 
the  beautiful  drives,  and  the  unrivalled  opportunities 
for  fishing  and  hunting.  The  hotel  and  bath  houses 
were  closed  about  nine  years  ago,  but  efforts  are  being 
made  to  open  the  place  again. 

Emma  E.  Walker. 

Latah. — Synonyms:  Jumping,  Bah-tschi,  Meriat- 
chenye,    Myriakit,  Sakiltatar,  Mimicismus,  Echomo- 

Latah  is  a  mental  condition  in  which  uncontrollable 
action  follows  suggestion  and  seems  to  develop  m 
people  who  through  ignorance  and  environment  of 
others  with  the  disease  give  way  to  and  encourage  it. 
The  list  of  contributors  to  the  literature  given  by 
Castellani  and  Chalmers  in  1913  is  O'Brien  in  1883, 
Gilmour  in  1892,  Van  Brero  in  1895,  Ellis  in  1897, 
Gerrard  in  1904,  Manson  in  1907,  Fletcher  in  190s, 
Plan  in  1911,  and  Abraham  in  1912. 

The  disease  is  found  in  the  Malay  Peninsula,  Java, 
Sumatra,  Siam,  Burma,  Phillipine  Islands,  Siberia, 
North  America,  and  Abyssinia. 

The  cause  of  the  disease  is  mental  weakness  ac- 
companied by  example  set  by  others.  Children  may 
have  the  disease  but  it  is  only  after  many  years  ol 
cultivation  or  rather  giving  way  to  it  that  the  condi- 
tion is  marked.  Malay  blood  and  therefore  inferior 
higher  centers  seems  to  favor  the  prevalence  of  the 
disease  among  people.  . 

A  somewhat  similar  disease  is  seen  m  the  southern 
negroes  (U.  S.)  and  the  least  intelligent  whites  some- 
times intimately  associated  with  them.  Such  persons 
are  called  "goosy."  In  Europe  there  are  sometimes 
found  what  are  called  "Barkers,"  "Jumpers,"  and 
"the  Jerks."  Feeble  higher  centers  and  suggestion 
by  association  with  others  who  have  the  condition 
weakness,  or  disease,  are  the  important  etiological 
factors.  It  is  a  question  whether  the  state  of  excite- 
ment through  which  certain  people  of  higher  mental 
development  as  well  as  the  lower  class  pass  during 
religious  revivals  may  not  in  fact  be  a  species  of  this 
condition,  known  as  Latah  in  the  feebler  minded 
Malay.  They  have  been  known  to  "shout'  and  carry 
on  in  a  most  ridiculous  way  during  such  excitement. 
The  present  writer  remembers  when  a  boy  to  have 
gone  to  churches  in  the  country  in  Mississippi  where 
"shouting"  had  occurred  with  the  sole  purpose  of 
getting  to  see  the  performance,  but  he  was  never 

Sl.lCC6Ssfnl. 

The  symptoms  of  Latah  are  so  different  in  different 
parts  of  the  world  that  it  would  be  impossible  to  de 
scribe  them  all  here.  With  the  Malay  there  are  two 
varieties  of  the  complaint.  In  one,  sudden  shock, 
such  for  instance  as  a  sharp  noise  or  a  sharp  blow  is 
followed  by  violent  action  of  one  kind  or  another  and 
the  vilest  language  of  which  the  individual  may  be 
ashamed  afterward.  In  the  other,  at  the  time  of  the 
shock  or  excitement  the  individual  sees  the  action 
or  movement  of  another  person  and  falls  in  to  imitat- 
ing the  movement.  The  latah  is  unable  to  control 
himself  for  some  time  and  often  keeps  up  the  movement 
until  completely  exhausted.  It  is  explained  that  the 
sudden  action  inhibits  the  higher  centers  and  produces 
reflex  imitation  of  the  action  which  excited  it.  The 
memory  seems  to  be  lost  for  the  time  but  insanity 
is  not  any  more  likely  to  occur  in  one  subject  to  latah 
than  in  one  not  so  affected. 

Change  of  environment  and  education  improve  and 
cure  many  subjects.  Sometimes  they  cure  them- 
selves by  resisting  the  temptation  to  give  way. 

C.  C.  Bass. 

Lateral  Curvature  of  the  Spine. — Synonym: 
Scoliosis.  The  various  definitions  of  lateral  curvature 
fail  of  their  object  in  so  far  as  they  limit  themselves 


to  a  description  oi  its  superficial  features  ami  do  not 
emphasize  lliose  which  are  fundamental  to  the  condi- 
tion. All  distortions  of  the  trunk  cannot  be  classified 
as  scoliosis,  but  only  that  type  of  deformity  which 
has  for  its  distinctive  feature  a  permanent  asymmet- 
rical distortion  of  the  spine,  in  rotation  and  in  lateral 
deviation,  resulting  in  an  asymmetry  of  the  two  lateral 
halves  of  the  trunk.  Lateral  curvature  may  therefore 
be  defined  as  a  permanent  asymmetrical  distortion  of 
the  trunk  in  which  the  spine  plays  the  fundamental 
part. 

In  its  initial  stages  the  deformity  differs  from  the 
various  normal  positions  of  the  figure  only  in  the  origin 
of  these  positions  and  in  the  permanency  of  any  given 
one  of  them.  In  the  more  advanced  stages  the  dis- 
tortions become  more  pronounced  in  character,  and 
their  permanency  or  resistance  to  correction  is  caused 
by  the  alterations  in  structure  consequent  upon  the 
adaptive  changes  which  occur  during  growth. 


Fig.  3700. — Experiment  Showing  Lateral  Bending. 

The  movements  of  the  spine  which  are  in  a  pure 
anteroposterior  plane  do  not  produce  asymmetry  of 
the  figure  since  the  two  halves  move  symmetrically. 
The  movements  of  the  spine  which  result  in  asym- 
metry proceed  from  lateral  bending  and  torsion,  effect- 
ing those  changes  in  figure  which  would  come  from  a 
displacement  of  the  symmetrical  position  of  any  part 
of  the  two  halves.  The  changes  which  occur  in  lateral 
curvature  may  be  classed  as,  first,  the  spinal  or  those 
affecting  the  spinal  column,  which  may  be  designated 
as  primary,  and,  second,  the  figure  contour  changes  or 
those  which  result  from  the  displacement  of  the  spine, 
and  which,  therefore,  may  be  regarded  as  secondary. 

We  have  already  said  that  these  changes,  both  spinal 
and  contour,  which  occur  in  lateral  curvature,  are,  in 
the  initial  stages,  normal  in  range  and  direction  but 
abnormal  as  to  origin  and  permanency.  We  will  now 
describe  what  these  changes  are;  and  first,  as  to  range 
and  direction. 

The  two  primary  changes  which  occur,  namely, 
lateral  deviation  and  rotation,  are  distinct  and  can  be 
studied  separately,  although  clinically  they » are 
always  found  associated.  Since,  however,  they)  are 
not  always  associated  in  the  same  relative  degree 
(whence  result  the  various  types  of  curves),  it  is  better 
for  clearness  of  description  to  consider  them  inde- 
pendently. 
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Lateral  Deviation. — The  lateral  deviation  is  the  bend- 
ing to  one  side  of  the  spine,  either  throughout  its 
entire  length  or  in  a  limited  section.  If  lateral  devia- 
tion could  be  regarded  as  a  pure  movement,  all  parts 
of  the  vertebra  would  be  carried  equally  to  the  side, 
so  that  a  line  drawn  through  the  center  of  any  of  the 
vertebrae  would  be  in  the  direct  anteroposterior  plane 
of  the  body.  This  lateral  deviation  may  affect  any 
portion  of  the  spine  and  to  any  degree,  or  it  may  affect 
two  different  portions  of  the  spine  each  in  a  different 
degree  and  in  a  different  direction.  It  resembles 
lateral  bending  in  that  it  is  a  movement  in  the  lateral 
plane;  but  differs  in  that  it  is  a  bending  of  a  portion  of 
the  spine  on  itself  without  necessary  displacement  of 
either  extremity,  whereas  lateral  bending  is  a  bending 
of  the  spine  to  one  side  on  the  pelvis,  away  from  the 
median  plane  of  the  body. 

Rotation. — Rotation  is  a  turning  on  the  vertical  axis 
of  all  the  vertebra?  participating  in  the  curve;  the 
amount  of  displacement  for  each  vertebra  being  differ- 
ent and  being  greatest  at  the  middle  of  the  curve.  The 
axis  of  rotation  is  in  about  the  posterior  third  of  the 
vertebra,  the  movement  of  the  anterior  part  of  the 
vertebra  being  in  the  opposite  direction  from  that  of 
the  posterior.  The  length  of  the  anterior  portion  in 
front  of  the  axis  of  rotation  being  greater  than  the 
posterior,  the  amount  of  deviation  from  the  normal  of 
the  bodies  is  necessarily  greater  than  that  of  the  spin- 
ous processes.  The  rotation  of  the  spine  necessarily 
involves  those  parts  of  the  skeleton  which  are  attached 
to  it,  as  the  ribs,  and  the  result  may  be  seen  in  the 
shape  of  the  thorax.  If  rotation  occurred  as  a  distinct 
movement,  the  axis  of  its  rotation  would  then  remain 
in  the  center  of  the  trunk,  the  bodies  would  describe  a 
curve  upon  one  side  and  the  spinous  processes  a  curve 
of  a  smaller  arc  on  the  other.     This  rotation,  like  the 


Fig.  3701.— E 


lateral  deviation,  may  affect  the  whole  of  the  spinal 
column,  or  only  a  portion,  or  two  sections  in  different 
directions. 

Although  these  two  distortions,  rotation  and  lateral 
deviation,  may  be  studied  independently,  it  must  be 
remembered  that  clinically  they  are  always  associated. 
Moreover,  they  are  always  associated  in  the  same 
relation,  in  that  the  rotation  of  the  bodies  is  always 
toward  the  same  side  as  the  lateral  deviation  of  the 
column. 

It  is  necessary  to  remember,  in  relation  to  rotation 
and  deviation,  that  the  direction  of  rotation  of  the 


bodies  is  in  the  same  direction  as  the  lateral  deviation 
of  the  column,  and  that  tin-  direct  ion  of  rotation  of  the 
spinous  processes  is  in  the  opposite  direction,  therefore 
the  amount  of  distortion  of  the  spinous  processes  is 
the  least  of  any  portion  of  the  spine,  while  that  of  the 
body  is  the  greatest.  It  can  be  expressed  as  follows: 
The  amount  of  deviation  of  the  bodies  is  equal  to  the 
lateral  deviation  of  the  axis  of  the  column  plus  the 
rotation,  and  the  amount  of  deviation  of  the  spinous 
processes  is  equal  to  the  lateral  deviation  of  the  axis  of 
the  column  minus  the  rotation. 


Fig.  3702.- 


-Posterior  View  of  Scoliotic  Spine. 
(Warren  Museum.) 


Although  these  two  movements  are  always  asso- 
ciated clinically  they  are  not  associated  in  any  definite 
degree  or  proportion,  and  since  they  may  affect  any 
part  of  the  spine  to  any  degree  and  may  be  associated 
in  different  degrees,  there  is  allowed  the  widest  range 
of  variation  in  the  resulting  types  of  curves. 

The  Secondary  or  Contour  Changes. — -The  secondary 
conditions  cannot,  like  the  primary,  be  studied  as 
distinct  and  definite  distortions,  since  they  consist  of 
the  displacement  of  the  parts  of  the  trunk  and  their 
very  great  variety  does  not  admit  of  a  definite 
enumeration.  It  is  better,  therefore,  to  study  these 
with  reference  to  the  direction  of  displacement  of  the 
different  parts  which  may  be  affected.  The  trunk 
may  be  studied  in  its  lateral  plane  by  the  position  of 
the  head,  including  the  shape  of  the  neck,  byithe  posi- 
tion of  the  shoulders  and  scapulae,  and  by  the  line  of 
the  thorax,  etc.;  and  in  the  horizontal  plane  by  the 
relative  prominence  of  the  back  at  any  level,  as  may 
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be  manifested  in  the  dorsal  region  by  the  shape  and 
position  (if  the  ribs,  and  in  the  lumbar  by  the  belly  of 
the  erector  spime  muscle.      In  this  way  we  may  map 

out  the  schematic  method  of  examining  the  trunk  as 
follows:  The  method  represents  a  definite  route  for 
examination,  taking  in  turn  each  part  which  may  be 
displaced,  as  well  as  the  direction  of  its  possible 
distort  ion 

A.  Head  and  neck  (as  shown  by): 
(a)  Line  of  trapezius. 

.1  b  I   Position  of  head. 
lei  Sternomastoid  muscle. 

B.  Shoulders. 

(a)  Level  (vertical  plane). 
(Ii)    Forward   inclination   [horizontal  plane;. 
('.    Scapula-. 

(a  i  Level  (vertical  plane). 

b     Distance  from  the  spine  (lateral  plane). 
(e)   Distance    from    the    middle    of    body     (lateral 

plane). 
(il)   Prominence  (anteroposterior  plane). 

(1)  Position  relative  to  spine  (angle  of  inclination.) 

(2)  Position  relative  to  underlying  ribs. 


Fig.  3703. — Anterior  View  of  Scoliotic  Spine.   (Warren  Museum.) 

D.  Line  of  thorax. 

(a)  Shape  of  side  of  thorax  and  waist. 

(6)  Arm-waist  angle. 

(c)  Relation  of  lower  ribs  to  crest  of  ilium. 

Prominence  of  two  sides. 
(a)   Dorsal  region  (ribs). 

(6)  Lumbar  region   (transverse  processes  of  verte- 
bra? and  erector  spina?  muscle.) 
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The  above  description  is  equally  applicable  to 
changes  occurring  in  the  normal  or  in  the  abnormal 
condition,  since  in  the  normal  the  same  asymmetrical 

changes,  such  as  lateral  deviation   and   rotation,   tn 
be  produced  by  the  usual  and  ordinal  \    movemi 
of  the  spine. 

These  distortions  become  abnormal,  and  are  classed 
under  true  lateral  curvature  only  when  occasioned  by 
some  structural  change,  even  if  very  slight,  of  the 
spinal  framework,  and  which  come  either  from  some 
congenital  defect  as  the  starting  point  of  increasing 
deformity,  or  from  the  malpositions  habitually 
assumed.      These   changes   in   structure   are    found    in 

bone,  ligaments,  and  muscles,  and  in  the  main  are  the 

result  of  the  altered  relations  of  the  parts  consequent 
upon  the  distortions  of  lateral  deviation  and  rotation. 
Since  these  changes  occur  during  the  formative  period 
of  growth  and  conform  to  those  malpositions  of  the 
spine  which  are  constantly  assumed,  they  illustrate 
the  law  that,  during  growth,  structures  adapt  them- 
selves in  shape  to  positions  in  which  they  are  held. 

These  struct  ural  changes  may  be  considered  as  they 
are  seen  in  the  bones,  the  ligaments,  and  the  muscles. 

Changes  in  bone  are  seen  in  the  thickness  of  the 
bodies  of  the  vertebra?,  these  being  wedge  shaped  in- 
stead of  having  an  even  thickness;  there  is  also  a 
twist  in  the  anteroposterior  axis,  so  that  a  straight 
line  drawn  through  the  vertebra  does  not  intersect  it 
into  two  equal  halves.  Accompanying  these  changes 
in  the  vertebrae  are  alterations  in  the  shape  of  the 
ribs,  consisting  of  an  increase  of  the  angle  behind  on 
the  side  of  rotation,  and  a  flattening  of  the  correspond- 
ing portion  on  the  opposite  side,  with  an  increase  in 
prominence  in  front,  so  that  the  long  diameter  of  the 
chest  is  oblique  instead  of  lateral. 

Accompanying  these  changes  in  the  shape  of  the 
bony  parts  of  the  trunk  are  the  adaptive  changes  in  the 
length  of  ligaments,  which  become  shorter  on  the 
concave,  and  longer  on  the  convex  sides,  thus  serving 
to  hold  the  spine  in  this  position.  It  is  also  to  be 
remembered  that  after  long  continuance  in  malposi- 
tions there  are  adaptive  changes  in  the  length  of  the 
muscles. 

Etiology. — Many  theories  have  been  advanced 
from  time  to  time  in  reference  to  the  etiology  of  this 
condition,  no  one  of  which  is  sufficient,  and  yet  each 
is  of  value  in  that  it  suggests  some  of  the  conditions 
which  are  active  either  in  the  initiation  or  in  the 
increase  of  the  curve  already  developed,  and  a  mention 
of  some  of  these  is  of  importance  to  show  the  stages 
through  which  this  part  of  the  subject  has  passed. 
As  for  instance,  that  advanced  by  Hueter  and  Engell, 
of  unequal  growth  of  bone;  by  Guerin,  of  the  spas- 
modic action  of  muscles;  by  Eulenberg,  of  unequal 
action  of  muscle;  by  Rosa  and  Volkmann,  of  the 
influence  of  superincumbent  weight. 

The  etiology  of  lateral  curvature  is  necessarily  a 
complex  one,  and  the  condition  must  be  regarded  as  a 
vice  of  development,  and  the  study  of  its  etiology  is  a 
study  of  the  influential  factors  which  result  in  the 
development  of  the  asymmetrical  instead  of  the  sym- 
metrical form.  It  is  a  well-recognized  fact  that  bone 
during  the  period  of  growth,  or  in  certain  pathological 
states,  may  be  moulded  into  various  unusual  shapes  by 
pressure;  and  therefore  if  we  have,  as  in  lateral  curva- 
ture, a  condition  of  plastic  bone  coupled  with  a  position 
of  distortion  of  the  spine  and  appendages,  either  con- 
stantly or  so  frequently  assumed  as  to  exert  an  unequal 
pressure  upon  the  vertebra?,  we  have  conditions  which 
may  result  in  asymmetrical  growth  and  the  formation 
of  a  permanent  deformity. 

Recognizing  the  fact  that  one  of  the  essential  fac- 
tors in  the  development  of  lateral  curvature  is  the 
presence  of  plastic  structures,  the  further  considera- 
tion of  the  etiology  of  this  deformity  is  the  study  of 
the  conditions  which  result  in  the  assumption  and 
maintenance  of  any  one  malposition  by  the  individual. 
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The  factors  which  bring  about  malpositions  may  be 
divided  into  (1)  those  in  which  there  is  a  physical 
defect  as  an  apparent  cause,  and  (2)  those  in  which 
there  is  no  sufficient  physical  defect,  the  deformitj 
resulting  rather  from  many  conditions  of  environment 
which  tend  to  promote  bad  attitudes.  When  the 
habit  of  malposture  is  once  established,  the  factors  of 
muscular  weakness  and  superincumbent  weigh!  have  a 
tendency  toward  exaggerating  the  condition. 


Fig.  3704. — Lateral  Curvature  after  Empyema. 

• 

These  etiological  conditions  may  be  tabulated  as 
follows:   1.  Physical   defects,   such   as    (a)   paralysis, 

(b)  loss  of  limb,  (c)  empyema,  (d)  torticollis,  (e)  static 
defects,  (/)  defective  vision,  (g)  structural  develop- 
mental defects  of  the  vertebral  column,  etc.  2. 
Habits  of  posture  as  influenced  by  (a)  occupation  or 
reaction,  (6)  general  environment  (school  desks,  etc.), 

(c)  effect  of  clothing,  etc.  3.  Muscular  weakness, 
and  4.  Superincumbent  weight,  when  combined  with 
the  above-enumerated  conditions. 

Among  the  physical  defects  may  be  mentioned  those 
of  loss  of  arm,  causing  unequal  distribution  of  weight; 
thoracic  disease,  as  empyema,  with  incomplete  lung 
expansion,  resulting  in  the  unequal  development  of 
the  two  sides  of  the  thorax;  static  condition,  as  short 
leg,  giving  unequal  pelvis;  paralysis,  giving  unequal 
muscular  support,  etc. 

Among  the  influential  causes  classed  under  the 
grouping  of  physical  defects  is  the  most  important  one, 
that  of  the  congenital  spinal  anomaly,  which  exerts  a 
powerful  influence  on  the  symmetrical  growth  of  the 
vertebrae  during  the  periods  of  most  rapid  growth. 
These  peculiarities  or  defects  of  development  which  con- 
sist of  numerical  variations  of  the  spinal  segments  were 
first  described  by  Rosenberg.  The  importance  of 
these  defects  as  an  etiological  factor  in  the  develop- 
ment of  lateral  curvature  was  shown  by  Bohm 
(Boston  Med.  and  Surg.  Journal,  Nov.  22,  1906).  He 
demonstrated  that  these  numerical  variations  were 
associated  with  or  manifested  by  asymmetrical  de- 


lects,  either   in    the   rib  attachment:,    in    the  shape  or 

position  "i  the  articular  facets,  in  the  partial  develop- 
ment of  a  whole  \  ertebra,  or  in  I  he  I  ransi  erse  processes 

Oi   the  l.i -t   lumbar  vertebra  with  the  ilium. 

The  importance  of  this  fad  cannot  be  overesti- 
mated, for  during  the  developmental  periods  Of  growth 
the  asymmetrical  growth  of  the  vertebras  will  neces- 
sarily lead  lo  a  distortion  of  the  whole  spinal  column. 
In  corroboration  of  this  theory  Bohm  found  in  a 
series  of  scoliotics  examined  a   very  large  majority 

showing  some  form  of  this  numerical  variation. 

More    recently    Adams    (Boston    Med.    and   Surg. 

Journal,    May    21,    1914)    lias    found    variation    in    the 

art  l <  1 1 1 .- 1  r  ions  of  the  fifth  lumbar  vertebra  and  sacrum. 
These  abnormalities  are  variations  in  the  size  and 
shape  of  the  articular  facets,  or  in  the  direction  in 
which  the  facets  (joint.  The  primary  fault  is  appar- 
ently in  some  eases  due  to  the  failure  in  the  fusion  of 
the  pedicle  of  the  vertebra.  These  defects  allow  a 
slipping  forward  of  one  side  of  the  fifth  lumbar  verte- 
bra, which  is  equal  to  a  rot  at  ion  on  t  he  first  sacral  seg- 
ment. Adams  has  very  clearly  shown  that  as  the 
inclination  of  the  supporting  surface  of  the  upper  sac- 
ral vertebra  is  placed  at  a  forward  angle  of  forty- 
five  degress  and  plus,  and  as  the  anterior  portion  of 
the  bodv  of  the  fifth  lumbar  vertebra  is  much  thicker 


Fig.    3705. — Showing     the  Conditions     in    a    Structural  Case  of 
Lateral  Curvature  of  the  Spine. 

than  the  posterior,  that  any  rotation  of  the  fifth  lumbar 
on  the  sacrum  leads  to  a  very  decided  inclination  of 
the  vertebral  column  above.  He  has  also  found,  in 
corroboration  of  this  theory,  a  very  large  percentage  of 
these  anatomical  defects  in  the  scoliotics  examined. 

Among  habits  of  posture  are  such  as  standing  on  one 
foot,  standing  or  sitting  in  one  position,  exercise  in  a 
constantly  bad  position,  continued  use  of  one  arm, 
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etc.  As  an  illustration  of  faulty  environment  may  be 
mentioned  the  improper  arrangement  of  clothing, 
making  undue  pressure  upon  one  or  the  other  shoulder, 
position  of  the  child's  desk  with  reference  to  the 
teacher,  improperly  constructed  school  seats,  etc. 

In  the  conditions  of  health  and  muscular  tonicity 
one  finds  the  habit  of  malposition  much  less  frequent 


Fig.  3706. 


-Showing  the  Condition  in  a  Postural  Case  of  Lateral 
Curvature  of  the  Spine. 


than  in  the  condition  of  muscular  tire  and  muscular 
weakness.  It  is  not  to  be  expected  that  a  young  and 
growing  child  shall  always  preserve  a  correct  posture, 
but,  on  the  other  band,  a  child  does  not  habitually 
assume  any  one  particular  bad  posture  without  some 
cause,  and  so  for  this  reason  the  factor  of  muscular 
weakness  becomes  etiologically  important  when  com- 
bined with  those  conditions  which  induce  malpostures. 

In  the  same  way  the  factor  of  superincumbent 
weight  acting  upon  a  spine  already  in  a  position  of 
deviation  and  rotation,  furnishes  a  powerful  additional 
force  to  the  increase  of  the  distortion  already- 
established. 

The  etiology  can,  therefore,  be  graphically  repre- 
sented in  the  "following  diagram: 


Faulty  attitudes. 


Soft  bone. 


Lateral  curva- 
ture. 


Physical  defect. 
Habits  of  position. 
Growing  periods. 
(Plastic  stage.) 
Abnormal  bone. 
(Rickets.) 

Classification. — The  various  curves  are  frequently 
grouped  according  to  the  location,  the  extent  of  the 
curve,  and  whether  the  spine  presents  one  or  more 
areas  of  distortion.  Lovett  (Lateral  Curvature  of  the 
Spine    and    Round    Shoulders)    has    grouped    them 
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according  to  this  plan,  as  follows:  A  total  scoliosis  or 

one  in  which  the  spine  forms  a  gradual  curve  to  one 
side  without  marked  rotation  or  compensatory  curves. 
Many  of  these  cases  appear  to  be  postural  but  are 
found  to  show  changes  of  structure  upon  careful 
examination.  Structural  scoliosis  (organic  or  habit- 
ual scoliosis;  which  term  is  applied  to  changes  in  which 
a  structural  change  in  the  vertebra}  has  taken  place; 
rotation  is  always  present.  The  structural  curves  are 
either  simple  or  compound — simple  when  there  is  no 
compensatory;  compound  when  there  is  more  than 
one  curve  present.  A  convenient  classification  of 
these  eases  is  based  upon  the  stage  of  their  develop- 
ment, since  the  process  is  a  continuous  one  and  the 
ease  represents  like  conditions  in  all  the  phases  of  its 
course,  showing  a  difference  only  in  the  degree  of 
severity.  The  record  of  the  case  gives  the  location 
and  character  of  the  distortion,  and  it  is  not  necessary, 
therefore,  to  resort  to  an  arbitrary  classification  in 
order  to  define  the  location  of  the  deformity.  Al- 
though this  division  into  stages  must  be  more  or  less 
arbitrary,  since  the  condition  is  progressive,  yet  it 
enables  one  to  record  in  general  how  much  of  a  change 
has  taken  place,  and  is  of  value  as  an  indication  for 
treatment  as  well  as  in  the  prognosis. 

We  may  therefore  divide  lateral  curvature  into 
three  stages:  1.  The  postural,  in  which  the  curves  are 
flexible  and  there  is  no  evidence  of  osseous  change; 
2.  The  structural,   in  which  the  curves  are  flexible 


FiQ.     3707. — Showing  the    Condition    in  a  Severe  Fixed  Case  of 
Paralytic  Origin. 


but  in  which  there  is  an  evident  osseous  change; 
(3)  The  fixed  curves  of  marked  severity,  in  which 
there  is  little  or  no  flexibiltiy. 

The  conditions  found  in  the  different  groups  are:  1. 
Postural;  showing  (a)  slight  changes  in  contour,  (6) 
slight  degrees  of  lateral  deviation  and  rotation,  (c) 
easy  correction  or  overcorrection,  (d)  asymmetry  in 
flexibility.     (2)  Structural;  (a)  pronounced  changes  in 
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contour  outline,  (6)  permanent  lateral  deviation  and 
rotation  of  the  spine,  (c)  correction  and  overcorrection 
not  possible,  (d)  evidence  of  bone  changes.  3.  Fixed; 
(a)  marked  contour  changes,  (6)  extreme  degrees  of 
lateral  deviation  and  rotation,  (c)  correction  not 
possible,  (d)  evidences  of  extreme  bone  changes,  (e) 
inflexibility. 

Age  of  Appearance. — Congenital  cases  have  been 
reported.  They  are  not  common,  usually  present 
some  anomalous  defect,  when  studied  by  the  x-ray, 
and  are  associated  with  antenatal  rickets.  A  certain 
number  of  instances  are  brought  to  the  physician's 
notice  in  infants  of  the  age  of  a  few  months.  In  the 
majority  of  these  cases  it  is  found  that  the  deformity 
is  caused  by  holding  or  carrying  the  child  in  one  posi- 
tion, so  that  it  is  practically  moulded  into  this  shape. 
As  an  instance  of  this  may  be  mentioned  the  case  of 
an  infant  of  six  months,  with  a  distinct  lateral  curve, 
which  was  apparently  caused  by  keeping  the  child 
during  the  greater  part  of  the  day  propped  in  the  corner 
of  a  sofa,  the  curve  of  the  spine  fitting  the  position  it 
assumed  while  in  this  place. 

In  the  majority  of  instances  the  cases  are  brought  to 
notice  during  the  period  of  rapid  growth.  Different 
statistics  which  have  been  collected  with  reference  to 
the  time  of  appearance  apparently  group  themselves 
into  two  periods,  that  of  the  first  growth,  about  the 
age  of  eight  or  nine,  and  that  of  the  second,  between 
the  ages  of  eleven  and  fifteen,  depending  somewhat 
upon  the  sex.  Undoubtedly  many  of  the  cases  really 
date  from  a  time  previous  to  their  discovery,  but  since 
an  increase  is  more  likely  to  occur  at  a  time  when  the 
structures  are  in  the  most  plastic  condition,  and  at  a 
time  when  the  strength  of  the  child  is  taxed  by  the 
process  of  growth,  it  is  natural  that  the  affection 
should  be  first  recognized  at  such  time.  One  may  look 
for  the  rapid  development  of  the  curves  during  these 
times  of  growth,  and  for  a  decrease  in  the  rapidity 
of  their  progress  after  the  period  of  growth  is  over  and 
the  bones  have  become  hard. 

Influence  of  Sex. — By  far  the  largest  number  of 
cases  are  found  in  girls,  and  this  is  undoubtedly  due  to 
their  more  restricted  environment,  to  their  less  general 
participation  in  athletic  exercises,  and  to  their  weaker 
muscular  condition.  The  deformity  is  often  seen, 
however,  in  robust  boys,  frequently  among  those 
who  are  devoted  to  a  special  form  of  athletics,  and  such 
cases  often  develop  to  an  unusual  degree  of  severity. 

Symptoms. — The  subjective  '  symptoms  in  this 
affection  are,  as  a  rule,  slight,  and  more  frequently 
there  are  none.  They  are  sometimes  seen  in  the  se- 
verer cases  in  which  the  unequal  distribution  of  weight 
would  seem  to  play  a  factor,  giving  a  greater  muscle 
strain  and  muscle  tire.  When  present  they  usually 
consist  of  easy  fatigue  and  irritability,  and  are  such  as 
would  ordinarily  accompany  a  general  muscular  in- 
sufficiency, rather  than  a  particular  spinal  lesion. 
At  times,  however,  in  cases  with  very  marked  deform- 
ity, pain  referred  to  the  concave  side  is  a  troublesome 
feature. 

Record. — In  the  recording  of  lateral  curvature  there 
are  two  features  to  bear  in  mind,  first,  the  changes  in 
the  contour  of  the  figure  caused  by  relative  displace- 
ment of  parts,  and  second,  the  changes  which  are  seen 
in  the  spine  and  the  bony  framework  of  the  trunk. 
It  is  best  to  keep  this  distinction  in  mind,  since  in  the 
one  we  need  only  graphic  reproduction  to  show  the 
character  and  general  amount  of  such  change,  while 
in  the  other  we  must  take  as  accurate  measurements 
as  possible  to  show  the  amount  of  departure  from  the 
normal.  Records  may  be  taken  in  either  the  standing 
or  the  lying  position,  each  having  its  advantages,  and 
each  being  of  value  both  for  itself  and  for  comparison 
with  the  other. 

The  upright  position, -in  that  it  is  the  usual  position 
and  represents  the  greatest  curve,  gives  the  more  prac- 
tical record.     On  the  other  hand,  the  conditions  in 


standing  bring  in  the  element  of  fatigue,  muscular 
action,  voluntary  effort,  superincumbent  weight,  etc. 
— factors  which  are  more  liable  to  vary  at  subsequent 
measurements.  The  recumbent  position  gives  a  rec- 
ord under  conditions  less  liable  to  variation  and  easier 
to  reproduce.  The  curve  is,  of  course,  least  marked 
when  the  patient  assumes  this  position,  but  the  record 
is  for  this  very  reason  not  the  one  which  represents 
the  real  deformity.  The  difference  in  measurements 
taken  by  the  two  methods  is  approximately  an  indica- 
tion of  the  amount  of  flexibility. 

The  problem  is  to  put  into  some  graphic  form  the 
various  changes  which  occur,  and  methods  too 
numerous  to  mention  have  been  devised  for  this  pur- 
pose. All  methods  have  an  element  of  error  and  bring 
in  the  factor  of  personal  skill,  and  since  it  is  a  measure- 
ment, not  of  a  mathematical  certainty,  but  of  a  con- 
dition changeable  within  certain  limits,  it  is  well  to 
have  a  number  of  forms  of  graphic  representation 
from  which  an  average  may  be  taken.  All  the  meth- 
ods may  be  gathered  under  a  few  groups  according 
to  the  principles  which  were  used.  These  groups  are: 
(a)  Measuring  machines,  (6)  outline  tracings,  (<■) 
photography,  and  (d)  measurements. 

Measuring  Machines. — Of  these  that  of  Zander 
may  stand  as  the  type,  being  the  most  complete. 
The  method  used  in  machines  of  this  kind  consists  in 
some  means  of  fixing  the  patient  in  position  by  clamps 
to  prevent  any  movement  while  the  measurements  or 
tracings  are  being  taken,  and  some  device  for  recording 
by  measurement  the  relative  position  of  the  parts,  and 
transferring  the  results  in  such  a  way  to  paper  as  to 
have  a  reproduction  in  drawing  of  the  trunk  in  either  a 
full  or  a  reduced  size.  These  machines  are  complete 
and  accurate,  but  they  are  expensive  and  demand  some 
skill  in  manipulation,  which  is  particularly  needed 
in  any  device  using  clamps  to  fix  the  patient,  the  danger 
being  that  of  displacing  the  patient  from  his  natural 
position. 

Outline  Tracings. — Of  this  the  pantagraph  is  the 
best  illustration  and  consists  of  a  device  by  which  the 
movements  of  the  recording  pencil  drawn  over  the 
patient  are  reproduced  on  paper.  Other  forms  of  the 
same  method  are  that  of  the  old-fashioned  lead  tape, 
and  such  tracing  machines  as  that  of  Weigel  which  is 
used  only  for  rotation.  These  have  the  advantage  of 
being  simple  and  inexpensive  and  of  not  requiring  any 
special  skill  in  their  use,  but  movement  on  the  part  of 
the  patient  when  the  pencil  is  drawn  over  the  skin  is 
apt  to  impair  the  accuracy  of  the  record. 

Photography  has  certain  advantages  to  recommend 
it  for  general  use.  It  gives  all  the  outlines  of  the 
figure  and  the  deviation  of  the  spine  which  is  obtained 
by  other  methods.  It  enables  the  record  to  be  taken 
without  the  clamping  of  the  patient  in  position,  and 
it  has  the  advantage  of  rapidity  so  that  the  element  of 
muscular  fatigue  does  not  come  in.  If  a  screen  is 
placed  behind  the  patient,  this  can  also  be  used  for  the 
measurement  of  such  deviations  as  are  in  the  lateral 
plane.  It  is  necessary,  however,  to  have  the  patient 
stand  directly  in  front  of  and  perpendicular  to  the 
camera,  otherwise  the  view  is  a  combination  of  the 
back  and  side  positions.     (Fig.  3708.) 

An  efficient  and  simple  method  of  recording  by 
photograph  has  just  been  described  by  Osgood  and 
Bucholz  (Fig.  3709) .  The  patient  is  placed  in  a  frame, 
both  anterior-superior  spines  and  both  shoulders 
against  four  adjustable  pelots,  thus  ensuring  the 
patient's  position  of  a  right  angle  to  the  camera.  A 
stereoscopic  camera  is  used,  taking  the  two  views  at 
one  time.  The  patient,  the  screen,  and  the  camera 
have  fixed  positions,  so  that  photographs  in  series 
have  a  fixed  basis  for  comparison.  A  plumb  line  is 
dropped  from  the  top  of  the  screen  to  give  the  verte- 
bral line  for  measurement.  To  record  the  rotation 
the  patient  is  made  to  lean  forward,  the  angle  of  inclina- 
tion governed  by  spirit  level,  to  an  agreed  upon  angle. 
The  photograph  thus  gives  a  cross-section  view,  at 
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the  same  point  at  each  record.  The  method  com- 
mends itself  for  its  thoroughness  and  simplicity. 

The  method  ol  measurement  i.s  restricted  to  the 
recording  of  the  displacement  of  such  bony  promin- 
ences as  can  be  measured,  and  is,  therefore,  pracl  ically 
a  measurement  of  the  deviation  of  t hi-  spine  as  is 
shown  by  the  line  of  the  spinous  processes.  This  can 
be  measured  cil  her  as  1  he  deviation  of  the  spine  from  a 
line  drawn  between  its  two  extremities — as,  for  in- 
stance, the  seventh  cervical  vertebra  and  the  fold  of 
the  buttock,  showing  the  deviation  of  the  spine  from 
its  own  axis;  or  it  can  lie  measured  as  the  deviation 
from  the  plumb  line  intersecting  one  extremity  of  the 
spine,  showing  both  the  deviation  of  the  spine  and  the 
amount  of  displacement  of  the  shoulders  on  the  pelvis. 

A  record  is  made  of  the  point  at  which  the  spine 
leaves  the  straight  line,  its  point  of  maximum  depar- 
ture, and  its  point  of  return;  and  in  the  case  ■  >!  a  dou- 
ble curve  the  lower  one  is  measured  with  reference  t" 
the  same  points.  These  points  may  be  designated 
either  by  tin'  number  of  the  vertebra  or  by  measure- 
ments in  distance  from  any  fixed  point,  as,  for  instance, 
the  seventh  cervical  vertebra  above  or  the  level  of 
the  posterior  spines  of  the  ilium  below.  The  advan- 
tage of  this  latter  is,  that  in  those  cases  in  which  it  is 
difficult  to  count  the  spinous  processes,  one  has  a 
more  ready  and  practical  method  of  comparing  sub- 
sequent tracings. 


question  about  the  advisability  of  their  employment; 

Otherwise  it  is  best  to  use  the  means  at  hand  which 
are  most  applicable  and  with  which  the  individual  is 
mm,  i  familiar. 


w 


Fig.  370S. — Record  by  Photography  with  Screen. 

The  methods  used  by  different  individuals  must 
necessarily  vary  according  to  the  means  at  hand  and  to 
the  individual's  preference.  When  the  more  expen- 
sive and  accurate  machines  can  be  had  there  is  no 


Fig.  3709. — Stereoscopic  Apparatus  for  Photographing  Lateral 
Curvature.     (Osgood  and  Bucholz.) 

As  an  illustration  of  a  practical  method  the  follow- 
ing may  be  given:  Record  the  outline  changes  by 
photography,  either  with  or  without  the 
screen.  Measure  the  distortion  of  the  spine 
from  either  the  plumb  line  or  the  midline 
drawn  between  the  two  extremities.  In 
either  ease  the  point  of  departure  from  the 
straight  line  is  noted  and  recorded,  both  by 
its  distance  from  a  fixed  point,  as,  for  in- 
stance, the  seventh  cervical  vertebra,  and 
also  by  the  number  of  the  vertebra;  the 
point  of  greatest  deviation  of  curve  and  the 
point  of  its  return  to  the  midline  are  also 
to  be  recorded  in  the  same  terms.  If  two 
curves  exist,  the  second  is  measured  in  the 
same  way  as  the  first.  These  measure- 
ments are  taken  with  the  patient  in  the 
erect  and  in  the  recumbent  positions,  the 
difference  between  the  two  results  indicat- 
ing the  amount  of  natural  flexibility  of  the 
curve.  Rotation,  as  shown  by  the  promi- 
nence of  the  ribs,  is  recorded  by  outline 
tracings  taken  perpendicular  to  the  hori- 
zontal, reproductions  of  which  in  stiff  card- 
board may  be  verified  by  application  to  the 
body  of  the  patient.  Rotation  also  may 
be  recorded  by  the  goniometer,  a  machine 
for  measuring  the  angle  of  inclination  of 
the  most  prominent  and  of  the  most  de- 
pressed portions  of  the  trunk  at  any  given 
section. 

Treatment. — The  rational  treatment  is 
based  upon  the  application  of  certain  prin- 
ciples to  meet  needs  found  in  the  indi- 
vidual case.  In  general  these  needs  are 
uniform  and  may  be  said  to  be,  first,  an 
increase  in  flexibility,  so  that  a  straighter 
position  is  possible,  and  second,  the  main- 
tenance of  this  improved  position  by  what- 
ever means  is  most  practicable,  whether  it 
be  that  of  muscular  development,  or  reten- 
tion by  apparatus,  or  both. 

The  treatment  should  always  have  a 
definite  object  in  view  and  involves  the 
consideration  of  (1)  the  various  needs  to  be 
met,  and  (2)  the  means  by  which  these 
needs   may   be   met.     The   application  of 

the  principles  to  the  individual  case  will  necessarlly 

vary  with  the  facilities  at  hand. 

The  measures  which  may  be  used  in  the  treatment  of 

lateral  curvature  are:   (1)   Preventive.      (2)   Forcible 
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correction  for  the  increase  of  flexibility;  (a)  mechan- 
ical or  passive,  (fc)  gymnastic  or  act  ive.  (3)  ( rymnas- 
tic  exercise  for  muscle  building;  (a)  for  definite  weak 
muscle  groups  as  in  paralysis,  (6)  for  general  improve- 
ment of  muscle  strength  (muscle  insufficiency),  (c)  for 
readjustment  of  muscle  control.  (4)  Apparatus; 
(a)  preventive  of  faulty  attitudes,  (b)  retentive,  by  the 
application  of  pressure  to  retain  improved  posit  inns; 
(c)  corrective  application  of  force  constantly  applied 
to  maintain  correction,  as  plaster  jackets  applied  u  ii  h 
forcible  correction. 

Preventive  Measures. — These  may  be  considered 
with  reference  to  the  correction  of  any  physical  defect, 
such  as  short  leg  torticollis,  etc.,  since  it  is  necessary 
to  counteract  the  influence  of  any  such  existing  per- 
manent factor.  Also  with  reference  to  the  correction 
of  any  conditions  in  the  environment  of  the  child,  as 
improper  clothing,  school  desks,  etc.,  which  will  tend 
to  induce  habits  of  malposture.  In  this  connection 
the  question  of  school  seating  in  its  effect  upon  the 
growing  child  deserves  especial  consideration. 


Fig.  3710.- 


-Modified  Hoffa-Schede  Appliance  for  Correction     by 
Pressure. 


Forcible  Correction. — Forcible  correction  has  for  its 
object  the  increase  of  flexibility  in  definite  regions  of 
the  spine  and  in  a  definite  direction,  in  order  to  make 
possible  a  straighter  position  of  the  spine.  The 
principle  is  the  same  as  that  employed,  to  an  exag- 
gerated degree,  by  contortionists  and  stage  dancers, 


and  is  based  upon  the  fad  thai  structures  which  are 

rhythmically  stretched  become  lengthened. 

The  mechanical  (passive)  correction  has  for  its 
principle  the  application  of  pressure  through  some 
mechanical  force,  and  in  thai  it  eliminates  the  body 
weight  and  muscular  antagonism  it  has  the  advantage 
of  being  directed  more  definitely  toward  Ligamentous 
stretching,  and  it  also  allows  the  application  of  the 
force  more  accurately,   both  as  to  its  direction  and 

as  to  the  amount    used.       \n  example  of  machines  of 

this  kind  is  that  of  the  screw  pressure  first  originated 

by  Holla.  In  such  the  patient  is  partially  suspended, 
the  hips  and  shoulders  are  held  by  clamps,  and  the 
pressure  is  applied  over  any  part  of  the  trunk  in  any 
direction  thai  is  desired,  with  counterpressure  exerted 
in  front  at  the  proper  places  so  as  to  exerl  a  lateral  or 
rotating  force.  It  is  necessary  in  this  that  the  two 
ends  of  the  curves  shall  be  fixed  as  nearly  as  possible, 
that  there  shall  be  a  certain  amount  of  suspension,  and 
that  the  rotation  pressure  shall  have  its  counterpoints 
in  such  places  as  shall  not  cause  compression  of  the 
chest.     (Fig.  3710.) 

The  employment  of  apparatus  for  increasing  flexi- 
bility has  been  carried  to  the  point  nearest  to  perfec- 
tion by  Schulthess,  who  has  devised  numerous 
machines  for  the  application  of  pressure,  some  of 
which  employ  the  principle  of  the  pendulum  movement 
in  which  the  weight  of  the  body  is  used  as  an  additional 
force  either  to  make  pressure  or  to  bend  the  spine  at 
any  desired  point. 

Gymnastic  (active)  correction  involves  forcible 
muscular  action  combined  with  gravity,  so  that  the 
momentum  of  the  weight  of  the  body  is  used  as  a  force 
to  carry  the  bending  beyond  its  natural  limit.  This 
has  a  wider  range  of  practical  usefulness  in  that  it  does 
not  require  a  complicated  apparatus.  On  the  other 
hand,  its  application  is  less  localized  to  any  particular 
part  of  the  spine,  and  it  is  less  manageable,  as  regards 
both  the  amount  and  the  direction  of  its  force. 

In  either  of  these  two  methods  the  object  is  to  in- 
crease the  flexibility  of  the  spine  in  any  special  area 
so  as  to  increase  the  amount  of  possible  bending 
toward  the  position  of  correction. 

Gymnastic  Exercises. — These  may  be  given  for  the 
strengthening  of  definite  weak  muscle  groups,  for 
general  muscular  improvement,  or  for  readjustment  of 
muscular  control.  For  the  accomplishment  of  this, 
gymnastic  exercises  may  be  given  either  without 
apparatus,  dependence  being  placed  upon  the  free 
movements  of  the  body  and  forced  muscular  contrac- 
tion, as  in  the  Swedish  methods,  or  with  apparatus — 
weights  and  bars,  bells,  etc.,  but  it  would  seem  that 
less  depends  upon  the  method  which  is  employed  than 
upon  the  use  that  is  made  of  it.  In  other  words,  the 
character  of  the  work  is  of  more  importance  than  the 
method  chosen. 

Many  other  methods  of  exercises  have  been  used 
and  the  success  attending  them  is  very  largely  de- 
pendent on  the  amount  of  care  and  the  persistency 
with  which  these  are  carried  out,  as  well  as  the  adapta- 
bility of  this  form  of  treatment  to  the  special  case. 
Among  these  are  to  be  mentioned  those  of  Roth;  the 
creeping  exercises  of  Klapp;  the  forcible  exercises  of 
Teschner,  etc. 

Gymnastic  Exercise  in  Correction. — By  this  term  is 
meant  that  form  of  exercise  in  which  the  patient  is 
taught  a  correct  standing  position,  and  is  then  made  to 
hold  such  a  position  during  the  time  of  the  exercise, 
which  is  discontinued  as  soon  as  this  position  is  lost. 

It  is  a  recognized  fact  that  the  muscles  become 
accustomed  to  positions  in  which  they  are  used,  as  is 
seen  in  those  professions  in  which  some  malposition 
is  assumed,  and  the  muscles  become  either  shortened 
or  lengthened  by  such  use.  This  is  also  seen  in  cases 
of  lateral  curvature  when  the  individual  has  become 
so  accustomed  to  the  position  of  distortion  that  when 
placed  in  a  straight  position  he  at  once  expresses  him- 
self as  feeling  "crooked."      If  all  exercises  are  carefully 
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carried  out  in  a  corrected  position  the  results  will 
necessarily  be  more  beneficial. 

The  method  of  exercising  in  a  corrected  position 
which  is  artificially  maintained,  either  by  mechanical 
appliances  or  by  special  postures,  has  the  disadvantage 
that  it  necessitates  an  artificial  position  on  the  pari 
of  the  individual  while  exercising,  and  thus  does  not 
help  in  the  training  of  the  maintenance  of  the  im- 
proved position  by  voluntary  control. 


Fig.  3711. — Lack  of  Symmetry  in  Contour  in  Lateral  Curvature 
of  the  Spine. 

The  position  of  correction,  however,  may  be  a  volun- 
tary one  maintained  by  the  patient's  unaided  effort, 
with  the  object  of  training  the  muscles  to  a  mainte- 
nance of  the  desired  position.  At  first  the  effort  of 
holding  an  improved  position  must  be  purely  a  volun- 
tary one,  but  by  education,  through  the  constant 
exercise  in  this  effort,  it'  i  becomes  more  involuntary, 
and  in  consequence  the  position  is  maintained  with 
greater  ease. 

The  kind  of  gymnastic  exercise  used  for  the  develop- 
ment of  the  muscles  is  not  so  essential  as  the  character 
of  the  work.  One  may  use  the  lighter  forms  of  gym- 
nastics, depending  upon  the  body  movements  with 
forced  muscle  contraction,  or  the  lighter  forms  of 
weights  and  pulleys,  or,  if  desired,  the  severer  forms 
of  exercise  with  heavy  weights,  with  the  aim  of  ac- 
complishing the  muscle  development  more  rapidly. 
The  essential  of  all  is  that  the  position  of  self-correc- 
tion or  overcorrection  should  be  held  during  the  time 
of  the  exercise,  and  that  the  exercise  be  discontinued 
when  the  patient  is  so  tired  that  it  is  impossible  to  keep 
it  longer. 

Method  of  Conducting  the  Exercises  of  Self-correction. 
—It  is  essential  to  correct  as  much  of  the  faulty  posi- 
tion as  the  patient's  flexibility  will  allow,  which  is  done 
by  observing  the  amount  of  the  displacement  of  the 
head,  shoulders,  and  scapula;,  and  the  sagging  of  the 
trunk  in  the  lateral  plane,  and  then  teaching  the 
child  to  take  the  improved  position.  This  is  done 
not  only  by  instructing  the  child  in  the  points  to  be 
corrected,  but  also  by  manually  placing  him  in  a  better 
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position.  It  is  a  fact  that  a  better  position  can  be 
held  than  it  is  possible  to  take  unaided. 

The  various  methods  of  conducting  a  case  are  so 
numerous  that  it  would  be  impossible  to  give  a  de- 
tailed description  of  them  all,  and,  therefore,  in  this 
article  an  attempt  will  be  made  to  describe  only  one 
which  will  serve  as  an  example  of  the  corrective  form 
of  exercise. 

The  first  step  is  the  taking  of  the  improved  position, 
and  this  may  be  accomplished  by  first  encouraging  the 
effort  toward  straightening  the  spine,  by  telling  the 
patient  to  make  himself  tall,  which  must  be  done  with- 
out raising  the  shoulders.  Then,  in  order,  the  position 
of  the  head,  the  level  of  the  shoulders,  the  relative 
position  of  the  scapula?,  and  the  displacement  of  the 
shoulders  over  the  pelvis  are  corrected,  and  the  patient 
is  encouraged  to  hold  this  improved  position  by  his 
own  effort.  After  being  allowed  to  relax,  he  is  again 
put  in  the  same  position  and  exercises  are  given  while 
the  correct  position  is  maintained.  Care  is  taken 
that  as  soon  as  the  child  relaxes  from  this  position  in 
any  particular  the  exercise  is  stopped,  until  the  posi- 
tion is  again  resumed. 

The  first  grade  of  exercises  in  the  position  can  be 
taken  with  the  arms  moving  in  the  lateral  plane  which 
displaces  the  position  least  of  all,  and  bells  may  be 
used  or  manual  resistance  made  according  to  the 
patient's  strength.  The  next  stage  consists  of  exer- 
cises in  the  forward  as  well  as  the  lateral  plane,  the 
two  being  combined,  which  necessitates  a  greater 
effort  on  the  part  of  the  patient  to  hold  the  back  in  the 
new  position.  The  third  stage  consists  in  having 
the  patient  change  the  position  of  the  feet,  as  in  the 
Swedish  fall-out  position,  so  that  the  center  of  gravity 
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Fig.  3712. — Showing  Effect  of  Effort  to  Straighten  the  Spine. 

of  the  body  is  changed,  and  then  go  through  with  the 
same  exercise  with  the  arms  and  with' the  moving  of 
the  trunk  on  the  pelvis,  and  returning  to  the  standing 
position  while  holding  the  back  in  correction. 

It  is  seen  that,  at  first,  a  patient  is  able  to  hold  by 
his  own  effort  a  much  better  position  than  that  which 
he  is  able  to  take  voluntarily,  but  it  soon  becomes 
possible  for  him  to  take  this  same  position  and  to  hold 
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it  himself  during  the  exercise.  It  is  necessary  that 
the  person  should  not  keep  the  muscles  of  the  whole 
trunk  rigid  during  the  exercise,  but  should  localize 
the  effort  upon  the  spine.  To  this  effect  the  patient 
is  made,  between  any  two  forms  of  exercise,  to  re- 
lax all  muscles  with  the  exception  of  those  move- 
ments of  each  exercise  he  makes  an  additional  effort  to 
straighten  the  spine. 

Apparatus. — Apparatus  has  for  its  object  either  the 
prevention  of  faulty  attitudes,  or  the  retention  in  im- 
proved positions,  or  else  the  application  of  a  force  con- 
stantly exerted  to  maintain  correction  beyond  the  point 
of  flexibility. 

The  use  of  apparatus  in  the  first  two  instances  is  to 
supplement  other  treatment.  If  one  could  be  sure 
that,  after  an  increase  of  the  flexibility  by  the  methods 
of  forcible  correction,  the  improved  position  would  be 
held  by  muscular  action,  there  would  be  no  need  of 
further  retention.  If,  on  the  other  hand,  exercise 
treatment  can  be  carried  out  but  a  short  period  of  each 
day  or  less,  and  during  the  remainder  of  the  time  the 
child  is  continually  assuming  its  habitual  malpositions, 
there  is  then  evident  need  of  some  means  of  retention 
during  the  interval. 

When  used  for  the  first  object,  that  of  preventing 
faulty  attitudes,  the  apparatus  should  be  very  simple, 
and  no  attempt  should  be  made  to  exert  pressure,  its 
use  being  rather  as  an  aid  or  as  a  reminder.  It  may  be 
that  only  a  crutch,  fastened  to  the  child's  waist  to 
prevent  the  dropping  of  the  shoulder,  may  be  neces- 
sary, or  a  light  upright  to  prevent  the  child  from  sag- 
ging either  in  the  anteroposterior  or  in  the  lateral 
direction.  In  any  case  it  should  be  adapted  to  the 
individual  need. 


Fig.  3713. — Abbott  Frame  for  Application  of  Forcible  Plaster 
Jackets  for  Lateral  Curvature. 

When  applied  for  the  second  object,  that  of  reten- 
tion, the  aim  of  the  apparatus  is  to  hold  the  patient 
in  a  better  position  than  he  can  maintain  by  his  own 
unaided  efforts.  In  these  cases  as  much  force  as  is 
compatible  with  the  patient's  comfort  is  used  and  is 
applied  either  in  the  anteroposterior  or  the  lateral 
plane.  In  this  the  pressure  must  always  be  made  over 
the  points  of  greatest  curve,  and  there  must  be  two 
points  of  counterpressure  on  the  opposite  side  well 
above  and  below  the  limits  of  the  curve.  In  other 
words,  counterpressure  in  the  concavity  of  the  curve 
must  be  carefully  avoided. 

Apparatus  for  the  object  of  correction  consists  of 
the  employment  of  a  plaster  jacket  applied  in  the  over- 


corrected  position.  Such  a  method  is  applicable  in 
the  treatment  of  patients  who  come  from  a  distance, 
or  who  for  other  reasons  are  unable  to  carry  out  a 
definite  and  continuous  treatment,  and  it  is  also 
adapted  to  those  cases  which  require  more  forcible 
stretching  than  can  be  carried  out  by  the  gymns 

method.      This  method   as   has   been   practised    in   the 

past,  consists  in  the  application  of  a  jacket  while  the 
patient  is  in  either  the  recumbent  or  the  upright  posi- 
tion, pressure  being  made  over  I  he  points  of  convexity 
by  straps  or  by  pads,  which  are  attached  to  movable 
screw  rods,  while  by  means  of  clamps  the  hips  and 
shoulders  are  fixed  in  the  desired  posit  ion  and  counter- 
pressure  is  applied.  The  method  has  had  many  firm 
advocates,  but  radical  results  have  not  been  claimed, 
the  amount  of  improvement  in  most  of  the  cases  was 
not  encouraging,  and  the  treatment  was  long  con- 
tinued. These  jackets  were  applied  in  the  extended 
or  slightly  hyperextended  position  of  the  spine.  A 
very  great  advance  has  now  been  made  by  the  work 
of  Dr.  E.  G.  Abbott  (N.  Y.  Med.  Journ.,  June  24,  1911; 
Apr.  27,  1912;  July  6,  1912)  (Fig.  3713)  and  Dr.  A.  Mac- 
Kenzie  Forbes  (British  Medical  Journ.,  Aug.  30,  1913). 
Both  observers  have  advocated  a  new  principle  in 
the  application  of  these  forcibly  applied  jackets,  and 
which  has  resulted  in  a  marked  gain  in  the  possible 
correction  of  this  class  of  cases.  They  have  shown  that 
the  articular  processes  of  the  vertebrae  are  unlocked 
only  in  the  flexed  position  and  it  is  in  this  posture  only 
that  the  corrective  force  is  effectual,  while  in  the  method 
of  extension  the  spine  is  in  the  most  resistive  position 
for  correction.  By  this  new  method  the  patient  is  made 
to  lie  on  a  slack,  narrow  hammock,  with  the  legs  sus- 
pended in  the  air,  and  as  much  flexion  of  the  trunk  as 
possible  is  obtained.  While  in  this  position  the  cor- 
rective lateral  or  rotation  force  is  applied.  Abbott 
aiming  more  at  the  lateralization  force,  obtains  this  by 
means  of  straps,  for  which  a  specially  constructed 
frame  is  used.  Forbes,  aiming  at  the  rotation  force, 
obtains  the  correction  by  the  forcible  rotation  of  the 
shoulders  and  upper  part  of  the  trunk.  The  process  in 
either  case  is  complicated,  requiring  care  and  expe- 
rience in  the  application  of  the  jackets  and  for  full 
description  the  reader  is  referred  to  the  original  articles 
of  the  authors.  Elliott  G.  Brackett. 


Lathyrismus. — Lathyrism  is  a  food  poisoning 
characterized  by  spastic  paralplegia  due  to  ingestion 
of  bread  made  of  the  seeds  of  different  species  of 
vetch,  lathyrus,  and  occurring  now  chiefly  in  India. 

The  disease  has  long  been  known  and  the  present 
theory  as  to  its  cause  has  been  the  accepted  one  for 
many  years.  Hippocrates  mentions  that  people  who 
feed  on  pulse  get  weakness  in  the  legs.  The  Duke 
of  Wurtemberg,  1671,  issued  an  edict  against  eating 
bread  made  from  vetch  seeds  because  those  who  did 
so  suffered  from  a  peculiar  stiffness  in  the  legs. 
Fozetti,  1784,  describes  an  epidemic  of  this  disease 
occurring  in  Tuscany  where  during  a  famine  the 
people  were  obliged  to  eat  the  seeds  of  Lathyrus  saliva 
Linne.  It  was  very  prevalent  in  India  during  a  three 
years'  famine  in  1829-31  during  which  time  the 
inhabitants  were  obliged  to  eat  vetch  seeds.  It  still 
exists  in  India  and  has  been  known  in  Algiers,  Italy, 
and  France. 

Etiology. — Whether  ingestion  of  vetch  seed  is  the 
cause  of  this  disease  seems  open  to  question,  and  is 
questioned  by  some  who  believe  the  symptoms  are 
not  due  to  lathyrus  at  all  but  to  the  corn-cockle 
(Agrostenna  githago)  or  to  the  darnel  (Lolium  temu- 
lentum).  Others  believe  that  vetch  seeds  produce 
it  only  when  they  have  undergone  certain  kinds  of 
decomposition  or  certain  parasitic  growth  has  taken 
place  in  them.  The  species  of  lathyrus  which  have 
been  charged  with  responsibility  according  to  Castel- 
lani  and  Chalmers,  1913,  are  L.  sativus,  L.  cicera,  L. 
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clymenum,  L.  tuberosus,  :tn<l  /-.  aphaca.  Toxic  sub- 
stances have  been  obtained  by  Teilleux  (for  rabbits) 
and  Bourlier  (for  birds  and  frogs).  Asher  obtained 
a  volatile  alkaloid  which, however,  was  not  tried  out 
for  its  toxicity.  Horses  and  pigs  arc  said  to  be  sus- 
ceptible while  bullocks  and  buffaloes  are  not.  In  this 
respect  it  resembles  another  food  substance,  cotton 
seed,  or  cotton  seed  meal  which  kills  pigs  after  about 
four  weeks'  feeding,  while  it  is  one  of  the  best  feeds  for 
cattle  and  perhaps  for  horses.  The  idea  that  the 
vetch  seed  may  become  poisonous  as  a  result  of  de- 
composition suggests  the  instance  of  another  legume, 
the  common  field  pea.  When  the  vines  and  peas 
are  cut  and  thoroughly  dried  for  hay  they  make 
splendid  safe  feed  for  horses,  but  if  the  hay  has  been 
improperly  cured  and  mouldy  it  is  most  destructive 
to  horses  which  have  very  similar  symptoms  to  those 
described  for  vetch  poisoning  in  horses. 

It  is  to  be  noted  that  the  disease  occurs  only  during 
famine  and  in  conditions  of  extreme  poverty  when  not 
only  may  people  be  obliged  to  eat  vetch  seed  but 
their  diet  may  be  very  poorly  balanced.  An  exclusive 
carbohydrate  diet  has  lately  been  found  to  produce  in 
experiment  animals  a  neuritis  suggesting  the  symp- 
toms of  lathyrismus.  In  this  instance  the  disease  is 
due  to  lack  of  certain  substances  (vitamines)  which  are 
present  in  infinitesmal  quantity  in  the  pericarp  of 
certain  grains,  rice,  oats,  wheat,  etc.,  and  it  may  be 
brought  about  by  eating  any  one  of  a  number  of 
common  foods  which  are  deficient  in  these  substances. 

At  any  rate  lathyrismus  is  caused  by  famine  or 
extreme  poverty,  even  if  it  is  specifically  produced  by 
vetch  seed  poisoning,  because  people  will  not  eat  them 
except  under  such  conditions.  The  pathology  is  not 
known,  so  far  as  the  present  writer  has  been  able  to 
learn. 

Symptoms. — The  symptoms  come  on  insidiously. 
There  is  pain  in  the  back  and  weakness  in  the  legs 
increasing  until  symptoms  of  spastic  paralysis  appear. 
The  feet  are  dragged  as  the  patient  walks  giving  rise 
to  a  characteristic  gait.  The  arms  are  not  generally 
affected.  The  joints  of  the  leg  seem  very  weak,  there 
is  rapid  muscular  wasting  and  walking  becomes  im- 
possible. There  is  no  ataxy.  There  is  increased 
reflex,  ankle  clonus  and  decrease  in  the  electrical 
excitability  of  the  muscles  affected.  Incontinence 
and  girdle  sensation  are  early  symptoms. 

The  absence  of  gangrene  helps  to  differentiate 
lathyrismus  from  ergotism.  It  can  be  differentiated 
from  different  forms  of  beriberi  by  the  absence  of 
dropsy  but  it  is  doubtful  whether  our  present  knowl- 
edge enables  us  to  diagnose  many  of  the  cases  with 
certainty.  The  border  line  cannot  be  drawn.  The 
disease  improves  slowly  under  good  food  and  hygienic 
treatment,  but  contractures,  deformity  and  impaired 
function  occur  in  cases  of  long  duration.  Death 
seldom  is  produced  directly.  There  is  no  medicinal 
treatment  indicated.  Bromides  have  been  employed 
for  relief  of  pain  in  the  back.  C.  C.  Bass. 


Laughter  is  one  of  the  most  difficult  subjects  for 
scientific  consideration,  and  even  for  plausible  theoriz- 
ing. This  is  due  largely  to  the  number  and  variety 
of  the  phenomena  involved;  to  the  radical  distinction 
between  the  various  types  of  physical  laughter,  and 
the  phenomena  which  appear  ludicrous  to  various 
human  beings.  Our  subject  necessarily  passes  into 
wit,  humor,  drollery,  etc.  But  laughter  is  not  neces- 
sarily connected  with  the  ludicrous,  nor  with  that 
exalted  state  of  mind  which  finds  pleasure  in  the  mere 
act  of  frequent  laughter.  It  occurs  frequently  in 
the  absence  of  such  causes,  in  the  laughter  caused  by 
tickling,  in  the  culmination  of  prolonged  weeping  in 
laughter,  in  the  spasmodic,  incoercible  laughter  of 
psychogenic  origin.     Laughter  has  a  pathology,  not 

864 


only  in  the  functional  states  induced  but  in  various 
accidents  due  t.>  the  momentary  helplessness  of  the 
subject,  and  in  Buch  connection  "ill  be  mentioned 
elsewhere. 

Laughter  in  its  typical  form  i-  a  motor  manifestation 
which  consists  of  a  contortion  of  the  features  and 
forcible  expiratory  efforts  of  a  quick,  rhythmic  char- 
acter,   causing  a   shaking  of  the  head  and   trunk.      If 

prolonged,  this  interruption  of  respiration  may  eause 
redness  and  slight  cyanosis  of  the  face,  generalized 
flexion  movements  of  the  limbs  and  trunk,  and  in 
extreme  eases  complete  helplessness  and  falls.  The 
sphincters  sometimes  relax.  Paroxysms  of  coughing 
which  often  appear  are  due  no  doubt  to  aspiration  of 
the  secretions,  and  objects  in  the  mouth  are  frequently 
swallowed  with  fatal  results.  It  is  commonly  claim'  I 
that  man  alone  laughs,  beginning  at  the  earliest  during 
the  fifth  month  ot  life. 

From  one  viewpoint  laughter  is  one  of  a  number  of 
analogous  manifestations  in  which  the  respiratory 
apparatus  is  involved,  the  others  being  sobbing  (an 
inspiratory  disturbance);  coughing  (under  certain 
conditions);  hiccough,  etc.  Only  in  typical  laughter 
do  we  hear  the  "ha  ha"  sound,  which  is  readily 
counterfeited  in  forced  or  feigned  laughter.  Shouting 
and  screaming  usually  occur  in  crowds,  and  like  all 
laughter,  show  the  suggestive  element.  A  subject 
of  no  mean  interest  is  repressed  laughter.  The  facial 
contortions  can  be  suppressed  by  the  will,  and  the 
familiar  act  of  stuffing  a  handkerchief  in  the  mouth 
makes  laughter  inaudible.  The  shaking  of  the  body 
and  red  face  are  often  disguised  by  simulating  a 
coughing  spell. 

In  regard  to  "laughter  equivalents"  we  may  enum- 
erate the  smile,  and  the  grin  and  smirk  on  the  one 
hand,  in  which  only  the  facial  muscles  are  involved; 
and  the  phenomena  known  as  snickering,  giggling, 
tittering,  chuckling,  etc.  In  all  of  the  latter  group  the 
respiratory  muscles  are  involved  to  a  slight  extent. 
A  chuckle  is  a  true  laugh,  having  the  rhythm  of  the 
latter,  but  subdued  in  character.  All  the  other 
terms  are  applied  loosely,  but  the  acts  they  characterize 
are  all  marked  by  very  rapid  and  superficial  interrup- 
tions of  expiration.  They  often  express  a  silly  mental 
state,  and  occur  especially  in  women  and  children; 
often  in  situations  where  all  laughter  should  be  re- 
pressed. In  one  form  of  tittering  the  tongue  touches 
the  upper  teeth,  in  a  special  attempt  at  repression. 
In  the  first-named  group,  the  smile  alone  demands 
special  attention.  Grin  is  a  generic  word,  meaning 
only  showing  all  the  front  teeth.  In  connection  with 
laughter  it  means  only  abroad  smile.  The  smirk  and 
simper  are  chiefly  feigned  smiles  but  may  become 
habitual,  as  a  type  of  facial  expression  often  indicating 
silliness.  That  a  person  is  sometimes  known  in  the 
vernacular  as  a  "smiler,"  shows  that  such  expressions 
are  useful  in  identification.  An  habitual  smile  is 
often  indicative  of  a  happv'  disposition. 

The  smile  and  laugh  seem  to  have  been  without 
distinction  in  semi-barbarous  people  and  even  after 
the  development  of  civilization  a  smile  was  regarded 
as  a  diminutive  laugh,  as  shown  in  most  languages 
still  in  use.  In  English,  laugh  of  Germanic  origin 
seems  to  have  meant  any  expression  of  mirth,  while 
smile  of  Scandinavian  derivation  referred  solely  to 
the  facial  expression.  At  present  it  is  conceded  that 
smiling  while  it  may  appear  to  be  the  onset  of  laughter, 
is  in  reality  an  independent  phenomenon.  The  smile 
indicative  of  amusement  or  pleasure  consists  simply 
of  the  action  of  certain  facial  muscles  (risorii,  etc.) 
which  raises  slightly  the  corners  of  the  mouth;  in  a 
higher  degree  we  see  the  exposure  of  the  upper  teeth, 
which  may  extend  to  a  grin;  finally  we  note  the  partial 
closure  of  the  eyes  which  appear  unusually  bright. 
The  twinkle  of  the  eye  is  under  certain  circumstances 
the  sole  indication  of  a  feeling  of  mirth.  The  con- 
tractions of  the  orbicularis  and  corrugatores  supercilii, 
are  held  responsible  for  the  so-called  "laughing  eye." 
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Smiling  differs  from  laughter  in  that  it  is  not  parox- 
ysmal, occurs  in  animals  and  very  young  infants,  does 
not  necessarily  involve  the  opening  of  the  mouth,  is 
easily  assumed  and  repressed,  and  in  polite  circles 
becomes  the  full  equivalent  of  laughter,  the  latter 
being  made  an  attribute  of  the  uncultivated  mortal. 
Well  known  is  the  "meaning  smile"  of  certain  women 
who  can  exchange  thoughts  with  their  sex  by  this 
resource.  One  common  use  of  a  smile  is  for  purposes 
of  simulation  and  dissimulation. 

The  facial  contortions  of  paroxysmal  laughter 
naturally  closely  resemble  a  smile,  but  a  paroxysm 
is  laughter  from  the  outset.  The  mouth  opens  widely, 
sounds  of  various  sorts  issue  therefrom,  the  face 
reddens,  and  the  eye  closure  is  often  associated  with 
lacrymation.  The  head,  thrown  backward,  shakes 
with  the  trunk. 

We  can  only  conclude  in  this  connection  that  certain 
mental  states  make  use  of  certain  centrifugal  paths 
to  express  themselves  by  a  laugh,  a  smile,  or  possibly 
by  associations  of  dissimilar  processes. 

A  question  of  the  present  day  refers  to  the  utility 
of  laughter.  That  it  is  the  result  of  some  craving  on 
the  part  of  the  body  seems  unlikely,  and  the  assertion 
that  any  increase  of  nutrition  results  from  daily 
laughter,  is  no  longer  a  serious  claim,  for  fat  is  no 
longer  looked  on  as  an  asset.  Women  and  children 
who  are  constantly  seeking  gatherings  in  which  almost- 
continuous  laughter  is  an  accompaniment  suggest  that 
the  act  is  a  simple  amusement  or  diversion — in  other 
words,  a  source  of  pleasure.  The  male  secures  the 
same  result  by  attending  comical  or  farcical  stage 
productions  and  by  practical  joking.  Hearty  laughter 
for  several  hours  relieves  the  monotony  of  existence 
and  drudgery. 

Sudden  involuntary  laughter  results  from  a  host  of 
surprising  and  incongruous  happenings,  but  this  sub- 
ject is  so  connected  with  studies  of  the  ludicrous,  of 
wit  and  humor,  etc.,  that  it  cannot  be  comprised  in 
this  article.  The  treatises  of  Sully,  Bergson,  and  Sidis 
should  be  consulted  for  this  aspect  of  laughter. 

Finally,  laughter  can  be  studied  in  brief  compass  by 
watching  the  action  of  cannabis  indica  in  dosage 
somewhat  beyond  the  normal.  The  subject,  possibly 
grave  and  dignified  by  nature,  acquires  a  mental  state 
in  which,  with  consciousness  but  slightly  clouded  if  at 
all,  he  is  excited  to  merriment  by  objects  which  possess 
no  possible  element  of  the  ludicrous.  The  simplest, 
most  common  household  articles  seem  able  in  defiance 
of  association  to  provoke  spasms  of  laughter.  This 
sense  of  the  ludicrous  may  last  for  several  hours. 
As  a  rule  there  is  no  amnesia.        Edward  Preble. 


Laurus. — Laurel.  Royal  Bay. 
The  true  Laurel  of  Europe,  Laurus 
nobilis  L.  (fam.  Lauraceae),  is  a 
handsome,  fragrant-leaved  ever- 
green shrub  or  small  tree,  from 
two  to  six  meters  in  height,  with 
numerous  slender,  smooth,  green, 
very  leafy  branches,  and  dark 
green,  shining,  leathery,  oblong 
lanceolate  or  lanceolate,  entire, 
but  often  wavy  or  slightly  revolute- 
margined  leaves,  and  producing 
an  ovoid  berry,  with  soft  flesh  and 
a  large,  fleshy  seed. 

This  laurel  is  a  native  of  Asia 
Minor  and  Syria.  It  has  long  been 
grown  in  and  is  probably  a  native 
also  of  Greece  and  the  islands  of  the  Eastern  Mediter- 
ranean. Further,  it  has  been  cultivated  in  Italy,  at 
least  as  long  ago  as  the  days  of  classic  Rome,  and  in 
the  southern  part  of  Europe  generally,  in  England 
for  several  hundred  years,  and  recently  in  Mexico  and 
the  West  Indies.  It  is  very  common  in  this  country 
as  an  ornamental  pot-plant.     It  is  supposed  to  be  the 
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plant-  dedicated  by  the  ancient  ('.reeks  to  Apollo,  and 
regarded  by  them  as  an  emblem  of  purifieal  ion,  peace, 
victory,  and  good  luck  in  general.  It  is  the  laurel  of 
sculpture,  painting,  and  literature.  The  leaves  are 
described  under  the  title  "Bay."  The  fruits  are  about 
one  centimeter  long  (two-fifth  inch),  and  when  dried  an; 
dull  brownish  black,  slightly  withered,  with  a  brittle 

papery  exterior  and  a  brown,  smooth  kernel,  splitting 
easily  into  two  large  cotyledons.  Odor  peculiar, 
strong,  spicy;  taste  balsamic  and  bitter. 

The  fruits  are  rich  in  fragrant  anil  fat  ty  const  it  uent  , 
the  latter  principally  in  the  embryos.  The  essential 
ml  (0.23  per  cent.),  a  colorless  or  yellow  liquid,  gives 
I  leni  their  odor.  The  fally  ail  is  obtained  by  pressing 
or  boiling;  it  is  a  yellowish  green,  buttery  soft-solid, 
fragrant  with  some  dissolved  essential  oil;  it  is  soluble 
in  ether,  but  only  partially  so  in  alcohol.  Laurel  fat 
is  a  Composite  substance,  consisting  of  glycerides  of 
oleic  and  stearic,  as  well  as  palmitic,  myristic,  lauric, 
and  probably  other,  acids.  The  leaves,  which  are 
used  abroad  as  a  kitchen  flavor  for  soups,  etc.,  contain 
essential  oil,  tannin,  a  bitter  substance,  etc. 

Action  and  Use. — The  leaves  and  essential  oil 
have  no  peculiar  action  to  distinguish  them  from  other 
fragrant  substances.  The  impure  fat  of  the  seeds  is 
moderately  stimulant  to  the  skin,  and  is  used  as  an 
ointment  in  rheumatism,  paralysis,  etc.,  internally 
as  an  aromatic.  It  is  a  medicine  of  great  antiquity, 
but  at  present  it  is  nearly  obsolete  so  far  as  the  prac- 
tice of  physicians  goes.  The  fruit  is  but  little  used, 
but  the  leaves  are  largely  imported  into  the  LTnited 
States.  Certain  brands  of  "stick  liquorice"  are 
packed  in  Bay  leaves. 

Essential  Oil  of  Laurel  is  an  article  of  commerce 
and,  except  for  refined  distinctions  as  to  odor,  etc., 
is  the  same  from  both  fruit  and  leaves.  The  latter 
has  a  specific  gravity  of  about  0.924,  the  former  0.925. 
The  principal  constituents  are  pinene  and  cinene. 

H.  H.  Rusby. 


Lavage,  Gastric. — Gastric  lavage  or  washing  of 
the  stomach  is  a  procedure  introduced  first  by  Kuss- 
maul  (stomach  pump),  and  later  on  by  Leube  and 
Ewald.  The  stomach  pump  of  Kussmaul  (Fig.  3714) 
consists  of  a  big  syringe  with  a  semi-flexible  tube 
attached.  Kussmaul  originally  applied  it  in  cases  of 
dilatation  of  the  stomach,  in  order  to  empty  this  organ 
of  its  contents.  Later  Leube  used  this  procedure  for 
diagnostic  purposes.  Instead  of  the  pump  Leube 
employed  a  glass  funnel  (Fig.  3715).  He  also  length- 
ened the  tube  in  such  a  manner  that  by  raising  and 


Fig.  3714. — Kussmaul  Stomach  Pump. 

lowering  the  funnel,  water  or  fluids  could  be  made  to 
run  into  and  out  of  the  stomach  (principle  of  siphon- 
age).  Ewald  introduced  the  employment  of  very 
flexible  rubber  tubes  which  are  in  common  usage  at 
the  present  time. 

It  may  be  well  to  give  first  a  description  of  the 
method  of  washing  the  stomach  and  later  to  specify 
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its  indications.  The  apparatus  for  gastric  lavage  as 
generally  employed  nowadays  consists  of  a  soft  rubber 
stomach  tube,  a  connecting  glass  piece,  another  plain 
soft  rubber  tube  of  about  four  or  five  feet  in  length, 
and  a  glass  funnel.  The  patient  sits  in  a  chair  or  if  in 
bed  sits  up  propped  by  a  pillow.  His  head  should  be 
slightly  bent  forward  assuming  a  position  similar  to 
that  of  a  person  sitting  at  the  table  when  partaking 
of  a  meal.  A  bib  is  tied  around  his  neck  and  an  empty 
bucket  placed  near  him  either  on  the  bed  or  by  the  chair. 
A  pitcher  of  water  (blood  temperature)  is  placed  within 


Fig.  3715. — Funnel  Arrangement  for  Gastric  Lavage. 

reach.  Now  the  stomach  tube  is  dipped  in  warm 
water  and  introduced  into  the  mouth  and  pharynx 
of  the  patient,  who  then  is  told  to  swallow.  During 
the  act  of  swallowing  the  tube  is  quickly  pushed  by 
the  physician  into  the  esophagus  and  from  there  into 
the  stomach.  (The  patient  is  not  required  to  swallow 
at  any  time  excepting  once  in  the  beginning.)  As 
soon  as  the  stomach  tube  has  reached  the  stomach 
(the  length  being  about  twenty-one  or  twenty-two 
inches  from  the  lips)  the  tube  is  connected  with  the  fun- 
nel arrangement.  The  funnel  is  now  held  low  corre- 
sponding to  the  level  of  the  stomach.  The  water  is 
poured  into  the  funnel  and  the  latter  is  then  raised  to 
about  the  level  of  the  patient's  head  when  the  water 
begins  to  flow  into  the  stomach.     As  soon  as  the  funnel 


Fig.  3716. — Friedlieb's  Apparatus  for  Gastric  Lavage. 

is  almost  emptied  another  portion  of  water  is  filled  in. 
When  a  pint  or  a  quart  of  water  has  been  poured  into 
the  stomach  according  to  the  requirements  of  the 
case,  the  funnel  is  quickly  lowered  way  down  in  order 
to  have  the  water  return.  As  soon  as  all  the  fluid  has 
been  removed,  the  funnel  is  again  filled  with  water 
and  the  whole  procedure  repeated  as  heretofore. 

If  the  stomach  is  not  entirely  empty  and  the  water 
comes  back  mixed  with  food,  then  it  is  best  to  have  the 
patient  shake  the  upper  part  of  his  body  from  side 
to  side,  while  the  water  runs  into  the  stomach,  in 
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order  to  have  a  thorough  mixture  of  the  solid  parti- 
cles with  the  liquid.  As  a  rule  the  stomach  should  not 
be  overfilled.  As  soon  as  the  patient  experiences  a 
.slight  sensation  of  fullness  the  inflow  must  be  stopped 
and  the  water  returned. 

Friedlieb's  Apparatus. — Another  very  suitable  ar- 
rangement for  washing  out  the  stomach,  especially  if 
the  patient  has  to  perform  the  procedure  himself,  is 
an  apparatus  that  has  been  in  use  in  this  country  for 
many  years,  and  is  similar  to  the  one  described  by 
Friedlieb.  It  consists  of  a  long  piece  of  soft  rubber 
tubing  about  two  yards  in  length,  the  middle  of  which 
is  expanded  into  a  bulb.  The  stomach  end  of  the  tube 
is  provided  with  two  big  openings,  while  the  other  is 
shaped  into  a  funnel  (Fig.  3716). 

In  the  withdrawal  of  the  gastric  contents  with  this 
apparatus  the  tube  should  be  closed  with  two  fingers 
at  a  point  situated  between  the  bulb  and  the  lips  of  the 


Fig.  3717. — Leube-Rosenthal  Apparatus  for  Gastric  Lavage. 

patient.  If  the  bulb  is  now  compressed,  and.the  two 
fingers  applied  to  its  distal  side  then  on  relaxing  the 
pressure  on  the  bulb  it  will  become  filled  with  stomach 
contents.  By  again  closing  the  upper  end  of  the  tube 
and  compressing  the  bulb,  the  contents  will  flow  out 
from  the  apparatus.  In  this  way  the  contents  of  the 
stomach  can  be  removed.  The  washing  of  the  organ 
is  now  executed  in  the  usual  way  by  filling  the  funnel 
end  with  water  raising  the  same  and  lowering  again. 
The  bulb  then  need  not  be  compressed  if  the  water 
flows  out  easily.  If  the  stream  of  water  stops  flowing 
before  the  entire  quantity  has  left  the  stomach  then 
suction  by  means  of  the  bulb  must  be  performed  as 
above  described.  Instead  of  using  the  fingers  in  order 
to  compress  the  tube,  two  clamps,  one  on  each  side  of 
the  bulb,  may  serve  the  same  purpose. 
Leube-Rosenthal  Apparatus. — This  consists  of  a  large 
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glass  irrigator  of  about  two  or  three  quarts  capacity 
(Fig.  3717).  Leading  from  the  irrigator  a  large  piece 
of  soft  rubber  tubing  is  connected  by  means  of  a 
Y-shaped  glass  tube — first  with  a  stomach  tube, 
secondly,  with  another  quite  long  piece  of  soft  rubber 
tubing.  Both  arms  of  tubing,  the  one  running  from 
the  irrigator,  the  other  into  a  waste  vessel,  are  pro- 
vided with  clamps.  By  opening  the  clamp  on  the  irri- 
gator tubing,  the  water  runs  into  the  stomach.  By 
closing  the  same  and  opening  the  one  on  the  tube 
running  to  the  waste  vessel,  the  water  is  withdrawn 
from  the  stomach.  The  amount  of  water  which  is 
used  for  each  single  filling  of  the  stomach  may  vary 
from  440  c.c.  to  one  liter. 

The  advantages  of  this  apparatus  are  quite 
evident:  (1)  the  ease  with  which  the  whole  procedure 
can  be  executed;  (2)  the  water  introduced  into  the 
stomach  is  always  clear,  as  the  waste  water  passes 
through  a  separate  tube;  while  in  the  use  of  the  funnel 
arrangement  after  the  first  filling,  the  funnel  and  the 
tubing  become  soiled  during  the  withdrawal  of  the 
contents,  and  in  consequence  of  this  during  the  second 
filling,  much  of  the  mucus  which  has  remained  in  the 
apparatus,  returns  into  the  stomach. 

This  apparatus  is  the  best  for  office  work. 

Indications. — Aside  from  diagnostic  purposes  lav- 
age must  be  performed — (1)  when  there  is  stagnation  of 
food  in  the  stomach;  (2)  whenever  large  quantities  of 
mucus  are  present  in  the  organ;  (3)  after  poisoning 
by  the  ingestion  of  alkaloids  (morphine,  atropine, 
cocaine,  etc.)  into  the  stomach;  (4)  in  postoperative 
ileus. 

Contraindications. — These  comprise  all  conditions 
in  which  introduction  of  the  tube  is  not  permissible, 
as  for  instance,  hemorrhages,  ulcer  of  the  stomach, 
aneurysm,  poisoning  by  strong  acids  or  caustics; 
great  general  debility.  Max  Einhorn. 


Lavandula. — Lavender:  Lavandula  angtistifolia 
(L.)  Miller  (fam.  Labiatm).  A  perennial,  partly 
shrubby  plant,  with  short,  crooked,  branching  stems, 
and  numerous  slender,  upright,  simple  branches,  from 
one-third  to  more  than  one  meter  in  length.  Leaves 
opposite,  linear  with  entire,  slightly  revolute  margins. 
Flowers  in  small  opposite  cymes,  closely  aggregated 
into  spike-like  clusters  at  the  ends  of  the  slender  erect 
branches.  All  the  green  parts,  calyx,  branches,  and 
leaves,  are  covered  with  a  tomentum  of  stellate  hairs 
and  stalked  glands.  Calyx  tubular-ovoid,  with  only 
one  lobe  (the  upper)  developed.  Corolla  tubular, 
curved,  with  spreading  tw'o-lipped  border,  lobes  of 
both  lips  rounded,  those  of  the  upper  longer  and 
straighter  than  those  of  the  lower,  color  pale  violet; 
stamens  four,  inserted  in  the  corolla  tube,  ovary 
four-celled  and  four-seeded.  Lavender  is  a  native 
of  the  southern  part  of  Europe  and  the  northern 
border  of  Africa,  growing  in  elevated  and  dry  places. 
It  has  also  been  cultivated  for  centuries,  and  the 
herbage,  flowers,  and  oil  are  all  in  the  market. 

The  flowers,  dried,  are  about  five  millimeters  long 
(one-fifth  inch),  of  a  general  blue-gray  color,  with  very 
hairy  calyx.  The  retention  of  the  bright  blue  color  of 
the  flowers  is  an  indication  of  careful  drying,  freshness, 
and  fine  quality.  The  fragrance  is  delightful,  the  taste 
bitterish,  aromatic,  somewhat  camphoraceous. 

Composition. — Lavender  flowers  contain  about  one 
or  one  and  a  quarter  per  cent,  of  essential  oil,  which 
they  retain,  if  properly  kept,  for  years;  the  stems  also 
contain  a  similar  but  less  agreeable  oil.  With  this 
oil  there  is  a  little  tannin  and  resin. 

Action  and  Uses. — The  action  of  lavender  is  purely 
that  of  an  aromatic  stimulant  and  carminative,  like 
its  relatives  in  the  family.  Its  odor  is  highly  esteemed 
by  almost  every  one.  It  is  not  strange,  therefore, 
that  aside  from  the  oil,  both  the  plant  and  the  flowers 


should  have  an  extensive  use,  especially  in  domestic 
practice.     Both   have  been   official   in   our  own   and 

other  pharmacopoeias,  but  professional  use  is  now  al- 
most entirely  restricted  to  the  oil,  which  is  described 
below.     The  dose  of  lavender  is  one  to  four   gram 
(gr.  xv.-lx.)  corresponding  to  about  one  minim  of  the 
oil,  though  the  latter  is  given  in  larger  doses. 

Lavender,  Oil  of.  Oleum  Lavandulae  Florum 
(U.  S.  P.). — Both  the  oil  of  the  planl  and  that  of  the 
flowers  are  commercial,  and  both  have  been  official, 
though  only  that  here  considered  is  so  at  present. 
They  are  very  similar,  that  of  the  flowers  being  only 
a  little  finer.  The  official  article  is  a  colorless  or 
yellowish  liquid,  having  the  fragrant  odor  of  lavender 
flowers  and  a  pungent  and  bitterish  taste.  Specific 
gravity  0.88  to  0.892  at  25°  C.  (77°  F.).  It  is  soluble 
in  three  parts  of  seventy  per  cent,  alcohol.  When 
shaken  with  water  in  a  narrow  graduated  cylinder, 
its  volume  should  not  be  diminished  (absence  of  alcohol). 

A  number  of  inferior  oils,  from  other  species  of 
lavender,  chiefly  spike  oil,  from  L.  spica  Cav.,  are  in 
the  market  and*  are  all  distinguished  by  their  much 
higher  specific  gravity,  that  of  spike  oil,  the  highest, 
ranging  from  0.905  to  0.920. 

The  active  portion  of  oil  of  lavender  is  linaloyl 
acetate,  which  should  constitute  about  one-third  of  it. 

The  dose  of  lavender  oil  is  TIU.  to  v.,  though  it  is 
comparatively  little  used  internally.  The  official 
spirit  has  a  strength  of  five  per  cent.  The  compound 
tincture,  or  compound  spirit,  contains,  with  8  parts  of 
this  oil,  2  of  oil  of  rosemary,  20  of  cassia,  10  of  nutmeg, 
5  of  cloves,  in  a  thousand,  and  is  colored  with  red 
saunders.  Henry  H.  Rusby. 


Laverania. — A  synonym  for  the  sporozoan  genus 
Plasmodium,  of  which  the  malarial  parasites  are 
examples.     See  Malaria  and  Protozoa.        A.   S.    P. 

Laxatives.- — See  Cathartics. 

Lazear,  Jesse  William. — Born  in  Baltimore, 
May  2,  1866.  He  received  his  bachelor  degree  from 
Johns  Hopkins  University  in  18S9  and  was  graduated 
in  medicine  from  the  Medical  Department  of  Colum- 
bia University  (College  of  Physicians  and  Surgeons) 
in  1892.  After  a  term  of  service  as  interne  at  Bellevue 
Hospital,  New  York,  he  spent  some  time  in  study  in 
Europe.  Upon  his  return  to  this  country  he  was 
appointed  bacteriologist  to  the  Johns  Hopkins  Hos- 
pital and  assistant  in  clinical  microscopy  in  Johns 
Hopkins  University.  He  volunteered  as  a  member 
of  the  Medical  Corps,  U.  S.  A.,  in  the  Spanish  War, 
and  after  its  close,  in  1900,  was  appointed  on  the 
Yellow  Fever  Commission  under  Major  Reed  in 
Havana.  In  the  course  of  the  investigation  he 
allowed  an  infected  mosquito  to  bite  his  hand,  and 
this  was  followed  by  an  attack  of  yellow  fever  from 
which  he  died  within  a  few  days  on  September  26, 
1900.  Lazear  was  a  true  martyr  to  science,  even  as 
was  Carroll,  his  colleague  on  the  commission,  for 
when  he  allowed  the  insect  to  sting  him  the  mem- 
bers of  the  commission  were  already  nearly  con- 
vinced that  the  disease  was  transmitted  in  this  way, 
although  further  proof  was  needed  to  establish  the 
theory  firmly.  A  memorial  tablet  has  been  erected 
to  his  memory  at  Johns  Hopkins  Hospital,  Baltimore. 

T.  L.  S. 

Lead. — See  Plumbum. 


Learning,  James  Rosebrugh. — Born  at  Grove- 
land,  N.  Y.,  February  20,  1820,  he  was  graduated  in 
medicine  from  the  New  York  University  in  1849. 
He  began  practice  in  New  York  City  in  the  office  of 
Dr.  Cammann,  and  soon  acquired  a  reputation  as  a 
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diagnostician  of  great  acumen  especially  skilled  in 
physical  diagnosis.  He  was  also  a  bold  and  successful 
therapeutist.  One  of  his  firm  convictions  was  that 
calomel  in  large  doses  was  curative  of  pneumonia, 
and  when  lie  himself  suffered  a  severe  attack  of  that 
disease  he  persuaded  his  medical  attendant  to  give 
him  a  thirty-grain  dose  of  calomel — he  speeddy  re- 
covered. Another  of  his  firm  beliefs  was  in  the  cura- 
tive virtue  of  thuja  applied  locally  in  malignant 
ulceration.     He  died  December  5,  1902. 

The  following  are  the  most  important  of  Dr. 
Learning's  contributions  to  medical  literature:  "Car- 
diac Murmurs,"  New  York,  1868;  "Respiratory 
Murmurs,"  New  York,  1872;  "Plastic  Exudation 
within  the  Pleura;  Dry  Pleurisy,"  Philadelphia,  1873; 
"Significance  of  Disturbed  Action  and  Functional 
Murmurs  of  the  Heart,"  New  York,  1875;  Contribu- 
tions to  the  "Study  of  Diseases  of  the  Heart  and 
Lungs,"  New  York  and  London,  1884  and  1890. 

T.  L.  S. 


Lebert,  Hermann. — Born  in  Breslau,  Germany, 
June  9,  1S13.  (The  family  name  was  originally 
Lewry.J  He  studied  medicine  first  in  Berlin  and 
afterward  in  Zurich,  under  Schoenlein,  and  received 
his  doctor's  degree  from  the  latter  university  in 
1834.  During  the  following  eighteen  months  he  fol- 
lowed the  clinical  instruction  of  Dupuytren  and  Louis, 
in  Paris,  and  in  1838  he  settled  in  Bex,  Canton  de 
Vaud,  Switzerland.  From  1842  to  1S45  he  devoted 
the  greater  part  of  his  time  to  the  study  of  compara- 
tive anatomy.  During  the  following  eight  years  he 
engaged  in  private  practice  in  Paris,  and  at  the  same 
time  did  a  good  deal  of  scientific  work.  In  1853 
he  was  made  Professor  of  the  Medical  Clinic  at 
Zurich;  in  1859  he  was  called  to  fill  the  same  chair  in 
Breslau;  and  finally,  in  1874,  he  definitely  settled  in 
Bex  for  the  few  remaining  years  of  his  life.  He 
died  August  1,  1878. 

Lebert  was  one  of  the  very  first  to  utilize  the  micro- 
scope extensively  in  pathologico-anatomical  re- 
searches, and  he  was  thus  enabled  to  make  quite  a 
number  of  valuable  contributions  to  our  knowledge 
of  pathology  and  clinical  medicine.  These  contribu- 
tions, which  already  in  1869  numbered  over  one 
hundred  publications  (large  and  small),  may  be  di- 
vided into  three  classes:  those  relating  to  biology; 
those  belonging  more  strictly  to  medical  science;  and, 
finally,  the  majority  of  his  shorter  writings — such  as 
reports  of  cases,  papers  on  experimental  pathology, 
accounts  of  the  climatological  conditions  of  such 
resorts  as  Nice,  Vevey,  Bex,  etc.  Of  the  publications 
of  the  second  group  the  following  are  the  more  im- 
portant: "  Physiologie  pathologique,"  two  volumes, 
Paris.  1845;  the  splendidly  illustrated,  "TraitSd'an- 
atomie  pathologique  generate  et  sp6ciale,"  two  vol- 
umes, Paris,  1S52-1864;  "Traite  pratique  des  maladies 
scrofuleuses  et  tuberculeuses  etc."  (awarded  a  prize), 
Paris.  1849;  and  "Klinik  der  Brustkrankheiten,"  two 
volumes,  Tubingen,  1874.  A.   H.   B. 


Lecithins. — These  substances  belong  to  the  group 
of  lipoids,  or  fat-like  substances,  and  the  group  of 
lecithins  are  designated  as  phosphatides.  As  their 
name  implies  they  are  compounds  containing  phos- 
phorus. This  element  is  combined  with  nitrogen  and 
fatty  acid  in  an  ester  form.  The  number  of  lecithins 
possible  is  almost  unlimited  the  different  lecithins 
differing  from  one  another  according  to  the  fatty  acid 
radicle  or  radicles  contained  in  the  molecule.  A  typical 
lecithin  is  an  ester  combination  of  a  nitrogenous 
base,  choline,  and  a  fatty  acid  glycerophosphoric  acid. 
The  lecithins  belong  to  the  group  of  the  monophos- 
phatides  since  they  contain  only  one  phosphoric  acid 
radicle.  As  an  example  of  the  typical  structure  of 
a  lecithin,  the  following  may  be  given 
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CH2.0.  fatty  acid  radicle 
I 
'   IIO.  fatty  acid  radicle 

OH—O 
\ 
HO— P  =  0 

/ 

ill 

N-(CHS), 
\ 
OH 

The  amount  of  phosphorus  in  lecithins  varies  from 
3.7  to  3.9  per  cent,  and  nitrogen  is  present  to  the 
extent  of  1.7  to  1.9  per  cent.  Upon  boiling  with  alka- 
lies (saponification)  lecithin  is  decomposed  with  the 
formation  of  soaps,  choline,  and  glycerophosphoric 
acid  whereas  under  the  influence  of  acids  lecithins  are 
only  slowly  decomposed.  The  lecithins  may  also 
be  split  into  their  constituents  by  the  action  of  en- 
zymes, particularly  lipase. 

Lecithi  1  may  be  regarded  as  a  primary  cell  con- 
stituent being  present  in  practically  all  types  of  cells 
of  both  animal  and  plant  origin.  Lecithin  is  soluble 
in  alcohol,  especially  in  warm  alcohol,  ether,  chloro- 
form, carbon  disulphide,  benzene,  etc.  From  its 
alcohol-ether  solution  lecithin  may  be  incompletely 
precipitated  by  acetone.  Upon  putrefaction  lecithin 
yields  glycerophosphoric  acid  and  choline,  and  the 
latter  furnishes  methylamine,  ammonia,  carbon  diox- 
ide, and  marsh  gas.  Lecithin  combines  with  acids  and 
bases.  With  the  hydrochloric  acid  solution  a  platinum 
salt  may  be  formed  which  is  quite  insoluble  in  the  re- 
agents which  are  ordinarily  solvents  for  lecithin.  Leci- 
thin combines  with  a  protein  molecule  to  form  the 
group  of  proteins  known  as  lecithoproteins.  As  an  ex- 
ample of  lecithoprotein  may  be  mentioned  vitelline  of 
the  egg.  Frank  P.  Underhill. 

Leeches. — See  Hirudinea. 

von  Leeuwenhoek,  Anthony. — Born  at  Delft, 
Holland,  October  24,  1632.  His  chief  distinction 
seems  to  have  been  that  he  discovered  how  to  grind  a 
lens  of  short  focal  distance  in  such  a  manner  that,  for 
the  purposes  of  the  anatomist  and  the  naturalist,  it 
proved  a  more  staisfactory  working  instrument  than 
were  the  compound  miscroscopes  then  in  use.  Having 
thus  acquired  the  means  of  ascertaining  more  cor- 
rectly the  relations  of  the  finer  structures  of  the  body, 
Leeuwenhoek  made  "many  interesting  discoveries 
in  the  minute  anatomy  of  man,  the  higher  animals,  and 
insects.  He  confirmed  and  extended  Malpighi's 
demonstration  of  the  blood  capillaries  in  1668,  and 
six  years  later  he  gave  the  first  accurate  description 
of  the  red  blood-corpuscles,  which  he  found  to  be 
circular  in  man  but  oval  in  frogs  and  fishes.  In  1677 
he  described  and  illustrated  the  spermatozoa  in  dogs 
and  other  animals,  though  in  this  discovery  Stephen 
Hamm  had  anticipated  him  by  a  few  months,  and  he 
investigated  the  structure  of  the  teeth,  crystalline 
lens,  muscle,  etc."  (Encyl.  Brit.,  11th  ed.).  His 
death  occurred  at  Delft  August  26,  1723. 

A.  H.  B. 

Leg,  Anatomy  of  the. — In  anatomy  the  term 
leg  indicates  only  that  part  of  the  pelvic  limb  between 
the  knee  and  the  ankle,  the  portion  above  the  knee 
being  known  as  the  thigh. 

In  man  the  shape  of  this  region  is  characteristic.  In 
most  other  animals  the  bellies  of  the  great  muscles  are 
above  the  knee,  and  the  leg  is  comparatively  slender; 
in  man,  however,  the  erect  position  requires  the  con- 
stant application  of  muscular  force  to  hold  the  foot  at 
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right  angles  to  the  axis  of  the  limb,  and  this  causes  very 
considerable  bellies  to  be  formed  below  the  knee.  The 
prominence  of  the  calf  marks  the  higher  races  of  man- 
kind generally,  and  Australians  and  other  low  savages 
resemble  children  and  apes  in  the  slender  caliber  of 
their  legs. 

It  is  not  quite  correct  to  compare  the  leg  to  an  in- 
verted cone,  as  is  often  done.  In  a  fully  developed 
man  the  prominence  of  the  calf  is  confined  mainly  to 
the  proximal  and  posterior  part  of  the  limb,  and  repre- 
sents the  two  bellies  of  the  gastrocnemius,  the  medial 


Post,  br.  of 
saph.  n.  


Fig.  371S. — Cutaneous  Veins  and  Nerves  of  the  Right  Leg,  Medial 
View. 

one  being  larger  and  descending  somewhat  farther 
than  the  lateral.  This  prominence  is  enormously 
developed  in  ballet-dancers,  who  possess  here  a  dense, 
hard  muscular  ball,  quite  characteristic  of  the  occupa- 
tion. It  may  be  brought  out  more  fully  by  rising  upon 
the  toes.  In  women  the  calf  has  usually  a  somewhat 
different  shape,  the  muscular  prominence  being  masked 
to  a  certain  extent  by  fat,  and  descending  somewhat 


lower  than  in  males.     The  bones  being  more  slender, 

the  ankle  is  more  finely  modelled,  and  the  whole  con- 
tour of  the  limb  approaches   more   ne.-jily   tin 

of  grace  which  plea  e  the  eye  in  the  "Greek  Slave"  or 
in  Canova's  "Venus."  It  is  this  contraction  of  tie- 
leg  toward  the  ankle  thai  makes  it  necessary  to  take 
certain  precautions  in  bandaging,  by  proceeding  from 
below  upward  and  making  the  necessarj  reverses.  It 
is  also  the  reason  win  I  he  circular  operation  for  ampu- 
tation is  not  so  easily  performed  here  as  above  the 


Biceps 


Gastrocnemius 

Ramus 
anastomoticus 

—  Small  saph.  v. 


Sural  n. 


Branches  of  Right  Small  and  Great  Saphenous  Veins. 


knee,  it  being  difficult  sufficiently  to  retract  the 
"sleeve."  The  shape  of  the  ankle  is,  however,  far 
from  being  cylindrical,  the  strong,  flat  tendo  calcaneus 
(Achillis)  producing  a  prominent  projection  behind,  as 
will  be  seen  on  inspecting  Figs.  3721  and  3724.  Ante- 
riorly, the  leg  is  remarkable  for  the  considerable  area 
throughout  which  the  bone  is  quite  superficial.     The 
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medial  surface  of  the  tibia,  along  its  whole  length  from 
the  tuberosity  downward  to  the  end  of  the  malleo- 
lus, is  but  slightly  covered,  and  in  ease  of  fracture  the 
ends  are  very  apt  to  extrude,  a  compound  fracture 
being  more  frequent  here  than  in  any  other  part  of  the 
body.  The  anterior  edge,  popularly  termed  the  shin, 
may  be  followed  down  as  far  as  the  lower  third,  where 
it  begins  to  be  rounded  and  covered  with  tendons  i  hat 
pass  over  the  ankle  into  the  foot.  The  lack  of  soft 
parts  here  to  serve  as  a  cushion  under  the  skin  occa- 
sions liability  to  certain  injuries.  A  blow  from  a  blunt 
instrument  which  would  elsewhere  produce  a  contusion 
will  here  cause  an  incised  wound.  Blows  may  also  pro- 
duce the  same  blood  tumors  that  we  see  occasioned  in 
a  similar  way  upon  the  skull. 

The  usual  curve  of  the  crest  of  the  tibia  may  be  exag- 
gerated by  various  causes.  One  of  the  earliest  signs  of 
rickets  is  an  increase  of  the  bend  at  the  distal  part.  If 
children  are  encouraged  to  walk  too  early  there  is  usu- 
ally an  outward  bend,  causing  the  child  to  appear 
bandy-legged.  It  is  probable,  however,  that  when  this 
is  considerable,  there  is  a  defect  in  the  nutrition  of  the 
bones.  Where  the  potable  water  shows  a  marked  de- 
ficiency of  lime  salts  deformities  of  this  kind  are  more 
common.  Still,  it  is  not  unusual  to  see  the  limbs  of  a 
bandy-legged  child  straighten  as  puberty  approaches, 
and  it  may  be  questioned  whether  a  certain  degree  of 
this  defect  is  not  due  to  a  reversion  to  the  type  of  tibia 
found  in  our  "frugivorous  ancestors  of  arboreal  hab- 
its." Among  negro  children  bandy  legs  are  very 
common.  As  this  defect  occasions  an  unusual  promi- 
nence of  the  shin,  and  consequent  liability  to  injury, 
it  is  probable  that  there  may  be  some  slight  ground  for 
the  prevalent  notion  that  the  shin  of  the  negro  is  one 
of  his  most  vulnerable  points. 

In  certain  races,  especially  those  that  approximate 
to  the  prehistoric  type,  such  as  the  Esquimaux,  Pata- 
gonians,  certain  Indians,  early  Europeans,  and  the 
mound-builders,  a  peculiar  form  of  tibia  is  found 
which  is  decidedly  simian  in  character.     The  bone  is 


interosseous  lig.      a     ant.  tib.  vessels  and  nerve 


small  saph.  v.  saph.  n. 

Fig.  3720. — Diagram  of  a  Transverse  Section  through  Right  Leg, 
at  Upper  Third,  to  show  the  Disposition  of  the  Intermuscular  Septa. 
Distal  surface  of  section,  a,  a,  a,  Deep  fascia  or  aponeurosis;  dt  e, 
intermuscular  septa;  1,  tibialis  anterior;  2,  ext.  dig.  long.;  3,  pero- 
neus  longus;  4,  lateral  head  of  gastroc;  5,  medial  head  of  gastroc. ;  6, 
soleus;  7  flex.  hall,  long.;  8,  tibialis  posterior;  9,  flex.  dig.  long. 

markedly  flattened  from  side  to  side,  and  presents  a 
saber-like  edge  on  the  crest.  This  is  known  as  the 
platycnemic  tibia.  Wyman  found  upon  examination 
of  a  considerable  number  of  skeletons  of  the  mound- 
builders  that  about  sixty  per  cent,  of  their  tibiae  were 
platycnemic.  It  seems  quite  probable  that  in  such 
legs  the  tibialis  anterior  muscle  is  larger  and  more 
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deeply  embedded  between  the  bones  than  is  Hie  (use  in 
the  usual  type,  adapting  the;  foot  to  strong  inversion 
of  the  sole,  as  is  the  case  in  apes,  and  thus  making 
climbing  easy. 

The;  fibula,  although  not  so  superficial  as  the  tibia, 
may  be  felt  for  a  great  portion  of  its  course,  especially 


Fig.  3721. — Transverse  Section  of  Left  Leg,  just  above  the  Bases 
of  the  Malleoli.  Distal  surface  of  section.  1,  Tendon  of  tibialis 
anterior;  2,  ext.  hall,  longus;  3,  ext.  dig.  longus;  4,  flex.  hall,  long.; 
5,  peroneus  brevis;  6,  peroneus  long.;  7,  tibialis  posterior;  8,  flex, 
dig.  long.;  9,  tendo  calcaneus;  10,  plantaris;  11,  fatty  tissue;  12, 
sheath  of  posterior  tibial  vessels  and  nerves;  13,  great  saphenous 
vein  and  nerve;  14,  small  saphenous  vein  and  nerve;  15,  anterior 
tibial  vessels  and  nerves. 

below,  where  fracture  is  most  common.  The  head 
and  the  lateral  malleolus,  with  the  triangular  facet 
above  it,  are  subcutaneous.  The  close  contiguity  of 
the  skin  to  the  periosteum  and  bone  makes  it  very  easy 
for  pathological  processes  to  be  continued  from  one 
to  the  other.  It  often  occurs,  therefore,  that  ulcers 
of  the  leg  are  followed  by  periostitis  and  necrosis  of  the 
bone. 

The  skin  and  subcutaneous  tissues  are  not  so  freely 
supplied  with  arterial  vessels  as  are  the  corresponding 
portions  of  the  upper  extremity.  The  superficial 
veins  are,  on  the  contrary,  very  numerous,  as  may  be 
seen  on  an  inspection  of  Figs.  3718  and  3719.  Being 
far  removed  from  the  heart,  acting  against  gravity, 
outside  the  muscles  ^and  therefore  without  the  assist- 
ance of  muscular  contraction,  the  circulation  through 
them  is  unusually  sluggish. 

These  peculiarities  cause  this  region  to  be  particu- 
larly liable  to  congestive  disturbances  and  to  defective 
nutrition.  Eczema  is  common  here;  it  is  a  favorite 
locality  for  the  spots  of  purpura,  and  patches  of  brown- 
ish discoloration  appear  from  the  staining  of  the  skin 
with  the  coloring  matter  of  the  blood,  especially  in  old 
persons  who  heat  the  legs  much  before  the  fire.  This 
the  older  physicians  called  ephelis  ab  igne,  indicating 
its  relation  to  freckles,  or  ephelis  a  sole.  Ulcers  are 
very  common  here;  a  small  abrasion,  which  would  else- 
where heal  without  trouble,  here  remaining  indefinitely, 
and  being  very  difficult  to  cure  without  placing  the 
patient  for  some  time  in  a  recumbent  position.  The 
most  common  situation  for  ulcers  is  naturally  where 
the  bones  are  subcutaneous,  and  the  leg  most  exposed 
to  violence.  Syphilitic  ulceration  is  also  common, 
especially  in  front  of  the  knee. 

The  principal  venous  trunks  are  two.  The  great 
saphenous  vein  (Fig.  3721)  arises  on  the  inner  side 
of  the  foot  from  the  medial  extremity  of  the  dorsal 
venous  arch,  courses  upward  in  front  of  the  medial 
malleolus,  then  behind  the  medial  border  of  the  tibia, 
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and  passes  into  the  thigh  behind  the  medial  condyle 
of  the  femur,  finally  discharging  into  the  femoral 
vein  through  the  fossa  ovalis  of  the  fascia  lata.  The 
small  saphenous  vein  (Fig.  3721)  arises  from  the  lateral 
end  of  the  dorsal  venous  arch  of  the  foot,  passes  behind 
the  lateral  malleolus,  upward  along  the  tendo  calca- 
neus over  the  gastrocnemius,  and  penetrates  the  deep 
fascia  to  empty  into  the  popliteal  vein.  Both  of  t  dese 
veins  communicate  frequently  with  the  deeper  veins 
by  short  branches  through  the  fascia,  and  both  are 
accompanied  by  cutaneous  nerves. 

For  the  reasons  above  mentioned  these  veins  are 
very  liable  to  become  varicose,  especially  with  those 
who  stand  much  in  one  position,  like  washerwomen, 
and  these  varicosities  usually  occur  at  those  points 
where  a  communication  exists  between  the  superficial 
and  deep  systems.  The  enlargement  frequently 
occasions  considerable  pain  because  of  the  pressure 
upon  the  accompanying  nerves.  Varicosities  are  also 
likely  to  occur  in  those  whose  occupations  require 
them  to  use  powerfully  the  muscles  of  the  leg  while  the 
thoracic  and  abdominal  muscles  are  comparatively 
fixed,  as,  for  instance,  in  pushing  a  heavily  loaded 
wheelbarrow  uphill.  In  doing  this  the  vein  is  con- 
stantly acted  upon  by  the  contraction  of  the  leg 
muscles,  which  force  the  blood  from  the  deep  veins 
into  the  more  superficial  ones,  and  is  also  affected  by  the 
weight  of  the  superincumbent  column  of  blood  and 
the  compression  exercised  upon  it  by  the  muscular 
action  of  the  diaphragm  and  the  abdominal  muscles. 
The  wearing  of  tight  garters,  or  any  other  obstruc- 
tion to  the  circulation,  such  as  a  gravid  uterus  or  an 
abdominal  tumor  pressing  on  the  main  vascular  trunks, 
is  liable  to  occasion  varices,  anasarca,  or  some  other 
symptom  of  congested  circulation.  It  is  found  that 
the  left  leg  is  more  commonly  affected  in  this  way 
than  the  right.  This  may  be  partly  accounted  for  by 
the  presence  of  the  pelvic  flexure  of  the  colon  on  the 
left  side,  which,  containing  periodically  an  accumula- 
tion of  feces,  presses  on  the  iliac  veins.  Probably 
atony  of  the  walls  of  the  colon,  with  a  dilatation  and 
partial  impaction  of  the  pelvic  flexure,  is  less  rare 
than  is  commonly  supposed.  It  is  said  that  cold  feet 
have  been  cured  by  thoroughly  washing  out  the  colon, 
and  thus  modifying  the  circulation  of  the  limb. 

But  another  cause  for  the  greater  frequency  of  affec- 
tions of  this  kind  in  the  left  leg  is  the  peculiar  arrange- 
ment of  the  iliac  veins.  Since  the  vena  cava  is  on 
the  left  side  of  the  spine,  the  left  common  iliac  has 
to  cross  to  the  opposite  side,  and  in  doing  so  dips 
under  the  right  common  iliac  artery,  which  is  crossing 
in  a  similar  way  from  the  aorta  to  the  right  side.  A 
little  lower  down,  the  iliac  vein  passes  under  the  left 
common  iliac  artery.  In  both  these  cases  the  artery 
crosses  nearly  at  right  angles  to  the  direction  of  the 
vein,  and  at  every  pulsation  occasions  a  certain 
amount  of  obstruction  to  the  free  flow  of  blood  through 
the  latter.  On  the  right  side  the  arteries  cross  the 
veins  obliquely,  so  that  there  is  much  less  obstruction. 

Varices  are  not  confined  to  the  superficial  veins. 
Verneuil  thinks  that  they  frequently  occur  in  the 
venous  plexus  which  exists  between  the  superficial 
and  deep  muscles  of  the  calf,  and  that  this  may  ex- 
plain the  pain  which  occurs  without  obvious  cause 
in  those  whose  occupation  requires  them  to  stand 
a  great  deal.  It  is  interesting  to  note  that  we  may 
trace  the  ultimate  cause  of  varices  to  the  erect  pos- 
ture. Man  is  the  only  animal  in  which  the  weight  of 
the  whole  column  of  blood  contained  in  the  vena  cava 
presses  directly  upon  the  veins  of  the  lower  limbs. 
The  cava  has  no  valves,  and,  recalling  the  action  of  the 
hydraulic  press,  we  see  at  once  what  a  powerful  effect 
the  weight  of  the  column  of  blood  must  have.  This 
defect  in  the  structure  of  the  vascular  system  is  ex- 
plained when  we  remember  that  in  other  animals  the 
vena  cava  is,  in  the  ordinary  posture,  nearly  horizontal, 
and  the  blood  which  it  contains  exerts  no  pressure 
upon  the  veins  of  the  leg.     The  leg  itself  is  amply 


provided  with  valves.  The  absence  of  valves  at  just 
the  point  where  they  would  be  of  most  use  is  really 
one  of  the  many  proofs  which  anatomj  gives  that  man 
has  assumed  t  lie  erect  post  ure  wit  liin  so  recent  a  period 
that  the  body  is  not  yet  perf"c11y  adapted  for  it. 

The  fascia  covering  the  leg  is  arranged  as  in  the 
other  limbs.  A  single  dense  layerensheaths  the  whole, 
blending  intimately  with  the  periosteum  wherever  it 
touches  the  bone,  and  with  the  ligaments  both  above 
and  below.  Its  thickness  prevents  abscesses  from 
readily  appearing  on  the  surface,  and  pus  usually  bur- 
rows along  the  intermuscular  septa. 

The  sartorius  at  its  insertion  sends  a  strong  aponeu- 
rotic expansion  to  it,  so  that  any  action  of  the  muscle 
makes  the  fascia  tense.  The  superficial  muscles  of  the 
leg  have  all  a  considerable  origin  from  the  fascia,  and 
this  greatly  increases  their  efficiency.  They  also 
arise  from  the  septa  which  the  fascia  sends  down  be- 
tween the  muscles.  Of  these  there  is  one  on  the 
lateral  side,  passing  medially  to  the  posterior  border 
of  the  tibia,  and  one  passing  between  the  tibia  and 
fibula,  usually  called  the  interosseous  ligament  (Kig. 
3720).  These  two  separate  the  muscles  in  front  and 
laterally  from  the  posterior  muscles,  thus  dividing  the 
leg  into  two  separate  compartments  which  are  prac- 
tically independent  of  each  other  as  any  effusion  in 
one  never  passes  into  the  other.  The  muscles  in  the 
anterior  compartment  are  so  compressed  by  the  dense 
tissues  surrounding  them  that  they  usually  bulge  out 
through  an  incised  wound,  and  when  it  is  necessary  to 
make  in  it  a  longitudinal  incision,  as,  for  instance, 
when  the  anterior  tibial  artery  is  tied,  it  is  advisable 
to  relieve  the  sharp  tension  of  the  edge  of  the  fascia 
by  a  cross  cut. 

The  anterior  compartment  is  subdivided  by  a  layer 
of  fascia  extending  from  the  external  sheath  to  the 
anterior  border  of  the  fibula,  separating  off  the  per- 
oneal muscles  from  the  remainder.  The  latter  again 
are  separated  by  a  fibrous  partition,  that  passes  be- 
tween the  anterior  tibial  and  the  extensor  digitorum 
longus.  This  well-marked  fibrous  septum  may  be 
used  as  a  guide  in  tying  the  anterior  tibial  artery.  In 
the  lower  part  of  the  leg  the  extensor  of  the  great  toe 
and  the  peroneus  tertius  lie  directly  outside  the  tibialis 
anterior.  The  order  in  which  the  tendons  pass  down 
over  the  instep  is  shown  in  the  article  on  the  Foot. 

The  anterior  tibial  artery  (Fig.  3722)  is  the  chief 
object  of  surgical  importance  in  the  anterior  compart- 
ment. It  is  the  smaller  of  the  two  divisions  of  the 
popliteal,  and  attains  the  front  of  the  leg  by  passing 
between  the  two  heads  of  the  tibialis  posterior  muscle 
and  above  the  interosseous  ligament,  which  is  want- 
ing in  the  proximal  part  of  the  tibiofibular  inter- 
space. It  is  here  very  firmly  united  with  the  denser 
fibrous  tissues,  and  it  is  very  difficult  to  secure  it  when 
wounded.  Hemorrhage  is  usually  profuse,  and  it  is 
often  necessary  to  tie  the  femoral  artery  to  control  it. 
A  line  drawn  from  the  medial  side  of  the  head  of  the 
fibula  to  midway  between  the  malleoli  indicates  the  gen- 
eral direction  of  the  vessel.  The  lower  point  should  be 
estimated  by  standing  directly  in  front  of  the  foot 
with  a  finger  on  each  malleolus.  As  the  artery  lies 
in  the  first  muscular  interspace  that  occurs  on  passing 
laterally  from  the  tibial  crest,  there  may  be  a  slight 
groove  brought  out  directly  over  the  course  of  the 
artery  when  the  muscles  are  caused  to  contract  by 
strongly  bending  the  foot  upward.  The  proximal  por- 
tion of  the  vessel  lies  deeply  against  the  tibia  and 
the  interosseous  membrane,  and  between  the  tibialis 
antior  and  the  extensor  digitorum  longus.  It  is  here 
very  difficult  to  reach  and  is  tied  only  when  wounded, 
in  which  case  the  usual  rule  is  followed  of  enlarging 
the  wound  and  securing  the  bleeding  ends.  Lower 
down,  as  the  muscles  become  tendinous,  the  artery  is 
more  accessible  and  easily  secured.  It  then  lies  be- 
tween the  tibialis  anterior  and  the  extensor  hallueis 
longus,  the  latter  tendon  covering  it  just  as  it  passes 
under    the    cruciate  crural    ligament  to  become  the 
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dorsalis  pedis.  The  artery  is  accompanied  1  > y  the 
deep  peroneal  nerve  winch  reaches  it  by  passing  around 
the  head  of  the  fibula  (Fig.  3723),  where  it  is  somewhat 

liable  to  injury.      The  nerve  is,  I  lierefore,  at  first  lateral 

to  the  vessel,  but  afterward  lies  in  front  and  occa- 
sionally crosses  to  the  medial  side.  Venae  comites 
accompany  the  artery,  and  by  their  frequent  anasto- 
moses greatly  increase  the  difficulty  of  securing  it. 
It  is  not  unusual  for  the  artery  to  be  wounded  by 
splinters  of  bone  when  the  tibia  is  fractured;  and  the 
nerve  may  also  be  injured  in  the  same  manner,  causing 
great  pain,  which  may  appear  to  the  patient  to  be  ID 
the  foot  or  ankle.     Section  of  the  nerve  is  notaserious 
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Fig.  3722. — Dissection  of  the  Front  of  the  Left  Leg  and  Dorsum  of 
Foot. 

matter,  as  it  does  not  alter  notably  the  functions  of  the 
member. 

In  the  lateral  or  peroneal  compartment  there  are  but 
two  muscles,  the  peroneus  longus  and  peroneus  brevis 
(Fig.  3723).  These  are  long  and  slender,  attached 
strongly  to  the  fibula  and  to  the  deep  fascia  above,  and 
tapering  below  into  rounded  tendons,  which  pass  be- 
hind the  lateral  malleolus.  They  are  supplied  by  the 
common  peroneal  nerve  which  may  be  injured  by  a 
fracture  of  the  fibula,  whence  may  result  a  consider- 
able impairment  of  the  functions  of  the  foot,  as  the 
outward  pointing  of  the  toes  is  mainly  accomplished 
by  these  muscles.  The  head  of  the  fibula  is  sometimes 
torn  off  by  the  sudden  muscular  traction  of  the  biceps 
muscle,  and  the  lesion  is  usually  accompanied  by  a 
considerable  amount  of  pain  which  may  continue  dur- 
ing the  entire  time  that  the  callus  is  forming.     This  is 
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due  to  the  close  contiguity  of  the  superficial  peroneal 
nerve. 
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Fig.  3723. — Dissection  of  Outer  Side  of  Right  Leg  and  Foot, 
showing  Branches  of  Common  Peroneal  Nerve.  1,  Vastus  later- 
alis; 2,  lateral  intermuscular  septum;  3,  biceps;  4,  later,  cutan.  sural 
nerve;  5,  common  peroneal  nerve;  6,  muscular  branch;  7,  anasto- 
motic; 8,  gastrocnemius;  9,  medial  cutaneous  sural;  10,  soleus;  11, 
sural;  12,  lateral  calcaneal  branches;  13,  13,  later,  cutan.  dorsal 
nerve;  14,  digital  nerves;  15,  anastomotic  branch;  16,  aponeurosis; 
17,  peroneus  brevis;  18,  superficial  peroneal  nerve;  19,  extensor  digi- 
torum  longus;  20,  peroneus  longus;  21,  tibialis  anterior;  22,  peroneus 
profundus  nerve;  23,  peroneus  superficialis  nerve;  24,  tibialis 
anterior;    25  head  of  fibula. 

The  posterior  compartment  of  the  leg  is  by  far  the 
largest  of  the  three.  A  strong  intermuscular  septum 
divides  it  transversely  into  two  (Fig.  3720),  separating 
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the  muscles  into  superficial  and  deep  groups.  Tlic  super- 
ficial group  is  attached  to  thetendo  calcaneus  and  I  here- 
fore  act  together  as  a  rule.  Theseform  the  prominence 
of  the  calf  before  mentioned,  and  consist  of  the  ga si  roe- 
nemius  superficially,  under  it  the  soleus,  which  Consider- 
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Fig.  3724. — Right  Tibial  Nerve  and  Posterior  Tibial  Artery. 
The  tibial  nerve  is  seen  passing  beneath  the  fibrous  arch  of  the 
aoleus. 

ably  exceeds  it  in  size,  and  the  insignificant  plantaris. 
Many  anatomists  describe  the  gastrocnemius  as  two 
muscles,  and  from  this  conception  arises  the  French 
immelesjumeaux.  Combined  with  the  soleus  the  whole 
muscular  complex  is  known  as  the  triceps  sura?.  The 
two  heads  of  the  gastrocnemius  take  origin  above  the 
condyles  of  the  femur;  it  is,  therefore,  a  muscle  that 


controls  two  joints,  and  its  contraction  Sexes  the 
knee  and  at  the  same  time  extends  the  foot.  When 
it  is  affected  by  rheumatism  it  maj  cau  e  purious 
ankylosis  of  the  knee-joinl  The  coexi  tence  of  ex- 
tension of  the  foot  will  enable  the  observer  to  distinguish 

il  from  Hue  ankylosis.      The   fibers  of  either  lead    an 

arranged  in  a  beautiful  penniform  manner  around  a  ten- 
don that  cannot  be  completely  displayed  until  the  mu 
is  eui  and  turned  back.     Its  coadjutor,  the  soleus,  dot 

not  pass  over  the  knee-joinl ,  hut  is  at  I  aeled  to  t  he  tibia 

and  the  fibula,  throwing  across  between  the  two  a 
fibrous  arch  of  fascia  which  protects  from  compression 
the  vessels  as  they  pass  under  ii .  The  gastrocnemius 
and  the  soleus  are  remarkably  subject  to  cramps. 
This  muscular  affection,  which  appears  usuall)  to  be 

an  irregular  muscular  act  ion,  independent  of  t  he  nerv- 
ous system,  may  be  broughl  about  by  slight  can 
such  as  a  draught  of  air  blowing  on  the  calves,  and 
vigorous  exercise  in  swimming  or  running,  especially 
when  cold  currents  are  directed  on  the  limb.  The 
greater  frequency  of  the  disorder  in  these  muscular 
masses  is  probably  due  to  the  peculiarities  of  the  blood 

supply  to  the  leg,  to  \\  hich  allusion  has  been  made,  and 
anything  that  tends  to  produce  a  more  active  circula- 
tion through  the  muscles,  such  as  kneading  or  rubbing, 
will  relieve  the  cramp.  II  is  suggested  that  both  in 
this  case  and  in  others  in  which  massage  upon  the 
leg  is  necessary,  some  care  be  taken  to  apply  it  along 
the  trunks  of  the  veins  and  in  a  direction  from  the 
periphery  toward  the  heart.  Cramps  of  these  mus- 
cles are  frequent  during  pregnancy,  and  in  such  case 
may  be  due  to  pressure  either  upon  the  iliac  veins  or 
upon  the  nerve  trunks  in  the  pelvic  cavity. 

The  little  plantaris  (Fig.  3725)  is  a  vestigial  muscle, 
representing  a  much  larger  one  found  in  other  animals. 
Its  muscular  portion  is  frequently  not  more  than  an 
inch  long.  It  arises  above  the  lateral  condyle  of  the 
femur,  and  terminates  in  a  slender,  thread-like  tendon, 
that  passes  down  along  the  medial  border  of  the 
tendo  calcaneus,  and  is  finally  inserted  with  it  into 
the  posterior  border  of  the  calcaneum.  It  is  probably 
of  no  importance  whatever,  though  the  French  sur- 
geons have  imagined  that  its  tendon  may  be  ruptured 
by  a  sudden  action,  producing  the  affection  known  as 
i- n up  ile  fouet — a  sudden  stinging  pain  in  the  calf. 
This  affection  is  not  rare.  In  a  case  within  the  writer's 
knowledge  it  occurred  to  a  lady  while  dancing.  It  is 
more  likely  that  there  is  a  rupture  in  the  large  muscu- 
lar mass  of  the  gastrocnemius  and  the  nerves  of  supply. 
It  is  not  clear  that  the  little  tendon  of  the  plantaris 
would  cause  an}'  pain  if  it  were  to  rupture,  and  the 
lesion  has  never  been  demonstrated  clinically,  so  far 
as  the  writer  is  aware. 

The  tendo  calcaneus  passes  down  to  be  inserted 
upon  the  tuberosity  of  the  calcaneum  which  projects 
behind  the  malleoli  and  constitutes  an  arm  of  the  lever 
which  lifts  the  body  when  rising  on  the  toes.  In  negroes 
and  others  with  flat  feet  this  projection  is  somewhat 
greater.  By  this  setting  back  of  the  tendon  two 
fossa?  are  formed,  one  on  either  side,  behind  the 
malleoli  (Fig.  3721). 

Between  the  triceps  sura;  and  the  deeper  layer  are 
the  principal  vessels  and  nerves.  The  posterior  tibial 
artery  (Fig.  3724)  is  the  direct  continuation  of  the 
popliteal,  and  receives  its  name  on  passing  under  the 
fibrous  arch  of  the  soleus.  It  almost  immediately 
gives  off  the  anterior  tibial  and  the  peroneal  arteries, 
the  rule  being,  according  to  Holden,  that  in  amputa- 
tions one  inch  below  the  head  of  the  fibula  one  artery 
is  divided,  two  inches  two  arteries,  three  inches  three 
arteries.  It  bifurcates  into  the  plantar  arteries  at  a 
line  drawn  from  the  point  of  the  malleolus  to  the 
middle  of  the  heel  (Wyeth).  If  we  take  a  point  mid- 
way on  this  line,  and  draw  another  line  upward 
through  the  center  of  the  calf,  we  shall  have  approxi- 
mately the  course  of  the  artery.  In  the  proximal 
part  of  its  course  it  is  so  deeply  buried  under  muscular 
masses  that  it  is  very  difficult  to  reach.     On  this  ac- 
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count  it  is  usual  in  ligating  it  not  to  make  the  incision 
directly  over  the  artery,  but  to  avoid  cutting  the  gas- 
trocnemius by  commencing  only  two  finger-breadths 
from  the  medial  edge  of  the  tibia,  finding  the  edge  of 
the  gastrocnemius,  and  pushing  it  aside.  The  fibers 
of  t  he  soleus  are  then  carefully  divided  in  the  direcl  ion 

of    the  artery.     There  is  usually  a  deep  aponeui 

tendon  inclosed  within  the  fibers  of  the  soleus,  having 
muscular  fibers  inserted  on  its  anterior  and  posterior 
surfaces.      When  this  is  reached  it  serves  as  a  warning 
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Semitendinosus 


Soleus 


Plantaris  tendon 
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Fig.  3725. — Superficial  Muscles  of  Back  of  Right  Leg.  a.  Popli- 
teal fossa;  6,  lateral  malleolus;  c,  calcaneus;  3,  semitendinosus; 
4,  semimembranosus;  7,  8,  gastrocnemius;  9,  plantaris;  15,  15,  hal- 
lucis  longus;    16,  tendo  calcaneus. 

to  the  operator  that  the  artery  is  not  far  off.  By 
separating  the  edges  of  the  incision  the  vessel  may  be 
found,  even  if  not  exactly  in  the  direction  of  the  cut. 
It  is  very  rarely  tied  here.  Below,  where  the  artery  be- 
comes more  superficial,  there  is  no  difficulty  in  finding 
it.  Care  should  be  taken  to  avoid  the  great  saphenous 
vein.  The  artery  is  accompanied  throughout  by  two 
veins,  with  frequent  cross  anastomoses,  and  by  the  pos- 
terior tibial  nerve,  which  is  at  first  on  its  medial  side, 
but  crosses  over  to  the  lateral  side,  below  where  the 
peroneal  artery  is  given  off.  A  section  of  the  nerve 
paralyzes  the  plantar  muscles. 

The  deep  layer  of  muscles  is  constituted  by  the 
tibialis  posterior,  the  flexor  digitorum  longus,  the 
flexor  hallucis  longus,  and  the  popliteus.     The  latter 
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muscle  is  confined  to  the  proximal  pari  of  the  leg, 
arising  by  a  rounded  tendon  from  the  groove  above 
I  tie  lateral  condyle  of  the  femur,  and  passing  obliquely 
inward  to  the  tibia.  It  is  believed  to  be  homologous 
with  t  lie  pronator  teres  of  the  arm.  and,  like  thai  muscle, 
assists  in  rotating  the  segment  and  in  bending  the  joint. 
All  the  other  muscles  terminate  in  tendons  which 
i  i  down  behind  the  medial  malleolus  into  the  foot. 
Besides  a  considerable  origin  from  the  intermuscular 
septum,  the  tibialis  posterior  and  flexor  digitorum 
longus  arise  from  the  tibia;  the  flexor  hallucis  longus 
from  the  fibula.  As  the  tendons  pass  downward 
those  of  the  flexor  digitorum  longus  and  the  tibialis 
posterior  twist  around  each  other,  interchanging 
places,  so  that  at  the  ankle  the  latter  is  nearest  the 
bone.     (See  article  Foot.) 

Within  the  fibers  of  the  flexor  hallucis  longus  the 
peroneal  artery  runs  close  to  the  fibula,  and  is  there- 
fore often  wounded  when  that  bone  is  fractured. 
The  artery  may  be  of  larger  size  than  the  posterior 
tibial,  and  may  take  the  place  of  the  anterior  tibial. 
At  its  upper  part  it  is  so  surrounded  by  fibrous  struc- 
tures that  aneurysm  of  it  is  extremely  rare.  It  is  also 
so  well  protected  by  the  fibula  that  it  is  rarely  wounded 
except  in  fracture  of  that  bone.  It  is  still  more  difficult 
to  reach  for  ligation  than  the  posterior  tibial,  but  this 
may  be  done  by  detaching  the  fibular  origin  of  the  soleus 
and  raising  the  flexor  hallucis  longus. 

Frank  Baker. 

Legumin. — One  of  the  characteristic  proteins  of 
the  pea.  Legumin  is  of  significance  from  the  fact  that 
it  has  been  extensively  studied  in  investigations  upon 
the  structure  of  the  protein  molecule.  F.  P.  U. 


Leguminosie. — (The  Bean  Family).  As  here  con- 
sidered, this  family  includes  the  three  subfamilies 
Papilionaceoe,  Ccesalpiniaceoe,  and  Mimosaceae,  re- 
garded by  many  botanists,  and  probably  correctly, 
as  distinct  families.  It  comprises  nearly  450  genera 
and  about  6.000  species,  distributed  through  all  except 
very  cold  regions  and  exceedingly  numerous  and 
abundant  in  most  tropical  districts.  When  its  gen- 
eral structure,  chemistry,  physiology,  and  adaptability 
to  environment  are  considered,  it  appears  to  stand  at 
the  head  of  the  vegetable  kingdom.  Its  economic 
importance  is  of  the  greatest.  It  contributes  some 
of  the  most  highly  prized  and  durable  timbers,  espe- 
cially for  cabinet  purposes.  Many  species  are  so 
rich  in  tannin  as  to  be  valuable  tanning  agents  and 
very  many  of  its  dye-stuffs,  like  logwood  and  indigo, 
have  been  utilized.  Acacia,  Senegal,  Mesquit,  and 
Tragacanth  gums  are  elsewhere  described  in  this 
work.  Peanut  oil  is  the  type  of  a  number  of  useful 
fixed  oils.  Tonka  is  a  valuable  perfuming  and  flavor- 
ing agent.  Tamarinds,  ingas,  and  other  fleshy  fruits 
are  important  edible  products.  Most  of  the  richly 
albuminous  fodders,  like  clover,  alfalfa,  lupines,  and 
vetches,  are  yielded  by  this  family,  especially  by  the 
first-named  subfamily,  while  peas,  beans,  lentils, 
peanuts,  soja  and  fenugreek,  in  the  same  group,  are 
equally  important  as  albuminous  human  foods. 
Medicinally,  the  Calabar  bean,  senna,  broom,  liquor- 
ice, jequirity,  araroba,  Jamaica  dogwood,  balsams  of 
Peru  and  tolu,  copaiba  and  erythrophloeum  are  mere 
illustrations  of  a  vast  number,  especially  of  local  em- 
ployment. Ononis  spinosa  L.  and  other  species  of 
Ononis,  household  diuretics,  and  Moussena  (Albizzia 
anthelmintica  [Baill.]  Courd.),  an  anthelmintic  bark 
treated  in  the  preceding  edition  of  this  work,  may  also 
be  mentioned. 

Poisonous  species  are  very  numerous.  Many  of 
the  poisonous  constituents  are  glucosides  or  alkaloids, 
readily  isolated,  their  activities  not  at  all  uniform. 
In  other  cases,  as  of  abrus  and  locust,  they  are  al- 
buminoids, very  difficult  of  isolation.  In  some  noted 
cases,  as  that  of  the  loco-weed,  they  are  absolutely 
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elusive.  Even  in  such  edible  seeds  as  the  pen  .■md  the 
bean  there  exists  some  unknown  principle  which  ren- 
ders them  injurious  when  used  to  excess,  and  which 
causes  inflammations  and  loss  of  the  cutaneous  ap- 
pendages, even  of  the  hoofs.  This  effect  is  very 
noticeable  in  the  case  of  Leucsena  and  results  in  a  well- 
marked  deformity  in  the  horse,  the  "cigar-tail," 
characterized  by  the  complete  loss  of  the  hair  of  the 
tail.  This  family  is  capable  of  further  very  extensive 
exploitation  in  the  interest  of  materia  medica. 

Henry  II.  Rtjsby. 


Leidy,  Joseph. — Born  in  Philadelphia,  Pa., 
September  9,  1823.  He  received  the  degreeof  M.  D., 
from  the  University  of  Pennsylvania,  in  1844.  He 
then  began  the  practice  of  medicine,  but  in  1846 
he  discontinued  it  in  order  to  devote  his  time  ex- 
clusively to  teaching  and  research  work.  In  1847, 
in  association  with  Prof.  William  E.  Horner  of  the 
University  of  Pennsylvania,  he  gave  a  private  course 
of  anatomical  lectures.  In  1853,  upon  the  death  of 
Dr.  Horner,  he  was  elected  to  the  full  possession  of 
the  Chair  of  Anatomy;  he  was  also  chosen  Dean  of 
the  Faculty.  Both  of  these  positions  he  held  until 
the  time  of  his  death,  which  occurred  April  30,  1891. 

Dr.  Leidy  was  an  accomplished  draughtsman  and 
an  enthusiastic  paleontologist.  As  early  as  1847 
he  published  a  paper  "On  the  Fossil  Horse  of  America," 
in  which  he  clearly  established  the  former  existence 
of  a  diminutive  species,  for  which  he  proposed  the 
name  of  "Equus  Americanus."  This  subject,  with 
later  discoveries,  in  the  hands  of  Thomas  H.  Huxley 
and  Othniel  C.  Marsh,  has  been  largely  used  as  a 
demonstration  of  the  theory  of  evolution.  In  1880 
Prof.  Leidy  received  the  Walker  prize  of  $1,000 
from  the  Boston  Society  of  Natural  History,  and  in 
1884  he  also  received  the  Lyell  medal  from  the 
Geological  Society  of  London  as  a  recognition  of  his 
valuable  contributions  to  paleontology.  In  1886 
Harvard  University  conferred  on  him  the  degree  of 
L.  L.  D.  It  is  said  that  the  titles  of  his  published 
works  exceed  800  in  number.  A.   H.  B. 


Leishmania. — Piroplasma,  Herpetomonas.  A  genus 
of  protozoans.  These  occur  principally  in  endothe- 
lial cells  but  are  also  found  in  leucocytes  and 
the  peripheral  blood  of  mammals  as  small,  oval, 
cytoplasmic  masses  with  tropho-  and  kineto-nuclei; 
in  cultures  they  develop  into  flagellate  bodies.  Three 
species  are  known  in  man:  L.  donovani,  which  is 
carried  by  the  bedbug  and  causes  kala-azar;  L. 
tropica  is  found  in  tropical  sores;  L.  infantum  occurs 
in  dogs  and  man.     See  Protozoa.       A.    S.    Pearse. 


Leishmaniasis. — LTnder  this  head  will  be  con- 
sidered :  Indian  kala-azar,  Infantile  kala-azar,  Oriental 
Sore,  and  Espundia. 

Indian  Kala-azar. — This  is  a  chronic  specific 
febrile  disease  caused  by  Leishmania  donovani  R. 
Ross,  1903.  Indian  kala-azar  is  endemic  in  parts  of 
India,  especially  in  Assam,  Calcutta,  and  Madras. 
It  has  also  been  found  in  Arabia,  Ceylon,  Burma, 
Indo-China,  the  Sudan  and  Egypt. 

The  name  kala-azar  means  black  fever  and  was 
first  given  to  a  very  prevalent  and  destructive  (sup- 
posedly malarial)  cachexia  found  endemic  in  the 
Garo  hills  when  first  occupied  by  the  British  in  1869. 
This  disease  continued  to  spread,  following  the  lines 
of  human  intercommunication  into  Assam  in  1S89  and 
was  then  studied  by  Giles  who  concluded  that  it  was 
due  to  ankylostomiasis.  The  parasite  Leishmania 
donovani,  which  has  later  been  recognized  as  the 
specific  cause  of  kala-azar  was  found  by  Sir  William 
Leishman  in  the  spleen  of  a  soldier  who  died  in  Dum- 
Dum,   but   he   did   not   publish   his   discovery   until 


1903.  In  July  1903  Donovan  observed  thi  ame 
parasite  in  material  obtained  by  splenic  puncture. 
The  parasite  is  therefore  now  known  as  Leishmania 

donovani    or    Lcishman-Donovan    bodies.      lingers    in 

1901  while  experimenting  with  the  para  Lte  ob  erved 
ii  to  develop  into  a  flagellate  organism  in  splenic  blood 

diluted  with  s. m1  n i tn  e it  rate  sol ut  ion,  and  incubated  at 
22°  C.      I'atton  found    that  tin  could  be  dem- 

onstrated in  leucocytes  of  the  peripheral  Mood. 

Etiology. — The  cause  of  the  'I  ea  t  is  now  known 
to  be  Leishmania  donovani  but  there  still  remains 
some  doubl  as  to  the  manner  in  which  the  parasite  is 
transmitted  from  man  to  man.  Like  other  forms  of 
Leishmaniasis  the  disease  is  directly  dependent  upon 


Fig.  3726. — Leichmania  dontyiani  in  scrapings  from  the  spleen. 

the  introduction  of  an  infected  human  into  the  dis- 
trict. Whenever  introduced  it  spreads  very  slowly 
but  in  the  direction  of  human  intercommunication. 
It  runs  in  families.  Dwellings  become  infected  and 
then  persons  who  take  up  their  residence  in  them  are 
likely  to  become  infected,  though  the  family  who  in- 
fected the  house  may  have  been  away  at  least  as  long 
as  two  months.  The  work  of  Major  Leonard  Rogers 
and  Captain  Patton  goes  far  to  indicate  that  this 
particular  Leishmania  is  transmitted  by  the  bedbug, 
Cimex  leciularius. 

Symptoms. — The  incubation  period  is  difficult  to 
determine  but  is  generally  considered  to  be  long.  It  is 
variously  stated  to  be  from  three  weeks  to  several 
months. 

An  early  symptom  is  chill  which  may  be  repeated 
daily  for  a  time.  Irregular,  high,  remittent  fever  is 
present  and  very  soon  begins  to  show  two  remissions 
per  diem.  This  double  remission  is  considered 
quite  characteristic.  Headache,  nausea,  and  vomit- 
ing are  unusual.  This  initial  stage  terminates  in 
about  three  weeks  with  decline  or  disappearance  of 
the  fever.  The  spleen  and  liver  have  enlarged  greatly 
by  this  time  and  the  patient  begins  to  appear  anemic 
and  cachectic. 
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Other  cases  begin  with  gastrointestinal  disturbances 
and  dysentery  but  have  little  or  no  fever. 

After  the  decline  of  the  fever  there  is  an  apyrexial 
stage  during  which,  however,  there  may  occasionally 
be  slight  rises  of  temperature.  After  a  few  days  or 
weeks  there  is  relapse  of  fever  running  a  similar  course 
to  that  of  the  initial  stage. 

These  periods  of  pyrexia  and  apyrexia  alternate,  the 
patient  becoming  more  and  more  anemic  and  cachectic. 
The  liver  and  spleen  continue  to  enlarge  until  finally 
their  size  gives  rise  to  great  prominence  of  the  abdo 
men.  The  patient  becomes  emaciated  and  ver\  weak. 
There  is  pigmentation  of  the  skin  and  mucous  mem 
branes  giving  rise  to  the  name  kala-azar,  or  black  fi 

Finally  the  patient  dies  of  asthenia  or  more  fre- 
quently of  some  fortunate  complication.  It  is  sug- 
gested by  Castellani  and  Chalmers  that  the  great 
reduction  in  the  number  of  the  polymorphonuclear 
leucocytes  renders  the  patient  more  susceptible  to 
infection  by  the  various  pyogenic  bacteria,  strepto- 
cocci, pneumococci,  etc.  The  average  duration  of 
the  disease  is  about  ten  months. 

Leucopenia  progresses  from  the  very  first  until 
finally  the  total  number  of  cells  may  be  as  low  as  800 
or  600  per  cubic  millimeter.  The  polymorpho- 
nuclear leucocytes  both  neutrophile  and  eosinophil 
finally  almost  disappear  giving  rise  to  relative  increase 
of  mononuclear  cells. 

The  red  blood  cell  count  diminishes  as  the  disease 
progresses,  the  hemoglobin  reading  reducing  at  about 
the  same  rate.  The  cell  count  gets  as  low  as  2,000,000 
at  the  end  of  the  disease. 

Parasitology. — The  parasite  reproduces  in  the  endo- 
thelial cells  especially  of  the  liver,  spleen,  bone  marrow, 
and  the  lymphatic  glands,  but  to  some  extent  in  those 
of  other  organs  also.  Reproduction  is  by  simple 
fission.  Leishman  states  that  one  cell  may  contain 
upward  of  220  parasites.  Cells  rupture  giving  rise 
to  free  parasites  in  the  peripheral  circulation,  either 
free  in  the  plasma  or  in  the  polymorphonuclear  and 
mononuclear  (endothelial)  leucocytes.  They  are 
stained  well  by  the  polychrome  stains,  Leishman's 
Giemsa's,  Wright's,  etc.  It  is  round,  oval  or  pyri- 
form  measuring  2  to  3.5  microns  in  length  by  1.5  to  2 
microns  in  breadth.  It  contains  a  large  pale  staining 
chromatin  granule  and  a  long  narrow  deep  staining 
one.     The  protoplasm  stains  blue. 

Pathology. — At  autopsy  the  extreme  emaciation 
attrscts  attention  as  well  as  the  prominent  abdomen 
containing  the  enlarged  spleen. 

The  spleen  is  greatly  enlarged  and  the  capsule  is 
thickened.  Smears  from  the  cut  surface  show 
enormous  numbers  of  parasites  chiefly  in  endothelial 
cells  and  macraphages. 

The  liver  may  be  enlarged  but  on  microscopic 
examination  it  is  observed  that  the  liver  cells 
are  atrophied  while  the  intralobular  capillaries 
are  dilated  and  contain  macrophages  filled  with 
Leishmania. 

The  bone  marrow  contains  numerous  parasites  and 
the  yellow  marrow  is  converted  into  red  marrow. 

The  prognosis  is  bad.  The  mortality  is  seventy  to 
ninety-eight  per  cent.  Those  who  recover  from 
secondary  infection  may  recover  also  from  the  kala- 
azar  thanks  to  the  leucocytosis  produced  by  the 
pathogenic  infection. 

Treatment. — Manson  and  Low  recommend  treat- 
ment with  atoxyl  three  grams  every  other  day. 
Manson  had  two  successful  cases.  Rogers  and  Castel- 
lani and  Chalmers  recommend  massive  doses  of 
quinine  sixty  to  ninety  grains  a  day.  Manson  has 
advised  antimonial  preparations.  It  is  not  likely 
that  any  drug  now  used  has  any  specific  action. 

Infantile  Kala-azar  (Ponos). — Infantile  kala-azar 
is  a  chronic  specific  disease  caused  by  Leishmania 
infantum  Nicolle,  and  clinically  closely  resembling 
Indian  kala-azar  but  occurring  in  childhood. 
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Pianese  announced  in  1905  his  discovery  of  bodies 
re  i  milling  the  Leishmania  donovani  in  the  liver  and 
spleen  of  children  in  the  south  of  Italy,  dying  from  a 
t  ype  ol  in  fa  n  I  ill'  splenic  anemia  thought  to  be  f  hi    -a  me 

i     thai   de  'Mind  by  Fede  several  years  previously. 
Later  Nicolle  and  Cassuto  observed  the  parasites  in 

spleen   smears   from   a   child   in   Tunis  suffering   frc 
irregular  fever  and  splenomegaly   which   they"  called 
infantile  kala-azar.     The  di  ea  e  has  later  been  found 
in    Malta,    Sicily,    Lisbon,    Greece,    Corfu,    Algii 
Turkestan,  the  Sudan.     In  fact  it  is  found  in  much 
of  the  country  in  the  Mediterranean  basin. 

Etiology. — Nicolle  in  1908  successfully  inoculated 
a  dog  intrahepatically  and  intraperitoneally  with 
blood  from  the  spleen  of  a  case  of  kala-azar.  Since 
that  time  successful  inoculation  of  dogs  and  some  other 
animals  have  been  made  by  many  others.  Nicolle 
made  the  important  discovery  in  1908  that  natural 
infection  also  occurred  in  dogs  of  Tunis  and  found 
1.8  infected  in  the  spring.  Since  his  discovery  dogs 
have  been  found  infected  wherever  the  disease 
endemic  in  children  and  sometimes  the  per  cent,  of 
infection  is  quite  high.  Twenty-seven  dogs  out  of 
thirty-three  in  Bordonaro  near  Messina  were  found 
infected  by  Basile  by  examining  the  bone  marnm. 
He  found  infected  dogs  in  every  house  in  which 
Gabbi  had  previously  found  kala-azar.  He  also 
found  infected  dogs  in  houses  where  subsequently 
infantile  kala-azar  developed. 

As  a  result  of  the  extensive  investigations  that  have 
been  conducted  it  seems  reasonably  certain  that  ca- 
nine kala-azar  and  infantile  kala-azar  are  the  same 
disease. 

The  infection  has  been  experimentally  transmitted 
from  dog  to  dog  by  the  dog  (\ea.,Pulex  serraticeps.  Basile 
found  /'.  serraticeps  in  the  bedclothes  and  mattresses 
of  families  who  kept  dogs  in  the  house.  He  collected 
these  fleas  and  some  from  the  dogs  and  carried  them 
to  Rome  where  he  was  able  to  experimentally  infect 
dogs  with  them.  The  disease  therefore  is  most  likely 
transmitted  to  man  by  the  P.  serraticeps  and  perhaps 
other  fleas.  On  the  other  hand  Ctenocephalus  felis 
was  found  by  Patton  not  to  be  capable  of  serving  as 
host  to  Leishmania  donovani — the  parasites  dying 
out  in  them  in  a  few  hours.  Basile,  1914,  reports 
further  on  the  successful  inoculation  of  fleas  from  dogs 
and  transmission  of  the  infection  from  dog  to  dog. 
Sergent  obtained  transmission  from  dog  to  dog  when 
the  fleas  were  kept  at  22°  C,  but  recently  the  accuracy 
of  all  these  experiments  have  been  questioned  espe- 
cially by  Wenyon.  It  is  suggested  that  the  flagellate 
parasites  found  in  the  supposedly  infected  fleas  were 
in  fact  natural  flagellates  of  the  flea  and  not  Leish- 
mania and  that  the  apparently  successful  inoculation 
of  dogs  was  more  likely  natural  infection  occurring 
where  the  disease  was  endemic.  The  fact  remains, 
however,  that  in  all  the  endemic  centers  of  the 
Mediterranean  human  kala-azar,  there  also  exists 
intimately  associated  with  it  canine  kala-azar,  the 
parasite  of  which  cannot  be  differentiated  from  that 
of  the  former. 

The  symptoms  of  the  disease  are  very  similar  to 
those  of  Indian  kala-azar.  It  occurs  chiefly  in  chil- 
dren between  the  ages  of  about  six  months  and  six 
years.  The  period  of  incubation  has  not  been  defi- 
nitely determined  but  is  from  at  least  three  weeks  to 
several  months  according  to  the  best  information. 

During  the  initial  period  there  is  irregular,  remittent, 
sometimes  intermittent  fever,  associated  with  gastro- 
intestinal disturbances.  The  stools  contain  bloody 
mucus  sometimes  in  great  quantity  and  there  is 
usually  vomiting. 

The  first  period  gradually  runs  into  the  second  in 
which  the  anemia,  emaciation  and  splenic  enlarge- 
ment are  prominent  symptoms.  The  fever  continues 
but  may  be  less  than  it  was  earlier.  The  pallor 
attracts  attention.  The  patient  is  usually  strikingly 
white  in  appearance,  "white  pallor." 
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The  number  of  erythrocytes  is  reduced  and  the 
reduction  in  the  percentage  of  hemoglobin  is  greater. 
Though  polychromatophflia  is  present  there  is  little 
poikilocytosis  or  anisocytosis.  Leukopenia  is  the 
rule  but  it  is  not  as  marked  as  in  Indian  tcala  azar. 
Sometimes  the  number  of  leucocytes  may  be  normal 
or  actually  increased.  Nicolle  found  the  coagulation 
time  abnormally  long. 

The  spleen  is  hard  and  usually  reaches  enormous 
size.  The  liver  is  also  enlarged  but  to  lesser  degree 
than  the  spleen.  The  few  cases  that  recover  have 
less  enlargement  of  these  organs.  Emaciation  lie- 
comes  very  great  during  this  period.  It  is  general 
except  for  edema  which  may  involve  the  hands,  feet, 
scrotum,  etc.  Hemorrhages  from  gums  and  nose  may 
occur. 

During  the  third  or  terminal  period  there  is  cachexia, 
marasmus,  and  increase  of  the  earlier  symptoms  until 
the  child  finally  dies.  The  spleen  and  liver,  however, 
usually  reduce  somewhat  in  size  as  a  result  of  the  pro- 
found diarrhea  that  is  present  at  this  time.  The  end 
is  often  brought  about  by  complications. 

The  postmortem  findings  are  practically  those  of 
Indian  kala-azar,  which  see. 

The  prognosis  is  very  unfavorable  but  a  very  small 
per  cent,  of  cases  do  recover.  It  is  possible  that  it 
will  be  found  that  a  larger  percentage  of  cases  reco^  er 
whenever  more  of  the  mild  cases  are  recognized. 

Treatment. — There  is  no  specific  treatment  of 
service.  Quinine  is  often  given.  It  is  thought  that 
patients  are  benefited  by  removal  from  the  endemic 
region. 

Cutaneous  Leishmaniasis  (Oriental  Sore). — Syn- 
onyms: Granuloma  endemicum,  Furunculosis  orien- 
talis,  Pian-Bois,  Sudan  nodules,  Leishman  nodules, 
Parasitic  granuloma,  Delhi  boD,  Aleppo  boil,  Biskra 
button,  Bagdad  boil,  Bouton  d'Orient,  Chancre  du 
Sahara,  Endemische  Beulenkrankheit,  Bess-el-Temur. 

This  is  a  specific  ulcerative  affection  occurring  in 
many  tropical  countries  and  caused  by  Leishmania 
tropica  Wright. 

It  occurs  in  endemic  foci  in  practically  all  tropical 
countries  especially  in  the  larger  cities.  At  certain 
seasons  of  the  year  most  any  abrasion  of  the  skin  is 
likely  to  become  a  "bouton." 

Etiology. — The  specific  cause  is  infection  of  an  abra- 
sion with  Leishmania  tropica  Wright  of  which  there 
must  be  several  varieties.  Various  insects  including 
the  common  house-fly  have  been  thought  to  transmit 
the  infection  but  since  it  is  known  to  be  autoinoculable 
it  is  quite  probable  that  direct  or  indirect  contagion 
is  an  important  factor. 

Symptoms. — -After  an  incubation  period  of  from  a 
few  days  to  several  weeks  or  months  during  which 
attacks  of  irregular  fever  occur,  one  or  more  pru- 
riginous  spots  appear  on  the  skin  of  the  uncovered 
parts.  These  may  be  mistaken  at  first  for  insect 
bites.  An  inflamed  areola  appears  later  becoming 
indurated.  The  papules  become  the  size  of  a  pea  or 
bean.  After  two  to  four  months  ulceration  begins. 
This  is  superficial  but  slowly  spreads  and  finally 
reaches  one  inch  or  more  in  diameter.  Healing  sets 
in  in  from  six  to  twelve  months. 

The  diagnosis  must  be  based  on  the  presence  of 
Leishmania  tropica  in  the  scrapings. 

Treatment. — The  disease  gets  well  without  treat- 
ment. Many  drugs  have  been  tried  as  local  applica- 
tions without  certain  results.  Recently  Ferra,  1913, 
has  been  very  successful  in  treating  the  disease  occur- 
ring in  Brazil,  with  one  per  cent,  solution  of  antimony 
tartrate  in  physiological  serum  sterilized  by  filtration 
through  a  Berkefeld  filter.  He  gives  5  c.c.  intraven- 
ously each  day  for  five  successive  days.  The  cuta- 
neous lesions  heal  quickly.  This  method  of  treat- 
ment, "Brazilian  method"  has  also  been  found  to 
sometimes  give  marvelous  results  bv  Da  Silva, 
1914. 


EsFUNDIA  (Naso-okai,  Leishmaniasis).-  Espundia 
is  a  chronic  ulcero-granulomatous  disease  affecting 
the  skin  and  mucosa  of  the  mouth  and  nose  caused 
by  Leishmania  tropica  Wright  var.  amerieana. 

The   disease   has   been   known    in    South    America 
for  many  years.     Breda  found   it  in  Italy  in    immi- 
grants returning  from  Brazil.     If  was  de  cribed  as  oc- 
curring in  Peru  by  Bscomel  in  1911.     The  Leishmai 
has     been     successfully     inoculated     in     monkeys     by 

Splendore.  He  found  that  in  cultures  the  flagellum 
was  longer  than  in  Leishmania  tropica  and  Laveran 
and    Nattan-Larrier,    1912,   created   a   new    variety, 

/,.  tropin*  Wright  1903  var.  amerieana  Laveran  and 
Nattan-Larrier.     No  doubt  further  information  will 

show  that  (lie  disease  is  much  wider  spread  llian  is 
now   known. 

The  first  symptom  is  the  "espundial  chancre" 
which  occurs  on  some  exposed  part  of  t  he  body.  After 
slow  development  the  ulcer  breaks  down,  giving  rise 
to  an  ulcer  with  abundant  flow  of  purulent  excretion. 
This  heals  after  several  months  or  a  year  or  two. 
Following  this  the  characteristic  lesion  or  lesions 
appear  in  the  mouth  and  nose.  An  ulcerated  granu- 
loma may  invade  the  hard  and  soft  palate,  the  gums 
and  the  mucosa  of  the  lips  and  cheeks.  Marked 
deformity  is  produced  by  destruction  of  the  cartilages 
of  the  nose.  The  disease  lasts  for  many  years  until 
the  patient  finally  becomes  cachectic  either  from  the 
disease  or  from  intercurrent  disc  a  e. 

There  is  no  specific  treatment.  In  the  light  of  recent 
information  the  antimony  tartrate  should  be  tried. 
Five  cubic  centimeters  of  a  one  per  cent,  solution, 
intravenously  each  day  for  five  days,  is  the  usual 
treatment.  Excision  of  the  primary  "chancre"  is 
recommended.  If  it  can  be  done  before  invasion  of 
the  system  has  occurred  it  may  be  of  service. 

C.  C.  Bass. 

Lemon. — SeeLimo. 

Lentigo. — Synonyms:  Freckle,  Ephelides;  Fr., 
Ephelide;  Ger.,  Sommersprossen. 

Definition. — Lentigo  (from  the  Lat.  lens,  a 
freckle),  commonly  called  "freckles,"  is  a  condition 
of  the  skin  consisting  of  a  deposition  of  pigment  in  the 
epidermis  which  appears  in  the  form  of  fawn-colored 
or  brownish  spots,  irregular  in  outline,  varying  in 
size  from  a  pin-head  to  a  dime,  and  met  with  for  the 
most  part  on  the  face  and  back  of  the  hands  or  parts 
exposed  to  the  sun.  More  strictly  speaking,  it  is  an 
aberration  of  function  whereby  the  normal  pigment 
of  the  skin  is  deposited  in  increased  or  abnormal 
amount  in  certain  clusters  or  circumscribed  areas  of 
the  prickle-cell  layer. 

Symptoms. — The  lesions  are  subject  to  great  varia- 
tion in  number,  size,  and  color,  the  latter  varying  from 
a  yellowish  to  a  dark  brown.  The  most  frequent 
locations  are  over  the  bridge  of  the  nose,  adjacent 
surface  of  the  cheeks,  over  the  malar  bones,  the  dorsal 
surface  of  the  hands  and  forearms.  Sometimes  they 
appear  on  parts  of  the  body  habitually  covered  by 
clothing,  as  cases  recorded  by  Crocker1  and  Pusey-  in 
which  the  lesions  first  appeared  on  the  internal  surface 
of  the  thighs.  Persons  with  reddish  hair  are  especially 
prone  to  this  affection.  Dark-complexioned  people 
or  those  who  tan  readily  are  seldom  affected,  while  in 
mulattoes  the  condition  is  not  infrequently  seen.  The 
disease  is  most  commonly  seen  in  youth  and  adult 
life,  seldom  in  infants  or  in  old  age.  When  present 
in  the  latter  it  is  usually  marked  by  degenerative 
epidermal  changes,  as  in  keratosis  senilis.  It  is  a 
condition  of  sunshine  on  which  it  depends  and  appears 
consequently  for  the  most  part  during  the  summer 
months,  disappearing  or  greatly  fading  away  in  the 
winter.  Only  certain  people  are  susceptible  to  the 
disease.  In  general,  lentigo  is  looked  on  as  a  disfigure- 
ment only  and  as  a  rule  it  remains  a  harmless  condition 
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nor  an-  degenerative  changes,  such  as  are  observed 
in  xeorderma  pigmentosum  of  common  occurrence; 
at  the  same  time,  there  is  much  in  common  between 

these  two  diseases  and  much  pertaining  to  their 
etiology  that  remains  unknown.  A  distinction  is 
made  between  lentigo  and  large,  patchy  areas  of 
pigmented  skin  known  as  chloasma.  In  inulattoes 
I  have  seen  the  contiguous  mucous  surfaces  to  be 
involved. 

Histopathology. — The  changes  found  in  lentigo 
are  limited  to  the  epidermis  and  consist  in  the  deposi- 
tion of  pigment  granules  of  melanin  in  the  prickle-cell 


Fig.  3727.— Freckles. 

layer.  It  is  similar  to  that  found  in  normal  pigmenta- 
tion of  the  skin  and  differs  only  in  increased  amount 
and  its  irregularity  of  distribution.  The  pigment  is 
free  from  iron,  and  therefore  a  true  melanosis  in  dis- 
tinction to  hemosiderosis  in  which  the  coloring  matter 
is  derived  from  the  blood  and  gives  an  iron  reaction. 
Unna3  in  an  examination  of  three  cases  found  the 
pigment  granules  distributed  both  intra-  and  inter- 
eellularly,  and  with  a  copious  pigment  deposit;  the 
cells  became  softer  and  finally  lost  their  spinous 
processes. 

Etiology. — There  seems  little  ground  to  doubt 
that  the  lesions  in  lentigo  are  stimulated  by  exposure 
to  the  sun  and  that  the  actinic  or  chemical  rays  of 
the  solar  spectrum  are  responsible  for  their  appear- 
ance. This  does  not  explain  why  all  skins  do  not 
respond  in  like  manner  to  these  rays,  nor  why  in  cer- 
tain cases  lenticular  depositions  of  pigment  are  fol- 
lowed by  multiple  carcinomata  as  in  xeroderma 
pigmentosum.  We  know  that  those  of  reddish  hair 
are  especially  subject  to  freckles  and  that  degenerative 
changes  in  the  skin  are  more  frequent  in  those  persons 
whose  skin  burns  instead  of  taking  on  the  condition 
of  tan  on  exposure  to  the  direct  rays  of  the  sun.  The 
red  or  heat  rays  do  not  act  as  an  exciting  cause.  The 
blending  of  the  Caucasian  with  negro  blood  likewise 
favors  this  pigment  anomaly.  The  underlying  cause 
of  lentigo  is  an  inherited  predisposition,  the  exact 
nature  of  which  remains  unknown. 

Treatment. — From  the  foregoing  it  may  be  read- 
ily seen  that  the  cure  of  lentigo  is  effected  by  avoid- 
ance of  contact  with  the  actinic  rays.  Protection  by 
avoiding  the  direct  rays  of  the  sun,  wearing  broad- 
rimmed  hats,  sun  umbrellas,  and  gloves  are  means 
that  readily  suggest  themselves.  The  color  of  these 
protectors  is  of  importance,  thus  it  is  known  that  red, 
orange,  or  colors  in  the  lower  end  of  the  spectrum  are 
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not  inimical  and  therefore  should  be  selected  as  light 
screens.  Temporary  relief  can  usually  l>'  obtained; 
and  sometimes  the  tendency  to  the  formation  of 
freckles,  which  is  observed  in  childhood,  disappears 
during  the  second  or  third  decade  of  life.  Most  of 
the  preparations  recommended  for  their  removal  act 
by  causing  free  desquamation  of  the  epidermis  and 
consequently  the  removal  of  the  rete  cells.  The  most 
efficient  application  is  the  mercury  bichloride  in  the 
strength  of  from  1-200  to  1-500  parts  of  water  or 
alcohol.  Lactic  acid  in  the  strength  of  from  1-5  to 
1-20  parts  of  water  is  also  used.  Salicylic  acid  from 
5-20  per  cent.,  used  alone  or  combined  with  an  equal 
quantity  of  resorcin,  made  into  a  paste  and  applied 
for  several  hours  or  until  a  sufficient  reaction  has  taken 
place,  is  also  used.  Care  should  be  taken  not  to 
apply  this  to  delicate  skins  or  to  allow  it  to  remain 
too  long.  In  most  cases  I  have  found  it  sufficient 
to  direct  the  patient  to  avoid  the  sun  as  much  as 
possible  and  to  apply  the  following  at  night : 

R.    Sulph.  praecipitati 15.0  gm. 

Acidi  borici 3.0 

Glycerini. 

Alcoholis  aa  ad 90 . 0 

Mi"1'  et  Signa. — Shake  welt  and  apply  with  finger 
at  night,  wash  off  w  th  warm  water  and  soap 
in  the  morning. 

Penally,  I  believe  it  expedient  to  advise  against 
undue  sun  exposure  on  the  part  of  those  whose  skin 
does  not  respond  normally  by  taking  on  a  protecting 
coat  of  tan.  William  Thomas  Corlett. 
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Leomopsilla. — A  genus  of  fleas,  Siphonaptera. 
L.  cheopis,  the  commonest  rat  flea  in  tropical  countries, 
is  of  particular  interest  because  it  carries  bubonic 
plague.  It  has  been  found  in  several  species  of  rats, 
man,  and  other  animals.     See  Insects,  Parasitic. 

A.  S.  P. 


Lepidoptera. — The  order  of  insects  which  in- 
cludes the  butterflies  and  moths.  Many  caterpillars 
are  known  to  be  poisonous.  They  produce  skin 
eruptions  and  other  disorders.  See  Insects,  Poison- 
ous. A.   S.   P. 


Lepidoselaga.— A  genus  of  gadflies,  Tabanidos. 
The  body  is  covered  with  metallic  scales.  Like  all 
this  family  these  insects  are  fierce  blood  suckers. 
See   Insects,  Parasitic.  A.  S.   P. 


Leprosy. — Synonyms:  Lepra;  Elephantiasis  Grse- 
corum,  Hebraeorum;  Leontiasis;  Satyriasis;  Ophiasis; 
Tzaraath  (Hebrew);  Kushta  (Indian);  Jusam  Dolfil 
(Arab.);  Fa-fung,  Ta-ma-Fung  (Chinese);  Boasi 
(South  American);  Lehata  (South  African,  Bantu); 
Nsudi  (Congo);  Lebbra  (Italian);  La  lepre  (French); 
Radesyge,  Spedalskhed  (Norwegian);  Aussatz  (Ger- 
man). 

Definition. — Leprosy  is  a  disease  of  systemic  type, 
considered  contagious  and  due  to  the  Bacillus  leprae, 
which  in  its  development  attacks  the  various  tissues 
and  organs  of  the  body,  producing  structural  changes 
in  the  skin,  mucous  membranes,  nerves,  muscles, 
bones  and  other  tissues  and  organs,  causing  more  or 
less  alteration  and  destruction  of  the  areas  involved, 
at  times  producing  mutilation  and  deformity  and  end- 
ing often  in  insanity  and  death. 
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History,  Occurrence,  and  Commentary. — Leprosy 
is  as  old  as  history.  By  various  leprologers  the  origin  is 
referred  to  the  banks  of  the  Nile.  Biblical  history 
certainly  notes  its  importance  even  if  the  diseases 
called  leprosy  were  numerous  and  confusing.  Even 
more  modernly  many  scaling  diseases  were  embraced 
under  the  term  of  lepra.  Almost  all  countries  have 
had  enough  cases  to  attract  attention  and  in  some 
the  disease  has  been  widespread  enough  to  have  re- 
quired rigid  measures  of  control. 

The  Crusades  are  charged  with  the  introduction  and 
spread  of  leprosy  in  Europe  from  the  eighth  to  the 
twelfth  centuries  and  leproseries  abounded  in  Conti- 
nental Europe  in  the  Middle  Ages.  Traces  of  the 
ostracism  of  lepers  are  still  extant  in  the  ancient 
churches  and  cathedrals  where  occasionally  is  found 
a  truncated  vestibule  opening  into  the  chancel  but 
separated  from  the  body  of  the  church ;  through  these 
corridors  lepers  could  see  and  hear  religious  service 
without  being  seen. 

To-day  humanitarian  practices  prevail  in  the  care 
of  lepers,  except,  perhaps,  in  China  where  the  tinkling 
bell  yet  warns  the  passerby.  In  China  it  is  estimated 
that  over  1,000,000  persons  are  afflicted  with  leprosy. 
Japan  had  about  20,000  a  little  over  a  decade  ago. 
India  is  given  200,000;  South  America  from  20,000  to 
30,000.  Leprosy  is  known  to  exist  in  almost  all 
countries;  Russia,  Norway  and  Sweden,  the  Hawaiian 
Islands  and  Australia  are  especially  to  be  noted;  in 
the  West  Indies,  islands  in  the  Pacific,  including  the 
Phillippines,  with  some  thousands,  and  even  the 
island  of  Guam.  In  North  America,  Louisiana,  Texas, 
Mississippi,  Alabama,  Florida,  and  Minnesota  are 
endemically  affected  and  more  than  one-third  of  the 
United  States  has  from  time  to  time  recorded  cases. 
Canada  is  not  free,  cases  being  isolated  at  Tracadie  and 
Darcy    Island. 

The  two  leprosy  conferences,  Berlin  in  1897  and  Ber- 
gen in  1907,  have  added  interest  to  the  study  in  lep- 
rosy control  and  most  countries  have  taken  measures. 
Louisiana  and  Massachusetts  have  institutional  care 
and  separate  State  provisions;  California,  New  York, 
and  Minnesota  have  some  supervision.  The  United 
States  Government  has  spent  considerable  sums  on 
leprosy  in  its  territorial  possessions  and  recently 
Congress  has  been  solicited  for  similar  activity  at  home. 

In  India,  Australia,  and  other  British  possessions, 
systematic  care  is  practised.  The  same  obtains  in 
Japan,  some  of  the  West  Indies,  Hawaii,  and  in  many 
other  countries. 

Etiology. — The  B.  leprae  has  been  generally  ac- 
cepted as  the  cause  of  leprosy.  The  transmission  of 
the  organism  is  an  open  question.  The  introduction 
of  the  bacillus  through  the  nasopharynx  has  many 
adherents. 

The  discovery  of  the  B.  leproe  in  the  mosquito 
(Culex  perslans)  by  Goodhue  and  in  the  bedbug, 
together  with  the  experimental  work  of  Allen  J. 
Smith  in  infecting  bedbugs  point  to  the  possibility  of  a 
carrier.  The  rat  leprosy,  studied  by  Brinckerhoff 
and  others,  suggests  another  source. 

The  community  occurrence  of  leprosy  among  near 
relatives  living  or  socially  brought  together ;  the  occa- 
sional occurrence  of  the  disease  in  those  working  with 
leprosy  (Father  Damien  at  Molokai  and  Father  Boglio- 
gli  in  New  Orleans)  argue  in  favor  of  its  contagiousness, 
which  is  accepted  by  the  majority  of  those  who  have 
had  much  observation  of  the  disease.  Jonathan 
Hutchinson  advanced  the  theory  of  fish  eating  as  the 
cause  of  leprosy,  but  this  remains  unproven  in  spite 
of  its  adherents.  Heredity  was  long  held  as  important 
in  the  etiology  of  leprosy,  but  no  evidence  has  yet 
come  to  prove  it.  There  is  as  yet  no  record  of  con- 
genital leprosy  and  the  careful  statistics  of  the  British 
Leprosy  Commission  in  India  showed  less  than  three 
per  cent,  of  the  disease  among  the  children  of  lepers 
removed   at   birth. 


In  countries  where  leprosy  is  indigenous  the  native 
born  are  more  often  afflicted.  Seaboard  countries 
are  more  exposed  to  leprosy  and.  therefore,  they  are 
more  commonly  affected.  Climate  is  a  debatable 
factor,  for  leprosy  occurs  alike  in  cold  countries  (Ice- 
land, Norway,  Russia,  etc.)  and  in  warm,  though  the 
historical  study  of  the  disease  shows  it  to  have  pre- 
vailed more  in  warm  countries. 

Pathology  and  Bacteriology. — The  discovery  of 
the  leprosy  bacillus  is  attributed  to  Hansen  in  1874; 
Neisser,  working  independently,  had  the  same  find- 
ings, but  did  not  publish  them  until  the  following 
year.  The  organic  lesions  of  leprosy  are  held  due  to 
the  Bacillus  lepra;,  which  is  described  as  a  small  rod 
bacillus,  from  one-half  to  three-quarters  of  the  diam- 
eter of  a  red  blood    corpuscle  in  length    (-,„' if  an 

inch)  and  in  breadth  about  one-fifth  the  length.  The 
bacillus  is  straight  or  curved  slightly,  with  rounded 
ends,  and  may  have  its  extremities  club  shaped.  It 
occurs  in  short  chains  or  beads,  resembling  the  tubercle 
bacillus.  The  leprosy  bacilli  are  more  numerous  than 
the  tubercle  bacilli  and  are  more  frequently  found  in 
clumps  and  masses  in  the  tissues,  and  are  more  readily 
stained  with  the  usual  methods.  In  doubtful  cases 
cultural  experiments  establish  the  differentiation. 

Various  inoculation  experiments  have  been  essayed 
in  animals.  Duval,  Couret,  and  Gurd  have  succeeded 
in  cultivating  a  chromogenie  organism  with  which 
successful  inoculations  have  resulted  in  white  mice, 
white  rats,  turtles,  fish,  and  monkeys  {Rhesus  macacus) . 
Human  experimentation  has  been  rare  and  doubtful. 

The  bacillus  occurs  in  the  nasopharyngeal  and  other 
secretions,  the  saliva,  feces,  vaginal  and  urethral 
secretions,  in  the  semen,  milk,  and  sweat.  The  fluid 
from  artificial  blisters,  and  serum  drawn  from  deep 
tissues  and  nerve  sheaths,  have  been  examined  with 
positive  results.  In  well  established  cases  the  scrap- 
ings from  the  skin  are  full  of  the  bacilli. 


Fig.  3728. — Pure  Culture  of  B.  leprm.     (Duval.) 

The  preparations  in  smears  from  these  secretions, 
fluids,  etc.,  are  dried  and  fixed  in  the  ordinary  way, 
and  stained  with  carbol-fuchsin,  as  for  tubercle  bacilli; 
they  are  then  decolorized  with  a  weak  solution  of  acid 
(three  to  five  per  cent.),  completed  with  alcohol  and 
counter  stained  with  methylene  blue.  The  clumps  of 
bacilli  take  up  aniline  stains  (Gram  method)  at  a 
low  temperature  and  retain  them  tenaciously. 

The  cultural  possibilities  of  the  lepra  bacillus  are 
still  great,  but  the  uncertainty  of  the  identity  of  the 
B.  lepra;  leaves  the  matter  in  some  doubt. 
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Woolley  (American  Journ.  Trop.  I)i*.,  Feb.,  191-}, 
pp.  .'.Mi  "i.s.'ii  reviews  the  matter  with  the  conclusion 
that  the  cultivation  of  the  leper  bacillus  is  not  ye1 
proven,  Kedrowski,  Clegg,  Rost,  Williams  and  Rost, 
Bayou,  Duval,  and  Frazer  have  each  developed  me- 
thods of  culture.  It,  is  nol  unlikely  that  most  ob- 
servers have  worked  with  mixed  organisms  and  thai 
the  future  must  define  the  characteristics  of  the  true 
pathogenic  bacillus. 

The  bacilli  are  widely  disseminate  and  have  been 
found  in  all  the  organs  of  the  body,  including  I  he  brain 
and  spinal  cord. 


Fig.  3729. — Growing  Masses  of  B.  leprce  in  Excised  Bits  of 
Human  Leprous  Tissue.     (Duval.) 

The  B.  lepra  gives  rise  to  nodular  masses,  or  lep- 
rornata,  belonging  to  the  group  of  granulation  tumors. 
They  consist  microscopically  of  a  small  amount  of 
fibrillar  connective  tissue  with  numerous  cells  of  vari- 
ous forms,  mostly  small,  round  epithelial  cells,  spindle 
formed,  and  the  leprosy  cells.  These  are  mostly 
large  round  or  oval  cells,  with  many  nuclei  and  vacu- 
oles, which  contain  the  leprosy  bacilli.  These  cells 
are  diagnostic  and  are  found  most  numerously  in  the 
tubercles  and  nodules  of  leprosy.  Unna  opposes  the 
giant  cell  idea  of  leprosy,  attributing  these  to  aggluti- 
nation of  bacilli,  which  are  habitually  aggregated  in 
the  lymph  spaces. 

Symptoms  and  Diagnosis. — The  incubation  of 
leprosy  is  unknown  and  any  fixation  of  a  stated  period 
is  mere  conjecture.  Lepers  are  usually  seen  only 
when  the  disease  is  marked.  These  patients  relate 
the  earlier  history  which  gives  a  varied  group  of 
prodromes:  as  irregular  fever,  malaise,  vertigo, 
anorexia,  epistaxis,  neuralgias,  pains  in  the  arms  and 
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legs  and  exaggerated  function  of  the  fat  and  E 
glands;  the  loss  of  sexual  power  is  related  and  appre- 
hensiveness  of  serious  illness.  There  may  be  marked 
hyperesthesia  of  the  skin,  w  it li  areas  of  pruritus  or 
pain  and  there  may  be  irregular  disturbances  of  the 
intestinal  tract.  Almost  all  cases  show  evidence  of 
disturbance  of  the  nasopharynx  in  the  peculiar  me- 
tallic vocal  resonance,  attributable  to  early  infiltra- 
tion of  the  mucous  membrane  in  the  upper  air  ph- 
ages. The  excoriation  of  the  septum  is  an  early  and 
almost  constant  symptom  which  has  led  to  the  opinion 
that  this  may  be  the  initial  lesion  of  the  disease. 

There  can  be  no  stereotyped  classification  of  lep- 
rosy  and  when  the  attempt  is  made  it  is  apt  to  be  con- 
fusing because  the  exceptions  are  more  numerous  than 
the  rule.  It  is  easier  to  study  the  presenting  evidences 
and  to  group  them  accordingly,  according  to  the  degree 
of  involvement  of  one  or  more  organs.  The  salient 
points  of  diagnosis  consist  in  the  recognition  of  the 
stamp  of  the  disease,  which  is  always  suggested  by 
the  dusky  hue,  the  swollen  skin,  the  overhanging 
eyebrows  and  the  raucous  voice.  The  hands  have  a 
thinned  epidermis  and  an  altered  color.  The  pres- 
ence of  tubercles  or  nodose  areas  on  the  skin  of  the 
face,  about  the  orifices,  is  strongly  suggestive. 

We  may  speak  generally  of  cutaneous  and  of  trophic 
leprosy,  though  either  may  take  on  the  form  of  the 
other. 

Cutaneous  leprosy  may  be  macular,  tubercular, 
bullous,  pigmentary,  nodose,  scaling,  ulcerative; 
trophic  leprosy  is  either  atrophic  locally  or  generally, 
or  it  carries  cutaneous  lesions  with  deeper  destructive 
evidences  in  the  nervous  system. 

Cutaneous  Leprosy. — Macular  Leprosy. — Macular 
leprosy  may  occur  in  three  forms.  First,  as  an  ex- 
pression of  a  general  impression  of  the  individual 
carrying  a  circulating  infection  of  the  disease  and  its 
organism.  Such  an  eruption  is  evanescent;  it  has 
all  the  characteristics  of  an  erythema  multiforme  of 
toxic  type  and  the  eruption  is  not  characteristic  of 
leprosy.  Here  the  lesions  are  of  various  sizes,  bilat- 
eral and  symmetric,  general  over  the  whole  body,  and 
are  light  red,  level  with  the  skin,  fade  on  pressure, 
have  no  fixed  pigment  and  may  be  quite  hyperes- 
thetic  so  far  as  itching,  heat,  and  hypersensibility  are 
concerned.  Such  macules  may  disappear  entirely 
or  they  may  continue  in  situ,  giving  gradual  place  to 
infiltrated  and  even  nodose  lesions  in  the  same  areas. 
More  often  they  disappear  and  may  recur  months 
afterward.  With  such  evidences  the  general  symp- 
toms of  leprosy  are  associated. 

Macular  leprosy  may  be  pigmentary  from  the  start. 
Over  the  buttocks,  hands,  face,  and  legs,  particularly, 
the  eruption  shows  in  reddish-brown  macules,  more 
or  less  rounded  in  outline,  level  with  the  skin,  and 
persistent  in  all  of  these  characteristics. 

The  true  type  of  macular  leprosy  is  the  most  char- 
acteristic. Ovoid  macules,  varying  in  size,  appear  on 
the  face,  over  the  shoulders,  over  the  arms  and  fore- 
arms, over  the  legs,  more  or  less  scattered,  edges  ele- 
vated and  centers  depressed ;  often  the  edges  are  highly 
pigmented,  brown  or  purplish,  and  the  center  is  of 
normal  color  or  even  a  dirty  white. 

The  last  named  macules  are  anesthetic;  the  others 
are  not.  The  anesthesia  is  more  marked  at  the 
borders.  More  than  this,  in  the  borders  of  the  last- 
named  macules,  it  is  usually  easy  to  demonstrate  the 
lepra  bacilli;  in  the  first  two  varieties  of  macules,  it 
is  almost  impossible  to  find  any  bacilli — arguing,  as 
has  been  suggested,  that  the  eruption  is  rather  an 
exanthem  than  a  deposit. 

Macular  leprosy  must  be  differentiated  from  syphilis 
and  from  erythema  multiforme.  From  the  first  the 
macules  may  be  easily  distinguished  by  their  prefer- 
ence for  the  extensor  surfaces,  by  their  large  size  and  by 
the  peculiar  dusky  color  in  the  pigmentary  forms. 
Macular  syphilis  is  not  infiltrated. 
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From  erythema  multiforme,  (lie  diagnosis  is  made 
on  the  more  established  eruption,  lasting  weeks  or 
months,  and  in  the  pigmentary  and  infiltrated  types 
by  the  fact  that  in  both  the  lesions  do  not  fade  on 
pressure.  Sometimes  iodism  produces  infiltrated 
lesions  resembling  leprosy,  but  hen'  the  whole  lesion  is 
turgescent  and  highly  inflamed,  and  therefore  red  and 
not  dusky-brown  red.        , 

Tubercular  Leprosy. — The  tubercle  of  leprosy  is  of 
two  forms.  The  large  tubercle  is  found  about  the 
nose,  on  the  chin,  cheeks,  in  the  pendulous  portion  of 
the  ear,  and  sometimes  on  the  hands  and  on  the  legs. 
The  color  of  these  lesions  is  characteristic — brown 
red.  They  are  firm,  rounded  masses,  deep  set  in  the 
skin,  not  uniform  in  size  and  with  no  tendency  to  dis- 
integrate while  the  general  condition  of  the  patient 
is  good.     The  lesions  are  almost  invariably  anest  liet  ic. 

Lupus  and  syphilis  may  be  confused  with  this  form 
of  tubercle.  In  lupus  the  lesion  is  purple,  granulo- 
matous in  consistency,  and  ulcerating  as  soon  as  tin- 
tubercle  is  mature.  The  general  symptoms  in  leprosy 
(nasopharyngeal  and  laryngeal,  particularly)  are 
ordinarily  concomitant.  In  syphilis  the  tubercles 
are  smaller,  grouped  in  crescentic  formation,  and  scar 
in  ulcerating,  with  marked  and  characteristic  pig- 
mentation. 

The  small  tubercle  of  leprosy  is  quite  different. 
Here  the  lesions  cluster  close,  like  small  pea-sized  bits 
of  beeswax  embedded  in  the  skin.  Over  the  backs  of 
the  hands,  the  chin,  the  borders  of  the  lips,  and  the 
cheeks  are  the  sites  of  predilection.  The  lesions  are  a 
dirty  yellow.  This  type  of  tubercular  leprosy  is 
usually  rapid  in  its  course,  presumptively  because  the 
lesions  in  the  skin  are  probably  only  the  expression  of 
a  general  tubercular  condition  of  the  viscera.  These 
lesions    are    likewise    anesthetic. 

Only  xanthoma  and  disseminate  tuberculosis  need  to 
be  considered  in  differentiation.  Xanthoma  presents 
flat  tubercles,  deep  seated,  bright  yellow,  smooth  and 
usually  lissome  to  the  touch.  Stretching  the  skin 
in  xanthoma  shows  the  streaks  or  connective  tissue  in 
the  striae  of  the  lesion;  stretching  the  skin  in  leprosy 
only  intensifies  the  wax\r  appearance  of  the  tubercle. 
Xanthoma  at  times  is  painful;  leprosy  is  anesthetic. 

Tuberculosis  of  the  miliary  form  may  be  dissemi- 
nate in  the  skin  and  may  be  found  in  the  areas  in 
which  tubercular  leprosy  is  found.  The  lesions  are  in 
closer  formation ;  usually  occur  as  smaller  tubercles 
and  usually  are  found  about  the  joints  rather  than  at 
the  peripheral  extremities.  Confusion  often  arises 
in  these  two  conditions  occurring  on  the  face,  but  as 
the  organisms  of  leprosy  and  of  tuberculosis  can  be 
almost  always  demonstrated,  this  method,  even 
carried  to  cultural  procedure,  will  finally  decide. 

Bullous  Leprosy. — Bullous  leprosy  must  be  noted  as 
important,  particularly  as  it  is  an  early  form.  The 
lesions  come  on  the  hands  and  feet,  over  the  joints 
of  the  fingers,  as  a  rule.  The  bullae  repeatedly  occur 
at  the  same  spot,  until  finally  the  epidermis  is  lost  and 
bullae  cannot  form.  Scarring,  with  mottling  pigment, 
follows.  Sometimes  necrosis  supervenes  and  the  de- 
formity from  loss  of  bones  may  result.  This  derma- 
tological  evidence  is  really  the  expression  of  a  disturb- 
ance in  the  nerve,  usually  the  ulnar,  along  which  may 
be  found,  when  the  bullae  occur,  marked  thickening  or 
even  distinct  nodosities  along  the  sheath. 

Pigmentary  Leprosy. — In  some  instances  the  local 
evidence  of  leprosy  manifests  itself  in  diffuse  pigmen- 
tation of  the  face,  neck,  trunk,  hands,  arms,  and  legs. 
At  times  the  whole  body  may  be  so  pigmented.  The 
slight  mottling  is  peculiar  to  this  disease  and  makes 
the  differentiation  from  the  pigmentary  evidences  in 
vitiligo  (in  which  the  demarcation  of  color  is  abrupt), 
in  Addison's  disease  (in  which  the  pigment  is  solid  and 
in  selective  areas),  in  syphilis  (in  which  the  mottling 
is  limited  to  the  neck)  and  in  mycosis  fungoidcs  (in 
which  the  pigment  is  always  cast  over  or  under  the 
premyeotic  furfuraceous  scales). 
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Nodose  /<  //i".  y  i     ii  n.'iii-.    facial,  coming  on   a 
the  diffuse  macular  form  has  spread  over  the  face  and 
has  persisted.     As  the  skin   thicken     rugo  itii     di 
vdop  and  each  of.these  separates  into  largei  or  smaller 
masses,  forming  nodes.     At   iii-t   there  if   some  mo- 
bility,   but    this    gradually    ill  appeal      until    a    I 
satyriasis   is  established   iii   the   facies;   and   as   the 
disease   grows   older   and    the  skin    roughen  ,    there 
grows  a  more  and  more  fixed  condition  ol  the  -kin, 
until  the  rugae  resemble  the  thickened  areas  so  char- 
acteristic of  the  lion's  face  and  from  which   ha    I"  I  D 
derived  the  term  "Icont  iasis  "  as  applied  to  this  form 

of  leprosy.  Ulcers  now  ensue  as  a  result  of  failure 
in  nutrition,  and  one  by  one  the  features  change  by 
necrosis  until  the  last  stage  of  a  fearful  process  may 
end  the  history  of  the  ease  by  death. 

Hypertrophic  rosacea,  when  general  over  the  face, 
may  resemble  leontiasic  leprosy,  but  at  no  time  is 
the  mobility  lost,  and  the  skin  remains  soft  in  spite 
of  hypertrophy.  Chronic  ed<  ma  may  likewise  be 
mistaken  for  this  disease,  bu1  in  edema  the  smooth 
skin  with  the  pitting  over  all  areas  makes  a  clear 
diagnosis,  even  if  the  complication  of  the  keratinous 
changes  in  the  eyes,  and  the  ulcerative  changes  in 
the  respiratory  tract  were  not  also  in  evidence  to 
proclaim  a  more  sinister  diagnosis. 

Scaling  Leprosy. — Scaling  leprosy  is  rare.  Here 
the  whole  skin  shows  signs  of  degenerative  change, 
and  wrinkling  is  seen  everywhere.  No  part  of  the 
body  is  free.  Thinning  instead  of  thickening  occurs, 
and  it  is  not  hard  to  find  the  trophic  changes  of  the 
skin  accompanied  by  like  changes  in  the  peripheral 
nerves  and  in  the  mucous  membranes  of  the  naso- 
pharynx. The  conjunctivae  are  also  involved  and 
ectropion  is  common.  The  muscular  changes  in 
the  hands  are  also  present  and  peripheral  nerve 
changes  are  found  at  the  same  time  as  the  general 
scaling  of  the  body.  The  skin  everywhere  has  a 
dirty  gray  color,  with  lines  of  atrophy  showing  through 
the  scales.  The  loss  of  hair  over  the  pubis,  in  the 
axillae,  over  the  body,  and  of  the  eyebrows,  lashes, 
beard,  and  scalp  carries  further  the  picture  of  the 
atrophic  process. 

Xerosis  in  all  its  forms  is  easily  differentiated  by 
the  consistent  atrophy  in  the  leprosy  of  this  form. 
In  xerosis  the  process  is  as  consistently  hypertrophic 
and  the  more  severe  the  scaling  in  xerosis  the  more 
the  tendency  is  to  hypertrophic  change. 

Ulcerative  Leprosy. — Ulcerative  leprosy  is  nearly 
always  found  as  an  expression  of  nerve  destruction 
and  iocated  on  the  sole  of  the  foot,  usually  under  the 
fleshy  part  of  the  great  toe;  it  may  occur  at  the  heel. 
This"  ulcer,  "neurotic  ulcer"  in  type,  is  usually  one 
of  many  symptoms  of  nerve  leprosy,  but  as  an  ulcer 
it  show's  cutaneous  evidence  and  must  be  mentioned 
here.  The  cylindrical  cavity,  sharply  outlined,  rather 
deep,  and  the  hard  and  horny  edges,  with  the  nauseat- 
ing odor,  are  sufficient  to  make  a  diagnosis. 

When  leprosy  is  advanced,  all  lesions  may  give 
wav  to  degenerative  changes,  and  tubercles  or  macules 
may  break  down,  so  that  ulcerative  leprosy  may 
become  general.  The  nasal  bones  break  down;  the 
lips  excoriate  and  slough  off;  fingers  drop;  toes  are 
spontaneouslv  amputated;  the  legs  or  arms  show- 
areas  of  necrosis,  and  finally  the  terminal  members 
one  by  one  may  fall. 

Papular  Leprosy. — In  the  various  exacerbations  of 
leprosy,  particularly  when  the  lesions  begin  to  break 
down,"  when  the  toxins  are  liberated,  or  the  masses 
of  dead  bacilli  are  sent  into  the  circulation,  there  is 
frequently  a  rise  of  temperature,  producing  the 
"fever  of  leprosy,"  now  recognized  as  an  entity. 
With  this  process  a  general  eruption  of  lenticular 
papules  appears.  This  is  the  only  form  of  papular 
leprosy  so  far  known,  and  it  is  questionable  ii  it  may 
properlv  be  called  papular  leprosy,  as  the  papule  is 
really  only  an  evanescent  exanthem,  disappearing 
with*  the  defervescence  of  the  attack.     The  papules 
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are  free  of  organisms  and  are  purely  exudative  in 
type,  inflammatory  and  hyper-esthetic  if  the  sensation 
is  disturbed  at  all. 

Trophic  Leprosy. — Atrophic  Leprosy. — Atrophic 
leprosy  is  of  nerve  origin,  but  with  cutaneous  expres- 
sion usually  referred  to  the  extremities.  The  whit- 
low, atrophy  of  the  skin  of  the  hands  and  feet,  loss 
of  intermediate  phalanges  resulting  in  superficial 
ulcers  and  in  deformity,  the  scarring  and  pigmenta- 
tion, all  are  the  cutaneous  evidences.  Syringomyelia 
may  be  of  other  than  leprous  origin,  but  the  altered 
or  lost  sensation,  associated  with  peripheral  lesions 
like  the  foregoing,  the  occurrence  of  contractures  of 
the  hand,  of  atrophy,  and  of  occasional  bulla;  should 
lead  to  a  search  for  the  bacilli  for  a  differentiation. 

Trophic  leprosy  may  begin  with  a  peripheral  neu- 
ritis which  at  first  shows  only  numbness  of  the  fin- 
gers, gradually  increasing  to  a  complete  anesthesia, 
particularly  of  the  little  finger  and  the  third  finger. 
The  ulnar  nerve  thickens  and  along  its  course  many 
nodes  may  be  found.  Bulla?  form  on  the  phalangeal 
joints,  repeatedly  recurring  until  necrosis  or  atrophy 
supervenes.  Sometimes  intermediate  joints  are  ab- 
sorbed and  only  one  phalanx  remains,  carrying  a 
grotesquely  atrophic  finger  nail.  These  symptoms 
may  be  preceded  by  a  muscular  atrophy  occasioning 
contractures  of  the  fingers,  causing  them  to  be  drawn 
into  the  palms  so  as  to  resemble  talons,  producing  the 
characteristic  "griffe,"  or  "claw  hand." 

Prognosis. — Leprosy  is  self-limited.  Many  cases 
get  well  spontaneously.  Others  go  on  to  a  con- 
clusion, leaving  scars  and  mutilation,  when  the  dis- 
ease is  worn  out.  Leprosy  lasts  for  years,  usually 
estimated  as  averaging  eight  years.  Diarrheas, 
cerebral  degeneration,  and  nephritis  are  the  usual 
terminations. 

Treatment. — The  treatment  of  leprosy  is  now 
looked  upon  as  possibly  curative,  and  cases  are  being 
reported  as  free  of  all  symptoms  of  the  disease,  after 
treatment. 

Many  remedies  have  been  essayed  in  leprosy,  al- 
most ail  of  them  empirical,  and  these  include  arsenie, 
strychnine,  hoang-nan,  salol,  europhen,  salicylate  of 
soda,  ichthyol,  bichloride  of  mercury,  chlorate  of 
potassium,  gurgun  oil,  chaulmoogra  oil,  red  mangrove 
bark,  snake  venom  and  serum  derived  therefrom, 
nastin,  vaccines,  and  sera. 

Crocker  and  Hutchinson  cured  a  few  cases  of  lep- 
rosy with  hypodermatic  injections  of  bichloride  of 
mercury;  Fox  (G.  H.)  cured  one  case  with  arsenic; 
Goldschmidt  got  good  results  from  europhen  injected 
in  oil,  and  other  observers  have  reported  various 
remedies. 

Serum  and  vaccine  treatment  has  been  advocated 
by  Carrasquilla  in  Colombia,  by  Rost  in  India,  by 
Kitasato  in  Japan,  and  by  Duval  in  New  Orleans. 
None  has  been  of  sufficient  service  to  be  curative. 
The  x-ray  treatment  has  been  used  with  the  idea  of 
forcing  dead  bacilli  from  local  lesions  into  the  general 
circulation  for  the  constitutional  effect.  Gilchrist, 
of  the  United  States  Army,  at  Ft.  Oglethorpe, 
Georgia,  first  used  this  treatment,  with  favorable 
results,  which  proved  only  temporary;  a  like  ex- 
perience was  related  in  the  Phillippiries  after  more 
extended  use. 

Treatment  resolves  itself  into  the  essential  fact 
that  the  disease  is  one  in  which  a  method  of  recon- 
struction is  necessary  based  upon  hygiene,  full  diet 
and  medication.  In  twenty  years'  experience  the 
use  of  chaulmoogra  oil  is  the  only  medication  which 
has  resulted  in  cure  at  the  hands  of  the  author  and 
over  twenty-five  cases  have  been  recorded  as  free  of 
the  disease  after  treatment  lasting  three  or  more 
years. 

The  treatment  may  be  summarized  as  follows: 

1.  Full   diet,  restricting  only  indigestible  foods  as 

882 


indicated.  The  disease  seems  to  be  affected  by  no 
particular  diet,  and  fish  has  not  appeared  to  be  .-t 
factor. 

2.  Baths  are  essential  in  the  treatment;  daily  hot 
baths,  as  hoi  as  can  be  borne. 

3.  'i'li<-  patient  needs  tonics,  febrifuges,  and  should 
be  watched  for  intercurrent  or  complicating  diseases 
as  malaria,  pleurisy,  pneumpnia,  etc. 

4.  Strychnine  is  a  ■•nHr  qua  mm  in  the  trcatim  nt 
and  should  be  given  every  day  in  regular  tonic  doses. 

5.  Chaulmoogra  oil  (Gynocardia  odorata)  i.s  the 
nearest  to  a  specific  yet  suggested  in  leprosy.  It 
should  be  used  as  crude  as  possible;  refined  « > i J  I 

in  the  process.  The  oil  should  be  given  before-  meals 
in  capsules,  hot  milk,  or  milk  of  magnesia.  The 
dose  should  begin  small,  three  drops  three  times  a 
day,  increased  gradually  to  tolerance  which  varies 
from  sixty  to  one  hundred  and  twenty  or  one  hundred 
and  fifty  drops  at  the  dose. 

The  oil  may  be  given  in  pill  form,  combining  it 
with  ordinary  excipients;  a  very  effective  way  is  with 
tragacanth  and  common  soap. 

Heiser  has  recently  reported  {Journal  of  Tropical 
Diseases  and  Preventive  Medicine,  November,  1914) 
excellent  results  with  a  chaulmoogra  oil  mixture,  consti- 
tuted as  follows: 

Chaulmoogra  oil 60  grams 

Camphorated  oil 60 

ResorciD 4 

Of  this,  two  to  ten  minims  (0.12  to  0.6)  is  injected  hypo- 
dermically  at  intervals  decreasing  in  frequency  as  im- 
provement occurs. 

6.  Above  all  things  individualize  the  patient; 
watch  for  improvement.  If  it  does  not  show  in 
three  months,  wait  six  months;  wait  a  year,  or  longer. 
Keep  on  driving  at  the  treatment  until  the  patient 
dies  or  gets  well. 

7.  When  all  evidences  of  the  disease  are  gone, 
insist  on  a  continuance  of  the  treatment;  it  may  not 
be  necessary  but  it  makes  sure. 

The  sanitary  control  of  leprosy  should  be  practised 
by  every  government  for  the  protection  of  the 
public  and  for  the  care  of  the  leper.  Segregation  has 
proved  the  best  method  of  checking  the  spread  of 
the  disease  and  this  is  the  basis  of  practice  in  most' 
countries. 

National  leprosaria  will  solve  the  question  of 
leprosy  incidence  and  the  laboratories  give  promise  of 
finding  some  specific.  Isadore  Dyer. 

Leptandra. — Culver's  Root,  Culver's  Physic.  The 
rhizome  and  roots  of  Leptandra  virginica  (L.)  Nutt. 
Fam.  Scrophulariacece.  Leptandra  grows  very  abun- 
dantly in  open  woodlands  and  copses  through  the 
Eastern  and  Central  United  States.  It  is  a  perennial 
herb,  with  simple,  straight,  erect,  slender  stems,  from 
two  to  six  feet  high,  whorled  lanceolate  leaves,  and 
terminal  panicles  of  long,  slender,  acute,  white  or 
pinkish,  densely  flowered  spikes.  The  drug  is  gray- 
brown  or  gray-black,  from  four  to  six  inches  long, 
much  branched  and  crooked,  the  rhizomes  slightly 
flattened,  about  one-fourth  inch  thick.  The  internodes 
are  characteristically  narrowed  downward  and  readily 
disarticulate.  The  roots  are  rather  few,  sparse,  and 
unbranched.  The  drug  has  little  odor,  but  a  bitter, 
resinous,  and  slightly  acrid  taste. 

The  demand  for*  Leptandra  is  chiefly  American. 
It  has,  however,  been  recognized  in  the  Pharmacopoeia 
since  the  first  edition  and  lias  of  late  increased  greatly 
in  favor,  both  here  and  abroad. 

Its  important  constituent  is  six  per  cent,  of  an  irri- 
tant resin,  of  the  same  general  character  as  those  of 
mandrake  and  jalap.  It  contains  a  little  saponin, 
tannin  and  gum,  and  the  peculiar  bitter  crystalline 
glucoside  leptandrin,  which  is  soluble  in  both  water  and 
alcohol,  and  which  must  not  be  mistaken  for  the  com- 
merical    article    so-called. 

Our  knowledge  of  the  action  of  leptandra  is  purely 
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technical.  It  is  a  stimulating  laxative  or  an  irritant 
cathartic,  according  to  its  condition  and  dose.  In 
the  recent  state  it  is  drastic  and  even  emetic,  and 
poisonous,  becoming  milder  with  drying  and  keeping. 
It  stimulates  the  intestinal  mucous  secretion  and  the 
dejection  of  bile,  and  also  the  intestinal  movements, 
and  is  an  excellent  laxative  in  doses  of  one  grain,  and  a 
purgative  in  doses  of  one  to  four  grains.  The  long  lisl 
of  therapeutic  properties  attributed  to  it  by  the  eclec 
tics  are  not  to  be  denied,  but  are  the  result  of  improA  ed 
elimination  and  nutrition.  The  official  preparation 
are  the  fluid  extract,  dose  nj  xv.-lx.  (1.0  4.0),  ami  the 
extract,  dose  gr.  i.-iij.   (0.06-0.2). 

Each     official    vegetable     cathartic    pill     contains 
0.0015  gram   of  this  extract.     Commercial    "leptan 
drin"  is  the  practical  equivalent  of  this  extract. 

Henry  H.  Rush  v. 


Leptidae. — A  family  of  flies  which  contains  at 
least  three  blood-sucking  genera:  Leptis,  Symphor- 
omyia,  and  Trichopalpus.     See  Insects,  Parasitic. 

A.   S.   P. 


Leptodera. — A  genus  of  round  worms.  L.  pellio 
is  an  occasional  parasite  in  man.  This  species 
usually  lives  in  the  soil  as  an  adult;  the  larva  develops 
in  the  earthworm.  The  Hungarian  peasants  use  soil 
for  making  poultices  and  the  worms  may  thus  enter 
the  vaginas  of  women  and  live  there.     See  Nematoda. 

A.  S.  P. 


Leptus. — A  genus  of  harvest  mites,  Trombididce- 
These  little  arthropods  are  widely  distributed  in  Europe 
and  America.  Their  natural  hosts  are  insects  but 
they  often  attack  dogs,  cats,  and  other  small  mammals. 
In  man  they  cause  irritation  by  burrowing  into  the 
skin.     See   Arachnida.  A.  S.  P. 

Les  Avants. — See  Montreux. 

Letterman,  Jonathan. — See  wider  Army  Medical 
Service,  Vol.  I ,  p.  570. 

Leucine.— CHa\CH    CHj    CH    NHj    C00Hi  a 

aminoisobutylaceticacid,is  produced  from  proteins  by 
hydrolytic  cleavage  with  acids,  by  fusing  with  alkalies, 
by  putrefaction  or  by  the  action  of  enzymes.  Leucine 
occurs  as  a  constituent  of  protein  substances  in  widely 
varying  amounts.  Thus  from  egg  albumin  about  6 
per  cent,  may  be  obtained,  from  casein  about  10.5 
per  cent.,  from  fibrin  15  per  cent,  and  from  hemo- 
globin 20  per  cent.  It  is  found  in  the  wool  of 
sheep,  in  dirt  from  the  skin  and  between  the  toes  and 
some  of  the  disagreeable  odor  of  perspiration  of  the 
feet  is  due  to  its  decomposition  products.  Patholog- 
ically it  may  be  found  in  atheromatous  cysts,  ich- 
thyosis scales,  pus,  blood,  liver,  and  in  diseases  of  the 
liver  and  in  phosphorus  poisoning  in  the  urine.  The 
leucine  obtained  from  proteins  by  hydrolysis  is  the 
1-leucine  which  in  aqueous  solutions  is  levorotatory 
but  in  acid  solutions  is  dextrorotatory.  Upon  heating 
leucine  is  decomposed  into  carbon  dioxide,  ammonia, 
and  amylamine.  In  putrefaction  or  by  heating  with 
alkalies  valerianic  acid  and  ammonia  are  formed. 
When  pure  leucine  crystallizes  in  thin  shining  white 
plates.  As  obtained  from  animal  fluids  and  tissues 
it  is  always  impure  and  is  easily  soluble  in  alcohol  and 
water  whereas  pure  leucine  is  soluble  with  difficulty. 
Leucine  is  soluble  in  acids  and  alkalies  and  gives  cry- 
stalline compounds  with  mineral  acids,  thus  the  forma- 
tion of  esters  of  leucine  is  employed  as  a  means  of 
separating  leucine  from  other  amino  acids. 

Frank  P.  Underhill. 


Leukocytosis. — In  general  usage  the  term  leuco- 
cytosis  is  taken  t<>  indicate  an  increase  in  thi 

Of  leucocyte     ill  the  circulating  blood  abo\  e  tt,:,l  v.  hieh 

is  normal  for  the  individual.  Some  authoritie  prefer 
the    terms    hyperleucocytosis    and    hypoleui 

to  indicate  an  incres  '  ,nd  a  decrease  m  tin-  number  of 
leucocytes,   using  the   word   leucoeytosis   to   mean    the 

normal  number  of  leucocytes.     Tin    increase  u  ualli 

affects   one   type  of    leu,-,,, -..  I,-    more    than    any    other 

and  terms  are  used  to  indicate  the  kind  .>f  cell  affected, 
viz.,  eosinophilia,  polynucleosis,  Lymphocytosis,  etc. 
It    is  unusual   for  the  differential   count    to   remain 

normal  in  the  presence  of  a  leucocyl fan    i  .tent. 

If  one  type  of  white  cell  is  increased  in  number  with- 
out increase  in  the  total  leucocyte  count  t  he  condition 
is  known  as  a  relative  eosinophilia  or  1\  mphoi  tosis, 
etc.  In  leukemia  the  increase  in  the  white  cell  count 
may  be  due  to  the  influx  into  the  blood  of  large  num- 
bers of  pathological  cells — myelocytes  though  this 
is  not  always  the  case,  for.  such  pictures  m.-i  l..  •  n 
in  other  diseases.  Naegeli  mentions  a  case  of  puer- 
peral pernicious  anemia  with  a  leucoeytosis  of  30,000 
of  which  twenty-live  per  cent,   wen-  mi     loi 

The  normal  number  of  leucocytes  varies  within 
quite  a  wide  range  in  healthy  adults  (5,000  to  10,000  . 
Individuals  in  a  poor  condition  of  nutrition  but  with 
no  special  disease  have  a  low  leucocyte  count,  with  a 
reduced  percentage  of  polynuclear  cells,  while  those 
in  vigorous  health  have  a  high  leucocyte  count,  even 
approaching  a  slight  leucoeytosis,  with  an  increased 
percentage  of  polynuclear  cells. 

The  estimation  of  the  number  of  leucocytes  is  of 
itself  of  little  value  in  the  diagnosis  and  prognosis  of 
disease  but  may  be  of  tremendous  value  when  con- 
sidered along  with  other  data,  especially  in  surgical 
conditions  when  there  is  a  question  of  operation.  It 
should  always  be  supplemented  with  a  differential 
count  of  the  leucocytes  in  a  stained  smear. 

It  is  highly  important  to  keep  in  mind  the  fact  that 
a  leucoeytosis  may  be  physiological. 

VABrETIES     OF      PHYSIOLOGICAL     LEUKOCYTOSIS. — (1) 

Digestion,  (2)  pregnancy,  (3)  new-born,  (4)  after 
exercise,  massage,  and  cold  bat  lis. 

Digestion  leucoeytosis  is  of  importance  because  it  is 
so  often  overlooked.  In  health  after  a  meal  rich  in 
proteins  the  leucocyte  count  may  rise  even  as  much 
as  sixty  per  cent,  so  that  it  may  reach  as  high  as  12,000 
in  a  vigorous  person.  The  increase  is  chiefly  in  the 
potynuclear  cells.  The  daily  variations  of  the  leuco- 
cyte count  is  probably  due  in  part  to  the  effects  of 
digestion.  In  certain  diseases  other  than  those  of 
the  digestive  tract  the  digestive  leucoeytosis  may  be 
very  marked,  as  for  example  in  pneumonia.  It  is 
absent  in  sucklings  and  may  be  diminished  or  absent 
in  functional  or  organic  disease  of  the  digestive  tract. 
It  is  believed  to  depend  upon  the  chemotactic  in- 
fluence of  material  absorbed  from  the  intestinal  tract. 

In  pregnancy  there  has  been  noted  a  leucoeytosis 
which  increases  gradually  during  the  period  of  gesta- 
tion. It  is  not  so  marked,  however,  as  was  formerly 
believed,  since  many  of  the  earlier  counts  were  based 
on  faulty  technique.  It  is  frequently  absent  in  multi- 
para; who  usually  show  only  a  high  normal  count. 
It  is  probably  due  to  the  general  acceleration  of  met- 
abolic processes  which  takes  place  at  this  time.  Dur- 
ing parturition  and  the  early  part  of  the  postpartum 
period  the  white  cells  may  rise  to  20,000,  due  partlv 
to  the  loss  of  blood  and  partly  to  the  inflammatory 
reaction. 

In  the  new-born  the  leucocytes  may  number  as 
high  as  32,000  and  fall  quite  rapidly  so  that  by  the 
tenth  day  they  are  twenty-five  per  cent,  lower.  The 
increase  is  chiefly  neutrophilic  in  character.  The 
cause  is  not  agreed  upon.  There  are  so  many  radical 
changes  in  environment  at  the  time  of  birth  that  it 
is  impossible  to  fix  the  cause  with  any  certainty. 

Violent    exercise    has   long   been    known    to    cause 

ss:; 
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marked  increase  in  the  number  of  leucocytes.  It  is 
possible  also  that  the  slight  daily  variations  of  tin" 
white  cell  count  are  due  to  llu'  usual  exercise  taken. 
In  this  class  also  belong  tin-  Iruroevlosis  seen  following  | 
convulsions  and  in  suffocation.  Cold  baths  regularly 
cause  an  increase  in  the  number  of  leucocytes  and  there 

is  no  doubt    thai    the  good    ell'eet   of    baths  in   typhoid 

fever  is  in  pari   dm-  to  this  fact.     Exposure  to  cold 

has  the  same  effect. 

Varieties  of  Pathological  Leucocytosis. — (1) 
Infectious,  (2)  toxic,  Ci)  posthemorrhagic,  (4)  malig- 
nant tumors,  (5)  cachectic,  (6)  agonal. 

In  pathological  leucocytosis  the  process  may  be 
considered  to  be  a  general  one,  that  is  a  drop  of  blood 
from  the  ear  may  be  considered  a  safe  index  of  the  state 
of  the  blood  throughout  the  body.  Leucocytosis  may 
be  looked  at  as  a  symptom  of  bone-marrow  activity 
in  the  same  way  as  the  pulse  is  of  cardiac  activity. 
Increase  in  this  activity  is  pretty  generally  accepted 
as  being  due  to  chemotactic  influences.  That  is,  the 
presence  in  the  blood  of  certain  chemical  substances, 
produced  by  infective  agents,  is  capable  of  exerting 
either  an  attractive  or  a  repellent  influence  upon  the 
ameboid  leucocytes.  If  cells  are  attracted  by  such 
substances,  the  phenomenon  is  known  as  a  positive 
chemotaxis;  if  they  are  repelled,  it  is  called  negative 
chemotaxis.  This  effect  upon  the  cells  of  the  blood 
may  be  produced  by  bacteria  or  their  products — ■ 
necrotic  tissue  which  has  gained  entrance  to  the  cir- 
culation, and  thermal  and  mechanical  irritants.  It 
would  seem  that  different  varieties  of  leucocytes — ■ 
polynuclear  neutrophiles,  eosinophiles,  lymphocytes — 
respond  to  different  stimuli;  in  one  instance  we  have 
an  ordinary  leucocytosis — as  in  pneumonia,  in  which 
the  polymorphonuclear  cells  are  chiefly  increased; 
in  another,  as  in  trichiniasis,  an  eosinophilia;  in  a 
third,  a  lymphocytosis. 

It  seems  reasonable  to  conclude  that  leucocytosis 
is  a  conservative  process  on  the  part  of  nature,  and 
represents  an  attempt  to  destroy  the  infectious  agent 
or  its  product  by  mechanical  means,  i.e.  phagocytosis; 
or  by  chemical  means — the  production  of  chemical 
substances  (alexins)  which  act  as  bactericidal  or 
antitoxic  agents.  Grabitschewsky  states  that  these 
processes  are  both  active  at  the  period  of  maximum 
leucocytosis. 

Just  previous  to  the  development  of  leucocytosis, 
there  is  usually'  a  stage  in  which  the  leucocyte  count 
is  low.  This  is  called  by  Lowit  the  leucopenic  phase. 
Goldscheider  and  Jacob  have  proved  that  this  is 
dependent  purely  upon  an  altered  distribution  of  the 
cells  in  favor  of  the  deeper  vessels. 

Pathological  leucoeytoses  differ  from  the  physio- 
logical in  being  usually  of  larger  extent  and  of  greater 
duration,  and  in  being  almost  always  accompanied 
by  a  relative  and  absolute  increase  in  the  polymorpho- 
nuclear leucocytes.  There  is  also  a  change  in  the 
cell  structure  in  certain  cells.  A  small  percentage  of 
the  polynuclear  cells  resemble  myelocytes,  having  a 
nucleus  which  is  on  the  border  line  between  the  two 
cells.  One  to  three  per  cent,  of  the  cells  have  become 
so  altered  that  they  cannot  be  distinguished  from 
myelocytes.  In  the  determination  of  pathological 
leucocytosis  it  is  necessary  to  avoid  apparent  leuco- 
cytosis and  to  that  end  counts  are  best  taken  early  in 
the  morning,  before  breakfast. 

In  the  majority  of  the  infectious  diseases  a  leuco- 
cytosis occurs  and  the  leucocyte  count  in  these  con- 
ditions is  of  great  practical  value  to  the  clinician,  both 
in  diagnosis  and  in  prognosis.  As  a  rule,  the  increase 
takes  place  largely-  in  the  polynuclear  cells.  It  has 
been  fairly  well  established  that  the  number  of  the 
leucocytes  is  an  index  of  the  patient's  resistance  while 
the  polynuclear  percentage  is  determined  by  the  viru- 
lence of  the  infection.  It  must  be  borne  in  mind  that 
there  is  no  direct  connection  between  leucocy-tosis 
and  the  febrile  state  and   it   is  not  due  directlv  to 


bacterial  invasion.  The  leucocytosis  is  the,  vital 
reaction  of  the  bone  marrow  to  the  bacterial  toxin. 
When  the  dose  ql  toxin  is  overwhelming  then  the  mar- 
row is  paralyzed,  so  to  speak,  and  the  result 
leucopenia.  For  instance,  we  find  that  in  the  i. 
severe  cases  of  pneumonia  where  the  patient  does  not 
react  then'  is  a  low  leucocyte  count. 

In  certain  of  the  infectious  diseases  there  is  no  in- 
crease in  Hie  number  of  leucocytes  and  in  these  ii  i- 
believed  that  the  toxins  have  a  special  affinity  for  the 
bone  marrow  so  that  the  output  of  the  white  cells 
is  diminished.  These  diseases  are  typhoid  fever, 
tuberculosis  (when  uncomplicated),  measles,  Cerman 
measles,  mumps,  influenza,  glanders,  and  acute  polio- 
myelitis. In  practically  all  the  others  a  leucocytosis 
is  the  regular  finding.  In  malaria,  the  leucocytosis 
is  temporary,  occurring  only  during  the  chill. 

Purulent  and  gangrenous  processes  usually  cause 
a  higher  leucocytosis  than  serous  processes.  A  leuco- 
cytosis which  increases  from  hour  to  hour  suggest  s 
an  acute  spreading  inflammatory  process  and  its 
detection  is  of  great  value  in  cases  of  acute  appendi- 
citis in  influencing  the  surgeon  regarding  his  operation 
and  prognosis. 

The  toxic  leucoeytoses  are  probably  closely  allied 
to  the  infectious.  They  follow  the  administration 
of  organ  extracts,  collargol,  phenacetin,  potassium 
chlorate,  quinine,  salvarsan,  and  many  other  drugs. 
An  increase  in  the  white  cell  count  may  result  from  the 
toxemia  accompanying  illuminating  gas  poisoning, 
rickets,  cirrhosis  of  the  liver,  chronic  nephritis,  and 
chloroform  narcosis.  The  leucoeytoses  of  the  various 
forms  of  leukemia  possibly  belong  in  this  group. 
After  the  administration  of  bacterial  vaccines  (bac- 
terins)  there  occurs  first  a  fall  in  the  leucocytes  (the 
so-called  negative  phase)  followed  by  a  rise  which 
persists  for  a  varying  length  of  time. 

Following  a  large  hemorrhage  a  considerable  leuco- 
cytosis appears  promptly,  usually  within  an  hour. 
This  may  amount  to  as  much  as  16,000.  It  may  be 
considered  as  evidence  of  the  activity  of  the  bone 
marrow  in  its  efforts  to  make  good  the  loss.  In  the 
presence  of  continued  small  hemorrhages  the  degree 
of  leucocytosis  is  less  but  it  persists  for  a  longer  time. 

In  malignant  disease  an  increase  in  the  white  cell 
count  is  an  inconstant  finding.  In  the  presence  of 
ulceration  with  the  accompanying  absorption  of  toxic 
products  it  is  fairly  well  marked.  Metastases  in  the 
bone  marrow  may  cause  the  production  of  a  blood 
picture  resembling  leukemia.  Sarcoma,  especially  lym- 
phosarcoma, is  more  likely  to  produce  leucocytosis  than 
is  carcinoma.  An  increase  in  the  leucocytes  may  accom- 
pany the  anemia  secondary-  to  malignant  disease. 

In  cachexia  a  leucocytosis  occurs  only  as  a  result  of 
the  action  of  the  causative  condition. 

An  agonal  leucocytosis  occurs  in  the  final  stages  of 
different  diseases.  It  is  due  in  some  cases  to  per- 
ipheral stasis,  in  others,  it  is  thought  that  the  bone 
marrow-  just  before  death  loses  the  power  to  hold 
back  cells  from  the  circulation  so  that  numerous 
leucocytes  escape  together  with  unripe  red  cells.  In 
some  instances  terminal  infections  may-  be  responsible. 

In  addition  to  the  above  divisions  there  must  be 
mentioned  that  exposure  to  the  action  of  the  x-rays 
or  to  radium  results  in  a  diminution  of  the  leucocytes 
since  they  first  tend  to  destroy  the  leucocytes  in  the 
circulating  blood  and  later  exert  an  injurious  influence 
upon  the  bone  marrow. 

Lymphocytosis  is  an  increase  in  the  number  of 
lymphocytes  in  the  circulating  blood  and  is  usually, 
though  not  necessarily,  associated  with  a  leucocytosis. 
An  examination  of  a  stained  film  is,  of  course,  necessary 
for  its  recognition.  The  blood  of  healthy  infants 
regularly-  shows  a  lymphocytosis.  Pathologically 
the  greatest  increase  in  the  lymphocytes  is  seen  in 
cases  of  lymphatic  leukemia.  More  moderate  in- 
creases are  seen  in  typhoid  fever,  malaria,  and  per- 
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tussis  and  this  blood  change  often  persists  well  into 
convalescence,  the  so-called  postinfectious  lympho- 
cytosis. The  lymphocytes  are  increased  after  in- 
jections of  serum  and  in  exophthalmic  goiter  and  in 
both  instances  this  is  thoughl  to  be  due  to  toxic 
action.  In.  many  debilitated  conditions  in  the  adult, 
the  percentage  of  lymphocytes  is  increased,  due  simply 
to  a  diminution  in  the  number  of  polynuclear  neu- 
trophiles.     This  is  merely  a  relative  fymphocj  tosis. 

Eosinophilia  is  an  absolute  increase  in  the  number 
of  eosinophiles  in  the  circulating  blood.  There  is  a 
variation  of  from  25  to  500  (0.5-5  per  cent.)  per 
cubic  millimeter  in  the  health}-  adult  blood.  Physio- 
logically, eosinophilic  occurs  in  young  infants,  and 
in  women  during  the  menstrual  period.  Pathologically 
it  has  been  reported  in  a  large  number  of  conditions. 
The  most  important  of  these  are: 

1.  Myelogenous  leukemia.  Very  rarely  is  a  case 
of  myelogenous  leukemia  seen  without  an  eosinophilia 
and  sometimes  the  number  is  tremendously  increased. 
The  reviser  of  this  article  has  seen  an  early  case  in 
which  the  blood  showed  60,000  white  cells  of  which 
ninety-six  per  cent,  were  eosinophiles. 

2.  Scarlet  fever  may  give  an  eosinophilia  up  to 
3,000. 

3.  Parasitic  diseases  of  all  kinds  are  apt  to  be  ac- 
companied by  an  eosinophilia.  The  parasite  is  most 
constant  and  most  marked  in  trichiniasis  in  which  these 
cells  may  number  fifty  per  cent,  of  the  total  white 
count.  Eosinophilia  has  been  produced  in  animals 
by  the  injection  of  extracts  of  Ascaris  lumbricoides. 

4.  In  bronchial  asthma  eosinophile  cells  are  found 
in  the  sputum  and  they  are  increased  in  the  circulating 
blood.  Serum  sickness  which  shows  a  certain  clinical 
similarity  to  asthma  is  also  accompanied  by  an 
eosinophilia. 

5.  The  majority  of  the  skin  diseases  are  marked 
by  an  increase  in  the  eosinophile  cells  of  the  blood. 
This  increase  is  usually  not  very  marked. 

6.  Neurasthenia  and  nervous  prostration  often  show 
an  eosinophilia. 

7.  Postinfectious.  An  eosinophilia  is  seen  during 
convalescence  from  most  of  the  infectious  diseases 
and  some  authors  are  inclined  to  view  an  increase  in 
the  eosinophile  count  during  the  course  of  the  disease 
as  indicative  of  definite  improvement. 

8.  An  eosinophilia  is  an  inconstant  finding  after 
extirpation  of  the  spleen,  in  malignant  disease,  poly- 
cythemia, gonorrhea,  blastomycosis,  and  certain  af- 
fections of  the  intestine. 

In  acute  infectious  processes  the  eosinophile  cells 
are  diminished  early  in  the  disease  and  in  pernicious 
anemia  they  are  usually  very  scarce. 

Basophilia,  an  increase  in  the  mast  cells  in  the 
blood,  is  a  much  less  common  finding.  It  is  apt  to 
follow  the  injection  of  foreign  sera  or  proteins  and  the 
Pasteur  treatment  of  rabies.  It  is  almost  constant 
in  polycythemia  while  in  myelogenous  leukemia  the 
number  of  basophiles  may  reach  very  large  propor- 
tions. Their  number  normally  is  so  small  that  no 
serious  attempt  to  study  diseases  in  which  they  are 
diminished,  has  been  made.  Jambs  Rae  Arneill. 
Revised  by  Ralph  G.  Stillman. 


Leucocytozoidae. — A  family  of  protozoan  para- 
sites. The  ookinete  does  not  become  encysted;  the 
schizonts  and  gametocytes  are  alternately  free  and 
active  or  endocellular  and  passive,  the  former  being 
trypaniform  and  the  latter  ameboid.  There  is  only 
one  genus  Leucocytozoon  which  contains  several  im- 
perfectly known  species.     See  Protozoa. 

A.    S.    P. 


Leucocytozoon. — Hmmamaba.     A  genus   of  pro- 
tozoan  blood  parasites  which  is  of  interest  because 


it    show  i    cei  tain     similarit  ies  and 
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from  birds.     Sa  Prot  \.  -    p, 

Leucomaines.-  The  term 

into  di  n  •    and   I  herefore  al   the  prevent   time 
little  significance.     Under   the   term    were   formei 
Included  those  basic  compounds  thai  origins  i    from 
protein  as  a  result  of  enzyme  action.     Similai 
stances   formed   from   protein   by   bacterial   activity 
are  called  ptomaines.     Inasmuch  at   the 

I'm'     I,,;,.,  arise  from  protein  by  the  two  proci 
a  division  between  the  two  groups  Is  imperfect  and 
unsatisfactory.     Leucomaines  were  divisible  into  four 
groups,  (1)  the  purine  group,  (2) the pyrimidine  group, 

3   the  hexone  base  group,  and  (4)  thi  creatinini  "roup. 

As  distinct    from   the   ptomaines   the   leucomaines  are 

of  endogenous  origin  and  previously  it  was  considered 

that  their  production  in  the  organs  anil  tissues  of   the 

i"»U   played  the  chief  role  in   autointoxication      In- 
asmuch as  it  has  been  established  thai  most  oi  •■ 
compounds  are  without  toxic  propi  rti       uch  a  view 
is  no  longer  tenable.  Frank   P.   I  nderhill. 

Leucopenia. — An  absolute  reduction  in  the  num- 
ber of  leucocytes  in  the    circulating    blood    below    the 

lowest  normal  limit  is  termed  leucopenia  or  bypo- 
leucocytosis.  It  is  the  opposite  of  leucocytosis  or 
hyperleucoeytosis.  The  low  normal  limit  i-  usually 
given  as  5,000  per  cubic  millimeter.  It  is  rather 
seldom  in  any  condition  that  the  ]ene.,e\  tes  fall  very 
much    below    3,000    per    cubic    millimeter.       Koblanek 

reports  a  remarkable  case  of  leucopenia  in  an  epi- 
leptic man  of  twenty-five  years  of  age.  In  a  careful 
examination  of  twenty  stained  cover-glass  prepara- 
tions, he  found  only  one  leucocyte.  Cabot  refers  to 
an  unusual  case  of  lymphatic  leukemia,  in  which  the 
white  cell  count  fell  from  40,000  to  419  per  cubic 
millimeter  in  the  course  of  three  weeks  as  the  result 
of  the  development  of  an  acute  sepsis.  A  leucopenia 
rarely  affects  all  types  of  white  cell  equally,  on  the 
contrary,  it  is  not  unusual  to  find  a  leucopenia  asso- 
ciated with  a  relative  increase  in  one  of  the  varieties. 
Leucopenia  may  be  physiological  or  pathological. 

Physiological  leucopenia  may  occur  after  prolonged 
cold  baths,  short  hot  baths,  and  the  stimulation  of 
sensory  nerves.  Some  of  these  effects  may  be  due  to 
a  change  in  the  distribution  of  the  leucocytes  in  the 
vessels  as  a  result  of  vasomotor  influences.  If  dis- 
ease is  excluded,  the  number  of  leucocytes — especially 
the  polymorphonuclear — may  be  taken  as  an  index 
of  the  patient's  nutrition.  A  low  count  indicates 
poor  nutrition. 

Pathological  Loicopi  uia. — It  is  rather  difficult  to 
separate  leucopenia  and  a  simple  absence  of  leuco- 
cytosis. The  fact  that  some  of  the  important  in- 
fectious diseases  show  an  absence  of  leucocytosis  is 
of  great  aid  in  diagnosis.  The  following  diseases  are 
included  in  this  list:  Typhoid  fever,  tuberculosis, 
measles,  German  measles,  mumps,  influenza,  glanders, 
and  acute  poliomyelitis  (see  article  on  Leucocytosis). 
If,  in  the  course  of  these  diseases,  a  leucocytosis 
develops,  it  points  to  the  presence  of  a  new  factor, 
generally  some  pyogenic  complication  such  as  phlebitis 
or  perforation  in  typhoid  fever  or  the  advent  of  mixed 
infection  in  tuberculosis. 

A  leucopenia  may  result  from  diminished  activity 
of  the  bone  marrow  following  a  lowering  in  the  demand 
made  upon  it.  Such  a  condition  would  occur  in 
malnutrition  and  starvation.  The  faster  Lucci 
showed  a  decrease  in  his  leucocytes  from  14,530  to 
S61  per  cubic  millimeter  after  a  seven  days'  fast. 
This  number  increased  to  1,530  on  the  eighth  day  and 
remained  at  about  this  figure  during  the  remaining 
twenty-two  days  of  the  fast. 

In  very  severe  infections  the  number  of  the  white 
cells  is  frequently  diminished.     This  is  probably  due  to 
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injury  of  the  bone  marrow  so  that  it  is  unable  to 
functionate  properly.  In  chlorosis,  pernicious  anemia, 
and  some  severe  cases  of  secondary  anemia  a  like 
effect  may  be  produced.  The  reduction  of  white  cells 
after  the  application  of  radium  and  the  x-rays  is  also 
the  effect  of  injury,  first  to  the  circulating  blood  and 
then  to  the  spleen  and  bone  marrow. 

Various  investigators  have  produced  a  decrease 
in  the  number  of  leucocytes  by  the  administration 
of  various  substances  hypodermically.  Bohland 
found  that  it  followed  the  injection  of  ergot,  sulphonal, 
tannic  acid,  camphoric  acid,  atropine,  agaricin,  and 
picrotoxin.  Delezene  injected  various  anticoagulant 
substances,  peptone,  diastase,  and  eel  serum,  with  a 
resulting  marked  leucopenia.  James  Rae  Arneill. 
Revised  by  Ralph  G.  Stillman. 


Leucorrhea. — This  term  furnishes  another  illustra- 
tion of  the  very  common  error,  in  medical  terminology, 
of  confusing  a  symptom  with  the  condition  of  which  it 
forms  but  a  part  or  a  phenomenon.  Current  use, 
especially  after  the  lapse  of  a  long  period  of  time,  so 
fixes  such  errors  that  it  is  almost  a  hopeless  task  to 
make  the  correction  which  is  necessary  or  at  least 
desirable. 

The  term  which  is  in  common  use  as  the  synonym  of 
leucorrhea  is  "whites,"  which  is  sufficiently  expres- 
sive, for  leucorrhea  etymologically  means  a  white 
discharge  or  flow.  But  there  may  be  white  discharges 
from  various  parts  of  the  body,  especially  from 
mucous  membranes;  moreover  the  color  of  the  leu- 
corrheal discharge  is  not  always  white,  hence  the 
correctness  of  the  term  is  not  at  once  evident. 

The  white  discharge  or  flow  which  is  to  be  consid- 
ered proceeds  from  the  mucous  membrane  of  the 
female  genital  organs,  and  in  common  language 
almost  any  discharge  flowing  from  the  vagina  is 
referred  to  as  leucorrhea.  In  the  majority  of  instances 
it  is  a  glandular  secretion,  and  may  be  discharged 
from  the  glands  or  epithelium  of  the  vagina  or  uterus. 
Its  color  is  by  no  means  always  white;  it  may  be 
brown,  green,  or  yellow  when  purulent,  or  red  when 
mixed  with  blood. 

It  is  composed  of  serum  mingled  with  epithelial 
cells,  with  leucocytes,  or  with  blood  or  mucous 
corpuscles,  according  as  its  color  is  brown,  white,  red, 
or  yellow.  Its  reaction  is  acid  when  it  is  derived  from 
the  vagina,  and  alkaline  if  derived  principally  from 
the  interior  of  the  uterus.  It  may  be  bland  and  un- 
irritating,  or  viscid,  acrid,  and  excoriating. 

It  is  odorless,  if  discharged  very  soon  after  it  is  se- 
creted, but  is  more  or  less  offensive  if  retained  very 
long  within  the  vagina  or  uterus.  Its  consistency  is 
that  of  water,  pus,  or  mucus,  with  a  specific  gravity 
which  varies  according  to  the  admixture  and  weight  of 
the  various  substances  which  may  be  combined  with 
the  watery  basis.  It  may  be  thin  and  watery,  thick 
like  the  white  of  egg,  or  semi-fluid  like  the  pus  from  an 
abscess.  A  discharge  of  this  character  may  always 
be  considered  abnormal,  for  the  genital  mucous  mem- 
brane in  health  secretes  only  so  much  material  as  may 
be  necessary  for  its  lubrication;  hence  the  more  abun- 
dant the  discharge  or  the  more  complex  its  character, 
the  more  it  is  an  evidence  of  disease. 

The  quantity  or  volume  of  a  leucorrheal  discharge 
varies  within  "wide  limits.  There  may  be  only  an 
almost  inappreciable  moisture,  which,  however,  may 
be  annoying  on  account  of  its  irritating  action  and 
the  staining  and  soiling  of  the  garments,  or  there  may 
be  a  continuous  dripping  which  requires  the  use  of  a 
napkin. 

Its  effects  and  consequences  vary  greatly  in  different 
cases,  and  are  not  always  commensurate  with  its 
quantity  or  even  with  its  physical  qualities.  It  may 
cause  no  great  disturbance  aside  from  an  unpleasant 
sense  of  moisture  or  it  may  produce  the  most  profound 
irritation  and  corrosion,  the  epithelium  of  the  vagina 


and  vaginal  portion  of  the  cervix  being  macerated, 
with  accompanying  erosion  and  ulceration,  and  the 
skin  being  chafed,  inflamed,  or  necrosed.  The  local 
condition  may  react  unfavorably  upon  the  system  in 
general. 

The  debility  produced  by  the  constant  abstraction 
of  fluid  from  the  blood,  by  the  intense  itching  which  is 
almost  intolerable  by  day  and  worse  by  night,  and  by 
i  lie  absorption  of  more  or  less  toxic  material,  shows  the 
possible  deleteriousness  of  a  condition  which  under 
ordinary  circumstances  is  hardly  thought  worthy  the 
dignity  of  serious  notice. 

Pain  is  a  not  infrequent  accompaniment.  Under 
the  ordinary  conditions  in  which  there  is  merely  a 
milky  or  watery  discharge  there  is  no  pain,  but  when 
the  tlischarge  is  associated  with  acute  inflammatory 
conditions  very  severe  pain  may  be  present.  This 
symptom  is  quite  distinct  from  the  mere  annoyance 
of  the  discharge  or  the  irritation  and  itching  which  are 
caused  by  the  chafing  and  excoriation  of  the  skin. 
The  other  well-known  symptoms  of  inflammatory 
conditions,  swelling,  heat,  and  redness,  are,  of  course, 
present  in  greater  or  lesser  degree. 

There  is  probably  no  morbid  condition  to  which  the 
female  genitals  are  susceptible  which  is  of  such  frequent 
occurrence,  in  some  form  or  other,  as  the  leucorrheal 
discharge.  It  may  be  present  in  infants,  in  young 
children,  in  young  adults,  in  mature  women,  and  in  the 
aged.  It  is  probable  that  it  is  for  this  reason  that 
some  gynecologists  of  wide  experience  have  insisted 
that  it  is  not  necessarily  an  abnormality.  With  this 
sentiment  I  cannot  agree,  for,  as  already  stated,  the 
function  of  the  mucous  membrane  is  not  to  secrete  a 
discharge  which  shall  be  appreciable  and  annoying, 
and  if  such  a  discharge  is  secreted  the  conclusion  is 
only  a  logical  one  that  it  is  due  to  some  violation  or 
fault  of  the  natural  law. 

The  grouping  or  classification  of  the  various  condi- 
tions in  which  leucorrhea  is  present  is  not  an  easy 
matter.  The  field  is  so  large  that  it  is  difficult  to 
treat  it  with  satisfactory  comprehensiveness.  It  must 
always  be  remembered  that  leucorrhea  in  itself  is  a 
symptom  and  not  a  disease,  and  as  it  always  has  a 
cause  we  are  hardly  justified  in  applying  to  it  that 
unfortunate  term  idiopathic,  which  has  always  seemed 
to  me  a  subterfuge  for  ignorance. 

We  can  differentiate  it  in  diseases  which  are  acute 
and  in  those  which  are  chronic.  It  is  also  a  symptom 
in  diseases  which  appertain  almost  exclusively  to  the 
genital  organs,  and  in  those  which  are  general  or 
constitutional.  Of  the  diseases  of  the  genital  organs 
the  acute  infectious  ones  are  the  most  common, 
especially  the  venereal  diseases. 

Syphilis  is  essentially  a  chronic  disease,  and  leucor- 
rhea when  occurring  as  one  of  its  symptoms  may  be 
considered  under  this  category. 

Chancroid  is  an  acute  venereal  disease  but  is  not  so 
frequent  in  women  as  in  men.  The  ulcer  or  sore  which 
is  its  essential  characteristic  may  be  located  upon  the 
opening  of  one  or  both  of  the  vulvovaginal  glands  or 
upon  any  portion  of  the  mucous  membrane  of  the 
vagina  or  the  portio  vaginalis  of  the  neck  of  the 
uterus.  Inflammation  attends  the  development  of 
this  disease  and  is  accompanied  by  a  leucorrheal 
discharge  which  is  at  first  purulent,  then  muco- 
purulent, sometimes  streaked  with  blood,  or  merely 
mucous  and  viscid.  It  is  more  abundant  in  young 
than  in  mature  women  and  seldom  produces  con- 
stitutional symptoms  that  are  of  importance. 

The  treatment  consists  in  the  use  of  astringent  ap- 
plications to  the  sore  or  ulcer,  astringent  vaginal 
douches,  and  a  vaginal  tampon  of  cotton  wool  properly 
medicated.  I  am  accustomed  to  apply  the  solid 
nitrate  of  silver  daily  to  the  sore,  followed  by  a  vaginal 
douche  of  at  least  two  quarts  of  very  hot  water  and  an 
injection  of  one  or  two  ounces  of  peroxide  of  hydrogen, 
then  applying  a  tampon  moistened  with  a  two-per- 
cent, mixture  of  ichthyol  in  glycerin. 
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Leucorrhea 


By  far  the  most  common  form  of  Infectious  disease 

of  the  genital  organs  giving  rise  t<>  .1  leucorrheal 
discharge  is  gonorrhea.  The  part  which  is  primarily 
infected  may  be  the  vulvovaginal  glands  or  the 
mucous  membrane  of  the  vagina  or  vaginal  portion 
of  the  cervix.  The  original  focus  of  infection  usually 
enlarges,  whether  in  circles  or  in  straighl  lines  we  do 
not  know,  attacking  one  portion  of  mucous  membrane 
after  another,  until  the  entire  mucous  tract  from  the 
vulva  to  the  junction  of  the  mucous  membrane  of  the 
Fallopian  tubes  with  the  peritoneum  may  be  involved. 
The  process  may  even  extend  to  the  peritoneum,  and 
indeed  we  know  that  this  actually  occurs  in  not  a  few 
instances.  After  the  period  of  congestion  in  such 
cases  comes  the  period  of  discharge,  and  the  vagina 
is  constantly  bathed  with  a  fluid  which  is  purulent, 
tinged  with  blood,  mucopurulent,  and  then  mucoid. 
It  is  always  intensely  infective,  the  period  during 
which  it  continues  being  variable,  depending  upon 
the  age  and  physical  condition  of  the  patient,  the 
treatment  which  is  given,  etc.  In  young  women  the 
discharge  is  more  abundant,  more  virulent,  and  more 
persistent  than  in  those  who  are  mature  or  aged.  The 
tissues  involved  are  extremely  sensitive,  and  pain 
and  swelling  are  pronounced  and  decisive. 

During  the  first  few  days  of  the  disease  the  tissues 
are  so  swollen  and  tender  that  little  can  be  done  except 
to  keep  the  skin  of  the  external  genitals  as  clean  as 
possible.  A  simple  method  of  accomplishing  this  is 
to  place  a  pad  of  absorbent  cotton  over  the  genitals, 
holding  it  in  position  by  means  of  a  snugly  fitting 
napkin.  It  may  be  necessary  to  replace  pad  and  nap- 
kin by  clean  ones  five  or  six  times  daily.  When  the 
swelling  and  sensitiveness  have  somewhat  subsided 
the  patient  should  be  placed  in  the  Sims  position,  a 
large  Sims  speculum  being  introduced,  and  the  secre- 
tion removed  from  the  entire  mucous  surface  with 
absorbent  cotton  and  with  the  utmost  care  and  gentle- 
ness. The  entire  surface  may  then  be  carefully 
swabbed  with  a  strong  solution  of  nitrate  of  silver 
(two  drams  to  the  ounce  of  water)  and  the  vagina 
tamponed  with  cotton  wool  saturated  with  a  two-per- 
cent, mixture  of  ichthyol  in  glycerin.  This  treatment 
must  be  repeated  daily  until  the  discharge  has  di- 
minished, the  intervals  of  application  being  then 
lengthened  gradually,  but  it  must  not  be  discontinued 
until  all  discharge  has  ceased.  It  is  absolutely  im- 
perative that  this  treatment  be  carried  out  regularly 
and  systematically,  as  it  may  prevent  the  extension 
of  the  disease  to  the  bladder,  Fallopian  tubes,  and 
ovaries.  I  have  also  found  it  useful  to  administer 
internally  an  antiseptic,  such  as  the  salicylate  or  the 
benzoate  of  sodium,  which  may  be  given  in  ten-grain 
doses  in  an  aromatic  water  before  meals.  The  con- 
sequences of  this  disease  may  be  so  serious  that  too 
much  care  cannot  be  taken  in  giving  it  the  most 
intelligent  treatment  which  is  possible. 

The  discharge  which  proceeds  from  the  interior  of 
the  uterus  cannot  be  treated  so  early  as  that  which 
proceeds  from  the  vagina,  but  as  soon  as  the  acute 
inflammation  of  the  uterus  has  subsided  it  should  be 
carefully  removed  from  the  canal  with  a  cotton- 
wrapped  probe  or  sound  and  the  nitrate-of-silver 
solution  then  applied  over  the  entire  surface  of  the 
uterine  mucous  membrane.  It  must  be  remembered 
that  violent  treatment  of  the  uterus  during  the  acute 
period  of  inflammation  will  not  only  give  intense  pain 
but  may  excite  metritis  of  a  severe  type,  or  even 
peritonitis.  If  the  uterine  discharge  cannot  be 
readily  removed  in  the  manner  indicated  it  is  better 
to  wait  a  few  days  and  then  to  scrape  the  entire 
endometrium  with  a  dull  curette. 

The  leucorrhea  which  follows  abortion  is  quite 
similar  in  its  characteristics  to  that  of  gonorrhea,  in- 
deed it  is  often  of  gonorrheal  origin.  The  discharge 
in  such  cases  usually  proceeds  from  the  uterine  canal 
and  is  purulent  or  mucopurulent,  in  character.  It  may 
be  thick  and  tenacious  and  is  sometimes  removed  with 


difficulty.     Ii  is  better  thai  it  be  riot  1 1  at  all 

than  that  violence  be  used  in  attempting  to  re- 
move it.     It  proceeds  from  the  entire  surface  of  the 

endometrium   and   may   come  also   from   the   mucous 

surface  of  the  Fallopian  tube       The  latter  occurrence 
1    rare,  for  the  uterine  ostium  of  the  tubes  in  thi 
ca  -     is    usually   swollen    and   impervio  the 

materfal  which"  is  secreted  is  retained,  forming  a 
tumor  of  greater  or  smaller  dimensions.  The  period 
during  which  an  abundant  discharge  from  the  ut< 
occurs  in  this  disease,  the  acute  period,  usually  ex- 
tend s  over  one  or  two  weeks.  It  t  hen  subsides  under 
proper  treatment  or  if  may  become  chronic  and  con 
tinue  indefinitely.  The  applications  of  the  nitrate-of- 
silver  solution  and  the  cotton-wool  tamponnade 
should  be  used  for  this  disease  in  the  same  manner  as 
for  gonorrhea,  but  it  should  be  remembered  of  course 

that  the  disease  is  not  always  of  gonorrheal  origin. 
If  gonorrhea  is  not  present  the  discharge  is  neither  so 
infective  nor  so  virulent  as  that-  which  accompanies 
the  specific  affection. 

A  leucorrheal  discharge  is  often  a  sequel  of  parlv 
(ion,  differing  decidedly  from  the  ordinary  lochial  dis- 
charge. It  implies  that  inflammation  lias  followed 
the  parturient  process,  which  may  be  the  awakening 
of  some  latent  focus  of  disease  in  some  portion  of 
the  mucous  tract  of  the  genital  apparatus.  This  dis- 
charge may  be  purulent  or  mucopurulent,  and  more  or 
less  profuse  and  irritating,  and  under  ordinary  con- 
ditions continues  for  from  one  to  three  or  four  weeks. 
It  is  unwise  to  disregard  it,  and  it  is  usually  treated 
effectively  by  morning  and  evening  vaginal  douches 
of  hot  water,  which  is  made  sufficiently  astringent 
by  the  addition  of  alum  or  tannic  acid,  in  the  propor- 
tion of  a  tablespoonful  to  the  quart  of  water. 

During  pregnancy  a  leucorrheal  discharge  from  the 
vagina  is  not  unusual,  resulting  from  the  congested 
condition  of  the  vessels.  It  is  often  very  annoying 
from  the  irritation  to  the  skin  which  it  causes  and  the 
constant  soiling  of  the  clothing.  It  usually  yields  to 
the  systematic  use  of  astringent  vaginal  douches. 

A  discharge  of  a  purulent  character  frequently  fol- 
lows surgical  operations  upon  the  genital  organs,  espe- 
cially in  those  cases  in  which  primary  union  has  not 
taken  place.  The  treatment  should  consist  further 
in  the  use  of  astringent  vaginal  douches  twice  daily, 
and  a  snugly  fitting  vulvar  pad  of  absorbent  cotton 
should  constantly  be  worn. 

Injuries  to  the  genital  organs  are  usually  followed 
by  an  abundant  discharge  from  the  vagina,  constitu- 
ting the  customary  discharge  of  an  inflamed  mucous 
membrane.  Such  injuries  may  be  due  to  blows  or 
thrusts  with  sticks  or  other  substances,  falls  astride 
a  chair  or  fence,  brutality,  rape,  etc.  They  may  be 
attended  with  great  pain  and  swelling  of  the  affected 
tissues.  The  chief  considerations  in  their  treatment 
are  rest  and  cleanliness,  the  secretions  being  removed 
from  the  vagina  with  care  and  thoroughness  at  least 
once  a  day,  and  astringent  vaginal  douches  being  taken 
twice  daily.  The  principle  of  treatment  is  that  which 
applies  to'wounds  in  general,  rest  being  an  important 
factor  in  such  treatment.  Walking,  working,  or 
anything  which  causes  motion  of  the  diseased  tissues 
interferes  with  the  recuperative  forces  of  nature. 

Excessive  coitus  and  masturbation  are  frequent  causes 
of  leucorrhea.  The  repeated  congestions  of  the  mu- 
cous membrane  in  such  cases  furnish  sufficient  explana- 
tion of  its  mode  of  origin.  The  discharge  is  usually 
white  or  milky,  and  is  often  profuse,  and  irritating  to 
the  skin.  It  is  the  more  troublesome  as  the  individual 
is  careless  as  to  the  conditions  which  provoke  the 
discharge.  The  treatment  is  such  as  has  already  been 
indicated. 

In  little  children  leucorrhea  may  be  due  to  the 
irritation  of  worms.  Either  the  large  round  worms 
(Iumbricoids),  or  the  small  seat  or  thread  worms 
(ascarides)  will  produce  it.  The  discharge  is  fre- 
quently profuse  and  annoying,  irritating  and  excoriat- 
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ing  the  skin,  and  making  the  child's  life  miserable. 
It  is  usuall}  brown  in  color  and  viscid  in  consistency. 
I  have  found  it  a  most  difficult  condition  to  cure  until 
the  worms  arc'  discovered  and  destroyed.  It  will 
usually  !»•  necessary  to  examine  the  patient  under 
anesthesia,  dilating  the  entrance  of  the  vagina  with 
t  he  finger  if  necessary.  The  vagina  should  be  irrigated 
with  a  hot  solution  of  boric  or  salicylic  acid  (one 
dram  to  the  quart  of  water),  and  the  irrigation 
repeated  daily  until  all  congestion  of  the  vaginal 
mucous  membrane  has  disappeared.  Of  course  a 
suitable  cathartic  must  be  given  to  dislodge  the  para- 
sites from  the  rectum,  and  the  ordinary  rules  of  hygiene 
must  be  carefully  regarded. 

The  leucorrhea  which  accompanies  dysmenorrhea  is 
often  prolonged  and  tedious.  If  it  i-  due  to  a  de- 
formed and  immature  condition  of  the  uterus  it  is 
usually  remedied  by  pregnancy,  but  pregnancy  does 
not  often  occur  when  such  a  condition  of  the  uterus 
obtains.  A  surgical  operation  will  sometimes  bring 
relief,  but  is  not  an  infallible  remedy. 

The  leucorrhea  which  occurs  in  aged  women, 
technically  known  as  senile  vaginitis,  is  essentially  a 
symptom  of  a  chronic  disease.  It  sometimes  proceeds 
from  the  vagina  alone,  and  sometimes  from  the  uterus 
as  well.  The  discharge  is  usually  a  dirty,  watery, 
acrid  fluid  which  irritates  the  mucous  membrane  and 
skin,  causing  the  most  intense  itching,  and  the  rubbing 
and  scratching  to  which  it  gives  rise  produce  the  most 
annoying  and  even  painful  results.  The  tissues  be- 
come swollen  and  excoriated,  and  the  patient  is  de- 
prived of  peace  and  comfort  by  day  and  by  night. 
The  general  health  is  often  as  greatly  deranged  by 
this  form  of  leucorrhea  as  by  any  in  the  entire  cate- 
gory. Nevertheless,  I  have  seldom  seen  a  case  in 
which  great  relief  could  not  be  obtained  by  careful  and 
persistent  treatment.  An  examination  must  first  be 
made,  and  if  the  source  of  trouble  is  found  to  be  within 
the  uterus,  the  endometrium  must  be  thoroughly  cu- 
retted. The  uterus  and  vagina  must  be  irrigated  with 
an  astringent  solution  (alum  or  tannic  acid)  and  the 
vagina  tamponed  with  cotton  wool  saturated  with  a 
mixture  of  subnitrate  of  bismuth  and  glycerin,  enough 
of  the  former  being  added  to  the  latter  to  make  a 
rather  thick  paste.  This  paste  must  also  be  smeared 
over  the  swollen  and  inflamed  external  genitals.  The 
treatment  should  be  repeated  every  day  or  every 
second  da}'  until  a  cure  has  resulted. 

The  leucorrhea  which  is  an  accompaniment  of  malig- 
na n  I  disease  of  the  uterus  and  vagina  is  susceptible 
only  of  palliative  treatment.  The  discharge  is  pro- 
fuse, watery,  and  very  offensive.  Curettage,  irriga- 
tion with  strong  astringent  solutions,  and  tamponade 
of  the  vagina  will  give  a  certain  degree  of  relief,  but 
the  result  will  be  uniform  and  uniformly  fatal  unless 
extirpation  of  the  diseased  organ  is  practised  at  a  very 
early  period. 

We  now  come  to  the  subject  of  leucorrhea  which  oc- 
curs as  a  secondary  phenomenon  in  the  course  of  some 
constitutional  or  general  disturbance.  The  list  of  dis- 
eases which  may  have  this  symptom  is  a  long  one,  and 
the  characteristics  of  the  discharge  are  such  as  to  make 
this  the  typical  form  of  leucorrhea  as  it  is  ordinarily 
considered.  Foremost  among  these  diseases  may  be 
mentioned  those  in  which  there  is  a  chronic  condition 
of  malnutrition,  the  leucorrheal  discharge  being  one  of 
the  elements  of  its  expression.  The  tissues  are  re- 
laxed, the  tension  of  the  blood  current  is  low,  there  are 
stasis  of  the  venous  circulation  and  transudation  of 
serum  and  corpuscles  in  the  vagina  where  the  vessels 
are  numerous  and  the  resistance  is  slight.  Diseases 
which  at  once  suggest  themselves  as  possessed  of  these 
conditions  are  tuberculosis,  malaria,  anemia,  chronic 
rheumatism,  and  the  various  forms  of  chronic,  slowly 
progressing  nervous  disease.  Those  who  suffer  from 
excessive  obesity,  with  its  accompanying  impairment 
of  circulation  may  also  be  placed  in  this  category. 

Another   class   of   cases   includes   individuals   who 


suffer  with  the  infectious  diseases,  typhoid  fever, 
scarlet  fever,  diphtheria,  and  measles.  In  such  cases 
there  is  congestion  of  the  genital  organs,  and  the  dis- 
charge sometimes  continues  long  after  all  other  symp- 
toms <>f  the  disease  have  disappeared.     Especially  is 

this  the  case  with  children,  and  often,  in  addit to 

the  leucorrhea,  an  impression  is  produced  upon  the 

Structure  of  the  uterus — whether  as  the  result  of  toxic 
influence  or  of  interference  with  t  he  circulal  ion,  i<  not 
known — which  permanently  affects  its  development 
and  lays  the  foundation  for  future  trouble  which  may 
prove  of  a  serious  nature. 

Yet  another  class  of  cases  includes  those  in  which 
the  causative  influence  is  transient  in  character  but 
may  recur  an  indefinite  number  of  times,  Illustra- 
t  ions  of  such  a  cause  are  climatic  variation-,  especially 
great  heal  and  dampness,  fatigue  and  emotion,  par- 
ticularly the  extremes  of  emotion  which  are  experienced 
by  the  hysterical  and  by  those  who  are  passing  through 
the  menopause.  In  all  these  varying  forms  of  disease, 
if  leucorrhea  is  present  as  a  symptom  (and  it  frequently 
is  present),  there  is  one  characteristic  discharge  which 
is  usually  observed,  viz.,  the  white  watery  variety, 
more  or  less  abundant,  more  or  less  irritating,  and 
tnore  or  less  persistent. 

The  treatment  for  leucorrhea  in  the  three  classes  of 
cases  last  mentioned  must  consist  primarily  in  the 
treatment  of  the  cause.  With  such  diseases  as  tuber- 
culosis, syphilis,  anemia,  etc.,  the  local  symptom  is  not 
usually  removed  by  any  form  of  local  application  or 
manipulation,  however  judicious  or  skilful,  until  the 
underlying  cause  is  either  removed  or  greatly  amelio- 
rated. If  the  discharge  is  due  to  an  infectious  general 
disease,  such  as  one  of  the  specific  fevers,  it  will  tend 
to  self-limitation,  but  it  may  continue  a  long  time  after 
the  fever  has  disappeared,  and  permanent  lesions  of 
tin'  sexual  organs,  with  leucorrhea  as  one  of  their 
persistent  accompaniments,  are  frequently  attributable 
to  such  a  cause.  If  the  discharge  is  due  to  emotional 
causes,  hysteria,  etc.,  the  removal  of  the  cause  is  al- 
most a  hopeless  task,  for  the  changing  of  one's  nature 
and  characteristics  is  not  a  common  occurrence.  It  is 
certainly  proper  in  all  these  various  cases  to  impress 
upon  the  patient  the  necessity  for  the  observance  of  a 
most  careful  personal  hygiene,  whether  any  medicinal 
or  surgical  treatment  is  employed  or  not.  The  con- 
stant use  of  the  vulvar  pad  of  absorbent  cotton,  the 
employment,  morning  and  evening,  of  the  vaginal 
douche  with  a  hot  astringent  solution,  and  rigid  atten- 
tion to  the  skin,  the  bowels,  the  diet,  the  sleep,  and  the 
mode  of  occupation,  may  be  more  serviceable  than 
any  amount  of  professional  attention. 

The  prognosis  of  this  condition  depends  upon  rnany 
factors.  It  is  frequently  entirely  curable,  recurring  if 
the  original  cause  is  repeated,  or  it  may  be  of  a 
character  wdiieh  will  preclude  radically  successful 
treatment,  as  in  the  case  of  malignant  disease.  Its 
importance  is  sufficiently  great  to  warrant  careful 
study  on  the  part  of  every  physician  who  may  be 
called  upon  to  treat  the  disorders  of  the  female  sexual 
apparatus.  Andrew  F.  Currier. 

Leukemia. — Synonym. — Leucocythemia. 

Definition. — Leukemia  is  a  disease  of  unknown 
etiology,  dependent  upon  pathological  changes  in 
the  blood-forming  tissues,  and  characterized  clinic- 
ally by  an  extraordinanr  increase  in  the  white  cells 
of  the  circulating  blood.  The  definitive  condition 
of  the  disease  lies  in  the  changes  in  the  blood-forming 
tissues.  Under  the  influence  of  treatment,  inter- 
current disease,  or  spontaneous  remissions  the  in- 
crease in  the  white  cells  of  the  circulating  blood, 
usually  distinctive  of  the  disease,  may  temporarily 
disappear. 

Historical  Note. — The  first  recorded  observation 
of  this  remarkably  interesting  disease  is  credited  to 
the  English  physician  Hughes  Bennett,  who  in  October, 
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1845,  published  an  account  of  an  autopsy  upon  the  body 
of  a  man  who  died  with  a  much  enlarged  liver  and 
spleen,  and  whose  blood  was  filled  with  corpuscles 
which  Bennett  described  as  exactly  resembling  pus. 

A  few  months  later  the  great  German  pal  Imlngist  Vir- 
chow independently  recorded  a  similar  ol>ser\  at  inn,  hut 
coupled  with  his  observation  the  conclusion  that  the 
remarkable  cells  seen  in  the  blood  were  not  pus  but 
the  white  corpuscles  of  the  blood,  present  in  111:1m 
times  their  normal  number.  The  credit  of  prioi 
observation,  therefore,  rests  with  Bennett,  but  to 
Virchow  undoubtedly  belongs  the  honor  of  correct 
interpretation  of  the  blood  changes.  Virchow  also 
followed  up  his  original  observation  by  a  scries 
of  papers  upon  the  subject  and  in  the  first  vol- 
ume of  his  Archives  published  an  account  of  a 
case  differing  from  all  those  previously  described 
in  that  a  general  enlargement  of  the  lymph-nodes  of 
the  body  was  accompanied  by  an  increase  of  the 
small  white  cells  of  the  blood,  instead  of  the 
large.  To  this  affection  he  gave  the  name  of  lym- 
phatic leukemia,  while  the  earlier  described  dis- 
ease was  termed  splenic  leukemia,  a  distinction 
which  in  modified  form  prevails  to  the  present  time. 
The  first  monograph  upon  the  subject  of  leukemia 
was  that  of  Mosler  published  in  1872.  Despite  the 
eager  observation  and  much  hard  study  of  the  years 
that  had  intervened  since  the  first  reports,  Mosler 
recognized  that  his  work  constituted  only  the  be- 
ginning of  a  knowledge  of  the  subject,  and  un- 
burdened his  feelings  in  these  prophetic  words:  "How 
much  remains  to  be  done,  how  little  the  experience  of 
any  one  observer  can  suffice  is  made  evident  by  pro- 
gressive study.  After  more  than  twenty-five  years  of 
ceaseless  labor  one  is  astonished  to  see  how  far  we  still 
are  from  the  goal  which  advancing  knowledge  in  this 
field  seeks  to  attain."  More  than  fifty  years  of  con- 
stant study  has  not  sufficed  to  bring  us  to  the  goal 
of  a  complete  understanding  of  the  disease,  and  yet 
much  has  been  added  to  our  knowledge.  The  in- 
troduction of  tinctorial  methods  of  studying  the  blood 
and  blood-forming  tissues  by  Ehrlich  has  enormously 
extended  our  information  as  to  the  types  of  blood 
cells  and  their  seats  of  origin.  The  recognition  of  acute 
leukemia  by  Ebstein,  the  description  of  its  blood 
changes  by  Fraenkel,  the  demonstration  of  the  re- 
lationship of  changes  in  the  bone  marrow  to  the 
changes  in  the  circulating  blood  by  Neumann,  and 
more  recently  the  intensive  study  of  the  changes  in  the 
blood-forming  tissues  have  very  considerably  en- 
larged the  bounds  of  our  knowledge  of  the  pathology 
and  pathogenesis  of  the  disease.  The  search  for  the 
cause  of  these  tissue  changes  and  the  profound  modifi- 
cations of  the  blood  which  regularly  accompany  them 
has  thus  far  been  in  vain.  Undoubtedly  until  that 
search  is  successful,  our  knowledge  of  the  phenomena 
of  leukemia  must  remain  imperfect  and  unsatisfactory. 
We  must  be  content  to  describe  and  classify  the  varia- 
tions in  tissue  changes  and  in  the  blood  pictures  ac- 
companying them  as  they  present  themselves  in 
clinical  work.  Along  both  these  lines  an  enormous 
amount  of  work  has  been  done  of  recent  years  with 
considerable  modification  of  the  prevailing  views  as  to 
the  tissues  of  the  body  affected  in  these  processes  and 
the  associated  changes  in  the  blood.  For  an  adequate 
understanding  of  the  subject  we  must,  therefore,  sum- 
marize our  present  knowledge  of  these  subjects. 

Histogenesis  of  Leukemia. — In  the  early  studies, 
two  forms  were  distinguished,  lienal  and  lymphatic-, 
according  as  the  spleen  or  the  lymph-nodes  were  found 
hypertrophied.  In  the  lienal  form  Virchow  established 
the  presence  of  larger  types  of  blood  cells  in  contrast 
to  the  small  lymphocytes  found  in  the  lymphatic  type. 
At  the  outset  Virchow  based  his  classification  upon 
histogenetic  changes.  Later  investigations  demon- 
strated the  leading  role  of  the  bone-marrow  as  a  blood- 
forming  tissue,  and  as  in  both  forms  of  leukemia  thus 


far  recognized  tin-  bone-marrow  presented  material 
changes,  the  primary  origin  of  all  leukemia  was  re- 
ferred  to  this  tissue.     Neumann   distinguished   two 

type     of  leukemia  :   (  I ;  wit  li  lymphatic  changes  in   the 

bone-marrow,   in   great    part   corresponding    in   the 

pn  'Hi  type  of  lymphatic  leukemia,  and  (2)  with 
pyoid  changes  in  the  bone-marrow,  the  analogue  of 
lienal  leukemia . 

The    .studies    of    blood-morphology  inaugurated  by 

Ehrlich,  and  of  the  finer  tissue  changes,  In  time  led  to 
another  conception,  the  duality  of  leukemia,  and  the 
cardinal  importance  of  the  bone-marrow  fur  tin-  origin 
of  all  leukemias  was  sit  aMilc.  1 1 1  many  instances  the 
non-pyoid,  gray-red,  and  apparentl}  lymphatic  mar- 
row was  proven  on  histological  examination  to  be 
composed  wholly  of  myeloid  cells,  anil  1  r  1  ome  cases 
tin-  bone-marrow  was  found  to  be  but  slightlj  or  not 
at  all  involved.     (Naegeli.) 

Investigations  of  the  presence  of  the  leucocyte- 
forming  tissues  in  man  under  embryonal,  normal,  and 
pathological  conditions,  which  were  necessary  tu  the 
elucidation  of  this  question,  brought  forth  evidence 
that  the  two  systems  are  separate  ami  distinct,  and 
that  transitions  from  one  to  the  other  do  not  occur. 

These  investigations  gave  the  following  results: 

1.  Myeloid  tissue,  m  the  adult  human  organism,  is 
present  only  in  bone-marrow,  but  under  the  influence 
of  infectious  processes,  toxemia,  or  anemia  il  may  read- 
ily appear  in  the  spleen,  lymph-nodes  and  perivascular 
tissues  in  many  parts  of  the  organism  (myeloid  meta- 
plasia). In  the  vessel  walls  or  their  adjacent  tissues 
definite  cells  must  possess  the  capacity  for  this  trans- 
formation. In  the  embryo  one  sees  in  certain  early 
stages,  especially  in  the  neighborhood  of  vessels  and 
often  in  considerable  territories  myeloid  tissue,  par- 
ticularly in  the  liver  and  spleen,  while  cells  of  the 
character  of  small  lymphocytes  are  almost  entirely 
absent. 

2.  Lymphatic  tissue  on  the  other  hand  is  found 
widely" distributed  in  the  adult  human  organism,  not 
only  in  the  lymph-nodes  and  the  spleen,  but  also  in  the 
lymphatic  tissue  of  the  mucous  membranes,  and  in 
small  foci  in  various  organs.  In  bone-marrow,  apart 
from  some  cells  in  the  adventitia,  only  in  very  recent 
times  has  the  presence  of  lymphatic  tissue,  sharply 
distinguished  from  the  myeloid  parenchyma,  been 
demonstrated.  In  the  embryo  lymphatic  tissue  ap- 
pears relatively  late  and  has  not  the  functional  activ- 
ity seen  in  later  life. 

That  the  leukemias  therefore  comprise  hypertrophy 
either  of  the  myeloid  or  lymphatic  tissues  is  now 
generally  accepted.  Investigation  has  failed  to 
demonstrate  transitions  from  one  system  to  the  other, 
in  the  sense  in  which  transformation  of  one  type  of 
leukemia  into  another  was  formerly  described. 

Myeloid  leukemia  is  therefore  a  system  affection  of 
the  myeloid  tissues,  an  increase  either  of  ripe  cells 
(myelocytes  and  leucocytes  in  addition  to  erythro- 
blasts),  or  of  unripe  cells,  the  myeloblasts.  In  both 
cases,  which  are  united  by  numerous  intervening  and 
transition  forms,  the  multiplication  occurs  in  very 
definite  situations,  that  is,  in  places  in  which  in  the 
embryonal  period  myeloid  tissue  formation  occurs. 
Lymphatic  leukemia  is,  on  the  other  hand,  a  system 
affection  of  the  lymphatic  tissues  (Ehrlich  and  Pinkus), 
again  corresponding  to  a  multiplication  of  normally 
present  lymphatic  cell  complexes  in  lymph-nodes,  the 
Malpighian  bodies  of  the  spleen,  the  follicles  of  the 
mucous  membranes,  etc.  The  hyperplasia  is  here  also 
found  in  definite  situations,  differing  however  from 
those  of  the  first  mentioned  type  of  leukemia. 

Types  of  Blood  Cells  and  Their  Origin. — Inas- 
much as  we  are  ordinarily  dependent  upon  the  blood 
changes  for  the  clinical  evidence  of  the  leukemias,  a 
knowledge  of  the  varieties  of  blood  cells  and  their 
genesis  is  essential  to  an  understanding  of  the  affec- 
tions grouped  under  this  title. 
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Leucocytes. — In  view  of  their  importance  the  leuco- 
cytes are  first  considered.  From  the  earliest  studios 
of  the  blood  two  chief  varieties  of  leucocytes  have  been 
recognized,  mononuclear  and  polynuclear.  The  elabo- 
rate methods  of  staining  and  studying  the  blood  in- 
troduced by  Ehrlich  have  resulted  in  the  subdivision  of 
each  of  these  chief  varieties  into  a  number  of  subsidiary 
types. 

Numbers. — The  average  number  of  leucocytes  in 
health  is  about  7,000  per  cubic  millimeter.  Physio- 
logical variations  may  be  within  the  limits  of  .5,000  to 
10,000  per  cubic  millimeter.  The  normal  ratio  of  white 
cells  to  red  mav  therefore  be  anywhere  from  1  to 
1,000  to  1  to  500. 

A.  Mononuclear  Forms. — Cells  with  one  nucleus 
and  varying  amounts  of  non-granular,  basophilic 
protoplasm,  when  stained  by  Ehrlich's  triacid  stain. 
With  other  stains,  such  as  Romanowsky's  or  Irish- 
man's, very  fine  granules  of  varying  tints  may  be 
demonstrated.  Ordinarily,  however,  the  protoplasm 
of  the  mononuclear  types  appears  non-granular. 

1.  Lymphocytes. — (a)  Small  lymphocytes,  cells  about 
the  size  of  erythrocytes,  having  a  relatively  large, 
round,  centrally  placed  nucleus  with  a  narrow  proto- 
plasmic ring  about  it.  These  lymphoc3'tes  possess 
but  slight  power  of  ameboid  movement.  The  proto- 
plasm stains  with  all  dyes,  but  has  especial  affinity  for 
basic  stains,  particularly  methylene  blue.  With 
this  dye  the  cell  body  stains  deeper  than  the  nucleus 
and  appears  to  consist  of  a  light-blue  ground  substance 
in  which  are  imbedded  many  fine  basophilic  granules. 
Such  small  lymphocytes  normally  constitute  about 
twenty-five  per  cent,  of  the  white  cells. 

(6)  Large  Lymphocytes. — These  cells  are  two  or 
three  times  the  size  of  the  small  lymphocytes,  are  very 
few  in  number,  and  have  the  same  general  characters 
as  the  small  lymphocytes. 

(c)  Large  Mononuclear  Leucocytes. — These  types  are 
two  or  three  times  the  size  of  the  small  lymphocytes, 
yet  are  usually  regarded  as  distinct  from  the  large 
lymphocytes,  in  that  the  nucleus  is  eccentrically 
placed  and  the  protoplasm  more  abundant.  Some 
observers  regard  them  merely  as  varieties  of  the  large 
lymphocytes  and  consider  differentiation  impossible. 
Among  the  large  mononuclear  leucocytes  are  found 
some  with  indented  or  horseshoe-shaped  nuclei  which 
are  classified  as  transitional  types.  In  normal  blood 
the  large  mononuclears  constitute  about  five  per  cent, 
of  the  white  cells. 

B.  Polynuclear  Forms. — Large  (eleven  microns)  cells 
with  a  deeply  indented  or  polymorphous  nucleus,  or 
several  small  nuclei,  and  a  very  granular  protoplasm. 
By  the  staining  reactions  of  these  granules  the  poly- 
nuclear cells  may  be  further  classified  into: 

(a)  Neutrophile  polynuclears.  normally  constituting 
sixty  to  seventy  per  cent,  of  all  white  cells,  usually 
classified  simply  as  polynuclears,  characterized  by  the 
fact  that  their  abundant  granules  stain  best  when  both 
acid  and  basic  dyes  are  used. 

(6)  Eosinophile  cells  are  characterized  by  their 
large  size  and  the  high  refraetile  index  of  their  granules 
which  stain  deeply  with  acid  dyes.  The  normal  per- 
centage of  eosinophiles  varies  from  0.5  to  4. 

(c)  Basophile  Polynuclears. — Mast  Cells. — These 
cells  closely  resemble  the  eosinophiles,  except  that  the 
large  granules  stain  only  with  basic  dyes.  They  con- 
stitute normally  but  one  per  cent,  of  the  leucocytes. 

C.  Leucocytes  not  Found  in  Normal  Circulating  Blood. 
— 1.  Myelocytes. — These  are  mononuclear  forms  of 
varying  size,  some  of  them  very  large,  some  small,  with 
definitely  staining  granules  in  their  cytoplasm. 

(a)  Neutrophile  myelocytes,  large  cells,  with  neutro- 
phile granules,  and  large,  oval,  faintly  staining  nuclei. 
These  cells  appear  abundantly  in  the  blood  only  in  the 
myelogenous  leukemia.  In  small  numbers  they  have 
been  observed  in  tumors  involving  bone-marrow,  in 
other  severe  anemias,  and  in  some  acute  infections. 

(6)  Eosinophile  myelocytes,  like  the  preceding,  except 
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that  the  granules  stain  with  acid  stains.  They  are 
relatively  rare,  and  are  met  with  in  but  few  condi- 
tion   other  1  nan  leukemia,. 

(c)  Basophile  myelocytes  and  large  mononuclear  cells 
with  basophile  granules,  seen  only  in  long-standing 
i ■:,  i     uf  m\  cliiL'i-iiuiis  leukemia. 

2.  linn  iiml  Irrigator  Typrs  of  fill..  In  t  lie  l«-u- 
kemias,  in  pernicious  and  other  severe  anemias  there 
appear  types  of  leucocytes  which  cannot  be  satis- 
I  .lit  i  nil  v  assigned  to  any  recognized  category,  and  re- 
garding whose  assignment  different  observers  fail  to 
agree.  .Such  cells  are  not  sufficiently  numerous  to  be 
important. 

Source  of  Origin  of  White  Cells. — While  if  the  origin 
of  blood  cells  is  traced  far  enough  backward,  we  find 
that  all  cells,  lymphocytes,  polynuclears,  and  erythro- 
cytes are  derived  from  one  original  type-cell,  the  color- 
less, mononuclear,  non-granular  cell  in  the  adult 
mammal,  these  principal  groups  of  cells  maintain 
separate  and  largely  independent  existence.  Lym- 
phocytes are  developed  in  the  lymphatic  tissues  above 
enumerated,  especially  the  lymph-nodes  and  spleen, 
but  it  is  important  in  this  connection  to  emphasize 
the  fact  that  there  is  lymphatic  tissue  in  the  bone- 
marrow  and  that  large  numbers  of  lymphocytes  are 
normally  present  in  this  tissue.  Longcope  found 
twenty-two  to  twenty-three  per  cent,  in  the  marrow, 
and  Pappenheim  and  Price  Jones  have  confirmed  this 
finding.  The  main  seat  of  lymphocytic  formation  is, 
however,  the  lymph-nodes  and  spleen.  Here  in  a 
manner  analogous  to  the  origin  of  myelocytes  in 
bone-marrow  they  are  formed  from  large  basophilic, 
mononuclear  cells,  which  do  not  ordinarily  appear  in 
the  blood,  except  as  large  lymphocytes  in  children,  but 
under  pathological  conditions,  such  as  lymphatic  leu- 
kemia, they  may  appear  in  great  numbers,  especially 
in  the  acute  form  of  the  disease.  In  their  later  stages 
the  nuclei  of  these  cells  become  lobulated  or  undergo 
fragmentation  without  their  protoplasm  losing  its 
basophilic,  non-granular  character. 

In  like  manner  the  bone-marrow  is  the  almost  ex- 
clusive source  of  the  polynuclear  leucocytes  and  mye- 
locytes, although,  as  already  pointed  out,  myeloid  tissue 
may  be  found  in  various  parts  of  the  body,  even  the 
spleen,  and  lymph-nodes.  In  the  bone-marrow  the 
myelocytes  take  origin  from  primary  non-granular, 
basophilic,  mononuclears.  Here  the  myelocytes  de- 
velop their  granules,  the  nucleus  undergoes  modifica- 
tion into  the  lobulated  type,  and  the  fully  developed 
cells  enter  the  blood  as  polynuclear  leucocytes.  A 
few  immature  cells,  still  non-granular,  basophilic  and 
mononuclear,  enter  the  blood  and  maturing  there 
become  polynuclears.  The  cells  which  have  begun  to 
mature  in  the  marrow  normally  complete  that  evolu- 
tion there  so  that  myelocytes  do  not  appear  in  normal 
blood.  Mature  polynuclear  cells  do,  however,  under 
chemotactic  irritation  (acute  infections,  etc.)  enter  the 
blood  in  increased  numbers  at  times,  giving  rise  to  a 
leucocytosis.  The  loss  of  the  polynuclears  in  the 
marrow  is  compensated  by  the  formation  of  new  mye- 
locytesjand  their  development  into  the  more  mature 
types.  Under  the  pathologic  conditions  of  myelogen- 
ous leukemia  not  only  the  polynuclears  but  the  myelo- 
cytes themselves  pass  into  the  circulating  blood  in 
enormous  numbers. 

The  Red  Cells  or  Erythrocytes. — In  fetal  life  the  first 
red  cells  are  produced  by  modification  of  mesoblast 
cells  in  the  vascular  area  surrounding  the  embryo. 
Later  in  the  fetal  period  the  liver,  the  lymph-nodes, 
and  possibly  the  spleen  participate  in  the  formation 
of  red  cells.  Finally  the  bone-marrow  takes  over  this 
function  and  in  postnatal  life  becomes  the  only  source 
of  erythrocytes.  The  first  red  cells  are  large  nucleated 
forms,  megaloblasts,  with  or  without  hemoglobin. 
The  megaloblasts  give  rise  to  smaller  nucleated  forms, 
normoblasts,  which  in  turn  by  disintegration  and  ab- 
sorption of  the  nucleus  become  the  red  cells  of  the  cir- 
culating blood.     These  processes  are  normally  carried 
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out  in  the  blood-forming  tissues,  in  adult  life  the  bone- 
marrow  only,  and  nucleated  forms  are  rarely  found  in 
the  circulating  blood.  Under  pathological  conditions, 
such  as  prevail  in  pernicious  anemia  or  the  leukemias, 
proliferation  of  red  cells  may  again  take  place  in  the 
liver,  spleen,  and  even  the  peripheral  circulation.  A 
certain  number  of  cells  of  the  fetal  type  remain  in  the 
bone-marrow  in  later  life.  The  megaloblast  and  its  un- 
pigmented  progenitor  remain  as  non-circulating  ele- 
ments, and  under  abnormal  conditions  may  proliferate 
to  such  an  extent  that  megaloblasts,  megalocytes,  and 
normoblasts  appear  in  the  circulating  blood.  While 
these  processes  are  best  illustrated  in  pernicious  anemia, 
they  are  frequently  exemplified  in  advanced  cases  of 
leukemia  and  in  other  severe  types  of  anemia.  The 
normal  red  cell  count  in  the  human  adult  ranges  be- 
tween 5,000,000  and  6,000,000  per  cubic  millimeter. 
Although  there  is  a  steady  loss  of  red  cells  through  their 
destruction  in  the  liver  and  possibly  in  other  tissues,  this 
number  is  kept  constant  by  the  influx  of  new  cells  from 
the  bone-marrow.  Under  ordinary  conditions  these 
new  cells  are  fully  matured  erythrocytes  with  normal 
characters.  Whe  i  the  stimulation  of  the  bone-marrow 
becomes  excessive,  immature  or  imperfectly  developed 
cells  may  be  thrown  into  the  circulation  and  we 
may  then  find  in  the  blood  nucleated  red  cells,  either 
large  or  small,  and  great  variations  in  form,  size,  and 
staining  of  the  non-nucleated  erythrocytes. 

Accumulating  observations  broaden  the  classifica- 
tion of  the  leukemias.     We  now  describe: 


1.  Myelogenous  Leukemia' 

2.  Lymphatic  Leukemia; 

3.  Chloremia; 


a.  acute, 

b.  chronic. 
a.  acute, 

(  b.  chronic. 
'  a.  myleogenous, 
6.  lymphatic. 


Myelogenous  Leukemia. 

Synonyms:  Spleno-myelogenous  or  myelocytic 
leukemia,  myelemia,  myelosis. 

Occurrence. — Familiar  in  hospital  work  leukemia 
in  any  form  is  still  a  comparatively  rare  disease.  In 
141,777  consecutive  medical  cases  Bramwell  found 
but  five  of  leukemia.  In  the  University  Hospital, 
Ann  Arbor,  Mich.,  Dock  reported  eleven  cases  of 
leukemia  in  10,000  admissions.  In  the  Presbyterian 
Hospital,  New  York  City,  in  the  last  eight  years 
among  20,721  admissions,  there  have  been  recorded 
thirty  cases  of  leukemia.  It  must  also  be  remembered 
that  .rare  conditions  tend  to  be  referred  to  the  hospitals. 
In  private  practice  one  may  go  many  years  without 
encountering  a  case. 

The  disease  occurs  commonly  in  middle  life,  and 
rarely  indeed  in  infancy,  yet  it  cannot  be  said  that  any 
period  of  life  is  distinctly  exempt.  Men  are  more 
often  afflicted  than  women. 

Predisposing  Factors. — -Syphilis,  malaria,  and  ab- 
dominal (splenic?)  injuries  have  been  given  impor- 
tance in  this  relation,  but  there  is  no  convincing 
evidence  that  any  of  these  influences  is  ordinarily 
concerned. 

Etiology. — We  are  at  present  quite  in  the  dark  as 
to  the  cause  of  the  disease.  Every  effort  to  dem- 
onstrate a  specific  infectious  'agent  has  thus  far 
failed. 

Clinical  Description. — The  onset.  The  incep- 
tion of  the  disease  is  always  gradual,  insidious.  It 
may  be  marked  by  progressive  weakness,  loss  of  flesh, 
loss  of  appetite,  a  slight  fever,  possibly  cough,  so  that 
tuberculosis  is  suspected.  In  other  cases  the  early 
symptoms  are  produced  by  the  splenic  tumor,  atten- 
tion being  called  to  the  increasing  size  of  the  abdomen, 
the  oppression  in  the  epigastrium  or  left  side,  definite 
pains  in  the  splenic  region,  or  the  presence  of  a  firm 
tumor  in  the  side.     In  still  other  cases  the  progressive 


anemia  and  the  tendency  to  bleed  from  the  gums  or 
other  mucous  membranes  may  be  the  fire!  symptoms. 
In  the  male  priapism  has  been  repeatedly  marked  in 

the  unset  of  this  disease. 

I  >nce  leukemia  is  established  the  clinical  course 
varies  greatly.  Either  of  the  groups  of  symptoms 
noted  at  the  onset  may  prevail  throughout  the  course 
or  these  may  lie  combined  in  many  different,  ways. 
Usually  the  weakness  and  emaciation  arc  progressive, 
yet  in  the  more  chronic  types  of  the  disease  the 
strength  and  well-being  of  I  he  patient  may  be  pre- 
served even  for  several  years.  In  a  case  recently 
observed  the  man  had  continued  his  work  as  the 
driver  of  a  beer  wagon  lor  many  months  after  the 
onset  of  the  disease.  When  he  entered  the  hospital 
his  spleen  filled  the  entire  left  half  of  the  abdomen  and 
his  leucocytes  numbered  nearly  300,000,  yet  after  a 
period  of  treatment  he  left  the  hospital  much  improved 
and  resumed  his  laborious  occupation!  Usually  ex- 
haustion is  marked  and  hard  work  impossible. 

Digestive  disturbances,  loss  of  appetite,  nausea,  and 
vomiting,  possibly  produced  by  pressure  of  the  enor- 
mous spleen,  and  intractable  diarrhea  are  common; 
or  the  tumor  causes  much  discomfort  and  pain.  The 
hemorrhagic  tendency  may  be  marked  and  bleeding 
from  the  nose,  the  gums,  stomach,  bladder,  or  rectum, 
or  hemorrhages  into  the  skin  may  suggest  purpura. 
In  the  late  stages  of  the  disease  fever  of  varying  degree 
is  frequently  seen. 

Complications  may  develop,  influenza,  pneumonia, 
secondary  infections,  sometimes  attended  by  remark- 
able reductions  in  the  leucocyte  count  and  modifica- 
tion of  the  characteristic  blood  picture.  Finally  the 
patient  succumbs  to  exhaustion,  an  increasing  anemia 
with  terminal  anasarca,  severe  hemorrhage  from  some 
of  the  mucous  membranes,  the  stomach  for  example, 
or  hemorrhage  into  the  brain,  or  to  some  of  the 
complications. 

The  duration  of  the  chronic  type  varies  from  one  to 
four  years.  Instances  of  recovery  have  been  recorded 
but  with  more  exact  criteria  of  diagnosis  every  such 
report  is  now  regarded  with  suspicion.  There  is  no 
question  that  the  course  of  the  disease  may  be  stayed 
by  appropriate  treatment,  but  there  is  no  evidence 
that  in  these  cases  the  disease  is  really  cured.  The 
inevitable  outcome  may  be  delayed,  but  we  are  not 
yet  justified  in  giving  anything  but  an  unfavorable 
prognosis. 

Special  Symptoms. — The  Spleen. — Enormous  en- 
largement of  the  spleen  is  seen  more  frequently  in 
myelogenous  leukemia  than  in  any  other  disease. 
As  already  stated  the  presence  of  the  splenic  tumor  or 
the  symptoms  produced  by  its  enlargement  may  be 
the  earliest  symptom  of  the  leukemia.  The  spleen 
may  fill  the  entire  left  half  of  the  abdomen  or  even 
extend  beyond  the  umbilicus  or  downward  into  the 
pelvis.  As  a  rule  the  shape  of  the  organ  is  preserved 
and  the  notches  on  the  anterior  border  readily  identify 
it.  The  consistency  is  ordinarily  hard,  but  variation 
may  occur  in  this  regard  and  Ehrlich  has  recorded  a 
case  in  which  the  enlarged  organ  was  fluctuating. 
The  surface  is  generally  smooth  but  may  be  quite 
rough  from  numerous  infarctions.  Occasionally  fric- 
tion sounds  due  to  perisplenitis  may  be  heard  on 
auscultation  over  it.  As  emaciation  progresses  the 
outline  of  the  enlarged  spleen  may  be  clearly  seen 
through  the  thinned  abdominal  wall.  The  tumor  may 
be  quite  insensitive  or  distinctly  tender.  If  small, 
the  spleen  is  usually  easily  movable,  but  the  larger 
it  becomes  the  more  firmly  fixed  it  is. 

While  this  splenic  enlargement  is  quite  constant  and 
commonly  striking,  instances  in  which  the  organ  is 
only  slightly  affected  are  not  infrequent.  Variations 
in  the  size  of  the  spleen  mark  the  course  of  the  disease; 
especially  under  treatment  by  the  Rontgen  rays  or 
benzol  marked  reductions  in  the  size  of  the  organ  may 
be  produced.     Large  hemorrhages  from  the  stomach 
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or  intestine  may  also  cause  recession.  These  changes, 
are,  however,  only  temporary  in  character  and 
progressive  enlargement  is  the  rule. 

Lymph-itorfr.s.  -Knlargement  of  the  subcutaneous 
lymph-nodes  is  not  characteristic  of  the  myelogenous 
type  of  leukemia.  Indeed  its  occurrence  is  denied 
by  some  authors.  Late  in  the  disease,  however, the 
lymph-nodes,  cervical,  axillary,  and  inguinal,  may  be 
readily  palpable,  but  such  enlargements  never  reach 
the  degree  common  iii  the  lymphatic  type  of  the 
affection.  In  rare  instances  enlargement  of  the 
deeper  lymph-nodes,  especially  the  mediastinal  and 
bronchial,  may  be  sufficient  to  produce  clinical  symp- 
toms. Pressure  upon  the  bronchi  may  cause  respira- 
tory distress  and  give  physical  signs  of  obstruction. 
Laryngeal  paralysis  from  pressure  upon  the  recurrent 
nerve,  or  laryngeal  stenosis  from  pressure  upon  the 
larynx  itself,  and  difficulty  in  swallowing  from  pressure 
upon  the  esophagus,  have  been  recorded. 

The  Liner. — In  advanced  cases  the  liver  is  regularly 
enlarged.  It  may  reach  the  level  of  the  umbilicus 
or  even  descend  beyond  this  line.  The  surface  is 
smooth,  the  edge  hard,  and  usually  insensitive. 
Jaundice  is  not  an  accompaniment.  Between  the 
enlarged  liver  and  spleen  the  abdomen  may  be  almost 
completely  tilled. 

The  Bones. — Especially  the  sternum  and  long  bones 
may  be  sensitive  to  percussion  and  occasionally  pain 
in  the  bones  is  complained  of. 

Circulatory  Organs. — The  heart  and  blood-vessels  are 
not  involved  in  the  early  stages  of  the  disease.  Late 
in  the  course  dilation  of  the  heart  with  corresponding 
murmurs  of  insufficiency  may  be  observed,  and  the 
heart  action  becomes  progressively  more  rapid  and 
feeble.  In  the  terminal  stages  edema  of  the  lower 
extremities  may  develop  partly  as  the  result '  of 
severe  anemia  and  partly  from  increasing  cardiac 
weakness.  Ascites  and  pleural  effusions  may  be 
produced  in  like  manner.  In  such  effusions  the 
characteristic  cells  of  the  leukemic  blood  may  be 
found. 

Respiratory  System. — The  respiratory  organs  usually 
show  no  early  disturbances,  but  a  diffuse  bronchitis 
may  be  present.  In  later  stages  increasing  dyspnea 
may  result  from  compression  due  to  the  high  position 
of  the  diaphragm  caused  by  the  splenic  and  hepatic 
enlargement,  the  pressure  of  enlarged  bronchial  and 
mediastinal  lymph-nodes,  the  anemia  and  the  cardiac 
weakness.  Pleural  effusions  or  ascites  may  further 
add  to  the  distress. 

Digestive  Organs. — Pressure  upon  the  stomach  and 
intestines,  as  well  as  the  constitutional  influence  of  the 
disease  may  result  in  early  loss  of  appetite  and  more  or 
less  abdominal  distress.  Nausea  and  vomiting  may 
occur.  In  more  advanced  cases  severe  and  intract- 
able diarrhea  is  not  uncommon.  Bleeding  from  the 
gums,  hematemesis,  or  intestinal  hemorrhage  may 
occur.  The  ulcerative  processes  in  the  mouth  or  throat 
so  frequently  seen  in  acute  tj'pes  of  leukemia  are  un- 
common in  the  chronic  myelogenous  type. 

Anemia  is  usually  pronounced  and  progressive,  but 
may  be  absent  for  long  periods.  Pallor  of  the  mucous 
membranes  and  skin,  and  the  constitutional  effects  of 
the  loss  of  hemoglobin  are  proportionate  to  the  degree 
of  anemia. 

The  hemorrhagic  tendency  varies  greatly  in  different 
cases  and  in  the  stage  of  the  disease.  Hemorrhages 
most  often  occur  from  the  nose  or  gums,  but  may 
occur  from  any  of  the  other  mucous  membranes,  es- 
pecially the  stomach  or  intestines,  or  into  the  skin  or 
brain  or  other  organs.  Severe  hemorrhage  may  be 
fatal. 

Genitourinary  System. — The  urine  may  show  no 
changes,  but  frequently  albumin  and  casts  are  present, 
and  a  true  nephritis  maybe  developed.  Hemorrhage 
may  occur  from  either  kidney  or  bladder. 

The  frequency  of  priapism  has  already  been  men- 
tioned.    It  is  said  to  be  produced  by  thrombosis  in  the 

892 


corpora  cavernosa,  [n  women  amenorrhea  is  common, 
uterine  hemorrhages  rare.  Leukemic  women  have 
given  birth  to  healthy  children  without  aggravation  of 
their  symptoms. 

\n  excessive  secretion  of  uric  acid  lias  been  demon- 

trated  in  this,  as  well  as  in  other  types  of  leukemia. 

Uric  acid  concretions  may  be  found  in  the  kidney  or 

bladder.     Albumosuria  has  been  observed  in  a  few 

cases. 

Nervous  System. — Involvement  of  the  nervous 
ti  hi  is  usually  the  result  of  anemia  or  hemorrhage. 
In  the  absence  of  hemorrhages  there  may  be  no 
signs  of  involvement  of  the  nervous  system.  Hemor- 
rhages into  the  brain  may  occur,  and  apoplexy  is  one 
of  the  well-known  modes  of  termination. 

The  Eye. — The  fundus  in  usually  pale,  the  veins 
large,  and  the  arteries  small.  Minute  whitish 
infiltrations  may  be  observed  in  the  fundus,  or  dis- 
tinct hemorrhages  may  be  seen.  Swelling  and  opacity 
of  the  optic  disc  may  also  occur. 

The  internal  ear  may  be  involved  by  leukemic  in- 
filtrations or  hemorrhages  with  resulting  dizziness, 
ringing  in  the  ears,  dulness  of  hearing,  and  even  deaf- 
ness. Such  symptoms  may  be  transitory.  Severe 
symptoms  belong  only  to  the  late  stages  of  the 
disease. 

The  Skin. — The  skin  is  usually  pale,  lusterless,  and 
dry.  Various  eruptions,  erythema,  acne,  and  urticaria, 
have  been  observed.  Leukemic  infiltration  of  the 
skin  is  rare  in  the  myelogenous  type  of  the  disease,  but 
small  leukemic  tumors  may  be  found  in  the  skin  in  rare 
cases.  In  the  late  stages  profuse  sweating  is  not 
uncommon. 

Temperature. — The  disease  may  run  its  course  with- 
out fever.  On  the  other  hand,  particularly  in  ad- 
vanced cases,  remarkable  febrile  disturbances  may  be 
observed,  independent  of  complications.  The  fever  is 
usually  of  distinctly  remittent  type.  It  may  last 
months  or  weeks,  the  temperature  ranging  from  normal 
to  103°  or  104°.  Long  periods  of  freedom  from 
fever  may  intervene  between  periods  of  increased 
temperature. 

The  Blood. — Color. — In  extreme  conditions  a  drop  of 
blood  drawn  from  the  ear  or  finger  appears  paler  or  more 
watery  than  normal — often  in  the  early  stages  no  dif- 
ference can  be  seen  by  the  naked  eye.  Virchow's  des- 
criptive term,  "white  blood  "  was  drawn  from  the  post- 
mortem appearances,  and  in  the  case  which  gave  rise  to 
it  an  epistaxis  just  preceding  death  had  shown  appar- 
ently normal  blood. 

Bed  Cells. — The  number  of  red  cells  is  ordinarily  re- 
duced, their  hemoglobin  content  still  more  so,  the  color 
index  being  thus  less  than  one.  Only  in  the  late  stages 
is  extreme  reduction  of  the  red  cells  and  hemoglobin 
observed.  In  like  manner  the  appearance  of  the  red 
cells  at  the  onset  may  be  normal,  later  variations  in 
shape,  size,  and  staining  of  the  erythrocytes  appear. 
Nucleated  forms,  either  normoblasts  or  megaloblasts, 
are  usually  to  be  found,  even  early  in  the  disease.  Oc- 
casionally the  nucleated  cells  are  numerous. 

White  Cells. — An  enormous  increase  is  usually  noted 
upon  the  first  examination,  the  total  count  reaching 
200,00  to  500,000;  it  may  be  1,000,000.  The  relation 
of  white  to  red  cells  may  be  1:1.  On  the  other  hand  in 
rare  instances  the  increase  in  white  cells  may  be  only 
slight,  say  50,000.  Under  the  influence  of  treatment 
or  complications,  great  variations  in  the  leucocyte 
count  develop.  The  number  may  fall  even  to  normal 
limits  and  continue  there  for  months,  but  in  the  end  the 
extreme  leucocyte  increase  returns.  Usually  it  is 
persistent  and  progressive,  the  count  mounting 
higher  and  higher  with  the  progress  of  the  disease. 

Differential  Count. — More  important  than  the  num- 
ber of  white  cells  is  their  variation  in  type.  All 
varieties  of  white  cells  found  in  bone  marrow  appear  in 
the  circulating  blood.  The  polymorphous  variation 
of  the  leucocytes  is  more  constant  than  the  increase 
in  number,  persisting  in  part  at  least  even  when  the 
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total  count  approaches  normal.  The  exact  differen- 
tiation of  the  many  types  of  leucocj  tes  encountered  in 

myelogenous  leukemia  is  a  matter  of  great  difficulty. 
The  making  of  the  smear  and  Hie  manner  of  stain- 
ing play  no  small  part  in  the  result.  In  consequent  e, 
considerable  differences  in  the  description  of  types  of 
cells  observed  and  their  assignment  to  definite  cate- 
gories are  to  be  found  among  the  most  careful  students. 
It  is,  therefore,  not  well  to  lay  too  great  stress  upon  the 
minute  details  of  staining  or  classification.  Gulland 
and  Goodall  regard  as  the  essentials  of  myelogenous 
leukemia  simply:  (1)  a  great  increase  in  all  varieties 
of  white  cells;  (2)  a  great  invasion  of  myelocytes; 
the  presence  of  numerous  nucleated  red  cells  without 
necessarily  any  anemia. 

Myelocytes.— All  forms,  neutrophilic,  basophilic,  and 
eosinophilic  are  to  be  found,  the  relative  proportions  of 
each  varying  greatly  in  different  cases.  Some  are  al- 
ways found,  and  they  may  contribute  fifty  to  sixty  per 
cent,  of  all  leucocytes.  Together  with  the  poly  nuclears 
they  constitute  so  large  a  proportion  of  the  leucocytes 
that  the  other  varieties  ordinarily  appear  to  be  dimin- 
ished. Accurate  calculation  shows,  however,  that  all 
varieties  of  the  white  cells  are  actually  increased. 

Myeloblasts. — Under  this  title  Naegeli  groups  cer- 
tain large  lymphocytes  with  non-granular  strongly  baso- 
philic protoplasm  and  a  fine-meshed  nucleus  contain- 
ing several  nucleoli.  In  moderately  developed  cases 
these  cells  constitute  0.5  to  1  per  cent,  of  the  leuco- 
cytes, increasing  to  higher  percentages  in  the  later 
and  severer  stages  of  the  disease.  Other  observers 
find  it  impracticable  to  draw  such  distinctions  in  the 
classification  of  the  mononuclear  cells. 

Of  the  polynuclear  type  the  neutrophiles  are,  as  a 
rule,  the  more  abundant,  but  the  eosinophils  are  often 
considerably  increased,  and  in  some  cases  the  baso- 
phile  polynuclears  (mast  cells)  constitute  an  important- 
part  of  the  total. 

The  number  of  cells  reported  as  lymphocytes  de- 
pends largely  upon  the  acceptance  of  the  myeloblasts  as 
a  definite  type.  Compared  with  the  myelocytes  and 
polynuclear  forms  they  are  relatively  few  in  number. 
As  already  noted  there  are  usually  present  in  myelogen- 
ous leukemia  numbers  of  cells  whose  classification  de- 
pends largely  upon  the  individual  observer. 

In  different  cases  of  myelogenous  leukemia  and  in 
various  stages  of  a  single  case  great  variations  in  the 
distribution  of  the  many  types  of  leucocytes  may  be 
noted.  It  is  quite  impossible  at  the  present  time  to 
correlate  these  variations  with  the  course  of  the  dis- 
ease. It  may,  however,  be  noted:  (1)  Under  treat- 
ment by  arsenic,  the  Rontgen  rays,  or  benzol  the 
blood  picture  may  be  considerably  modified  toward  the 
normal.  Thus  the  myelocytes  may  be  notably  re- 
duced or  may  even  disappear.  The  mast-cells  and 
eosinophile  types  are  more  persistent.  (2)  Acute  in- 
fectious processes,  such  as  erysipelas  or  pneumonia 
may  for  a  time  completely  suppress  the  leukemic  blood 
picture,  but  the  improvement  is  only  temporary, 
and  the  leukemic  characters  reappear  with  the  sub- 
sidence of  the  infection.  (3)  Naegeli  regards  as 
most  important  the  distinction  of  the  myeloblasts 
and  their  variation.  He  finds  them  ordinarily  in 
small  numbers,  but  states  that  they  increase  notably 
in  all  acute  exacerbations  of  the  leukemic  process,  and 
especially  in  cases  unfavorably  influenced  by  Rontgen 
rays  or  thorium.  Under  these  circumstances,  when 
the  therapeutic  process  is  not  carefully  controlled 
by  observation  of  the  blood,  a  rapid  increase  in  the 
myeloblasts  may  occur  and  death  shortly  follow. 
In  the  preagonal  stages  the  myeloblasts  may  con- 
stitute thirty  to  fifty  per  cent,  of  all  leucocytes. 

Pathological  Anatomy. — The  body  is  emaciated, 
the  skin  extremely  pale,  usually  there  is  edema  of  the 
lower  extremities,  and  ascites. 

The  blood  is  pale  and  watery.  In  the  heart  anrl 
great  vessels  large,   soft,   greenish-yellow  or  whitish 


clots  are  Ton nd.     Charcot-Leydeij  en   i: 1 1   are  often  de- 
monstrable in  the  blood  of  myelogenous  leukemia. 
Changes  in  the  bone  marrow  maj  be  widespread,  or 

limited  to  the  sternum,  ribs,  and  long  bones.  In  if 
must  characteristic  form  the  marrow  is  soft  and  yel- 
lowish, suggesting  pus.  In  other  cases  it  is  grayish 
or  brownish  red  anil  but  little  changed  in  consistency. 
Microscopically  the  marrow  shows  an  extraordinary 
Supply  of  its  characteristic  cells.  The  different  types 
Of  cells,  such  as  eosinophile  myelocytes,  are  massed   in 

groups,  Charcot-Leyden  crystals  may  be  present  in 
unusual  numbers. 

The  spleen  varies  greatly  in  size,  but  is  usually  huge, 
si m iet  lines  attaining  a  weighf  of  eight  to  ten  kilograms 
ilT.o  to  22  pounds).  The  capsule  is  thickened  and 
often  adherent  to  adjacent  organs.  The  cul  section 
is  deep  red;  the  follicles  are  indistinct  or  altogether 
absent;  the  connective  tissue  is  increased.  Cover- 
glass  preparations  show  numerous  cells  corresponding 
in  those  of  the  bone-marrow,  illustrating  the  myeloid 
metaplasia  of  the  spleen  first  described  by  Khrlich. 
Microscopically  the  spleen  shows  the  same  myeloid 
transformation,  with  few  or  none  of  the  characteristic 
lymph  follicles,  and  an  excessive  growth  of  connective 
tissue. 

The  liver  is  also  greatly  enlarged,  its  consistency 
firm,  the  surface  smooth,  the  edge  sharp.  Microscop- 
ically the  portal  capillaries  are  crowded  with  myeloid 
cells  and  foci  of  myeloid  infiltration  may  be  found 
throughout  the  organ,  compressing  and  even  destroy- 
ing the  liver  cells.  In  contrast  to  the  findings  in 
lymphatic  leukemia  the  interstitial  tissue  is  little 
affected  and  the  lymphoma-like  infiltrations  of  the 
latter  condition  are  not  observed. 

The  lymph-nodes  may  be  slightly  enlarged  and  some 
appear  grayish  red  or  yellow.  Microscopically  they 
show  simple  hyperplasia  similar  to  that  observed  in 
the  spleen  and  liver.  The  follicles  may  be  compressed 
or  disappear  under  these  conditions. 

The  heart  may  be  dilated,  and  fatty  infiltration 
of  the  heart  muscle  may  be  found.  Small  hemor- 
rhage's may  be  seen  upon  the  surface. 

The  kidneys  show  no  constant  changes  but  foci 
of  myeloid  infiltration  may  appear  in  the  cortex. 

The  central  nervous  system  may  show  hemorrhages 
in  various  parts,  particularly  in  the  brain.  The  retina 
and  the  internal  ear  may  likewise  be  sites  of  hemor- 
rhage. 

Diagnosis. — The  combination  of  clinical  symptoms 
with  the  enormous  increase  of  leucocytes  and  the  char- 
acteristic differential  count,  as  a  rule,  renders  the 
diagnosis  of  the  myelogenous  leukemia  very  easy. 
The  blood  examination  usually  settles  the  question  of 
diagnosis  at  once.  Only  the  omission  of  such  exam- 
ination permits  confusion  with  tuberculosis,  tumors  of 
the  stomach,  spleen,  or  kidneys.  The  special  features 
of  the  differential  leucocyte  count  are  quite  as  impor- 
tant as  the  total  number  of  the  white  cells.  The 
possibility  of  error  from  the  changes  in  the  blood 
picture  induced  by  treatment  or  the  influence  of 
intercurrent  infections  has  already  been  pointed  out. 
Under  these  conditions  a  repetition  of  the  blood  ex- 
amination after  a  short  time  should  make  the  diagnosis 
clear. 

It  must  be  remembered  that  no  one  type  of  leuco- 
cyte is  pathognomonic  of  myelogenous  leukemia. 
Myelocytes  ma.v  be  found  in  considerable  percentage 
in  the  blood  (ten  to  twent_v-five  per  cent.)  in  rare  cases 
of  malignant  metastases  in  the  bone-marrow,  or  even 
in  severe  anemias  combined  with  sepsis.  In  children 
especially  real  difficulty  may  be  encountered  in  de- 
termining the  diagnosis  in  some  cases.  Repeated 
examinations  of  the  blood  and  careful  consideration 
of  all  the  facts  will  ordinarily  enable  one  to  reach  a 
correct  conclusion. 

Metabolism  of  Chronic  Myelogenous  Leukemia. — 
Reference  has  already  been  made  to  the  increased 
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quantity  of  uric  acid  found  in  Hie  urine  in  this  disease, 
a  result  of  the  rapid  destruction  of  the  leucocytes. 
Xanthin  bodies  are  also  abundant  in  the  majority  of 
cases.  It.  lias  been  shown  that  xanthin  bodies  invested 
with  the  fond  can  be  completely  worked  up,  .-md 
the  failure  of  xanthin  metabolism  appears  to  bean 
agonal  phenomenon.  In  like  manner  an  increased 
excretion  of  phosphoric  acid  belongs  to  the  final 
stages  of  the  disease. 

R.  Bayer  has  shown  that,  more  iron  is  retained  in 
the  spleen  in  myelogenous  leukemia  than  in  health, 
and  the  increased  iron  content  of  the  spleen  is  demon- 
strable. 

Under  the  influence  of  the  Rontgen  rays  a  con- 
siderable rise  in  the  uric  acid  excretion  occurs,  an 
indication  of  increased  destruction  of  the  hypertrophic 
myeloid  tissue.  In  favorably  influenced  cases  a  peril  id 
of  lessened  excretion  of  uric  acid  follows  and  continues 
as  long  as  there  is  no  recrudescence  of  the  disease,  a 
fact  which  is  interpreted  to  mean  that  the  rays  exer- 
cise an  inhibiting  influence  upon  the  formation  of  the 
leucocytes.  In  -nme  case.-  this  inhibition  fails  and 
the  increased  uric  acid  excretion  persists  despite 
the  lowering  of  the  leucocyte  count,  an  unfavorable 
condition. 

Acute  Myeloid  Leukemia. 

Synonyms:  Acute  myelosis,  Acute  myeloblast  leu- 
kemia, Acute  myelocythemia. 

This  disease  is"  very  rare.  In  1904  Hirschfeld  could 
find  records  of  only  six  undoubted  cases  and  in  1912 
Gulland  and  Goodall  state  that  not  more  than  a  dozen 
cases  have  been  recorded. 

The  general  clinical  picture  is  the  same  as  that  of 
acute  lymphatic  leukemia.  As  in  that  disease  the 
onset  may  be  very  suggestive  of  an  acute  infection,  or 
the  ulcerative  processes  in  the  mouth  and  throat  may 
be  prominent  and  the  hemorrhagic  diathesis  pro- 
nounced, or  it  may  begin  insidiously  with  swelling  of 
the  spleen  and  lymph-nodes,  diarrhea,  and  increasing 
weakness.  The  course  of  the  disease  is  rapid  and 
progressive,  gangrenous  and  hemorrhagic  processes 
dominating  the  picture.  Often  in  the  final  stages 
secondary  infections  develop  and  bacteria  of  many 
types,  streptococci,  etc.,  have  been  found  in  the  blood. 

The  duration  of  the  disease  varies  from  a  few  weeks 
to  one,  or  at  most  three  months.  The  diagnosis  must 
rest  upon  the  results  of  the  blood  examination.  There 
is  a  rapid  blood  destruction  with  resulting  severe 
anemia,  and  the  appearance  of  all  manner  of  patho- 
logical variations  of  red  cells,  including  polychromato- 
philia,  basophilic  stippling,  cells  with  fragmentary 
nuclei,  and  ring-forms.  The  number  of  leucocytes  at 
the  onset  may  be  low,  20,000  for  example,  and  even 
in  the  late  stages  they  rarely  attain  the  number  of 
200,000.  The  characteristic  feature  of  the  blood 
picture  is  preponderance  of  myeloblasts  (Naegeli)  and 
all  possible  transitional  forms  between  these  cells  and 
myelocytes.  Pathological  findings  correspond  to 
those  of  the  chronic  myelogenous  leukemia,  except 
that,  gangrenous  processes  are  more  frequently  found 
in  the  mouth  and  intestines,  and  hemorrhages  in  many 
organs  are  more  common.  Treatment  must  be  purely 
symptomatic  and  is  altogether  ineffective. 

Chronic  Lymphatic  Leukemia. 
Synonyms:  Chronic  Lymphadenosis,  Chronic  Lym- 
phemia,  Chronic  Lymphocytic  Leukemia. 

Occurrence. — As  already  noted  chronic  lymphatic 
leukemia  was  observed  very  soon  after  the  early  obser- 
vations of  the  myelogenous  type.  It  is,  however,  a 
much  rarer  disease.  It  is  infrequent  also  as  compared 
with  acute  lymphatic  leukemia.  Cases  have  been 
observed  at  ail  ages,  many  more  in  men  than  in  women. 

Etiology. — We  have  no  satisfactory  knowledge  of 
the  causation  of  the  disease.  Importance  has  at 
times  been  given  to  some  preceding  local  infection, 
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such  as  hypertrophy  or  abscess  of  the  tonsil,  persistent 
ulceration  of  the  gums  from  carious  teeth,  etc.,  but 
no  definite  relation  can  be  established  in  the  majority 
of  cases.  In  like  manner  all  efforts  to  identify  definite 
bacteria  as  the  excitants  of  the  disease  have  failed. 
Pyogenic  bacteria  have  often  been  found  in  the  lymph- 
nodes  but  they  are  regarded  as  late  and  accidental 
invaders.  In  this  relation  special  em], basis  has  at 
times  been  laid  upon  the  presence  of  tubercle  bacilli, 
but  the  consensus  of  opinion  is  heavily  against  any 
etiological  relation  of  the  tubercle  bacillus  to  this 
disease. 

Clinical  Description. — In  its  clinical  picture 
chronic  lymphatic  leukemia  much  more  closely  ap- 
proximates  Hodgkin's  disease  than  chronic  myelogen- 
ous leukemia,  the  most  characteristic  symptoms  con- 
sisting of  chronic  progressive  hypertrophy  of  the 
lymphatic  tissues  associated  with  anemia  and  ex- 
haustion. While  for  descriptive  purposes  we  separate 
lymphatic  leukemia  into  acute  and  chronic  types,  no 
decisive  line  can  be  drawn  between  the  two  and 
intermediate  cases  are  not  infrequent. 

The  onset  of  the  disease  is  almost  always  insidious, 
increasing  hypertrophy  of  the  superficial  lymph-nodes, 
of  the  tonsils,  or  the  other  adenoid  tissues  of  the 
throat,  or  of  the  spleen  with  resulting  abdominal 
distress,  marking  the  beginning.  Less  often  pro- 
gressive anemia  and  hemorrhage  from  the  mucous 
membranes  draw  attention  to  the  condition  of  the 
blood.  In  rare  instances  the  development  of  lympho- 
matous  growths  in  the  skin  or  the  eyelids,  or  periosteal 
infiltrations  in  the  region  of  the  temples  or  the  orbit 
may  be  first  noted.  In  some  eases  the  constitutional 
symptoms,  progressive  weakness,  loss  of  weight,  and 
malaise  may  be  more  prominent  than  the  lymphatic 
hypertrophies. 

Lymphatic  Apparatus. — Usually  all  the  superficial 
nodes  present  a  fairly  uniform  enlargement,  but  one 
group  or  another,  the  cervical  particularly,  may  be  the 
seat  of  the  earliest  and  most  marked  increase.  Rarely 
is  the  process  distinctly  limited  to  one  group.  The 
affected  nodes  are  commonly  soft,  isolated,  painless, 
involving  neither  the  skin  nor  the  surrounding  tissues, 
but  in  some  instances  the  nodes  of  any  one  part  are 
fused  into  a  general  mass.  The  older  the  process 
the  firmer  the  nodes  become  and  the  larger  their  size. 
They  do  not  ulcerate  or  break  down  under  ordinary 
conditions.  Their  size  varies  greatly  from  the  most 
moderate  enlargement  to  the  size  of  an  egg  or  an  apple. 
While  progressive  enlargement  is  the  rule,  recession 
of  particular  groups  or  all  the  nodes  may  occur,  espe- 
cially under  the  influence  of  treatment.  In  the  neck 
especially  the  tumors  produce  marked  deformity  and 
may  interfere  with  motion,  but  it  is  relatively  rare 
that  they  attain  sufficient  size  to  produce  compression 
of  the  trachea,  esophagus,  or  great  vessels. 

The  spleen  is  regularly  hypertrophied  and  may  be 
■very  large,  yet  rarely  attains  the  size  seen  in  myelo- 
genous leukemia.  In  many  mstances  the  enlargement 
is  very  moderate,  the  spleen  extending  only  one  or 
two  centimeters  beyond  the  border  of  the  ribs.  The 
organ  is  firm,  sharp-edged,  maintaining  the  usual 
form  and  notches  so  that  it  is  easily  recognized.  The 
splenic  tumor  may  be  entirely  lacking.  In  contra- 
distinction from  the  myelogenous  process,  although 
as  Neumann  has  proven  the  bone-marrow  is  regularly 
involved  in  lymphatic  leukemia,  clinical  evidence  of 
such  involvement,  such  as  tenderness  of  the  sternum 
or  long  bones  is  rarely  observed. 

Constitutional  Symptoms. — Weakness,  anemia,  pros- 
tration, and  possibly  fever  accompany  the  formation 
of  the  lymphatic  tumors,  and  gradually  increase  with 
the  growth  of  the  local  lesions.  For  long  periods  the 
general  health  may  be  little  affected  and  the  compara- 
tive comfort  of  the  patient  with  considerable  enlarge- 
ment of  the  lymph-nodes  and  spleen  and  the  charac- 
teristic blood  picture  is  often  surprising.     Fever  may 
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be  entirely  absent,  and  is  usually  slight,  unless  induced 

by  secondary   sept  ic  infect  ion. 

Blinitl  I'iclun  .  in  the  early  stages  I  lie  red  cells  may 
show  no  changes.  Gradually  as  the  disease  advances 
the  number  of  red  cells  and  the  hemoglobin  content 
fall,  usually  proportionately.  In  the  severer  stages 
the  red  cells  develop  variations  in  form,  size,  staining 
as  in  any  grave  anemia,  and  nucleated  forms  may 
appear,  but  are  relatively  few.  In  exceptional  cases 
the  red  cells  show  but  little  change  throughout  the 
disease. 

The  essential  feature  of  the  blood  picture  is  the 
lymphocytosis.  The  total  leucocyte  count  rarely 
reaches  the  enormous  numbers  seen  in  myelogenous 
leukemia.  Cabot  puts  the  average  at  100,000, 
Gulland  and  Goodall  estimate  it  as  150,000,  but  counts 
of  over  500,000  are  not  unknown.  More  important 
than  the  total  number  is  the  differential  count,  the 
lymphocytes  almost  monopolizing  the  field  and  con- 
stituting ninety,  ninety-six,  or  ninety-nine  per  cent, 
of  the  white  cells. 

The  size  of  the  lymphocytes  varies.  It  is  usually 
stated  that  in  the  chronic  type  small  lymphocytes  are 
found,  and  in  acute  cases  larger  types,  but  Gulland 
and  Goodall  dissent  from  this  view,  saying  that  no 
rule  can  be  laid  down,  the  size  varying  in  both  acute 
and  chronic  types,  and  intermediate  forms  being  often 
so  abundant  as  to  make  accurate  division  impossible. 
Necessarily  the  other  types  of  leucocytes  are  dimin- 
ished proportionately.  Neutrophils  and  eosinophils 
are  few  in  number.  Myelocytes  are  commonly  entirely 
absent. 

The  leucocyte  increase,  as  a  rule,  is  found  at  the 
first  examination,  persists  throughout  the  disease, 
and  augments  with  its  progress.  Marked  remissions 
or  even  disappearance  of  the  leucocytosis  may  occur 
naturally  and  considerable  recession  may  be  effected 
by  treatment,  although  the  lymphocytes  are  relatively 
resistant  to  arsenic,  the  Rontgen  ray,  and  benzol. 

Apart  from  these  fundamental  symptoms  of  chronic 
lymphatic  leukemia  considerable  variety  may  be 
introduced  in  the  clinical  picture  by  unusual  develop- 
ment of  the  lymphoid  deposits  in  special  tissues. 

The  Skin. — More  or  less  itching  of  the  skin,  with  or 
without  urticarial  eruptions  may  be  observed.  Defi- 
nite lymphoid  infiltrations  may  present  themselves 
under  several  forms  (Oertel) :  (1)  Multiple,  circum- 
scribed, pin-head  to  hazel-nut  sized,  pale,  faintly  red 
or  brownish  tumors.  (2)  Few  or  solitary,  brown, 
markedly  elevated  and  possibly  lobulated,  firm,  slow- 
growing,  and  persistent  nodules.  (3)  Diffuse  lesions, 
either  moist  eczematous  areas  on  the  head,  extremities, 
or  chest,  or  tumors  of  the  size  of  a  pea  or  a  pigeon's  egg, 
ulcerating  spontaneously  and  leaving  a  large,  flat,  red 
ulcer. 

The  Mouth. — Ulcerative  and  gangrenous  processes 
in  the  mouth  or  throat  such  as  will  be  described  under 
acute  lymphatic  leukemia  are  rare  in  the  chronic  form, 
but  may  be  observed  in  the  terminal  stages.  The 
parotid  and  lacrymal  glands  may  be  involved  in 
symmetrical  growths  closely  resembling  those  de- 
scribed as  Mikulicz's  disease. 

The  lungs  are  rarely  involved  except  as  enlargement 
of  the  mediastinal  and  bronchial  nodes  may  compress 
the  trachea  or  bronchi;  but  pleural  effusions  may 
develop.  Dyspnea  is  a  frequent  symptom,  caused 
either  by  the  pressure  of  enlarged  lymph-nodes  upon 
the  trachea,  bronchi,  or  the  great  vessels  of  the  lung, 
or  by  lymphoid  infiltrations  of  the  walls  of  the 
larynx,  trachea,  or  bronchi. 

Nervous  System. — Various  parts  of  the  nervous 
system  may  be  affected  whether  by  lymphoid  infiltra- 
tions into  and  about  individual  nerves,  degenerations 
of  nerve  fibers,  or  hemorrhages  into  any  part  of  the 
system.  In  this  manner  paralysis  of  special  nerves, 
such  as  the  facial,  or  disturbances  of  sight  or  hearing 
may  be  caused,  but  such  affections  are  more  frequently 
seen  in  the  acute  type  of  the  disease. 


In  I  In'  eye  hemorrhages  may  be  seen  in  the  con- 
junctiva, the  iris,  or  the  retina  Leukemic  retinitis 
may  manifest  itself  as  scattered  hemorrhages,  white 
I cilchcs,  or  whitish  linear  infiltrations  enshca thing  the 
retinal  vessels. 

Pathoi-ogicai.  Anatomy. — In  the  corpse  the  skin  is 
exceedingly  pale,  edema  of  the  lower  extremities  or  a 
general  anasarca  is  present,  and  on  account  of  the 
wasting  the  enlarged  lymph-nodes  stand  out  like 
massive  tumors  in  Hie  necl  ,  axilla-,  and  groins.  The 
blood  is  pale  and  watery;  its  microscopic  characters 

are  those  already  given  in  the  clinical  description. 

Li/wpli-nodes. — On  opening  the  throat  and  abdomen 
inure  or  less  marked  hypertrophy  of  the  nodes  of  these 
regions  are  found  in  addition  to  the  subcutaneous 
masses.  The  consistency  of  the  nodes  varies  greatly; 
they  are  usually  soft,  but  may  be  quite  hard.  The 
section  is  reddish  or  yellowish-gray,  smooth,  uniform, 
and  shows  no  stroma.  Hemorrhages,  either  fresh  or 
old,  may  be  found  in  the  substance  of  the  nodes.  Ne- 
crosis or  caseation  of  the  nodes  is  rarely  observed, 
and  if  present,  is  due  to  secondary  infections. 

The  spleen  is  found  enlarged  and,  like  the  nodes, 
either  hard  or  soft.  The  liver  is  moderately  hyper- 
trophied,  its  surface  and  section  showing  minute  or 
hazelnut-sized,  yellowish  white  or  gray  nodules  of 
lymphocytic  infiltration.  There  may  also  be  some 
fatty  infiltration  of  the  periphery  of  the  acini. 

The  kidneys,  like  the  liver,  regularly  show  foci  of 
lymphocytic  infiltration,  either  small  nodules  or  stripes. 
Rarely  a  definite  hemorrhagic  nephritis  may  be  ob- 
served. The  suprarenals  may  also  be  the  seat  of 
lymphomatous  nodules. 

The  thymus  gland,  in  contrast  to  the  conditions 
found  in  myelogenous  leukemia,  is  usually  large,  in 
some  cases  extending  over  the  pericardium  and  even 
reaching  the  diaphragm. 

The  tonsils  and  the  lymphatic  tissues  throughout  the 
alimentary  tract  may  be  hypertrophic.  In  the  intes- 
tine the  hypertrophic  lymph  follicles  may  be  the  seat 
of  necrosis  or  ulceration.  In  the  larynx  and  trachea 
the  lymphocytic  growths  may  appear  in  definite 
nodules  or  in  diffuse  infiltration  of  the  walls  of  the 
trachea  or  bronchi.  The  skin  and  the  nervous  system 
may  be  involved,  as  has  been  described  clinically. 

The  bone-marrow,  as  has  already  been  stated,  is 
regularly  affected  in  the  lymphatic  leukemia,  though 
not  to  the  same  degree  as  in  the  myelogenous  type. 
The  degree  of  involvement  varies  greatly  in  different 
cases;  in  rare  cases  the  variation  from  normal  may  be 
very  slight.  The  changes  are  most  marked  in  the 
marrow  of  the  long  bones.  The  affected  bones  show- 
red  or  gray,  jelly-like  marrow.  The  marrow  spaces 
are  widened,  the  cortex  of  the  bone  often  thinned,  and 
filled  with  widened  canals.  These  spaces  are  all 
occupied  by  invading  marrow  and  even  beneath  the 
periosteum  lymphoid  infiltrations  may  be  found, 
closely  resembling  the  conditions  prevailing  in  chlo- 
roma,  as  will  be  later  described. 

Microscopically  lymphatic  leukemia  is  character- 
ized by  abundant  infiltrations  of  lymphocytes,  either 
large  or  small,  in  all  the  affected  tissues.  In  the 
lymph-nodes  the  distinction  between  the  large-celled 
keim-centers  and  the  small-celled  periphery  is  lost. 
.Similarly  in  the  spleen,  follicles  and  pulp  can  no  longer 
be  differentiated.  In  the  bone-marrow  the  normal 
appearances  are  lost  or  obscured  by  the  invasion  of 
lymphocytes.  In  the  liver,  kidneys,  and  other  affected 
organs  the  invading  lymphocytes  present  themselves 
either  in  definite  foci  made  up  almost  entirely  of  large 
or  small  lymphocytes  or  in  diffuse  infiltrations.  The 
accumulations  of  lymphoid  cells  may  be  so  abundant 
as  by  pressure  to  produce  degeneration  or  necrosis  of 
the  parenchyma  cells.  Whether  in  lymph-nodes  or 
other  parts  the  growth  of  lymphoid  cells  is  usually 
confined  distinctly  to  the  limits  of  the  affected  tissue, 
but  in  some  instances  the  growths  disregard  such  limi- 
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tations  and  spread  into  the  surrounding  tissues  in 
such  manner  as  to  make  it  difficult  or  impossible  to 
draw  a  sharp  line  between  the  process  and  lympho- 
sarcoma. Sonic  increase  of  connective  tissue  regu- 
larly accompanies  the  lymphocyte  increase,  and  in  the 
more  chronic  cases  the  fibrosis  may  be  marked. 

Acute  Lymphatic  Leukemia 

It  must  be  clearly  understood  that  the  division  of 
this  disease  into  acute  and  chronic  types,  while 
clinically  desirable  and  instructive,  implies  no  sharp 
line  of  separation  and  rests  upon  no  essential  differ- 
ences. The  course,  of  the  disease  is  brief,  usually 
very  brief,  and  certain  symptoms  or  groups  of  symp- 
toms, which  occur  rareiy  or  in  attenuated  form  in 
chronic  leukemia  become  very  prominent  or  indeed 
dominate  the  clinical  picture. 

Occurrence. — Leukemia,  all  types  included,  is  too 
rare  a  disease  to  permit  of  satisfactory  statistics  of  the 
occurrence  of  the  different  types.  The  course  of 
development  of  our  conceptions  of  the  disease  has 
already  been  sketched  in  such  manner  as  to  show  thai 
the  chronic  types  were  first  recognized  and  distin- 
guished according  to  the  blood  picture.  Later  acute 
types  were  observed.  For  a  long  time  all  of  these 
proved  to  be  lymphocytic  in  type  and  it  was  thought 
there  were  no  exceptions  to  the  rule.  More  recent  l\ 
cases  of  acute  myelogenous  leukemia  have  been  ob- 
served, but  these  have  been  exceedingly  rare.  From 
certain  features  of  the  clinical  picture  acute  lymphatic 
leukemia  may  be  easily  overlooked  without  blood 
examinations,  or  mistaken  when  blood  examinations 
have  been  made.  It  is  unquestionable  that  by  reason 
of  more  ^widespread  knowledge  of  the  disease  and 
closer  attention  to  blood  examinations  this  particular 
field  is  being  considerably  extended  and  the  number  of 
cases  assigned  to  it  is  correspondingly  large. 

Acute  lymphatic  leukemia  may  be  observed  at  any 
age,  but  appears  to  be  more  common  in  childhood. 

Etiology. — Clinically  acute  lymphatic  leukemia 
strongly  suggests  an  acute  infection.  Especially  in 
the  cases  in  which  ulcerative  lesions  of  the  mouth  or 
throat  are  accompanied  by  great  swelling  of  the  ad- 
jacent lymph-nodes,  fever,  sweating,  and  the  other 
symptoms  of  the  disease,  this  interpretation  is  most 
impressive.  Bacteria  of  many  kinds,  are,  of  course, 
present  in  the  mouth.  Some  of  these  have  been  found 
in  the  lymph-nodes  and  even  in  the  blood,  but  none 
of  them  with  such  constancy  as  to  warrant  their 
acceptance  as  the  cause  of  the  disease.  We  are  at 
present  quite  as  ignorant  of  the  etiology  of  this,  as  of 
the  other  types  of  leukemia. 

Clinical  Description. — The  onset  is  regularly 
sudden.  Out  of  a  clear  sky,  the  patient  develops  the 
general  or  local  symptoms  of  the  disease,  fever,  sweat- 
ing, prostration,  and  anemia,  or  ulcerative  processes 
in  the  mouth  or  throat,  with  or  without  hemorrhages 
from  the  mucous  membranes. 

In  some  cases  the  disease  is  initiated  by  a  period  of 
indefinite  complaints,  such  as  headache  and  weakness, 
without  apparent  cause,  but  in  the  course  of  a  few 
days  the  fever  and  sweating  begin,  the  lymph-nodes 
swell,  and  the  lesions  of  mouth  or  throat  develop. 
Once  the  disease  is  begun,  the  course  is  that  of  a  viru- 
lent infection  with  purpuric  symptoms  and  a  rapidly 
increasing  anemia. 

Fever  is  regularly  present,  high  or  low,  and  very 
variable  in  its  course.  It  may  be  absent  for  a  time, 
and  often  fails  toward  the  end.  The  lymph-nodes 
rarely  present  the  massive  enlargement  seen  in  chronic 
leukemia,  and  in  some  cases  are  but  slightly  swollen. 
The  cervical  nodes  are  usually  most  affected.  Here 
the  influence  of  secondary  infections  from  the  mouth 
or  throat  lesions  comes  into  play.  The  nodes  are 
usually  soft  and  painless,  but  in  a  case  recently  seen 
they  were  so  tender  and  almost  fluctuating  as  to  sug- 
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nodea  may  considerably  diminish  in  size. 

The  x pit i' n  is  enlarged  in  the  majority  of  cases,  bill 
not  always.  Its  size  is  usually  moderate  and  large 
splenic  tumors  are  decidedly  unusual. 

The  tonsils  are  often  enlarged  and  not  infrequent! 
covered  by  a  graj  ,  necrotic  exudate,  in  which  bacteria 
of  many   kinds,   and   even   diphtheria    bacilli   may   be 
found.     Hemorrhages  into  or  from   the  tonsil  may 
complicate  the  picl  ure. 

The  gums  may  be  swollen  and  bleed  easily.  They 
may  show  necrotic  exudates  similar  to  those  described 
upon  the  tonsils.  In  a  patient  recently  seen  the  gums 
were  swollen  to  such  an  extent  as  almost  to  cover  the 
teeth;  they  were  deep  blue  in  color  and  bled  easily,  bo 
as  to  suggest  strongly  the  appearance  of  scurvy. 

Hemorrhages  from  the  mucous  membranes  or  into 
the  skin  constitute  an  important  feature  of  acute 
lymphatic  leukemia  and  explain,  in  part  at  least,  the 
rapid  anemia.  Bleeding  from  the  nose,  the  cheeks,  and 
gums  is  especially  common,  but  hemorrhage  may 
occur  from  any  part  of  the  intestinal  tract,  or  from 
the  bladder  or  vagina.  Whenever  the  hemorrhages 
into  the  tissues  are  extensive,  necrosis  and  ulceration 
may  occur.  In  this  manner  destructive  ulceration 
of  the  cheeks,  resembling  noma,  may  develop,  or  the 
tonsils  and  adjacent  tissues  may  be  affected.  Similar 
processes  in  the  intestines  may  cause  profuse  diarrhea. 

Hemorrhages  may  occur  in  any  part  of  the  central 
nervous  system.  In  the  brain  or  its  membranes  such 
bleeding  may  give  rise  to  intense  headache,  mental 
dulness,  hemiplegia,  or  coma.  In  the  fundus  of  the 
eye  scattered  hemorrhages,  often  with  pale  centers, 
may  be  seen  with  the  ophthalmoscope.  The  internal 
ear  may  be  similarly  affected,  with  resulting  deaf- 
ness or  dizziness.  Paralysis  of  peripheral  nerves  may 
be  caused  in  like  manner.  Not  infrequently  death 
results  from  persistent  hemorrhage,  either  by  reason 
of  loss  of  blood  or  from  the  involvement  of  vital 
centers. 

The  Blood. — The  essential  symptom  is  the  increase 
of  the  mononuclear  leucocytes.  The  total  leucocyte 
count  may  reach  500,000,  but  such  figures  are  rarely 
attained.  In  many  observations  the  leucocytes  do 
not  exceed  50,000.  The  increase  is  wholly  in  the 
mononuclear  types.  The  greater  number  of  authori- 
ties state  that  in  acute  lymphatic  leukemia  the  large 
mononuclear  cells  predominate  while  the  small  lympho- 
cytes characterize  the  chronic  type  of  the  disease,  but, 
as  already  noted,  Gulland  and  Goodall  take  excep- 
tion to  this  statement  and  declare  the  small  lympho- 
cytes are  found  quite  as  frequently  as  the  large  in  the 
acute  conditions.  In  children  especially  the  small 
lymphocytes  predominate.  Whichever  type  is  pres- 
ent the  lymphocytes  constitute  ninety  per  cent.,  or 
even  ninety-nine  per  cent.,  of  the  total  count.  With 
such  an  enormous  increase  in  the  mononuclear  forms 
there  is  a  corresponding  dearth  of  the  polynuclear 
cells,  and  especially  of  the  myelocytes,  eosinophiles,  and 
other  forms  characteristic  of  myelogenous  leukemia. 

The  red  cells  usually  show  a  rapid  decrease,  with  a 
corresponding  fall  in  the  hemoglobin  content.  The 
increase  of  leucocytes  coupled  with  a  loss  of  red  cells 
may  bring  the  proportion  of  white  to  red  to  1:3,  or 
even  1 : 2.  With  severe  anemia  the  red  cells  may  show 
nucleated  types,  and  variations  in  size,  form,  and 
staining,  such  as  are  seen  in  pernicious  anemia. 

The  loss  of  red  cells  is  not  constant  and  rare  cases 
show  little,  if  any,  reduction  in  the  number  of  ery- 
throcytes, or  other  changes  in  their  character. 

Once  the  blood  picture  of  acute  lymphatic  leukemia 
is  established  it  is  usually  constant.  Remarkable 
variations  do,  however,  occur.  The  lymphocytosis 
may  vary  in  type  at  different  stages  in  the  same 
patient.  "  Thus,"  the  large  mononuclear  types  may 
predominate  at  one  time,  the  small  at  another.  Inter- 
current septic  infection  may  result  in  a  remarkable 
fall  in  the  total  leucocyte  count  and  retrocession  of 
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the  swelling  of  the  lymph-nodes  and  spleen,  which 
may  temporarily  suggest  marked  improvement.  In 
rare  instances  the  leucocyte  increase  may  be  very 
slight  or  absent  altogether  in  the  early  stages,  the 
characteristic  blood  picture  appearing  only  in  the 
terminal  stages.  It  is  therefore  apparent  i  h.-il  in  any 
doubtful  case  repeated  examinations  of  the  blood  tnaj 
be  necessary  to  establish  the  diagnosis. 

The  course  of  acute  lymphatic  leukemia  is  regularly 
brief,  the  duration  of  the  disease  varying  from  a  few 
days  to  a  few  weeks.  Ebstein  gave  as  the  longest 
duration  sixty-three  days,  Gilbert  and  Weil  112  days, 
but  it  is,  of  course,  impracticable  to  attempt  to  set 
such  definite  limits;  some  cases  of  clinically  acute 
type  exceed  these  figures. 

Death  is  the  only  outcome,  usually  resulting  from 
progressive  anemia  and  exhaustion  and  often  ushered 
in  by  coma. 

Pathological  Anatomy. — This  presents  no  essential 
differences  from  that  of  chronic  lymphatic  leukemia. 
The  changes  in  the  blood,  lymph-nodes,  spleen,  bone- 
marrow,  and  other  tissues  are  the  same.  Hemor- 
rhages, necrosis,  and  ulceration  are  more  frequent 
and  extensive  in  the  acute  form. 

The  diagnosis  of  acute  lymphatic  leukemia  must 
rest  upon  the  recognition  of  the  blood  changes.  From 
the  variability  of  the  clinical  symptoms  there  is  no 
question  that  many  cases  are  overlooked  and  reported 
as  severe  purpura,  scurvy,  morbus  Werlhofii,  or  septic 
infection.  The  constantly  increasing  number  of  cases 
reported  indicates  that  acute  lymphatic  leukemia  is 
the  most  common  of  all  the  leukemias.  The  blood 
examination  is  essential  to  the  diagnosis.  The  total 
leucocyte  count  is  usually  conclusive  in  itself,  but  in 
any  case  of  doubt  the  differential  count  is  of  greater 
importance.  In  no  other  condition  do  the  lympho- 
cytes form  so  high  a  proportion  of  the  total.  Even 
when  the  total  count  falls  within  the  limits  of  a  leuco- 
cytosis  from  other  conditions,  the  presence  of  a 
lymphocytosis  of  over  seventy-five  per  cent,  is  char- 
acteristic of  a  leukemia,  and  if  the  proportion  of  lym- 
phocytes exceeds  ninety  per  cent.,  as  it  usually  does, 
no  doubt  of  the  nature  of  the  process  should  be  longer 
entertained. 

In  doubtful  conditions  the  character  of  the  cells 
must  also  be  taken  into  consideration,  the  large  lym- 
phocytes being  characteristic  of  acute  lymphatic 
leukemia.  The  persistence  of  a  high  lymphocyte 
percentage  and  the  character  of  the  cells  are  of  special 
import  when,  for  any  of  the  reasons  already  stated, 
the  total  leucocyte  count  falls  below  the  usual  level  of 
leukemia  and  approaches  the  limits  of  an  ordinary 
leucocytosis. 

Chloeoma. 

This  is  a  rare  disease  characterized  by  the  blood 
picture  of  an  acute  leukemia,  either  myelogenous  or 
lymphatic,  and  the  development  throughout  the  body 
of  growths  having  a  greenish  color  (whence  the 
name) ;  these  growths  having  special  preference  for 
bone.  According  to  Gulland  and  Goodall  but  seventy 
cases  had  been  reported  up  to  1912.  More  than 
fifty  per  cent,  of  the  cases  have  been  observed  in 
children,  but  the  disease  may  develop  in  adult  life. 
As  in  leukemia,  males  are  more  often  affected  than 
females.  We  have  no  knowledge  of  the  causation  of 
the  disease. 

Clinical  Description. — The  disease  may  begin 
either  with  general  weakness  and  anemia,  or  with 
symptoms  produced  by  the  local  growths  which  char- 
acterize it.  These  growths  show  decided  preference 
for  certain  locations:  (1)  The  bones  of  the  skull  and 
face.  Tumors  develop  about  the  eye  producing  ex- 
ophthalmos and  deformities  of  the  face.  With  these 
there  may  be  growths  in  the  temporal  and  occipital 
regions,  and  lymphatic   deposits   in  the  eyelids,  the 
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of   acute   leukemia   of    the   ordinan     type,  and    only 
at  autopsy   has   the  greenish   color  of   the  depo  il 
invarious  organs   revealed    the   true   na  o     the 

affection. 

Hemorrl i  from  the  gums  or  othei  mucou  mem- 
branes, or  into  the  skin  oi  rariou  parts  of  the  nervous 
system,  occur  as  leul  emia. 

The  blood  picture  is  that  of  acute  leukemia,  eitl 
b  mphatic  or  myelogenous,  the  lymphatic  l><-ing  much 
the  more  common.  Great  variability  in  the  leucocyte 
count  has  been  noted,  and  cases  are  not  uncommon  in 
which  the  total  count  has  not  <  ■  ■■  <  !•  ■ !  norma]  limits, 
liramwell  has  reported  a  case  n  ith  a  leucocyte  count 
of  8,000 — ninety-five  per  cent,  being  lymphocytes, 
and  Pibram  one  in  which  an  early  count  of  10,000  was 
later  followed  by  another  of  800.  Transitions  have 
also  been  noted  from  aleukemic  or  subleukemic  con- 
d  M  ions  to  the  full  picture  of  an  acute  leukemia.  With 
the  changes  in  the  white  cells  there  is  usually  a  rap- 
idly developing  anemia. 

The  PATHOLOGICAL  ANATOMY  is  that  of  an  acute  leu- 
kemia, with  certain  features  peculiar  to  chloroma. 
The  tumors,  whether  of  the  bone  or  other  tissues, 
upon  section  show  the  characteristic  greenish  color. 
Deposits  having  the  same  color  may  be  found  in  the 
liver,  spleen,  kidneys,  the  lymph-nodes,  and  indeed 
in  any  of  the  organs  of  the  body.  The  greenish  color 
may  appear  in  some  parts  and  be  absent  in  others. 
This  color  fades  rapidly  on  exposure  to  air  and  alto- 
gether disappears  in  microscopic  preparations.  In 
some  cases  it  has  been  bleached,  in  others  restored, 
by  peroxide  of  hydrogen.  The  i  acl  nature  of  the 
pigment  has  not  been  made  out.  Pope  and  Reynolds 
regard  it  as  a  fatty  acid  combined  with  iron.  The 
histological  changes  correspond  to  those  of  acute 
leukemia. 

The  diagnosis  of  chloroma  is  usually  determined 
only  at  autopsy.  Cases  with  characteristic  growths 
about  the  skull  and  face  and  the  blood  picture  of 
leukemia  should  be  recognized  during  life. 

The  course  of  the  disease  is  usually  as  brief  as  that  of 
acute  leukemia,  but  Dock  has  reported  a  case  of  a 
year's  duration,  and  some  have  even  exceeded  this. 

Treatment  can  be  carried  out  only  along  the  lines 
appropriate  for  acute  leukemia. 

The  Aleukemic  Leukemias. 

Synonyms:  Aleukemia,  and  true  pseudoleukemia. 

To  do  justice  to  the  extraordinary  complexity  of  the 
phenomena  grouped  under  the  heading  of  leukemia, 
reference  must  be  had  to  numerous  observations  under 
the  paradoxical  title  of  this  paragraph. 

These  cases  present  the  clinical  symptoms  of  a 
leukemia  with  the  differential  features  of  a  leukemia 
but  without  an  increase  in  the  total  leucocyte  count. 
The  differential  may  be  that  of  either  myelogenous  or 
lymphatic  leukemia,  so  that  Naegeli  describes  an 
aleukemic  myelosis  and  an  aleukemic  lymphadenosis. 
The  great  majority  of  cases  have  been  chronic  in  type 
and  the  aleukemic  condition  has  persisted  throughout 
the  course,  but  in  other  instances  the  leucocytes  have 
later  increased  and  the  final  blood  picture  has  been 
that  of  a  true  leukemia. 

In  their  course,  prognosis  and  treatment  these  cases 
present  no  noteworthy  differences  from  the  cases  of 
true  leukemia,  to  which  they  clinically  correspond. 
Naturally  the  diagnosis  of  such  a  condition  can  be 
made  only  by  repeated  examinations  of  the  blood 
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establishing  the    permanence   of  the  leukemic  char- 
acters despite  the  absence  of  leucocyte  increase. 

Mixed  Leukemia. 
The  clean-cut  separation  of  myelogenous  from  Iym- 
phatic  leukemia,  in  view  of  the  presence  of  both  types 
of  tissue  in  bone-marrow,  spleen,  and  other  parts  of 
the  body,  side  by  side,  is  very  remarkable.  That 
separation  is,  as  a  rule,  preserved.  We  never  see  a 
lymphatic  leukemia  becoming  myelogenous,  or  vice 
versa.  We  find,  however,  that  a  few  cases  are  re- 
corded in  which,  with  the  total  count  of  a  leukemia, 
the  differential  presented  the  features  of  both  myelog- 
enous and  lymphatic  leukemia — a  high  lymphocyte 
percentage,  with  an  unusual  number  of  myelocytes, 
eosinophiles,  and  mast  cells.  As  an  example  the  fol- 
lowing case  may  be  quoted  from  Gulland  and  Goodall : 
Child,  aged  five  years.  Great  enlargement  of  nodes 
and  spleen,  retinitis.  Red  cells  2,610,000;  leucocytes 
'-.'111,000;  polymorphs  sixteen  per  cent.;  lymphocytes 
fifty-four  per  cent.;  eosinophiles  nine  per  cent.;  mast 
cells  four  per  cent.;  myelocytes  seventeen  per  cent. 

Nature  of  the  Leukemic  Process. — The  facts 
already  set  forth  reveal  the  complexity  of  the  problem 
presented  by  the  leukemias.  In  the  acute  forms  they 
present  very  convincing  resemblances  to  virulent  acute 
infections.  "  Other  types  suggest  relationship  to  the 
purely  hemorrhagic  diseases.  In  their  more  chronic 
forms,  and  especially  in  the  cases  described  as  chlo- 
roma,  the  processes  are  highly  suggestive  of  a  malig- 
nant growth  with  multiple  metastases.  Interesting 
arguments  for  one  or  the  other  of  these  conceptions  can 
be  developed,  but  the  solution  of  the  problem  must  be 
determined,  not  by  argument,  but  by  experimental 
work  still  to  be  done. 

Therapeutics. 

Chronic  Leukemia. — There  is  nothing  gained  by  at- 
tempting to  discuss  the  therapeutics  of  myelogenous 
and  lymphatic  leukemia  separately.  We  have  no 
specific  therapy  for  either,  and  measures  applicable  to 
one  are  applicable  to  the  other.  Certain  differences  in 
the  reaction  of  the  two  types  to  treatment  will,  how- 
ever, be  noted. 

The  general  management  of  the  patient  must  de- 
pend upon  the  individual  condition.  As  already  noted 
the  weakness  and  prostration  vary  greatly  in  different 
cases.  Some  patients  are  able  for  long  periods  to 
continue  their  ordinary  manner  of  life,  even  when 
this  involves  laborious  work.  Doubtless  hard  phys- 
ical labor  is  unfavorable,  but  the  question  of  interfering 
with  or  forbidding  it  must  be  decided  largely  by  the 
patient's  circumstances.  Recognizing  the  fact  that 
we  cannot  hold  out  the  expectation  of  an  ultimate 
cure,  the  patient  should  be  permitted,  so  far  as  may  be 
reasonable,  to  continue  his  usual  activities.  In  the 
severer  cases,  and  especially  in  the  later  stages  of  the 
disease,  rest  in  bed  is  necessary.  Particularly  is  this 
true  when  any  degree  of  fever  is  present.  The  diet 
must  be  suited  to  the  digestive  capacity.  Restriction 
should  be  practised  only  because  of  nausea,  vomiting, 
diarrhea,  or  other  definite  disturbances  of  the  digestive 
powers.  Because  of  the  tendency  to  intractable  diar- 
rhea care  should  be  taken  to  avoid  the  administration 
of  drastic  purgatives.  Constipation  should  be  treated 
by  mild  laxatives  or  enemata.  The  condition  of  the 
mouth  should  be  watched  and  a  simple  antiseptic 
wash  used  regularly  after  meals. 

Of  medicinal  measures  arsenic  in  some  form  still 
enjoys  high  repute.  It  is  best  given,  as  a  rule,  as 
Fowler's  solution,  beginning,  for  an  adult,  with  a  dose 
of  three  to  five  drops  well  diluted,  and  increasing  the 
dose  a  drop  a  day  up  to  the  limit  of  tolerance.  In  this 
manner  fifteen  or  twenty  drops  may  be  given  after 
each  meal.  Care  must  be  taken  not  to  push  the  ad- 
ministration too  far  and  the  dose  should  be  promptly 
reduced  or  the  medicine  discontinued  for  a  time  upon 
the  appearance  of  any  indication  of  intolerance. 


Arsenic  has  also  been  given  hypodermatically  in  the 

form  of  the  cacodylalc  of  soda,  arsacelin,  and  atoxyl. 
A  certain  danger  of  producing  serious  effects  upon  the 
optic  nerve,  and  possibly  blindness,  by  either  arsacetin 
or  atoxyl  given  in  this  manner  is  admitted,  and  their 
use  has  therefore  been  abandoned. 

Salvarsan  by  intravenous  injection  has  also  been 
tried  in  chronic  leukemia  but  without  satisfactory 
results. 

Drysdale  has  reported  good  results  from  the  admin- 
istration of  naphthalene  tetrachloride  in  eight-grain 
doses  every  three  hours.  Gulland  and  Goodall  noted 
improvement  in  one  case  in  which  this  remedy  was 
given  in  doses  of  five  to  ten  grains. 

Inhalations  of  oxygen  have  also  been  recommended. 
The  administration  of  fresh  bone-marrow  has  been 
tried,  but  has  given  no  results.  Quincke  and  Pfeiffer 
advised  the  use  of  tuberculin  in  small  doses  on  the 
theory  that  the  toxins  of  many  acute  infections  dis- 
eases, and  especially  of  tuberculosis,  caused  a  retro- 
cession of  the  leukemic  growths,  but  this  practice  has 
been  abandoned. 

The  latest,  and  seemingly  the  most  potent,  addition 
to  the  list  of  medicinal  remedies  for  leukemia  is  benzol, 
or  benzene.  It  is  a  product  of  the  distillation  of  coal- 
tar,  having  the  formula  CctL,  and  should  not  be  con- 
fused with  benzine,  a  distillate  of  crude  petroleum. 
For  this  reason  the  name  benzol  is  decidedly  to  be 
preferred.  The  use  of  benzol  in  leukemia  resulted 
from  the  observation  of  a  series  of  cases  of  accidental 
poisoning  from  this  chemical  in  the  Johns  Hopkins 
Hospital  in  1909.  Selling,  of  that  institution,  in  an 
experimental  study  of  the  drug,  showed  that  it  pos- 
sessed decided  leucotoxic  action.  In  1912  Koranyi, 
of  Budapest,  on  the  basis  of  Selling's  observations, 
employed  benzol  in  the  treatment  of  leukemia  with 
favorable  results.  Since  the  appearance  of  Koranyi's 
report  the  use  of  the  drug  has  rapidly  and  widely 
extended,  the  general  consensus  of  opinion  being 
that  it  has  very  decided  power  to  reduce  the  leuco- 
cytosis  and  the  size  of  the  spleen  and  lymph-nodes, 
with  resulting  improvement  in  the  general  condition. 
From  his  observations  Koranyi  draws  the  following 
conclusions:  (1)  Benzol  first  tends  to  increase  the 
white  blood  cells,  but  shortly  produces  an  improve- 
ment in  the  leukemic  condition.  The  fall  in  the  white 
count  usually  begins  at  the  end  of  the  second  or  early 
in  the  third  week  of  therapy,  the  decrease  being  at  first 
slow,  and  later  quite  rapid.  (2)  Benzol  acts  more 
slowly  than  the  x-rays,  but  some  patients  improve 
under  its  administration  who  have  not  responded  to 
other  forms  of  therapy.  Previous  or  concomitant  ap- 
plication of  the  x-rays  seems  to  hasten  the  action  of 
the  drug.  (3)  The  drug  can  be  safely  given  in  doses 
of  four  grams  daily,  and  its  administration  with  equal 
parts  of  olive  oil  seems  to  lessen  the  tendency  to  pro- 
duce unpleasant  symptoms  such  as  heartburn,  eructa- 
tions, or  vertigo. 

The  possibility  of  remarkable  improvement  under 
benzol  treatment  has  been  confirmed  by  many  ob- 
servers. In  some  of  the  cases  the  improvement  has 
amounted  to  apparent  cure,  but  in  none  of  these  has 
sufficient  time  elapsed  to  warrant  the  conclusion  that 
cure  has  actually  been  accomplished.  As  a  rule, 
despite  the  disappearance  of  the  high  leucocyte  count, 
myelocytes  were  still  present.  In  not  a  few  cases, 
after  temporary  improvement  the  white  cells  again 
rose,  the  other  symptoms  became  aggravated,  and  the 
patients  succumbed  to  the  disease.  Jesperson  and 
Neumann  both  report  cases  in  which  chronic  leukemia, 
either  coincident  with  or  subsequent  to  treatment  by 
benzol,  assumed  the  character  of  acute  leukemia. 
Muhlmann  and  Neumann  have  reported  deaths  from 
leukemia,  following  the  use  of  benzol  and  at  autopsy 
the  liver  was  found  to  show  extensive  necrosis.  Pap- 
penheim  has  demonstrated  the  same  lesion  in  the 
livers  of  rabbits  treated  by  benzol.  Kiralyfi,  who  has 
had    considerable   experience   in   the   use   of  benzol, 
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reports  a  rase  of  uncontrollable  nose-bleed  coincident 
with  a  drop  of  the  leucocytes  to  160,  and  slates  that 
death  was  due  to  the  continuance  of  the  ail  ion  of 
benzol.  He  advises  that  benzol  should  be  stopped 
when  the  leucocytes  have  dropped  to  25,000. 

It  is  therefore  evident  that  benzol,  while  a  potent 
remedy  in  the  treatment  of  leukemia,  is  alsoa  danger- 
ous one,  whose  administration  must  be  followed  w  ill, 
care.  Barker  and  Gibbes  advise  that  its  use  be  eon- 
fined  for  the  present  to  hospital  patients.  At  any 
rate  the  administration  of  the  drug  must  be  controlled 
by  frequently  repeated  blood  examinations  and  the 
remedy  stopped  when  the  leucocyte  count  approaches 
the  limits  of  an  ordinary  leucocytosis. 

From  the  reports  at  hand  benzol  appears  to  be  more 
effective  in  myelogenous  than  in  lymphatic  leukemia. 
In  some  observations  it  has  failed  entirely  to  affect 
lymphatic  leukemia.  Klein,  however,  finds  it  equally 
effective  against  either  type  of  the  disease. 

The  dosage  of  benzol,  according  to  Koranyi,  should 
be  0.5  gram,  three  or  four  times  daily,  mixed  with  an 
equal  quantity  of  olive  oil,  and  dropped  into  capsules 
immediately  before  administration.  The  dose  may 
be  increased  gradually  up  to  the  amount  of  four  grains 
per  day.  As  already  noted,  frequent  blood  examina- 
tions are  necessary  during  its  administration  and  the 
remedy  must  be  lessened  or  stopped  upon  any  pro- 
nounced fall  of  the  leucocytes,  to  avoid  too  severe 
action  upon  the  blood-forming  tissues. 

The  Rontgen-ray  treatment  of  leukemia  was  intro- 
duced by  Senn  in  1902  and  has  since  won  general 
recognition  as  a  very  important  agency  in  the  control 
of  this  disease. 

The  action  of  the  rays  is  explained  as  an  elective 
destructive  action  upon  the  lymphatic  and  myelo- 
genous tissue  exposed  to  this  influence,  in  the  spleen 
for  example.  As  a  result  of  the  local  destruction  of 
many  cells  and  the  taking  up  of  their  products  sub- 
stances which  are  toxic  to  similar  cells  pass  into  the 
circulation  and  exert  an  inhibitive  action  upon  the 
leukemic  processes  throughout  the  body.  The  action 
of  the  rays  is,  therefore,  not  merely  a  local  destruction 
of  the  leukemic  cells  but  at  the  same  time  an  inhibition 
of  the  disease  process. 

The  technique  of  Rontgen-ray  therapy  varies 
greatly  in  different  hands.  Pancoast  of  Philadelphia 
exposes  in  series  the  different  parts  of  the  bony  skele- 
ton, excepting  the  head,  and  advises  that  symptoms 
of  intoxication  be  met  not  by  stopping  the  treatment 
but  by  lessening  the  dose.  Exposures  are  made  daily 
with  careful  regulation  of  the  dosage  to  secure  the 
desired  result  without  producing  increased  toxemia, 
and  are  continued  until  normal  conditions,  or  as  nearly 
normal  as  possible,  are  obtained.  The  total  leucocyte 
count  and  differential  are  held  to  be  the  best  guides 
as  to  the  effects  of  the  treatment.  The  use  of  arsenic, 
as  an  adjuvant,  is  advised  either  for  anemia  or  for  a 
stationary  high  leucocyte  count.  In  acute  leukemia 
the  use  of  the  rays  is  found  harmful. 

Suter  of  Zurich  on  the  other  hand  directs  the  treat- 
ment to  the  spleen,  exposing  it  on  the  first  day  from 
in  front,  the  next  from  the  left  side,  and  the  third  from 
behind.  A  dose  of  eight  to  ten  X  (Keinboeck  units)  is 
ordinarily  given,  a  less  quantity  to  weak  or  anemic  in- 
dividuals. After  two  or  three  weeks  a  new  series  of  treat- 
ments is  begun.  Suter  uses  a  medium,  soft  tube  at  a 
distance  of  about  twenty-five  centimeters.  He  claims 
the  best  and  most  lasting  results  from  the  treatment  of 
the  spleen.  Pancoast  and  Stengel,  after  trying  expos- 
ures of  the  spleen,  have  adopted  the  practice  of  treat- 
ing the  bones.  The  treatment  should  be  undertaken 
only  by  one  having  experience  in  the  effects  of  the 
rays  and  every  precaution  should  be  taken  to  prevent 
local  burning  or  the  production  of  ulcers.  The  effect 
of  treatment  must  be  judged  by  the  general  condition 
of  the  patient  and  frequent  blood  examinations.  In 
favorable  cases  the  enlarged  organs  are  reduced  in 
size  and  the  blood  count  approaches  normal.     Effects 


are  likeh  in  be  much  less  in  lymphatic  than  in  myelo- 
genous leukemia.     In  any  event   the  di  easi 
cured,  but  alter  a  period  of  quiescence  the  inevitable 
relapse  occurs  and  death  i  n  ue       Some  prolongation 
of  life  with  greater  comfort  and  well-being  is  'In 
that  can  be  promi  ed. 

Naegeli  gives  as  contraindications  to  the  continua- 
tion of  the  R.6ntgen-ray  treatment:  (1)  fall  in  the 
hemoglobin  and  number  of  erythrocyte  2  an;  Is  t- 
ing  aggravation  of  the  general  symptom  diar- 

rhea, sweating,  etc.;  (3;  rapid  drop  of  the  white  cellt 
from  a  high  total  to  normal  or  subnormal  figures;  (4) 
considerable  rise  in  the  numbi  i  ol  ,;>   i  lobla  I 

Thorium  X  and  direct  exposure  to  the  sun's  rays 
have  both  been  used  in  the  treatment  of  leukemia, 

but  little  is  known  as  to  results. 

Surgical  removal  of  the  spleen  or  other  leukemic 

tumors  has   been   attended    by   such    bad    result-  a-  In 

contraindicate  radical  procedure 

Acdte  Lkukkmia.  Tin  I  real  men  t  of  acute  leukemia 
of  either  type  must  be  wholly  symptomatic  and  con- 
servative.    Every  effort  at  active  treatment  of  these 

eases  lias  either  failed  of  definite  result  or  has  done 
harm.  Injections  of  salvarsan.  thex-rays,  transfusion 
of  blood,  etc.,  have  till  failed  ai  times,  and  in  some 
cases  have  aggravated  the  symptoms.  The  general 
management  of  the  patient  should  be  that  appropi 
in  an  acute  infectious  disease  (typhoid  fever).  Local 
measures  may  be  employed  to  check  hemorrhages  from 
mucous  membranes.  Anodynes  may  be  required  to 
relieve  distress.  David  Bovaird. 

Leukerbad. — See  Lokcht  -h  s-Bains. 

Levico. — A  village  in  the  Austrian  Tyrol,  near  the 
Italian  frontier,  1,640  feet  above  sea-level,  noted  for 
its  extraordinary  arsenic  waters.  It  is  twenty-four 
miles  by  rail  from  Trent,  which  is  on  t  he  main  Brenner 
Pass  line  running  from  Innsbruck  to  Verona 

Its  situation  is  very  picturesque,  tit  the  entrance  of 
the  Lugano  Valley,  surrounded  by  the  beautiful 
mountain  scenery  of  the  southern  Tyrolese  Alps.  A 
short  distance  up  the  valley  tire  two  attractive  hikes. 

The  mineral  springs  arise  from  two  unit  toes,  called 
the  Grottoes  of  Vetriola,  in  the  side  of  Monte  I  route, 
three  hours  distant,  at  an  elevation  of  3,000  feet  ab 
sea-level. 

These  springs  belong  to  the  class  of  arsenical  waters 
of  which  Roncegno,  five  miles  distant,  and  La  Bour- 
boule  in  France  are  other  examples.  Those  of  Levico, 
however,  are  some  of ,  if  not  the  strongest  of  all  natu- 
ral arsenical  waters  known,  containing  one-twelfth  of 
a  grain  per  pint,  and  are  administered  in  doses  of  one  or 
two  tablespoonfuls  or  less  daily,  diluted  in  milk  or  plain 
water.  Besides  the  arsenic  there  are  also  considerable 
quantities  of  iron  and  manganese  in  addition  to  many 
other  mineral  salts.  Of  the  two  springs,  one  is  railed 
the  weaker  and  the  other  the  stronger,  depending  upon 
the  amount  of  arsenic  contained;  of  the  weal  i  ihmi 
parts  have  been  found  to  contain  O.OOO'.t  parts  of  ar- 
senious  acid,  and  of  the  stronger  0.008  parts.  The 
strong  spring  also  contains  4.11  iron  sulphate  and  the 
weak  0.37. 

The  water  has  been  found  beneficial  in  those  condi- 
tions for  which  arsenic  and  iron  are  indicated,  such 
as  anemia,  chlorosis,  nervous  affections,  especially 
neurasthenia  and  chorea,  uterine  and  ovarian  affec- 
tions, skin  diseases,  such  as  eczema,  lichen,  pson. 
malaria,  and  gastrointestinal  disorders. 

At  the  springs  only  the  weaker  is  used  internally, 
and  the  stronger  for  bathing,  both  being  diluted  with 
pure  spring  water  as  prescribed  by  the  attending 
physician.  In  the  internal  use,  one  begins  with  a 
tablespoonful  of  the  weaker  water,  well  diluted  oi  a 
third  as  much  of  the  stronger,  morning  and  evening. 
The  dose  is  gradually  increased  until  three  tablespoon- 
fuls are  taken  after  each  meal. 
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re  is  a  k'urhaus  with  eighty  bath-rooms  and 
facilities  for  various  forms  of  hydrotherapy  and 
electrical  treatment.  After  the  baths  vaseline  is  used 
to  rub  on  the  skin,  on  account  of  the  irritant  effect  of 
t  tie  water. 

There  are  also  mud  and  grape  cures. 

The  season  extends  from  June  to  September. 

The  accommodations  are  good,  there  being  a 
number  of  comfortable  hotels.  There  is  a  well  laid- 
out  park  with  pavilions,  and  pleasant  excursions  in  the 
vicinity.     The  climate  is  mild,  but  hot  in  summer. 

Edward  O.  Otis. 


Levisticum. — Lovage  Root.  The  root  of  Levis- 
ticum  levisticum  (L.)  Lyons.  This  is  a  large,  aromatic, 
yellow-flowered  perennial  herb,  with  a  short,  thick, 
fleshy  rootstock,  from  wmich  several  large,  simple  roots 
are  given  off  below,  and  three  or  four  stout,  upright, 
slightly  branching  stems  above.  All  parts  of  the 
plant  have  a  strong  and  rather  agreeable  fragrance, 
due  to  its  peculiar  essential  oil,  and  the  root  contains 
also  considerable  resin.  When  fresh,  the  stem  and 
leaves  exude  a  yellowish  latex  upon  being  broken. 

Lovage  is  said  to  be  truly  wild  only  in  Southeastern 
Europe  (Bosnia  and  Servia,  Fliickiger),  but  it  has 
been  cultivated  for  centuries  in  other  parts  of  Europe, 
and  is  extensively  naturalized.  That  of  commerce 
comes  principally  from  Holland,  Germany,  and  France. 
It  is  at  present  cultivated  upon  a  small  scale  in  the 
United  States.  The  "root  is  most  in  demand,  al- 
though the  fruit  has  more  oil.  It  consists  of  the  rhi- 
zome split  or  quartered,  and,  more  abundantly,  of 
the  roots  themselves,  either  whole  or  split.  The 
pieces  are  of  a  brown,  gray-brown,  or  black  color 
externally,  transversely  marked  near  the  top,  else- 
where deeply  longitudinally  wrinkled  and  shrivelled; 
section  white,  yellow,  or  reddish;  resin  canals  visible; 
texture  spongy  and  flexible.  Odor  and  taste  peculiar, 
aromatic,  resinous,  bitterish-sweet,  angelica-like. 
It  is  very  prone  to  being  worm-eaten,  and  an  article 
entirely  free  from  this  defect  is  difficult  to  obtain. 
Essential  oil,  resin  (yielding  umbelliferon),  malic  and 
angelic  acids,  gum  and  sugar  are  among  its  constitu- 
ents ;  to  the  first  two  it  owes  its  medicinal  value,  what- 
ever that  may  be. 

It  is  a  rather  pleasant  stimulant,  aromatic,  and  diu- 
retic, of  the  angelica  and  musk-root  kind,  with  no 
active  properties.  It  is  sometimes  given  as  a  diuretic 
in  dropsies  from  heart  disease,  etc.,  also  for  catarrh 
of  the  bladder,  and  for  chronic  bronchitis.  It  is, 
however,  little  used  in  this  country,  and  even  abroad 
has  degenerated  mostly  to  the  level  of  a  condiment 
among  the  country  people. 

Oil  of  lovage  is  an  article  of  commerce,  existing  in 
three  forms — from  the  root,  from  the  fruit,  and  from 
the  fresh  herb.  Although  differing  in  specific  gravity 
and  slightly  in  flavor,  thev  are  verv  similar. 

"  W.    P.    BOLLES. 


Levret,  Andre\ — The  most  distinguished  ac- 
coucheur of  the  middle  portion  of  the  eighteenth 
century,  an  able  author,  and  a  general  surgeon  of 
marked  ability.  He  was  born  at  Paris  in  1703.  In 
1747,  when  he  published  his  first  treatise  on  this 
branch  of  surgery,  he  had  already  for  a  long  time  been 
giving  courses  of  instruction  in  midwifery  to  men  who, 
like  Roederer,  Grantz  and  Stein,  were  afterward 
to  attain  great  distinction  as  practitioners  and  teachers 
in  the  same  line  of  w-ork.  He  was  a  member  of  the 
Royal  Academy  of  Surgery,  and  the  accoucheur  of  the 
Dauphine  of  France.  He  died  at  Paris,  Januarv  22, 
1780. 

Since  the  time  of  Mauriceau  no  other  obstetrician 
had  gained  so  high  a  degree  of  distinction  as  had 
Levret;  and,  besides,  he  was  a  very  clever  general 
surgeon.     It  was  he,  for  example,  who  brought  about 
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I  In'  general  use  of  the  ligature  in  the  treatment  of 
uterine  polypi,  and,  in  order  to  facilitate  the  success- 
ful employment  of  this  procedure,  'w  invented  certain 
instruments  whicli  afterward  served  as  the  basis  for 
more  modern  patterns,  of  his  published  writing 
following  deserve  to  receive  special  mention:  "Ob- 
servations stir  les  causes  et  les  accidents  de  plusieurs 
accouchements  laborieux,  avec  des  remarqii's,  vtc." 
Paris,  1747;  "Observations  sur  la  cure  radicale  de 
plusieurs  polypes  de  la  matrice,  de  la  gorge  et  du  nez, 
op6r6e  par  de  nouveaux  rnoyens  inventes  par  M.  A. 
Levret,"  Paris,  1749;  and  "L'Art  des  accouchements, 
d6montr6  par  des  principes  de  physique  et  de  mican- 
ique;  pour  scrvir  d'introduction  et  de  base  a  des  lecons 
particulieres,"  Paris,  1753.  A.   H.   B. 

Levulose. — Fructose,  Fruit  Sugar.      See  Aliment. 

von  Leyden,  Ernst. — One  of  the  gTeat  clinical 
teachers  of  modern  times.  Born  at  Dantzig,  Ger- 
many, April  20,  1832.  He  studied  medicine  at  the 
University  of  Berlin,  chiefly  under  Schoenlein  and 
Traube,  and  received  his  doctor's  degree  in  1854. 
Then,  after  serving  for  eleven  years  as  a  military 
surgeon,  he  accepted  a  call  to  occupy  the  Chair  of 
Medicine  at  the  University  of  Koenigsberg,  in  eastern 
Prussia.  Here,  in  association  with  von  Reckling- 
hausen and  Spiegelberg,  he  inaugurated  a  new  era 
of  clinical  teaching.  Then,  in  1872,  he  was  trans- 
ferred to  the  newly  established  Kaiser-Wilhelms- 
University  in  Strassburg,  where  he  continued  to  carry 
on  his  very  successful  clinical  teaching.  In  1876  he 
was  appointed  Traube's  successor  in  the  Chair  of 
Medicine,  at  the  University  of  Berlin,  and  after  the 
death  of  von  Frerichs,  in  1885,  he  took  charge  of  the 
latter's  First  Clinic.  In  1894  he  made  a  long  stay  at 
the  Russian  Court,  to  which  he  had  been  summoned 
to  undertake  the  treatment  of  the  Emperor  Alexander, 
and  in  the  following  year  a  patent  of  mobility  was  con- 
ferred upon  him  in  recognition  of  his  valuable  services. 
He  died  in  1910. 

The  following  are  among  the  more  important  of  von 
Leyden's  published  writings:  "Die  graue  Degenera- 
tion der  hinteren  Riickenmarksstrange,"  Berlin, 
1864;  "Die  Klinik  der  Riickenmarkskrankheiten," 
Berlin,  1S74-1875;  and  "Handbuch  der  Ernahrungs- 
therapie,"  two  volumes,  Leipzig,  1898.  von  Leyden's 
latest  writings  will  be  found  in  the  Zeitschrift  fur  klin- 
ische  Medizin,  the  Zeitschrift  f.  physikal.-diatet.  Thera- 
pie,  the  Deutsche  Klinik,  etc.  A.  H.  B. 


Leydenia. — A  generic  name  given  to  a  certain 
ameboid  stage  in  the  life  cycle  of  the  Chlamydophrys 
stercorea,  the  only  entozoic  member  of  the  protozoan 
order  Foraminifera.  This  parasite  has  been  found  in 
the  feces  of  various  vertebrates.  It  is  usually  a 
harmless  inhabitant  of  the  hind-gut,  but  sometimes 
passes  into  the  peritoneal  cavity  and  multiplies  as  an 
ameboid  form,  L.  gemmipara.     See  Protozoa. 

A.  S.  P. 


Leysin. — This  mountain  village  is  a  high-altitude 
resort,  4,757  feet  above  the  sea-level,  situated  in 
western  Switzerland  at  the  junction  of  the  Ormont 
and  Rhone  valleys,  a  few  miles  from  the  eastern 
end  of  Lake  Geneva.  It  is  easily  reached  from  Paris 
by  rail  to  Lausanne  and  Aigle,  and  thence  by  an 
electric  road. 

Tuberculosis  is  the  principal  disease  treated  at  this 
resort  for  which  there  are  several  large  sanatoria, 
although  the  climate  is  recommended  for  bronchial 
asthma,  chronic  bronchitis,  anemia,  convalescence 
from  pneumonia  and  pleurisy,  neurasthenia,  and 
obstinate  dyspepsia.  The  climate  is  favorable  for  a 
continuous  residence  the  year  through.  The  pecu- 
liarities of  a  high-altitude  climate,  such  as  have  been 
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described  under  Davos  and  elsewhere  in  the  Hand- 
book, are  exhibited  at  Leysin:  a  comparatively  dry, 
pure  atmosphere,  a  large  amount  of  winter  sunshine, 
freedom  from  mists  and  high  winds,  and  inten  e 
solar  radiation,  characteristic  of  the  attenuated  air 
of  altitudes.  The  meteorological  data  are  similar 
to  those  given  under  Davos.  The  average  winter 
temperature,  however,  is  somewhat  higher  than  that 
at  Davos,  ranging  from  a  minimum  of  21.7°  F.  to  a 
maximum  of  35.(1°  F.  at  7  a.m.,  and  from  a  minimum 
of  25.8°  F.  to  a  maximum  of  39.1°  F.  at  10  a.m.  The 
lowest  temperature  observed  was  —2°  F.  The  sun 
temperature  in  win! it  is  between  86°  F.  and  122°  F., 
while  the  ordinary  temperature  is  between  32°  and 
50°  F.  The  mean  relative  humidity  for  the  five 
winter  months,  November  to  March  inclusive,  for 
the  three  winters  1887-90,  was  01. 9  per  cent.  There 
are  on  an  average  from  five  to  five  and  a  quartet 
hours  of  sunshine  a  day,  though  the  possible  daily 
insolation  is,  of  course,  greater.  The  total  number 
of  hours  of  sunshine  for  the  five  winter  months  from 
1887-90,  was  as  follows:  1887-88,  482.70  hours: 
1888-89,  601.05  hours;  1889-90,  737.6  hours,  or  a 
little  over  four  hours  a  day. 

In  the  four  years  1887-90  the  percentage  of  calm 
days  (absence  of  wind)  was  81.  Wind,  therefore,  is 
the  exception.  The  prevailing  direction  of  the  wind 
is  from  the  southwest  and  southeast.  Fog  or  mist  is 
rare. 

Leysin,  then,  well  fulfils  the  conditions  of  a  high- 
altitude  health  resort,  which  are:  (a)  purity  of  the 
atmosphere;  (6)  dryness;  (c)  absence  of  wind;  (d) 
intense  insolation;  (e)  low  temperature;  (/)  diminished 
barometric  pressure. 

Above  the  village  of  Leysin,  which  is  itself  situated 
on  a  plateau,  is  the  plateau  of  Feydey,  610  feet  higher, 
and  here  is  situated  a  sanatorium  with  a  large  annex. 
To  the  north,  northeast,  and  northwest  rise  chains  of 
mountains  which  afford  protection  from  the  winds 
blowing  from  these  directions.  The  sanatorium  is 
situated  on  the  border  of  great  forests  of  fir  trees 
which  clothe  the  mountain  sides.  In  front  of  the 
sanatorium  is  a  great  terrace  looking  toward  the 
south,  and  affording  a  wide  and  extended  view.  This 
sanatorium,  which  with  its  annex,  has  one  hundred 
and  forty  chambers,  is  equipped  with  all  the  ap- 
pliances for  modern  sanatorium  treatment,  and 
is  under  skilful  medical  direction.  Those  suffering 
from  pulmonary  tuberculosis  who  are  most  likely 
to  improve  in  this,  as  in  all  high-altitude  health 
resorts,  are  those  whose  general  condition  is  good, 
and  in  whom  the  involvement  of  the  lungs  is  not  too 
extended  or  active,  as  indicated  by  continuous  pyrexia. 
At  Leysin  is  also  situated  Rollier's  celebrated  sana- 
torium for  children  suffering  from  surgical  tubercu- 
losis, an  important  feature  of  the  treatment  of  which 
is  heliotherapy  (see  the  article  with  this  title  on  page 
138).  The  best  time  of  the  year  in  which  to  begin  a 
residence  in  Leysin  is  in  August  or  September. 

As  has  been  mentioned  above,  the  "cure"  can  be 
continued  the  year  through,  though  for  those  who 
spend  the  winter  in  the  south  Leysin  affords  a  favor- 
able summer  climate.  There  are  many  attractive 
mountain  excursions  about  Leysin,  and  in  the  winter 
there  are  skating  and  tobogganing.  There  are 
Catholic  and  Protestant  churches,  shops,  and  attract- 
ive chalets  which  can  be  hired  for  the  season.  The 
postal  and  telegraphic  facilities  are  good. 

To  one  desiring  to  take  the  high-altitude  cure  in  a 
well-conducted  sanatorium  and  at  the  same  time  gain 
a  knowledge  of  French  and  French  people,  Leysin 
can  be  recommended.  Edward  O.  Otis. 


Liberty,  Sullivan  County,  New  York. — Sullivan 
County  occupies  a  position  near  the  summit  of  the 
eastern  water-shed  of  the  Delaware  River,  south  of 
the  Catskill  Mountains  at  a  point  where  the  bounda- 
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meet.  The  country  is  beautiful,  hilly,  but  not  wild; 
ii  is  devoted  to  dairy  farms  and  su]  p  roua 

community.     Then    in  of  water  near, 

no  swamp     oi      fcagnanl    watet  com  es,   and    i 

drainage  gives  to  the  air  a  drym      nol  ad 

lake  r □  or  at  thi    eaboari  I       the   oil  in  the  lower 

levels  is  a  loam  with  a  mi    i  mt  of  clay,  but 

on  the  hillsides  it  is  mon  porous.     The  range  of  I 
perature  is  great;  Mere  are  usually  four  months  of 
sleighing,  the  -now  which  falls  in  nam- 

ing dry  and  hard  through  March.  The  mean  annual 
temperature  is  44°  1'.,  and  the  mean  annual  rainfall 
about  fifty  inches. 

The  death  rate  for  Sullivan  County  and  for  Dela- 
ware County  adjoining  is  the  lowesl    in   the  SI 
being  about  one-third  that  of  New  York  City.     The 
native  population  is  of  hardy  Dutch  stock  with  very 
little  foreign  blood. 

The  neighboring  towns  of  Liberl  i  alls,  Fallsburg, 
Woodburne,  Youngsville,  Parksville,  Neversink,  Mon- 
ticello,  and  Hurleyville,  although  not  quite  80  bigl 
Liberty  ("elevation  1,600-2,200  feet),  share  in  great 
measure  its  natural  advantages  and  are  attractive  for 
summer  residence. 

As  a  winter  resort  Liberty  is  attractive.     There  are 
about  one  hundred  hotels  and  private  houses  that 
atfonl  accommodations  during  the  summer.     Access 
is  by  the  New  York,  Ontario,  and  Western  Rail 
in  about  four  hours  from  Xew  York. 

Liberty  was  selected  by  the  late  Dr.  Alfred  L. 
Loomis  as  the  site  of  the  sanatorium  which  now  bi 
his  name.  This  institution  was  opened  in  lX'.it,  and 
has  been  liberally  equipped  for  the  treatment  of 
tuberculous  patients.  There  are  three  divisions,  one 
for  patients  paying  from  fifteen  to  forty  dollars 
weekly,  the  annex  for  patients  paying  seven  dollars 
weekly,  and  an  intermediate  division  with  a  rate  of  ten 
dollars  per  week.  Special  arrangements  can  be  made 
for  private  cottages  and  suites.  There  arc  at  present 
twenty-seven  buildings  with  a  total  capacity  of  190. 
Only  those  patients  are  desired  who  are  in  the  early 
satges  of  consumption,  and  to  whom  a  residence  of  a 
number  of  months  in  the  sanatorium  promisi 
complete  cure  or  such  an  improved  condition  that  they 
can  return  to  their  homes  and  be  able  to  carry  on  their 
work.  Both  men  and  women  are  admitted.  Patients 
are  required  to  live  a  continuous  out-of-door  life  both 
summer  and  winter.  Climate  is  not  wholly  r< 
upon  in  the  treatment  of  patients,  for  use  is  mail 
appropriate  medical  treatment  as  well.  Among  the 
special  measures  used  are  a  system  of  graduated  labor, 
the  induction  of  artificial  pneumothorax  and  the 
systematic  use  of  tuberculin  in  selected  cases.  About 
4,000  patients  have  been  treated,  data  regarding 
whom  may  be  found  in  the  annual  reports.  The  post- 
office  address  of  the  sanatorium  is  Loomis,  Sullivan 
Co.,  New  York.  Guy  Hinsdale. 


Libraries,  Medical. — The  best  definition  of  a 
library  (from  Latin  liber,  a  book)  coincides  _  with 
<  larlyle's  definition  of  a  university  as  "a  collection  of 
books."  The  making  of  such  a  collection  implies  a 
civilization  already  specialized  to  the  extent  of  trans- 
ferring thought  or  tradition  to  some  form  of  inscriptions 
or  script.  In  this  connection,  it  is  customary  to 
differentiate  from  libraries  proper  such  archival 
collections  as  the  picture  writings  made  on  the  sides 
of  cliffs  by  Australian  savages,  Aztecs,  and  North 
American  Indians,  all  hieroglyphic,  cuneiform  and 
runic  records,  the  leaden  KardSarim  ("imprecationary 
tablets")  found  in  the  temple  of  Demeter  at  Cnidus, 
or  the  votive  tablets  (iuaOv^ara)  suspended  in  the 
tables  of  jEsculapius,  limiting  the  contents  of  a  library, 
in  the  strict  sense,  to  miscellaneous  collections  of 
written  or  printed  literature  in  portable  form.  For 
example,  a  general  collection,  not  purely  archivistic, 
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of  papyri,  of  inscribed  day  bricks  such  as  Layard 
found  at  Nineveh,  of  Chinese  writings  on  slips  of  silk 
or  bamboo,  of  Burmese  palm-leaf  inscriptions,  or  of 
Greek  or  Roman  parchment  rolls,  would  already  be  a 
"library";  and  from  the  evidence  of  the  Ebers,  Brugsch, 
and  Hearst  papyri  it  is  fair  to  assume  that  even  the 
Egyptians  and  Babylonians  had  made  such  collections 
of  medical  works.  It  is  said  that  there  was  a  special 
collection  of  medical  books  at  Cnidus.  Aristotle,  who 
was  an  Asclepiad,  had,  according  to  Athenaeus,  a 
private  library  which  he  bequeathed  to  his  pupil,  the 
botanist-physician  Theophrastus,  after  whose  death 
it  eventually  fell  into  the  hands  of  Ptolemy  Phila- 
delphus.  According  to  Strabo,  Aristotle  was  the  first 
person  to  collect  a  library  and  the  great  Alexandrian 
collections  perhaps  originated  through  the  fact  that  he 
communicated  his  taste  to  the  Egyptian  monarchs. 

Under  the  Ptolemies,  two  great  libraries  were  built 
up  at  Alexandria,  the  Serapeum,  containing  42,800 
rolls,  and  the  Brucheum,  containing  400,000  rolls.  In 
these  libraries  the  first  experiments  in  bibliography 
were  made.  The  tragedies  and  comedies  were  cata- 
logued by  order  of  Ptolemy  Philadelphus,  and  Calli- 
maehus  made  a  list  of  all  the  principal  books,  arranged 
in  120  classes.  The  Brucheum  was  destroyed  when 
Caesar  set  fire  to  the  fleet  in  the  harbor  of  Alexandria. 
To  make  good  the  loss,  Antony  presented  to  ( 'leopatra 
the  library  from  Pergamum,  after  which  the  Serapeum 
became  the  principal  library.  The  Brucheum  was 
again  destroyed  under  Aurelian  (a.d.  273)  and  the 
Serapeum  under  Theodosius  (circa  389-391).  After 
the  conquest  of  Alexandria  in  640,  according  to  the 
chronicler  Abulfaraj,  the  Saracens  again  destroyed  the 
great  Alexandrian  libraries  by  order  of  the  caliph 
Omar.  This  has  been  doubted  by  Gibbon  and  the 
later  historians,  because  there  is  complete  silence  about 
it  in  all  other  contemporary  records. 

The  Romans  did  not  begin  to  have  libraries  until  the 
second  century  b.c.  The  first  they  acquired  were 
spoils  of  war,  those  brought  from  Macedonia  by 
vEmilius  Paulus  in  167  b.c.  Later,  Lucullus,  Cicero, 
Terence,  and  Atticus  had  fine  collections,  which  became 
a  fashionable  folly  of  the  rich  and  were  ridiculed  as 
such  by  Seneca  and  Lucian.  According  to  Pliny  and 
Ovid,  the  first  to  erect  a  public  library  was  Asinius 
Pollio.  Sometime  later,  Augustus  Caesar  established 
the  Octavian  (33  b.c.)  and  the  Palatine  libraries. 
Tiberius,  Vespasian,  Domitian,  and  Hadrian  followed 
suit,  and  by  the  fourth  century,  it  is  said  that  Rome  had 
28  public  libraries,  and  about  the  same  number  in  the 
provinces.  Many  of  these  libraries  were  destroyed  by 
fire.  Great  collections  were  also  built  up  under  the 
Eastern  Empire  at  Constantinople,  and,  as  Chris- 
tianity spread,  these  became  more  and  more  ec- 
clesiastical in  character.  One  good  thing  Byzantium 
did  for  medicine.  It  was  a  sort  of  cold  storage  plant 
for  Greek  literature,  and  after  the  fall  of  the  Eastern 
Empire,  its  wandering  scholars  became  disseminators 
of  new  learning  and  forerunners  of  the  Renaissance. 
In  the  Western  Empire,  the  invading  barbarians 
destroyed  everything  and  the  Church  was  for  a  long 
time  hostile  to  profane  letters  and  science. 

There  were  libraries  in  the  Middle  Ages  but  they 
were  nearly  all  monastic  in  character.  The  most 
famous  were  those  founded  at  Monte  Cassino,  Tours, 
by  Alcuin,  at  Fulda  (774),  at  Fleury,  at  Cluny,  the 
Benedictine  libraries,  and  those  of  the  English 
cathedral  towns,  Canterbury,  York,  Wearmouth, 
Whitby,  Glastonbury,  Peterborough,  and  Durham. 
In  these  priories  and  cloisters,  the  books  were  either 
kept  in  chests  (armaria)  or  chained  to  shelves  in  the 
walls.  With  the  rise  of  the  great  medieval  universities, 
medical  teaching  began  to  be  specialized  and  small 
collections  of  medical  books  formed  the  nucleus  of 
libraries,  being  usually  the  Greek  and  Arabian  writers 
specified  by  Haeser  as  the  text-books  in  the  curriculum. 
The  Arabians,  at  first  hostile  to  alien  literature,  became 
patrons  of  learning  and  science  and  built  up  great 
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libraries  at  Bagdad  and  Cordova,  Cairo  and  Tripoli. 
Under  the  Ommiades  (Western  Caliphate)  there  were 
some  seventy  libraries  in  the  cities  of  Andalusia.  In 
Italy,  the  greatest  of  the  medieval  libraries  was  the 
splendid  Biblioteca  Vaticana  at  Rome.  Cosimo 
de'  Medici  founded  a  library  at  Venice  in  1433.  The 
Biblioteca  Ivstense  at  Modena  was  founded  in  1393. 
The  first  modern  public  library  was  founded  by  the 
Italian  humanist  Xiccolo  de'  Niccoli  (1363-1437)  who 
left  800  volumes  to  the  city  of  Florence  in  1436.  The 
Bibliotheque  nationale  at  Paris  was  founded  about 
1367.  Among  the  famous  English  libraries  of  the 
pre-Renaissance  period  were  those  founded  at  Balliol 
(1268),  Oriel  (1330),  Merton  (1370;,  Queen's  (1400) 
and  Lincoln  (1427)  Colleges,  Oxford;  and  at  Peter- 
house  (1284-5),  Clare  (1346),  and  Gonville  and  Caius 
(1348)  Colleges,  Cambridge.  The  Library  of  Trinity 
Hall,  Cambridge  (1350)  still  has  some  of  its  books  in 
chains.  The  Cambridge  University  Library  proper 
was  founded  prior  to  1444,  the  Imperial  Public- 
Library  of  Vienna  in  1440  and  the  Library  of  St. 
Mark  at  Venice  in  1468. 

With  the  invention  of  printing  (circa  1448),  the 
modern  period  of  libraries  begins,  and  the  printing  of 
medical  literature  soon  became  a  specialty  in  itself. 
The  first  medical  publication  to  be  set  in  type  was. 
in  fact,  the  Purgation-Calendar  in  the  Bibliotheque 
nationale  at  Paris,  which  was  printed  with  the  types  of 
Gutenberg's  36-line  Bible,  and  is  only  a  sheet  of 
paper.  Other  medical  incunabula  were  soon  printed 
in  quantity,  the  earliest  known  being  the  Blood- 
Letting  Calendar  of  Mainz  (1462),  Roland  of  Parma's 
pest-tract  of  1468,  Giammatteo  P^errari's  Practica 
(1469),  and  the  pest-tract  of  Valescus  de  Taranta, 
the  Pandects  of  Matthaeus  Sylvaticus,  and  the  Aggre- 
gator of  Giacomo  de  Dondis,  for  each  of  which  the 
date  1470  has  been  assigned  by  some  scholars.  Collec- 
tions of  medical  manuscripts  and  of  printed  medical 
texts  now  began  to  be  a  definite  part  of  the  university 
libraries  of  the  Renaissance  period  and,  given  the 
interest  which  was  excited  by  the  beautiful  imprints 
of  the  Aldi  and  Giunti,  of  Oporinus  and  Frobenius,  of 
Elzevir  and  Plantin,  it  is  reasonable  to  suppose  that 
many  fine  private  collections  were  made,  especially 
by  the  great  Renaissance  editors  and  commentators, 
Leonicenus,  Linacre,  Rabelais,  Anutius  Foesiusand  the 
rest.  Small  collections  of  books  no  doubt  existed  at 
some  of  the  mediaeval  hospitals,  such  as  St.  Bartholo- 
mew's and  St.  Thomas's  or  in  the  libraries  of  the 
different  university  foundations,  e.g.  Queen's  (1448), 
St.  Catherine's  (1475),  Jesus  (1496),  St.  John's  (1511), 
Trinity  (1546),  and  Emmanuel  (1584)  Colleges, 
Cambridge,  Magdalen  College,  Oxford  (circa  1456-8) 
or  the  University  Library  at  Aberdeen  (1494).  Of 
libraries  of  special  interest  to  medicine,  we  may  in- 
stance those  of  St.  Bartholomew's  Hospital  (1422), 
the  Royal  College  of  Physicians  of  London  (1525)  the 
Imperial  Public  Library  at  Vienna  (1440),  the  Uni- 
versity Library  at  Edinburgh  (1583),  the  great 
Medicean  or  Laurentian  library  at  Florence  (1571), 
and  the  Royal  Library  at  Munich,  founded  by  Duke 
Albrecht  V  of  Bavaria  (1550-79)  and  for  a  long  time 
the  largest  collection  of  books  in  Germany. 

In  the  seventeenth  century,  an  age  of  individualism, 
remarkable  advances  in  science  were  made  through 
the  intellectual  valor  of  isolated  workers,  and  the 
collectivist  spirit  went  into  a  period  of  decline.  For 
such  men  as  Harvey,  Malpighi,  Stensen,  Kircher,  and 
Sanctorius,  private  collections  of  books  were  no  doubt 
a  necessity,  although  Sydenham,  Redi,  Leeuwenhoek, 
Swammerdam,  Mayow,  and  Wiseman  probably  cared 
more  for  the  direct  investigation  of  natural  phenom- 
ena. A  good  index  of  the  Zeitgeist  is  to  be  found  in 
the  fact  that  William  Gilbert  (1540-1603),  physician 
to  Queen  Elizabeth  and  James  I,  left  a  valuable  col- 
lection of  books  to  the  Royal  College  of  Physicians, 
which  were  destroyed  by  the  Great  Fire  of  London  in 
1666.     Of  public  "collections  of  interest  to  medicine, 
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probably  the  most  important  were  the  libraries  of  the 
University  of  Bologna,  founded  by  the  naturalists 
Ulisse  Aldrovandi  in  1605,  the  Arcispedale  de  Santa 
Maria  Nova,  Florence  (1679),  the  Royal  College  of 
Physicians  of  Edinburgh  (1681),  the  Faculty  of 
Physicians  and  Surgeons  of  Glasgow  (1698),  and  such 
fine  collections  as  the  Bodleian  at  Oxford  (1602), 
the  Stadtbibliothek  of  Hamburg  (1648),  the  Royal 
Library  of  Berlin  (1661),  the  Library  of  the  Royal 
Society  (1662),  the  Advocates  Library  of  Edinburgh 
(1682),  and  the  Biblioteca  Casanatense  at  Rome 
(1698).  Harvard  College  (1638)  was  originally  a 
collection  of  books  and  a  New  York  City  Library 
was  founded  in  1692. 

In  the  eighteenth  century,  many  practitioners  of 
internal  medicine  acquired  large  fortunes  and  enjoyed 
a  certain  leisure  which  eminently  fitted  them  to  be  vir- 
tuosi in  the  collection  of  books  and  curios.  Before  t  he 
year  1733,  the  Faculty  of  Medicine  of  Paris  possessed 
only  thirty-two  books,  but,  in  that  year,  largely  through 
the  good  offices  of  its  Dean,  the  elder  Baron,  it  ac- 
quired from  Francois  Picote  de  Bedestre  (1661-1733), 
one  of  its  graduates,  a  bequest  of  2,273  volumes,  since 
which  it  has  grown  to  be  the  largest  medical  library 
of  modern  times.  The  Library  of  the  British  Museum, 
now  the  largest  and  most  important  collection  in  the 
world,  owed  its  inception  largely  to  the  purchase  of  a 
collection  of  books  and  MSS.  from  the  estate  of  a 
physician,  Sir  Hans  Sloane  (1753).  Another  physi- 
cian, John  Radeliffe,  founded  the  Radcliffe  Library 
at  Oxford  by  a  bequest  of  £350  per  annum  and 
£40,000  for  a  building.  In  1711,  the  Italian  clinician 
Lancisi  founded  the  Biblioteca  Lancisiana  at  Rome, 
a  famous  collection  of  valuable  medical  books. 
Thomas  Cadwalader,  M.  D.,  was  one  of  the  founders 
of  the  Philadelphia  Library  (1731),  and  its  director 
(1731-9).  Benjamin  Franklin,  who  had  much  to  do 
with  medicine,  was  the  originator  of  subscription  li- 
braries (1731),  and,  as  founder,  first  president,  and 
historian  of  the  Pennsylvania  Hospital  (17.51),  he 
may  be  regarded  as  a  founder  of  its  medical  library 
(1760),  the  first  of  its  kind  in  America.  Haller, 
Scarpa,  Heberden,  Hufeland,  Van  Swieten,  Werlhof, 
and  other  medical  scholars  had,  no  doubt,  valuable 
collections,  and  even  the  elegant  laity  sometimes  col- 
lected rare  medical  books.  An  English  black  letter 
of  Guy  de  Chauliac  in  the  Surgeon  General's  Library 
contains  the  book  plate  of  David  Garrick.  The  finest 
private  medical  libraries  of  the  period  in  England  were 
those  of  Richard  Mead,  which  was  auctioned  in  1754 
for  £5,496,  Anthony  Askew,  which  brought  £4,021 
in  1775,  and  William  Hunter's  splendid  collection  of 
7,000  volumes,  which  passed  through  Matthew 
Baillie's  hands  to  the  University  of  Glasgow.  The 
Imperial  Public  Library  of  St.  Petersburg,  now  con- 
taining about  2,000,000  volumes,  was  based  upon 
a  collection  of  books  seized  by  Czar  Peter  during  his 
invasion  of  Courland  in  1714;  it  was  thrown  open  to 
the  public  in  1747,  and  subsequently  enriched  by  the 
great  Zaluski  collection  in  1795.  In  this  period,  too, 
were  founded  many  other  well-known  secular  or  munici- 
pal libraries.  Among  the  larger  collections  of  this  kind 
were  those  of  the  Admiralty,  London  (1700),  Dijon 
(1701),  Aix  en  Provence  (1705),  All  Souls,  Oxford 
(1710),  Turin  (1720),  Isle  of  Jersey  (1736),  Bordeaux 
(1733),  Nantes  (1750),  the  British  Museum,  London 
(1753),  the  Sorbonne  at  Paris  (1762),  the  Roval  Irish 
Academv,  Dublin  (1765),  Stuttgart  (1765),  Leeds 
(1768),  the  Royal  Academv,  London  (1769),  Milan 
(1770),  Grenoble  (1772),  Parma  (1779),  the  Society  of 
Antiquaries  of  Scotland  (1780),  the  Literary  and  Philo- 
sophical Society  of  Manchester  (1781),  Toulouse 
(1782),  the  Roval  Society  of  Edinburgh  (1783), 
Nice  (1786),  the  Roval  Physical  Society  of  Edin- 
burgh (1790),  Leicester  (1790),  Cork  (1790),  Lisbon 
(1796),  the  Athenaeum,  Liverpool  (1798),  The  Hague 
(1798),  Marseilles  (1799),  and  the  India  Office, 
London    (1800).     The    best  administered    library  of 


the  eighteenth  century   is  said   to  have   been   that   of 

the  University  of  Gottingen  (1736-7).  Besides  those 
already  mentioned,  the  important  medical  libraries 
of  the  period  were  those  of  the  Royal  College  of 
Physicians  of  Ireland  (Dublin,  1713),  the  Royal 
Medical  Society  of  Edinburgh  (1737/,  the  London 
Hospital  Medical  College  (1740),  the  Manchester 
Royal  infirmary  (1752),  Heriot's  Hospital,  Edinburgh 
(1762),  the  Senckenberg  Foundation,  Frankfori  on 
the  Main  (1763),  the  Medical  Society  of  London 
(1773),  the  Wills  Library  of  Guy's  Hospital  (1777), 
the  Liverpool  Medical  Institute  (1779),  the  Royal 
College  of  Surgeons  of  Ireland  (Dublin,  I7M),  the 
Aberdeen  MedicO-Chirurgical  Society  (1789),  Hie 
Societc  de  medecine  of  Lyons  (1789i,  the  Medical 
Society    of    Plymouth    (1791),    the     Kaiser- Wilhelms 

Akademie,   Berlin   (1795),   the  Societc'  de  mgde 

of  Paris  (1796),  the  Societc  de  medecine  et  de 
chirurgie  of  Bordeaux  (1798),  and  the  Royal  College 
of  Surgeons,  London  (  1S00). 

In  the  year  1 800  there  were  some  102  public  libraries 
in  the  United  States,  including  those  of  Harvard  Uni- 
versity (16.38),  New  York  City  (1692),  Vale  College 
(1700),  the  College  of  William  and  Mary  at  Williams- 
burg, Virginia  (1700),  the  Library  Company  of  Phila- 
delphia (  1731 ),  the  Charleston  (S.  C  Libran  Societj 
(1748),  Princeton  (1755),  Columbia  (1757),  Brown 
(1769),  Dartmouth  (1770),  Georgetown  (1791), 
Colleges  and  the  Massachusetts  Historical  Society 
(1791).  Of  these  102  libraries,  eight  wen-  medical, 
viz.,  those  of  Pennsylvania  Hospital  (1763),  the 
Medical  Department  of  the  University  of  Pennsyl- 
vania (1765),  Harvard  Medical  School  (1782),  the 
College  of  Physicians  of  Philadelphia  (1789),  the 
Medical  Society  of  South  Carolina  (Charleston, 
1789),  the  New"  York  Hospital  (1796),  the  Medical 
Department  of  Dartmouth  College  (Hanover,  N.  H., 
1796),  and  the  Worcester  District  Medical  Society 
(Worcester,  Mass.,  1798). 

In  1800,  the  Royal  College  of  Surgeons  of  England 
was  chartered  and  this  date  marks  also  the  founda- 
tion of  its  fine  library,  now  numbering  60,000  volumes. 
On  September  16,  1800,  the  Medico-Chirurgieal 
Academy  of  St.  Petersburg,  originally  two  hospital 
medical  schools  of  1733,  was  housed  in  appropriate 
buildings,  becoming  the  Imperial  Military  Medical 
Academy  in  1808.  Its  magnificnet  library  was,  for 
more  than  a  century,  to  maintain  its  position,  after 
that  of  the  Paris  Medical  Faculty,  as  the  second  largest 
medical  library  in  the  world.  The  first  Russian 
medical  society  to  be  founded,  the  Imperial  Medical 
Society  of  Wilna  (1805),  has  now  a  library  of  19,087 
volumes.  At  present  (1914),  the  largest  medical 
libraries  of  Europe  are  those  of  the  Paris  Medical 
Faculty  (210,000  volumes),  the  St.  Petersburg 
Military  Medical  Academv  (179,572),  the  Roval 
Academy  of  Medicine  of  Belgium  (100.000),  the  Royal 
Society  of  Medicine,  London  (80.000),  the  Kaiser 
Wilhelms  Akademie  at  Berlin  (69,000),  the  Munich 
Medical  Society  (66,075),  the  Royal  College  of  Sur- 
geons, London  (60,000),  the  Royal  Academy  of 
Medicine  of  Turin  (60,000),  and  the  Academy  of 
Medicine  of  Paris  (60,000).  To  the  nineteenth 
century  belong,  too,  such  great  secular  collections 
as  the  Library  of  Congress,  at  Washington  (1802), 
the  Szechenyi  National  Library  at  Budapest  (1802), 
the  Imperial  Public  Library  at  St.  Petersburg  (1814), 
the  University  Library  of  Berlin  (1831),  and  the  public 
libraries  of  Boston  (1S54),  Chicago  (1S72L  and  New 
York  (1895). 

By  the  centennial  year  (1876),  there  were  3.650 
public  libraries  in  the  United  States,  of  which  sixty 
were  medical.  The  earliest  of  the  latter  in  the  first  half 
of  the  nineteenth  century  were  those  of  the  Essex 
South  District  Medical  Society,  Salem.  Mass.  (1805), 
the  Medical  College  of  Ohio,' Cincinnati  (1819),  the 
Medical  School  of  Maine,  Brunswick  (1820),  the 
Medical  and  Chirurgical  Faculty  of  Maryland,  Balti- 
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more  (IS.30),  the  Medical  College  of  Georgia,  Augusta 
(1831),  the  Medical  Department  of  Louisiana  State 
University,  New  Orleans  (1834),  the  Erie  County 
Medical  Socii-ty,  Buffalo,  N.  Y.  (1835),  ami  i  h<- 
Albany  Medical  College  (1839).  The  most  importanl 
of  these  was  the  Library  of  the  Medical  and  Chirur- 
gieal  Faculty  of  Mary  laud,  which  first  got  an  appro- 
priation for  medical  books  ($500;  on  June  7,  1830, 
published  a  catalogue  in  1835,  and  acquired  a  hand- 
some new  building  in  1908. 

The  enormous  increase  in  the  number  of  medical 
periodicals  has  made  the  nineteenth  century  the  age 
par  excellence  of  specialized  collections  of  medical 
books,  having  a  local  habitation  and  a  name.  I  Ine 
reason  for  this  is  to  be  found  in  the  increase  of  sociel  ies 
devoted  to  medicine  and  its  branches,  the  tendency 
being  most  prominent  in  countries  having  great  extent 
of  territory,  like  the  United  States  or  Russia.  The 
United  States  has,  in  fact,  not  only  the  greatest  medical 
library  in  the  world  but  also  the  largest  number  of 
separate  medical  libraries  of  any  country  in  the  world. 
This  was  mainly  due  to  the  energy,  perseverance  and 
ability  of  a  medical  officer  in  the  United  States  Army, 
Dr.  John  Shaw  Billings  (1838-1913),  of  Indiana,  who, 
even  as  a  medical  student,  had  dreamed  of  establishing 
such  a  collection  and  at  the  same  time  of  preparing 
"a  comprehensive  catalogue  and  index  which  would 
spare  medical  teachers  and  writers  the  drudgery  of 
consulting  ten  thousand  or  more  different  indexes  or 
of  turning  over  the  leaves  of  as  many  volumes  to 
find  the  dozen  or  so  references  of  which  they  might  be 
in  search."  After  a  remarkable  career  as  army  sur- 
geon during  the  Civil  War,  Billings  was  assigned  to  the 
Surgeon  General's  Office  at  Washington  in  1865,  and 
here  he  found  his  opportunity.  Prior  to  Surgeon 
General  Lovell's  time  (1836),  there  had  been  a  small 
office  collection  of  books  in  his  administrative  bureau 
which  had  been  increased  by  Surgeon  General  Ham- 
mond to  the  extent  of  about  1,000  volumes.  There 
w-as  also  a  slush  fund  of  about  $S0,000  turned  in  from 
the  military  hospitals  at  the  conclusion  of  the  war  and, 
at  Billings's  instance,  the  Surgeon  General  was  per- 
mitted to  use  this  to  increase  his  collection  of  books. 
Upon  this  basis,  Billings  began  to  buy  medical  peri- 
odicals and  books  of  value  in  large  numbers  and.  in 
due  course,  succeeded  in  obtaining  liberal  appropria- 
tions from  Congress  in  aid  of  what  was  even  then  re- 
garded as  the  national  collection.  About  1872,  he 
began  the  work  of  indexing  the  periodicals,  and  in  1876, 
published  a  "Specimen  Fasciculus  of  a  Catalogue 
of  the  National  Medical  Library,"  consisting  of  a  com- 
bined index  of  authors  and  subjects  arranged  in 
dictionary  order  in  a  single  alphabet,  which  was  sub- 
mitted to  the  medical  profession  for  criticism  and 
suggestions.  In  1SS0  appeared  the  first  volume  of 
the  analytical  Index  Catalogue,  which  has  been  con- 
tinued, one  volume  annually,  to  date  and  now  (1914) 
numbers  thirty-five  volumes.  In  this  work,  Billings 
had  the  able  assistance  of  Dr.  Robert  Fletcher,  of 
Bristol,  England,  and  with  him  founded  the  extra- 
official  periodical,  the  Index  Medicus,  which  is  a 
monthly  bibliography  of  the  world's  medical  litera- 
ture. It  was  discontinued  in  1896,  but  was  revived 
by  the  Carnegie  Institution  of  Washington  in  1903  and 
is  still  current.  Prior  to  1911,  all  other  medical  li- 
braries were  outpaced  in  extent  by  the  great  collection 
of  the  Paris  Medical  Faculty  (170,000  volumes)  and 
the  Imperial  Medico-Military  Academy  of  St.  Peters- 
burg (175,000  volumes).  At  present  the  Library  of  the 
Paris  Faculty,  with  240,000  bound  volumes  and  800,000 
pamphlets,  is  still  in  the  lead,  while  the  Surgeon  General's 
Library  at  Washington  takes  the  second  place,  with 
220,749  volumes,  331,802  pamphlets,  and  5,190  portraits. 
On  account  of  its  unrivalled  collection  of  periodicals,  how- 
ever, the  latter  is  usually  regarded  as  the  best  working 
medical  library  in  the  wwld. 

Billings's  example  soon  gave  impetus  to  the  library 
movement  which  has  been  continuous  to  date,  and  as  a 


i'  nil  ii  this 'the  United  States  has  now  some  167 
medical  libraries.  The  Boston  Medical  Library  was 
started  as  a  library  association  on  August  20,  1875, 
with  Oliver  Wendell  Holmes  as  president ,  and  i  f.iough 
thi  enthusiasm  and  ability  of  Drs.  James  R.  Chad  wick 
and  Edwin  H.  Brigham,  who  were  in  close  touch  with 
Billings,  had  about  8,000  volumes  when  it  was  housed 
at  19  Boylston  Place,  in  1878.  Although  the  New 
York  Academy  of  Medicine  was  founded  in  1846,  yet, 
according  to  Dr.  Jacobi,  there  were  neither  books  nor 
reading  room  for  many  years.  Its  library  was  started 
by  donations  in  1877,  never  bought  a  book  until  1879, 
but  now  has  a  good  endowment  and  income  and  was 
housed  in  a  handsome  building  in  1890. 

After  the  Surgeon  General's  Library,  the  Library  of 
the  College  of  Physicians  of  Philadelphia  is  the  second 
medical  library  in  size  and  importance.  In  1876,  it 
had  18,753  volumes.  According  to  the  recent  report 
of  its  librarian,  Mr.  Charles  Perry  Fisher,  it  now  has 
101,340  volumes  and  84,807  pamphlets.  The  next  in 
order  of  size  are  the  libraries  of  the  New  YorkAcademy 
of  Medicine  (92,000  volumes),  the  Medical  Society  of 
the  County  of  Kings,  Brooklyn,  N.  Y.  (65,000),  the 
Medical  Department  of  the  John  Crerar  Library, 
Chicago  (53,000),  the  Lane  Medical  Library  of  Stan- 
ford University,  San  Francisco  (40,000),  the  Boston 
Medical  Library  (39,723  volumes,  55,386  pamphlets), 
the  Library  of  the  Rhode  Island  Medical  Society 
(25,000),  the  Library  of  the  Medical  and  Chirurgical 
Faculty  of  Maryland  (20,000),  and  the  St.  Louis 
Medical  Library  (13,800). 

In  1898,  Dr.  Charles  D.  Spivak  made  a  tabulation  of 
120  medical  libraries  in  the  United  States,  of  which  67 
were  medical  libraries  proper,  45  medical  departments 
in  general  libraries,  6  pharmaceutical,  1  medicolegal 
and  1  veterinary.  Of  these  New  York  State  had  29, 
Massachusetts  19,  Illinois  and  Pennsylvania  10.  Ohio 
9,  Louisiana  and  Michigan  4.  Six  years  later  (1904), 
Dr.  Albert  T.  Huntington  was  able  to  make  a  tabula- 
tion of  215  American  medical  libraries,  containing 
1,023,295  volumes  in  toto,  and  of  these  164  were  medical, 
15  homeopathic,  5  eclectic,  17  pharmaceutical,  9  dental, 
and  5  veterinary.  The  list  of  Libraries  subjoined,  which 
is  confined  to  purely  medical  libraries  all  over  the  world, 
indicates  167  medical  libraries  in  the  United  States  as 
against  118  in  Europe.  The  reason  for  the  large  in- 
crease in  medical  libraries  in  the  United  States  is  to  be 
sought  in  the  medical  library  movement  inaugurated 
by  Billings,  in  the  fostering  of  the  movement  by  the 
Medical  Library  Association,  and  in  the  generous  dona- 
tions made  to  medical  libraries  by  public  spirited 
physicians.  As  a  rule,  the  American  physician,  whose 
ambitions  and  enterprises  are  practical,  seldom  cares 
to  make  a  large  private  collection,  and,  if  he  does, 
usually  bequeaths  it  to  some  general  medical  library . 
In  Germany,  on  the  other  hand,  many  extensive  col- 
lections of  medical  books  are  buried  in  the  great  uni- 
versity libraries,  and  it  is  an  absolute  necessity  for  a 
physician  who  devotes  his  life  to  original  investiga- 
tion to  have  a  good  working  collection  of  his  own,  as  is 
plain  from  the  numerous  sale-catalogues  of  such  col- 
lections which  appear  from  time  to  time.  The  Ameri- 
can collector,  such  as  Weir  Mitchell,  Kelly,  or  Jacobs,  is 
more  apt  to  go  in  for  historical  rarissimi  than  to 
accumulate  files  of  periodicals  or  huge  general  collec- 
tions of  physiology,  pathology,  natural  history,  etc. 
Many  medical  libraries  have  acquired  a  distinguished 
status  through  the  donation  or  purchase  of  valuable 
private  collections.  The  Radcliffe  Camera  in  the 
Bodleian  at  Oxford,  the  Senckenberg  foundation  at 
Frankfort  on  the  Main,  William  Hunter's  collection  in 
the  University  of  Glasgow,  the  Gross,  Lew-is,  and  Weir 
Mitchell  collections  in  the  Library  -of  the  College  of 
Physicians  of  Philadelphia,  Nicholas  Senn's  donation 
of  the  libraries  of  Baum  and  Du  Bois  Reymond  to  the 
Newberry  Library  of  Chicago,  the  Pagel  collection  in 
the  Library  of  the  Washington  University  Medical 
School,  St.  Louis,  the  acquisition  of  the  private  libraries 
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of  Rudolf  Virchow  unci  Oskar  Lassar  by  the  Berlin 
Medical  Society,  and  Dr.  Howard  A.  Kelly's  recenl 
donation  of  his  medical  library  to  the  Johns  Hopkins 
Hospital,  are  each  an  example  for  public  spirited 
physicians  of  the  future.  The  valuable  library  of  the 
late  Dr.  J.  F.  Payne,  rich  in  historical  treasures,  which 
Osier,  Jacobs,  and  Dock  sought  to  obtain  for  I  lie 
Johns  Hopkins  Medical  School,  was  mysteriously 
knocked  down  to  an  unknown  purchaser  for  £2,300 
(the  second  bid)  at  London  in  July,  1911. 

Medical  library  associations  are  usually  coopera- 
tive book  clubs,  in  the  first  instance,  which  become 
eventually  merged  into  medical  libraries  proper. 
Such  an  association,  for  instance,  was  founded  by 
Daniel  Drake  in  1851  in  aid  of  building  up  a  medical 
library  for  the  city  of  Cincinnati,  but  it  apparently 
came  to  nothing.  On  May  2,  1898,  the  Medical 
Library  Association  of  the  United  States  and  Canada 
held  its  first  meeting  in  the  editorial  rooms  of  its  first, 
president,  Dr.  George  M.  Gould,  in  Philadelphia, 
the  object  of  this  society  being  to  further  the  cause  of 
medical  libraries  by  bringing  medical  librarians  to- 
gether at  annual  meetings.  Among  the  objects  pro- 
posed by  Dr.  Gould  were  the  exchange  of  library 
duplicates,  the  securing  of  libraries  of  retiring  or  de- 
ceased physicians,  as  also  of  special  endowments  for 
medical  libraries,  a  conspectus  of  rare  books  and  auc- 
tion sales,  and  the  supplying  of  abstracts,  translations, 
and  special  information.  The  first  official  and  literary 
organ  of  the  Association  was  the  periodical  "Medical 
Libraries"  (Denver,  1898-1902),  the  publication  and 
editorial  management  of  which  was  due  to  the  self- 
sacrificing  labors  and  public  spirit  of  Dr.  Charles  D. 
Spivak.  This  was  succeeded  by  the  short-lived  Bulle- 
tin of  the  Association  of  Medical  Librarians  (Balti- 
more, 1902),  which  was  followed  by  the  Medical 
Library  and  Historical  Journal  (Brooklyn,  1903-7), 
edited  by  Dr.  Albert  T.  Huntington.  The  present 
organ  is  the  Bulletin  of  the  Medical  Library  Associa- 
tion (Baltimore),  founded  July,  1911,  and  still  current. 
It  is  edited  by  Dr.  John  Ruhrah  and  Miss  Marcia 
C.  Noyes,  the  Librarian  of  the  Medical  and  Chirur- 
gical  Faculty  of  Maryland,  who  also  has  charge  of  the 
book  exchange,  established  at  Philadelphia  on  Decem- 
ber 1,  1899,  and  removed  to  Baltimore  in  October, 
1900. 

Organization,  Administration,  and  Classification. 
— Medical  libraries  usually  grow  from  some  private 
collection  donated  en  bloc  to  start  with,  or  by  slow 
accretion,  the  nucleus  in  this  case  being  ordinarily 
some  small  group  of  books  belonging  to  a  hospital, 
medical  society,  or  book  club.  The  best  plan  for  build- 
ing up  a  small  collection  is  what  has  been  styled  the 
"concentric."  Imagine  the  nuclear  collection  to  be 
the  center  of  a  series  of  concentric  circles,  the  continu- 
ous radii  of  which  form  sectors  representing  anatomy, 
physiology,  surgery,  obstetrics,  and  the  other  medical 
disciplines  and  specialties,  as  also  collateral  subjects 
like  biography,  history,  periodicals,  etc.  Lists  of 
desiderata,  corresponding  with  these  imaginary  sectors 
can  be  made,  with  lines  of  demarcation,  corresponding 
with  the  circumferences  of  our  imaginary  system  of 
circles,  determining  the  status  of  the  books  listed  as 
actual  or  prospective  "values."  Those  nearest  the 
center,  the  books  immediately  wanted,  would  be  the 
first  to  be  considered.  At  the  outer  circumference, 
the  last  on  each  list,  would  probably  be  the  rare  edi- 
tions and  other  bibliographical  curiosities  which  now 
have  such  prohibitive  prices  that  their  purchase,  in  a 
small  library,  may  be  postponed  indefinitely.  What 
books  are  actually  to  be  purchased,  apart  from  gifts 
and  other  complimentary  acquisitions,  will  depend 
upon  the  physicians  who  use  the  library,  and  the  funds 
to  be  raised  for  its  maintenanace  will  naturally  depend 
upon  the  extent  of  their  interest  in  medical  literature 
and,  here  and  there,  upon  a  certain  local  pride.  In  a 
prosperous    town,    distant   from    the    larger   medical 


libraries,  a  good  working  collection  might,  be  easily 
built  up  on  the  basi   ofsubscriptioi  members 

of  a  medical  sociel )  oi  I  rom  ho  pital  pi 
others  interested  in  the  movement.     As  there  is  ni 
ing  that  physician    bxi     o  glad  to  gel  rid  of  at  useless 
office   impedimenta,    liberal   donation     ol        i  irded 
file  i  oi  pei  iodical    and  out-of-date  edition     hi  iul 
forthcoming  and  all  duplicate   acquired    houldbekept 
on  hand  for  exchange  purposes,      \    umingthi  collec- 
tion to  be  started  and  properly  housed  in  some  room 
connected  with  a  medical  society  or  hoi  pital   a  physi- 
cian of  literary  tastes  should  be  selected  a    honorary 

librarian  and,  if  there  is  snflici.  m    '  r-tual 

librarian,  preferably  a  graduate  of  some  library  .school, 
should  be  appointed,  assuming  that  a  salary  can  be 
paid,  and  that,  desk,  stationery,  telephone,  and  type- 
writer can  he  provided.  The  librarian's  first,  duty  will 
be  to  shelve  and  classify  the  collection.  In  a  mall 
library,  this  is  a  .simple  task.  The  books  should  be 
arranged  in  alphabetical  order  under  a  few  grand 
divisions,  such  as  biography,  periodicals,  internal  medi- 
cine, obstetrics,  ophthalmology,  etc.,  and  a  card  cata- 
logue should  be  made  by  authors,  and,  if  there  are 
enough  books,  by  subjects,  the  cards  giving  the  loca- 
tion of  the  books  on  the  shelves.  The  next  duty  of  the 
librarian  will  be  to  arrange  for  recording  the  issues  and 
returns  of  books  loaned  and  to  increase  the  collection 
in  every  way  possible.  The  most  valuable  part  of 
any  medical  library  of  size  is  its  collection  of  periodi- 
cals, the  working  literature  of  medicine.  A  special 
study  should  be  marie  of  these,  using  the  check  lists  of 
the  Surgeon  General's  Office  as  a  guide  (Index 
Catalogue,  1st  series,  X,  723-935,  2  series  XII,  839- 
978).  The  duplicate  files  of  periodicals  in  the  Surgeon 
General's  Library  have  been  accessible  to  date  for  all 
medical  librarians  who  are  willing  to  visit  Washington 
to  make  their  own  personal  selection  and  pay  for  the 
transportation  of  the  same,  but  in  the  nature  of  things, 
no  catalogues  or  check  lists  of  duplicates  can  be  ex- 
pected or  required  of  the  government  as  an  obligation. 
It  is  suggested  that,  where  a  particular  periodical  is 
desired  by  a  certain  group  of  physicians  for  their  local 
medical  library,  it  could  be  easily  obtained,  cither  as  to 
complete  files  or  current  subscript  ion,  by  the  simple  and 
economical  expedient  of  clubbing  together. 

When  a  medical  library  has  attained  to  large  di- 
mensions, 100,000  volumes  more  or  less,  it  will  require 
a  separate  building,  the  librarian  will  need  assistants 
and  messengers,  and  the  problem  of  arrangement  and 
classification  will  have  become  more  complex.  The 
question  of  suitable  housing,  heating,  ventilation, 
lighting,  and  shelving  can  best  be  studied  by  visiting 
the  larger  medical  libraries  at  Boston,  Philadelphia, 
New  York,  and  Washington,  in  connection  with  the 
architectural  plans.  In  general,  it  is  best  that,  in 
the  central  hall  or  reading  room,  the  light  should  be 
shed  from  above  downward  by  means  of  large  upper 
windows,  lateral  glass  roofing  or  electricity,  and  if 
there  are  many  reading  desks,  they  should  be  pro- 
vided with  separate  lights.  If  the  shelving  is  in 
several  stories,  the  books  most  needed,  usually  the 
periodicals,  reference  books  and  current  literature 
of  importance,  should  be  on  the  first  floor,  and  those 
seldom  called  for  in  the  higher  alcoves.  In  the  book 
stacks  of  the  Surgeon  General's  Library,  the  arrange- 
ment is  briefly:  First  Floor:  periodicals,  proceedings 
and  transactions,  dictionaries,  encyclopedias,  elephan- 
tines,  and  volumes  in  folio.  Second  Floor:  medical 
literature  classified  by  subjects.  Third  Floor:  Mis- 
cellaneous unclassified  literature,  public  health  re- 
ports and  public  documents,  boxed  unbound  pam- 
phlets, non-medical  (scientific  and  other)  periodicals 
and  transactions  (including  chemistry,  pharmacy, 
dentistry,  and  veterinary  medicine),  Chinese  and 
Japanese  books,  incunabula,  and  volumes  in  MS. 
The  classification  of  books  in  the  Surgeon  General's 
Library  will  be  found  in  the  Bulletin  of  the  Associa- 
tion   of    Medical    Librarians,    Baltimore,     1902,     I, 
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No.  2,  70-83.  It  is  very  simple,  consisting 
of  Anatomy,  Anthropology,  Biography,  Biology, 
Chemistry  and  Toxicology,  Children,  Circulatory 
System,  Diathetic  and  Specific  Infectious  Diseases, 
Diagnosis,  Digestive  System,  Ductless  Glands,  Ear, 
Eye,  Genitourinary  System,  Geography  and  Clima- 
tology, Gynecology,  Homeopathy,  Hygiene  and  State 
Medicine,  Lymphatics,  Medicine  (Clinical,  History, 
etc.).  Miscellanies,  Nervous  System,  Obstetrics,  Osse- 
ous System,  Pathology,  Physiology,  Respiratory  Sys- 
tem, Skin,  Surgery,  Teeth  and  Dentistry,  Therapeutics, 
Veterinary  Medicine,  with  the  necessary  subdivisions. 
In  this  Library,  the  location  of  the  books  on  the  shelves 
is  indicated  on  the  back  of  the  author  cards,  and  on 
the  accession  tickets  pasted  in  each  book,  by  a  formula 
giving  the  floor  (A,  B,  C),  number  of  alcove,  number 

27 
of  shelf  and  partition  in  the  same,  e.g.  A  jp.  indicates 

that  the  given  book  is  to  be  found  in  the  second  par- 
tition of  the  fifth  shelf  in  the  twenty-seventh  alcove 
on  the  first  floor.  For  a  more  elaborated  classifica- 
tion, that  prepared  for  the  College  of  Physicians  of 
Philadelphia  by  its  librarian,  Mr.  Charles  Pern- 
Fisher,  may  be  consulted  (see  Bull.  Ass.  Med.  Libr., 
1902, 1,  No".  2,  46-70).  If  the  decimal  classification  of 
Melvil  Dewey  is  desired,  Dewey's  Decimal  Classifica- 
tion (Library  Bureau,  1899,  pp.  610-619)  or  the  classifi- 
cation of  medical  literature  (Class  R)  in  the  Library 
of  Congress  (1910,  obtainable  from  the  Superintendent 
of  Documents)  will  be  of  use. 

It  is  desirable  to  give  all  books  over  one  hundred 
pages  an  accession  numeral,  so  that  the  number  of 
volumes  in  a  library  can  be  ascertained  at  any  time, 
and,  to  the  same  end,  a  careful  count  of  the  pamphlets, 
theses,  MS,  charts,  portraits,  etc.,  should  be  kept  as 
they  come  in. 

The  periodical  literature  of  medicine  has  been  in- 
dexed by  subjects  in  the  Index  Catalogue  and  Index 
Medicus;  by  authors,  for  the  eighteenth  and  early 
nineteenth  century  literature,  in  Callisen's  Medi- 
cinisches  Schriftsteller-Lexicon  (1830-45),  and,  for 
the  fundamental  sciences  from  1800  to  1900,  in  the 
Royal  Society's  "Catalogue  of  Scientific  Papers" 
(1867-1914),  which  is  now  in  process  of  completion. 


Medical  Libraries  of  the  World. 
With  Name  of  Librarian  and  Number  of  Volumes  and  Pamphlets. 

Aberdeen-,    Scotland. — Library   of   the   Aberdeen    Medico-Chir- 

urgical  Society  (1789).      Mr.  P.  Howie.     8,000+  v. 
Alban-y,  New  York. — New  York  State  Medical  Library  (1891). 

Miss  Frances  K.  Ray.     13.196  v. 
Algiers. — Bibliotheque  de  l'lnstitut  Pasteur  d'AIgerie. 
Amsterdam,      Holland. — Bibliothek     van      de     Nederlandsche 

Maatschappij  tot  Bevordering  der  Geneeskunst.     [Library  of 

the    Netherlands    Medical    Society.]     Dr.    C.    E.     Daniels. 

25,665  v. 
Ann   Arbor,    Michigan. — Library  of  the   Medical   Department, 

University   of    Michigan    (1854).      Mr.    Theodore   W.    Koch. 

25.000  v. 
Antwerp,   Belgium. — Library  of  the  Antwerp  Medical  Society. 

Dr.  Edward  d'Haenens.     3,150  v. 
Atlanta.  Georgia. — Library  of  the  Atlanta  College  of  Physicians 

and  Surgeons  (1898).     Miss  Cornelia  Cunningham.     2,500  v. 
Library  of  the  Atlanta  Medical  Association.     Dr.  H.  F.  Harris. 

2,000  v. 
Library,  Atlanta  School  of  Medicine  (1905).     Mrs.  M.  H.  Smith. 

1,500  v. 
Augusta,  Georgia. — Library  of  the  Medical  Department,   Uni- 

versity  of  Georgia  (1835).     Mrs.  G.  C.  Bentley.     5,000  v. 

Bahia,   Brazil. — Bibliotheca  da  Faculdade  de  medicina  (1808). 

Sr.  P.  Guimaraes.      13,595  v. 
Baltimore,    Maryland. — Enoch   Pratt   Free   Library.      Medical 

Department  (1882).     Dr.  Bernard  C.  Steiner.     1,500  v. 
Johns    Hopkins    Hospital    Library    (1889).     Miss    Minnie    W. 

Blogg.      12,000  v. 
Johns    Hopkins    Medical   School   Library    (1876).     Dr.    M.    L. 

Raney.      12.233  v. 
Library    of    the    College    of    Physicians    and    Surgeons    (1905). 

Miss  Lucy  G.  Blake.      1,340  v. 


Library  of  the  Medical  and  Chirurgical  Faculty  of  Maryland 

(1830).     Mies  Marcia  C.  Noyes.     23,000  v. 
Library  of  the  University  of  Maryland.  Faculty  of  Physic  (1813). 
Mr,  Samuel  Want.      12.500  v. 
Beirut,  Stria. — Medical  Library  of  the  Syrian  Protestant  College 

(1883,  1866).     Rev    H.Porter.     1.800  v. 
Belfast,  Ireland. — Library  of  the  Ulster  Medical  Society  (1862). 

Dr.  W.  L.  Storey.     2,000  v. 
Berlin,  Germany. — Bibliothek  der  Berliner  Mediziniachen  '  • 

Bchaft.     [Library    of    the    Berlin     Medical    Society]    (1860). 
Dr.  Hans  Kohn.     23.579  v.,  22,763  p. 
Bibliothek  der  Deutachen  Gesellschaf!  fiir  Chirurgie.     [Library 
oi  the  German  Surgical  Society]  (1872).     Dr.  Herman  Fischer. 
36,000  v. 
Bibliothek  des  Instituts  der  Nahrungsmittelkunde.     [Library  of 
the  Institute  for  the  Study  of  Food  Products.]     Prof.  Bongert. 
16,000  v. 
Bibliothek    des    Konigl.    Instituts     fur    Infectionskrankl. 
(1891).     [Library  of  the  Infectious   Diseases  Institute.]     Dr. 
Siitz.     39.740v. 
Bibliothek    des     Kaiserlichen      Gesundheitsamta.     [Library    of 
the    Imperial    Public    Health    Department]  (1876).      Dr.  A. 
Wiirzburg.     70,700  v.,  33,300  p. 
Bibliothek  der   Kaiser-Wilhelms-Akademie   fiir   das   militararzt- 
liche       Bildungswesen.      [Library     of     the     Kaiser     Wilhelm 
Academy]  (1795).     Dr.  Kuntze.     69.000  v. 
Bibliothek    des    Vereins  fur  innere   Medizin.     [Library   of  the 
Society  of  Internal  Medicine.]     Dr.  Max  Meyer.      10.000  v. 
Bern,   Switzerland. — Bibliothek    des    Instituts  zur  Erforschung 
der  Infectionskrankheiten    (1896).     [Library  of  the  Institute 
for   Investigation  of   Infectious   Diseases.]     Dr.   Schurmann. 
1,600  v. 
Birmingham,    England, — Library    of   the    Birmingham    Medical 

Institute  (1874).      Mr.  T.  G.  Johnson.      14,928  v. 
Bordeaux,  France. — Bibliotheque  de  la  Soci6te  de  medecine  et 

de  chirurgie  (1798).     M.  J.  Meneau.      10,400  v. 
Boston,      Massachusetts. — Boston      City      Hospital      Medical 
Library  (1891).     Dr.  John  H.  McCollom.     3,040  v. 
Boston     Medical     Library     (1875).       Dr.     John     W.     Farlow. 

39,723  v.     55,386  p.,  34,000  period. 
Boston    University    Medical    Library    (1873).     Dr.    Anna    T. 

Lovering.     5,347  v. 
Library  of    the    Harvard    Medical   School    (1782).     Miss  Sarah 

Ripley  Bartlett.     23,000  v. 
Library  State  Board  of  Health  (1869).     Dr.  Mark  W.  Richard- 
son.    3,500  v. 
Library  of  Tufts  College  Medical    School    (1893).     Miss  L.  A. 

Mayo.     3,000v. 
Medical  Department,  Boston  Athenaeum  (1807).     Mr.  Charles 

K.  Bolton.      1,500  v. 
Medical  Department,  Boston  Public  Library  (1852).    Mr.  Horace 

G.  Wadlen.      20.235  v. 
Treadwell    Library    of    the    Massachusetts    General    Hospital 
(1847;     Treadwell     bequest     1858).      Mrs.  Grace  W.    Myers 
8,345  v. 
Boulder,  Colorado. — Medical  Department  University  of  Colo- 
rado Library  (1885).     Mr.  C.  Henry  Smith.     2,880  v. 
Brighton,  En-gland. — Library  of  the  Brighton  and  Sussex  Medico- 

Chirurgical  Society  (1847).     Dr.   R.  J.  Ryle.     4,000  v. 

Bristol,  England. — Bristol  Medical  Library  (includes  Libraries 

of  Bristol  Medico-Chirurgical  Society.  11,390  v.  and  Faculty 

of  Medicine  (1874).     Mr.  C.  King  Rudge.     21,630  v. 

Brooklyn,  New  York. — Library  of  the  Medical  Society  of  the 

Countyof  Kings  (1845).   Dr.  Albert  T.  Huntington.  70.000  v. 

Brunswick,   Maine. — Library  of  the   Medical  School  of  Maine 

(1820).     Mr.  George  T.  Little.     5,000  v. 

Brussels,     Belgium. — Bibliotheque    de     l'Academie     royale    de 

medecine  de  Belgique  (1841).    Mr.  Henri  Beckers.     100.000  v. 

Bibliotheque  de  1'Ecole  de  medecine  tropicale  de  l'Etat  (1906). 

Bibliotheque   de  l'lnstitut  Solvay  de  physiologie  (1894).     M-  J. 

Van  Calck.     2,700  v. 

Budapest,    Hungary. — Library   of   the    Royal    Medical   Society 

of  Budapest.     Dr.  Rudolphe  Temesvary.     18,661  v. 
Buffalo,   New  York. — Medical  Department  Grosvenor  Library 
(1859).      Mr   E.  P.  Van  Duzee.     2.600  v. 
University  of  Buffalo  Medical  Library  (1895).     Dr.   Irving  P. 
Lyon.     9,656  v. 
Burlington,   Vermont. — Medical  Library  of  the  University  of 
Vermont.     Miss  Helen  B.  Shattuck.     3,000  v. 

Caen,  France. — Bibliotheque  de  la  Societe  de  medecine  de  Caen 

(179S).      M.  D.  Bonnet.     1,960  v.  and  p. 
Cairo,  Egypt. — Bibliotheque  de  la  Societe  khediviale  de  medecine 

(1898).     Dr.  Christophides-     2,000  v 
Calcutta,   India. — Library  of   the    Medical    College    of    Bengal. 

Ram  Chandra  Mookerjee.     20,000  v. 
Cambridge,    Massachusetts. — Library    of    Harvard    University, 

Medical  Department.     Mr.  W.  H.  Tillinghast.     2,169  v. 
Chapel  Hill,  North  Carolina. — Medical  Department,  Library 
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of    University  of  North  Carolina  (1795).      Mr.   I,.  It.   Wilson 
3,500  v. 
Charleston,  South  Carolina. — Library  of  the  Medical  Society 

of  South  Carolina  (1891).     Privican  Whaley.     .'{,000  v. 
Cheltenham,  England. — Cheltenham  Medical   Library.     Dr.  J. 

Rupert  Collins.     2,390  v. 
Chicago,  Illinois.— Department,  of  the  Medical  Seienees  of  The 
John  Crerar  Library  (1900).     J.  Christian  Bay.     84,000  v. 
Hahnemann     Medical    College    Library    (1860).     Dr.     W.     II. 

Wilson.     2,000  v. 
Library  of  the  American  Medical  Association.     2,500  v. 
Library   of    Northwestern    University    Medical    School    (1898). 

Dr.  Walter  H.  Buhlig.     0,778  v.,  8,941  p. 
Quine  Library,  College  of]Medieine,  University  of  Illinois  (1896). 

Miss  Meta  M.  Loomis.      13,890  v. 
Rush  Medical  College  Library  (1899).     Miss  C.  A.  MacCaulift". 
19,522  v. 
Cincinnati,    Ohio. — Cincinnati    Hospital    Library    (1870).     Dr. 
E.  W.  Mitchell.      18,958  v. 
Cincinnati    Public   Library,    Medical    Department    (1871).     A. 

W.  Whelpley.      10,000  v. 
Eclectic   Medical  College  Library  (1845).     Dr.  J.  K.  Scudder, 

2,000  v. 
Library    of     the    Academy    of    Medicine    of    Cincinnati.     Dr. 

Archibald  I.  Carson.     3,500  v. 
Library    of    the    Ohio-Miami    Medical    College.     Miss  Frances 

Currie.     2,730  v. 
Mussey    Medical  and  Scientific  Library   (1870).     Mr.  N.  D.  C. 
Hodges.     6,034  v.  , 
Cleveland,    Ohio. — Cleveland-Pulte    Medical    College    Library 
(1S51).     Mr.   A.  M.  Davis.      1,000  v. 
Library  of  the  Cleveland  Medical  Library  Association  (1894). 

Mrs.  S.  M.  Harding.      19,158  v. 

Western    Reserve    University    Medical    Library.     Dr.    Torald 

Sollmann.     3,000  v. 

Clifton    Springs,    New    York. — Medical    Library    of    Clifton 

Springs  Sanitarium  (1914).     Miss  Maud  M.  Weston.     1,000  v. 

Columbia,   Missouri. — Medical  Library,  University  of  Missouri 

(1873).     Mr.   Henry  O.  Severance.     5,555  v. 
Columbia,   South  Carolina. — Columbia   Medical  Library  (1913). 

Dr.  H.  W.  Rice. 
Columbus,    Ohio. — Library    of    Starling-Ohio    Medical    College 

(1877).     Mr.  W.  M.  Mutchmore.     5,000  v. 
Cologne,     Germany. — Bibliothek     der     Coiner    Akademie     fur 
praktische  Medizin  (1904).     [Library  of  the  Cologne  Academy 
of  Practical  Medicine.]     12,000  v. 
Colorado  Springs,  Colorado. — El  Paso  County  Medical  Society 
Library.     Coburn     Library     (1900).     Mr.     M.     D.     Ormes. 
3,000  v. 
Concord,  New  Hampshire. — Medical  Department,  New  Hamp- 
shire State  Library  (1895).     Mr.  Arthur  H.  Chase.     12,000  v. 
Copenhagen,    Denmark. — Library   of  the  Copenhagen   Medical 
Society.     Dr.  Joergen  Moeller.     8,193  v. 
Library  of  the  General  Hospital.     Dr.  Joergen  Moeller     4.S30  v. 

Danburt,    Connecticut. — Wile    Medical    Library.     Mr.  M.  L. 

Rogers.     926  v. 
Danvers,    Massachusetts. — Library    of    the    Danvers    Lunatic 

Hospital  (187S).      Mr.  C.  W.  Page.     600  v. 
Denver,  Colorado. — Library  of  the  Medical  Society  of  the  City 

and  County  of  Denver  (1893).     Dr.  A.  J.  Markley.      15,000  v. 
Detroit,    Michigan. — Library   of   the    Wayne   County    Medical 

Society  (1910).      Miss  Jane  A.  White.      10.000  v. 
Dresden. — Bibliothek  der  Gesellschaft  fur  Naturund  Heilkunde 

(1819).     [Library  of  Society  of  Natural  and  Medical  Sciences.) 

5,000  v. 
Dublin,  Ireland. — Library  of  the   Royal  College  of  Physicians 

of  Ireland  (1713).     Mr.  Robert  Phelps.     15,500. 
Library  of  the  Royal  College  of  Surgeons  in   Ireland   (17S4). 

Dr.  R.  Bolton  McCausland.     33,000  v. 
Dusseldohf,  Germany. — Bibliothek  der  Akademie  fur  praktische 

Medizin    (1907).     [Library    of    the    Academy    of    Practical 

Medicine.]     Dr.  Polentz. 

Easton,  Pennsylvania. — Library  of  the  American  Academy  of 

Medicine.     Miss  Elizabeth  F.  Reed.     5,600  v. 
Edinburgh,    Scotland. — Library    of    Heriot's    Hospital    (1762). 
4,500+  v. 
Library  of  the  Pharmaceutical  Society  of  Great  Britain  (North 

British  Branch).     2,000  v. 
Library  of  the  Royal  College  of  Physicians  of  Edinburgh  (1681). 

Mr    Thomas  Harkness  Graham.      100,000  v. 
Library  of  the  Royal  College  of  Surgeons  of  Edinburgh  (1505). 

Mr.  Harold  J.  Stiles.     16,000  v. 
Library    of   the    Royal    Medical    Society    (1737).      Mr.    A.    P. 
'Ormiston.     30.000  v. 

Fall  River,  Massachusetts. — Fall  River  Medical  Library  (1901). 
Dr.  George  L.  Richards.      1,200  v. 


Fargo,   North   Dakota. — Cass  County    Medical   Library.     Dr. 

('.    X.  Callander 

Florence,  Italy. — Biblioteca    Medica   nelTArcispedali    dl  Santa 
Maria   Nova  (1679).     [Medioal    Library   of    Reali     I 
di  Btudi  superiori.]     G.  Dreyer,     40,000  v  .  16,600  p 

Frankfurt   a.    M  ,   Germany      Bibliothi  .-  lohen 

Institute.     [Library  of  the  Neurological  Institute  I     8 

'.!><  rgi  ichi     Bibliothi  I       i  ,<■ :       [Seocl  enbi  PS    Library.] 
Dr.  W.  Rauschenberger.     92,244  v. 

Galveston,  Texas.— Library  ol  the  Medical  Department  ol  the 
University  of  Tex;,-  ■  I -m,;,       \i       lo,,;  i     ii,i,i,        8,492  v. 

Gamams,    West  Africa. — Bibliothek  dea   Kaiaerlichen    bakterio- 
logischeu    Institute;    i'»      Deutch-Sudwest     Afrika     (1897) 
[Library  of  the  Imperial  Bacteriological  Institute  .,i  | 
West  Africa]     3,000  v. 

Glasgow,  Scotland  —Library  of  the  Royal  Faculty  of  Physicians 
and  Surgeons  (1698).  Dr.  Alexander  Duncan.  60. nun  <r. 
and  p. 

Hanover,  New  Hampshire.— Library  of  the  Medical  Department 

of  Dartmouth  College  (1769).     Mr    C.C.Stewart.     8.000  v. 

Hanover,  Pennsylvania. — Hanover  Public  Library,  Medical 
Department.     Miss  Mabel  I!    I  hamplin,     241  v. 

IlAHRisBuno,  Pennsylvania.-  -Library  of  Ilarrisburg  Academy  of 
Medicine  (1896).     Dr.  C.  R.  Phillips.     3,300-1 

Hartford,  Connecticut. — Library  of  the  Hartford  Medical 
Society  (1873).      Dr.  Walter  It    Steincr.      5,500  v. 

Hastings,  England. — Library  of  the  East  Sussex  Medico-Chir- 
urgical  Society.     Dr.  Rupert  Stanley.     3,120  v. 

Havana,  Cuba. — Biblioteca  de  La  Icademia  de  ciencias  medicas. 
fisicas  y  naturales  de  la  Habaua  dsiil).  [Library  of  the 
Academy  of  Medical  Physical  and  Natural  Sciences.)  Dr. 
Leonel  Plasencia.  50,000  v. 
Biblioteca  de  Facultad  de  medicina  y  farmacia  de  Universidad 
de  la  Habana.  [Library  of  the  School  of  Medicine  of  the 
National  University]  (1728).  Dr.  Jose  A.  Valdes  Anciano. 
4,925  v. 

Helsinofors,  Finland. — Library  of  the  Medical  Society.  (Fin- 
ska  Lakaresiillskapet,  1835).     Dr.  L.  Fagerlund.     16,000  v. 

Indianapolis,      Indiana. — Haymond      Clark      Library     (1879). 

4,500  v. 
Indianapolis     Public    Library,     Medical     Department     (1898). 

Mies  Eliza  G.  Browning.      11,075  v. 
Iowa  City,   Iowa. — Medical  Library  of  Iowa  State  University. 

Miss  Jennie  E.  Roberts.     6,800  v. 

Jacksonville,  Illinois. — Library  of  the  Morgan  County  Medical 
Society  (1872).     Miss  Ella  B.  Lawrence.     2,643  v. 

Jersey,  Channel  Islands. — Library  of  the  Jersey  Medical 
Society.     Dr.  Herbert  C.  Major.     500  v. 

Jersey  City,  New  Jersey. — Jersey  City  Public  Library,  Medical 
Department  (1889).     Miss  Esther  E.  Burdick.     2,700  v. 

Kansas  City,  Missouri. — Kansas  City  Medical  Library  Club 
(1912).     Mrs.  Rose  M.  Hibbard.     2,000  v. 

Kasan,  Russia. — Library  of  the  Society  of  Neurology  and  Psy- 
chiatry.    [Obshchestvo    nevropatologov  ipsichiatrov    (1892). 
2,900  v. 
Library  of  the  Medical  Society.    [Obshchestvo  Vrachei.l    9,700  v. 

Kharkhov,  Russia. — Library  of  the  Society  of  Scientific  Medicine 
and  Hygiene  (1879).     4,000  v. 

Khartoum,  Soudan  (Africa). — Library  of  the  Wellcome  Tropical 
Research  Laboratories  (1903).      1.230  v. 

Kingston,  Ontario,  Canada. — Queen',-  Medical  Library.  A.  R. 
B.  Williamson.     2,500  v. 

Lansing,  Michigan. — Library  of  the  State  Board  of  Health  (1873). 
Dr.  Victor  C.  Vaughan.      10,673  v. 

Leeds,  England. — Library  of  the  Leeds  and  West  Riding  Medico- 
Chirurgical  Society  and  School  of  Medicine.  Dr.  A.  S.  F. 
Griinbaum.     9,091  v. 

Leipzig,  Germany. — Bibliothek  der  Deutschen  Gesellschaft  far 
Geschichte  der  Medizin  und  der  Naturwissenschaften  (1901)- 
[I.ibrary  of  the  German  Society  of  History  of  Medicine  and 
Natural  Sciences.]     Prof.  K.  Sudhoff.     500  +  v. 

Liverpool,  England. — Library  of  the  Liverpool  Medical  Insti- 
tution (1779).      Mr.  William  Jones.      14.000  v. 

London,  England. — Library  of  the  British   Medical  Association 
(1832).      Mr.  Spencer  Honeyman.     40.000  v. 
Library  of  the  British  Museum  (1753).     Mr.   A.  W.  K.   Miller. 

[2,000,000  +  v.,  56,000  Ms.,  many  of  which  are  medicall. 
Library  of  the  Charing  Cross  Hospital  Medical  School  (1831). 

5,000  v. 
Library    of    Kings    College    Hospital     Medical    School    (1850). 

Mr   Clifton  Kelway.     2,000  v. 
Library    of    London    Hospital     Medical    College    (1740).     Dr. 
William  Wright.     5.000  v. 
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Library  of  London  (Royal  Free  Hospital)  School  of  Medicine 

for  Women.     Miss  Gadney.     2,200  v. 
Library  of  London  School  of  Clinical   Medicine  (1906).     Dr.  J. 

Cantlie.    2,000  v. 
Library  of  Londou  School  of  Tropical  Medicine.     800  v. 
Library  of  the  Medical  Society  of  London  (1773).     Mr.  George 

Bethel.     25,000  v. 
Library    of    the    Medico-Psychological    Association    of    Great 

Britain  and  Ireland  (1841).     Mr.  George  Bethel.     3,500  v. 
Library    of    the    Middlesex    Hospital    Medical    School    (1835). 

Mr.  M.  Bazire.     5,000  v. 
Library    of   the   Obstetrical    Society  of  London    (1859).     Miss 

Agnes  Hannam.     5,300  v. 
Library  of  the  Ophthalmological  Society  of  the  United  King- 
dom (1880).     Mr.  George  Bethel.     5,000  v. 
Library  of  the  Pharmaceutical  Society  of  Great  Britain  (1841). 

Mr.  J.  W.  Knapman.     14,000  v.  and  p. 
Library  of  the  Royal  Army  Medical  College.     6,000  v. 
Library  of  the  Royal  College  of  Physicians  of  London  (1525). 

Dr.  Norman  Moore.     26,000  v. 
Library  of  the  Royal  College  of  Surgeons  of  England  (1800). 

Mr.  Victor  G.  Plarr.     60,000  v. 
Library   of   the   Royal   London    Ophthalmic   Hospital    (1804). 

Mr.  R.  A.  Greeves.     1,900  v. 
Library  of  the  Royal  Sanitary  Institute  and  Parkes  Museum 

(1876).     Mr.  E.  White  Wallis.     10,000  v. 
Library  of  the  Royal  Society  of  Medicine  (1834).     Mr.  C.  R. 

Hewitt.     80,000  v. 
Library  of  St.   Bartholomew's  Hospital  College   (1422).     Mr. 

Alfred  Coughtrey.     16,500  v.  and  p. 
Library  of  the  St.  George's  Hospital  Medical  School   (1752). 

Mr.  A.  Lowe.     5,000  v. 
Library  of  St.  Mary's  Hospital  Medical  School  (1850).     Mr.  F. 

Nanfan.     4,000  v. 
Library  of  St.  Thomas's  Hospital  Medical  School  (1207).     Mr. 

George  Rendle.     7,350  v.  and  p. 
Library  of  the  Tropical  Diseases  Bureau   (1908).     Mr.   R.  L. 

Sheppard.     360  v.,  1,500  p. 
Library  of  University  College  Hospital  Medical  School.     Mr. 

L.  Rhys  Thomas.     12,500  v. 
Library  of  the  West  London  Medico-Chirurgical  Society  (1882). 

1,500  v. 
Library  of  the  Westminster  Hospital   Medical   School   (1834). 

Dr.  E.  B.  Hulbert.     1,750  v. 
The  Wills  Library,  Guy's  Hospital  (1777).     Mr.  William  Wale. 
8,000  v. 
Los    Angeles,    California. — Barlow    Medical    Library    (1906). 
Miss  Jessie  A.  Wier.     4,570  v. 
Los    Angeles    County    Hospital    Library    (1914).     Dr.    C.    H. 
Whitman. 
Louisville,     Kentucky. — Jefferson     County     Medical    Library 
(1906).     Miss  Anna  L.  Goff.     5,700  v. 
Louisville   Free   Public  Library,    Medical    Department   (1905). 
Mr.  George  T.  Settle.     900  v. 
Lyons,  France. — Bibliotheque  de  la  Societe  de  medicine  de  Lyon 
(1789).     3,000  v. 


Madras,  India. — Library  of  the  Madras  Medical  College  (1835). 

S.  Chidambara  Pellay.     5,426  v. 
Madrid,  Spain. — Biblioteca  de  la  Real  Academia  de  medicina  de 

Madrid.     [Library  of  the  Academy  of  Medicine  of  Madrid.] 

Sr.  A.  Fernandez-Caro  y  Nouvilas.     8,000  v. 
Biblioteca  de   la    Universidad   central;   Facultad   de  medicina. 

[Library  of  the  Faculty   of   Medicine,   Central   University.] 

Sr.  M.  Gesta  y  Leceta.     40,031  v. 
Manchester,   England. — -Conjoint  Library  of  the   Manchester 

Medical  Society  (1S34)  and  the  Faculty  of  Medicine  in  the 

University.     Mr.  A.  F.  C.  Davey.     42,000  v. 
Library  of  the  Manchester  Royal  Infirmary  (1752).     Dr.  F.  E. 

Tylecote.     6,200  v. 
Manila,    Philippine    Islands. — Library,    Bureau    of    Science. 

Miss  Mary  Polk.     23,308  v. 
Medfield,    Massachusetts. — Library  of  the   Medfield  Asylum 

(1896).     Dr.  E.  H.  French.     81  v. 
Melbourne,    Australia. — Medical    School    Library,    University 

of  Melbourne.     Mr.  Frank  Gladish.     11,434  v. 
Memphis,    Tennessee. — Library    of    the    College    of    Medicine. 

Mrs.  Belle  W.  Turner.     5,000  v. 
Milford,    Massachusetts. — Library    of    the    Thurber    Medical 

Association  (1858).     Dr.  J.  M.  French.     200  v. 
Milwaukee,  Wisconsin. — Library  of  the  Marquette  University 

School  of  Medicine  (1913).     Dr.  Maurice  Henderson.    3,000  v. 
Library  of  the  Milwaukee  Medical  Society.     Dr.  W.  L.  LeCron. 

8,000  v. 
Minneapolis,    Minnesota. — Library   of   the   Hennepin   County 

Medical  Society  (1856).     Mrs.  Carrie  C.  Jones.     5,120  v. 
Library  of  the  Medical  Department  of  the  University  of  Minne- 
sota (188S).     Dr.  Thomas  G.  Lee.     10,000  v. 


Mobile,  Alabama. — Library,  School  of  Medicine,  University  of 

Alabama  (1859).     Mr.   W.  L.  Cahall.     2,500  v 
MoNTnr.Ai.,  Canada. — Library  of  Faculty  of  Medicine,  Montreal 

(1886).     Dr.  E.  P.  Chagon.     5.00U 
McGill  Medical  Faculty  Library  (1823).     Mist  M    R.  Charlton. 

35,000  v. 
Montgomery,  Alabama. — Library  of  the  State  Board  of  Health 

(1878).     W.  H.  Sanders.     5,000  v. 
Munich,     Germany. — Bibliothek     des     Munchener     arztlichen 

Vereins.     [Library  of    the  Munich   Medical  Society]   (1833). 

Dr.  liernhard  Spatz.     27,768  v.     41,250  p. 

Nancy,    France. — Bibliotheque  de    la   Societe   de   medecine  de 

Nancy  (1842).     2,000  v. 
Nantes,  France. — Bibliotheque  de  1'  Ecole  de  plein  exercise  de 
mgdecine  et  de  pharmacie  (1808).    M.  R.  Aubineau.    25,000  v. 
Newark,  New  Jersey. — Library  of  the  Newark  Medical  Library 

Association  (1905).     Mr.  John  Cotton  Dana      2,500  v. 
Newcastle-upon-Tyne,    England. — Library    of    University    of 

Durham  College  of  Medicine  (1851).     5,000  v. 
New    Haven,  Connecticut.— Library  of    Medical    Department, 
Yale  University.     Prof.  J.  C.  Schwab. 
Library  of  the  New  Haven  Medical  Association   (1807).     Dr. 
GuBtavus  Eliot.     6,000  v. 
New   Orleans,  Louisiana. — Charity  Hospital   Medical  Library 
(1881).     4,977  v. 
Library    of   the    Medical    Department,    Tulane    University   of 

Louisiana  (1843).     Miss  Jane  Grey  Rogers.     8,500  v. 
Library  of    the  Orleans    Parish  Medical  Society  (1878).     Dr. 
Howard  D.  King.     12,000  v. 
New  York  City.— Cornell  University   Medical  College  Library 
(1898).     Dr.  Elise  S.  L'Esperance.     8,000  v. 
Library  of  the  College  of  Physicians  and  Surgeons.      Mr.  Alfred 

L.  Robert.     9,259  v. 
Library   of    Fordham    University    School   of    Medicine    (1905). 

Miss  Marion  J.  James.     3,000  v. 
Library  of  the  Health  Department  (1866).     1,559  v. 
Library  of  the  Medico-Legal  Society  (1872).     Mr.  Frank  G.  Lodge, 

1,500  v. 
Library  of  the  New  York  Academy  of  Medicine  (1877).     Mr. 

John  S.  Brownne.      100,000  v.,  85,000  p. 
Library  of  the  New  York  Eye  &  Ear  Infirmary  (1900).     Dr. 

Henry  C.  Price.     1,000  v. 
Library  of  the  New  York  Homeopathic  Medical  College  and 

Hospital  (1886).     Mr.  William  Gow.     5,423  v. 
Library    of   the   Physicians   of    the   German    Hospital    (1857). 

Dr.  Hermann  G.  Klotz.     5,774  v. 
Library  of  the  Psychiatric   Institute  of  the   New  York   State 

Hospitals.     3,000-4,000  v. 
Library   of   the    Research   Laboratory   of   the    Department     of 

Health  (1892).     Miss  Julia  Harding.     1,700  v. 
Library  of  the  Rockefeller  Institute  for  Medical  Research  (1904). 

Miss  Lillia  M.  D.  Trask.     7,000  v. 
Mott    Memorial    Medical    and    Surgical    Library    (1867).     Dr. 

J.  W.  S.  Gouley.     3,000  v. 
New  York  Public  Library,  Medical   Department  (1895).     Mr. 
E.  H.  Anderson,  Director.     9,000  v. 
Northampton,   Massachusetts. — Forbes  Library,   Medical  De- 
partment (1894).     Mr.  J.  LeRoy  Harrison.     5,000  v. 
Norwich,  New  York. — Chenango  County  Medical  Library  (1910). 

Miss  N.  Louise  Ruckteshler.     547  v. 
Nottingham,    England. — Library   of  the   Nottingham    Medico- 
Chirurgical  Society  (1828).     Mr.  Kenneth  Black.     1,500  v. 

Oakland,  California. — Library  of  the  Oakland  College  of  Medi- 
cine and  Surgery  (1902).     Dr.  E.  N.  Ewer.     6,000  v. 

Odessa,  Russia. — Library  of  the  Odessa  Jewish  Hospital  (1891). 
Boris  M.  Schaposchnikoff.     1,550  v. 

Omaha,  Nebraska. — Library  of  College  of  Medicine  of  University 
of  Nebraska  (1904).     Mrs.  A.  C.  Berry.     6,000  v. 
Omaha   Public   Library,    Medical   Department     (1905).     Miss. 
Edith  Tobitt.     3,000  v. 

Orange,  New  Jersey. — William  Pierson  Memorial  Library  (1901). 
Dr.  Palmer  A.  Potter.     2,812  v. 

Oxford,    England. — Radcliffe    Library.     [Radcliffe    Camera   in 
the  Bodleian  Library]  (1749).     Mr.  F.  Madan.     50,000  v. 

Paris,  France. — Bibliotheque  de  l'Academie  de  medecine  (1820). 

Dr.  Wickersheimer.     60,000  v. 
Bibliotheque    de    l'Ecole   d'application    du    service    de    sant6 

militaire  (1850).     Dr.  P.  Busquet.     23,000  v. 
Bibliotheque   de    l'Ecole   supeneure   de    pharmacie.      Dr.    P. 

Dorveaux.     50.000  v. 
Bibliotheque  de  la  Faculte  de  medecine  de  Paris.     Dr.  F.  L. 

Hahn.     240,000  v..  80,000  p. 
Bibliotheque  Henri  Fenlard.     Dr.  Louis  Wickham.     20,962  v. 
Bibliotheque   des    internes   de    l'assistance    publique   centrale. 

M.  Andre  Mesureur.     35,000  v. 
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Bibliotheque  de  l'lnstitut  Pasteur.     [Medical  Library  of  Pasteur 

Institute]  (1SSS).      M.  Ravoau.     20,000  v. 
Bibliotheque  de  la  Policliniquo  II.  de  Rothschild.     M.  Ch.  Mott- 
ling.  12,000  v. 
Bibliotheque  de  la  Sooiete  de  medeeine  de  Paria  (1790).     Dr. 

Debrigode.     6,000  v. 
Bibliotheque  de  la  Societe  nationale  de  chirurgie  (18-13).     Prof. 

A.  Broca.     S.000  v. 
Philadelphia,  Pennsylvania. — Jefferson  Medical  College  Library 

(1898).     Mr.  Charles  Frankenbergor.     5,635  v. 
Library  of  the  Academy  of  Natural  Sciences  of  Pennsylvania 

(1812).     Dr.  E.  J.  Nolan.     3,084  v. 
Library  of  the  College  of  Physicians  of  Philadelphia  (1788). 

Mr.  Charles  Perry  Fisher.      101,340  v.,  89,807  p. 
Library  of  the  Department  of  Research  Medicine,  University 

of  Pennsylvania.     Dr.  R.  M.  Pearce. 
Library  of  Hahnemann  Medical  College  and  Hospital  of  Phila- 
delphia (1850).     Dr.  Thomas  Lindsley  Bradford.      15,000  v. 
Library  of  the  Medico-Chirurgical  College  (1907).     Dr.  A.  C. 

Morgan.     4,500  v. 
Library  of  the  Wistar  Institute  of  Anatomy  and  Biology  (1892). 

Miss  Clara  N.  Perine.     5,000  v. 
Library  of  the  Woman's  Medical  College  of  Pennsylvania  (1850). 

Miss  Henrietta  Neuberger.      1,600  v. 
Medical  Department  of  the  University  of  Pennsylvania  Library 

(1765).     Morris  Jastrow.     28,000  v. 
Mercantile    Library    Company,    Medical    Department    (1821). 

Mr.  John  Edmunds.     5,000  v. 
Pennsylvania   Hospital   Medical   Library   (1762).     Mr.    Milton 

M.  Bergey.     15,000  v. 
Pittsburg,     Pennsylvania. — Carnegie    Library     of     Pittsburg, 

Medical     Department     (1895).      Mr.    Harrison    W.    Craver. 

5,000  v. 
Library  of  the   Pittsburg  Academy  of  Medicine   (1897).     Dr. 

Henry  T.  Price.     5,500  v. 
Plymouth,  England.- — Library  of  the  Plymouth  Medical  Society 

(1794).     Dr.  A.  Bertram  Soltau.      1,700  v. 
Portland,    Maine. — Portland    Medical    Library    (1895,    1911). 

Miss  Mama  A.  Libby.      1 ,040  v. 
Portland,  Oregon. — R.   B.  Wilson  Library   (1893).     Dr.  John 

D.  MacLaren.     1,860  v. 
Porto    Alegre,    Brazil. — Bibliotheca    da    Faculdade    libre    de 

medicina  (1899).     Sr.  D.  Ferraz.     3,000  v. 
Posen,     Germany. — -Bibliothek     des    koniglichen    hygienischen 

Institutes   (1899).     [Library  of  the  Royal  Institute  of  Hy- 
giene.]    800  v. 
Pottsville,  Pennsylvania. — Schuylkill  County  Medical  Library 

Association  (1912).     Dr.  Gouverneur  H.  Boyer.     500  v. 
Poughkeepsie,  New  York. — Library  of  the  Medical  Society  of 

the  County  of  Dutchess  (1909).    Dr.  A.  L.  Peckham.    2,025  v. 
Prague,     Bohemia. — Bibliothek     des     deutschen     naturwissen- 

schaftlich-medizinischen   Vereins  fur    Bohmen    (184S).     [Li- 
brary of  the  German  Society  of  Natural  and  Medical  Sciences 

of  Bohemia.]     8,000  v. 
Library   of   the   Bohemian   Medical   Society.     Spolek   5eskych 

mediiS  (1868).     22,000  v. 
Providence,  Rhode  Island. — Library  of  Rhode  Island  Medical 

Society  (1879).     Dr.  George  D.  Hersey.     25,000  v. 
Pueblo,    Colorado. — -Library    of    the    Pueblo    County    Medical 

Society  (1896).     Dr.  A.  W.  Bulette.     4,558  v. 

Quebec,  Canada. — Bibliotheque  medicale  de  l'Universite   Laval 
(1852).     M.  P.  B.  Garneau.     5,229+  v. 

Reading,     England. — Library     of     the     Reading     Pathological 

Society  (1841).     Dr.  J.  B.  Hurry.     3,000  v. 
Reading,  Pennsylvania. — Library  of  the  Berks  County  Medical 

Society.     Dr.  Clara  S.  Keiser. 
Richmond,    Virginia. — Library  of    Medical   College  of  Virginia 

(1900).     Dr.  E.  C.  L.  Miller.     4,000  v. 
Riga,    Russia. — Library   of  the   Society   of   Russian   Physicians 

(1888).     Dr.  A.  J.  Orloff.      2,0004-  v. 
Rio   de   Janeiro,    Brazil. — Assistencia  a   alienados   do   Rio   de 

Janeiro  (1841).     Dr.   M.  Mattos.     4,550  v. 
Bibliotheca   da    Faculdade    de    medicina,    cirurgia    e   farmacia 

(1808).     Dr.  A.  Paulino.     36,600  v. 
Bibliotheca  do  Istituto  Oswaldo  Cruz   (1901).     Dr.  A.  Lutz. 

25,000  v. 
Library  of  the  Medico-legal  Institute.     Dr.  J.  de  Barros  (1S56, 

1907).    3,000  v. 
Rochester,    Minnesota. — Mayo  Clinic  Library.     Mrs.    M.    H. 

Mellish. 
Rochester,  New  York. — Library  of  the  Rochester  Academy  of 

Medicine.     Dr.  W.  M.  Brown.     3,500+  v. 
Rosedale,  Kansas. — Library  of  School  of  Medicine,  University 

of  Kansas  (1905).     Sarah  E.  Stanton.     2,310  v. 

St.  Louis,  Missouri. — Library  of  the  St.  Louis  University  School 
of  Medicine  (1904).     Mr.  S.  F.  Waldeck.     8,000  v. 


Library  of  Washington  University  Medical  School  (Reorg.  1910). 

Belen  M.  Tieeler.     16,000  v. 
St.  Louis  Medical  Library  (1899).      Dr.  Frank  J.  Lutz.    14,500  v. 
St.  Louia    Public    Library,    Medical    Department  (1865).      Mr 
A.  E.  Bostwick.     6,386  v. 
St.  Paul,  Minnesota. — Ramsey  County  Medical  Library  (1899). 

Miss  Irene  Gootte.     10,000  v. 
St.  Petersburg,  Russia. — Library  of  the  Imperial  Clinical  Insti- 
tute of  the  Grand-DuchcHM  Helena  Pavlovna.      [Imp.  Klini£. 
Institute    Velikoj    Kn.  Jeleny    Pavlovny.]     Dr.    H.    C.   Auc. 
15,000  v. 
Library  of  the    Imperial    Institute  for   Experimental    Medicine 

(1891).     Dr.  V.  G.  Uaakov.     20,100v. 
Library   of   the    Imperial    Military    Medical    Academy    (1798). 
[Imp.  s.-IYtcrsb. voyenno-med.  Akademiya.]    Dr. A.  R.  Voynic- 
Kianozensky.      180,000  v. 
Library    of    the    Medical    High-School    for    Women    (1897). 
[Zenskij  Medicinskij  Institut.]     Dr.  V.  J.  Bras.     23,962  v. 
San   Francisco,  California. — Lane  Medical  Library  of  Stanford 
University  (1895).     Miss  Louise  Ophiila.     37.667  v. 
Library   of  the  Cooper    Medical    College  (1895).     Dr.  Emmet 

Rixford.     2,611  v. 
Library   of   the    Hahnemann    Medical    College   of   the    Pacific 

(1900).     Dr.  Guy  E.  Manning.     4,250  V. 
Library  of  the   Medical  Department,    University  of  California 

(1898).     Dr.  Milton  B.  Lennon.     4,200  v. 
San  Francisco  County  Medical  Society  Library.     Dr.  L.  Eloeaaer. 
4,780  v. 
Sao  Paulo,  Brazil. — Bibliotheca  da  Escola  de  pharmacia,  odon- 

tologia  e  obstetricia  (1898).     2,000  v. 
Savannah,   Georgia. — Library  of  the  Georgia  Medical  Society 
(1804).     Dr.  V.  H.  Bassett.     3,000  v. 
Library  of  the  Municipal  Hygienic  Laboratory,  Board  of  Sani- 
tary Commissioners  (1908).     Dr.  V.  II.  Bassett.     1,000  v. 
Scranton,  Pennsylvania. — Lackawanna  County  Medical  Society 

Library  (1909).     Dr.  J.  M.  Wainwright.     2,500  v. 
Seattle,   Washington. — Washington   Medical  Library  Associa- 
tion (1898).     Miss  Alice  B.  Johnson.     4,000  v. 
Sheffield,     England. — Sheffield     Medico-Chirurgical     Society 

(1869).     Dr.  D.  Burgess.     20,000  v. 
Sonyea,    New    York. — Medical    Library    of    Craig    Colony    for 

Epileptics.     2,800  v. 
Springfield,     Massachusetts. — City    Library     (1875).     J.    C. 

Dana.     800  v. 
Stockholm,  Sweden. — Bibliotek  Kungl.  Karolinska  medico-kirur- 
giska  Institutet.     [Library  of  the  Caroline  Medico-Chirurgical 
Institute]  (1815).     Dr.  Emil  Havermann.     41,000  v- 
Library  of  the  Association  of  Swedish   Physicians  (1808).     Sven 
ska  Lakaresallskapet.     Dr.  E.  O.  Hultgren.     35,000  v. 
Syracuse,    New  York. — Library    of   the    College    of    Medicine, 
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Hughes.     1,373  v. 
Tokyo,  Japan. — Library  of  the  Imperial  Japanese  Institute  for 

Infectious  Diseases  (1892).     Dr.  J.  Matsui. 
Library  of  the  Tokyo  Charity  Hospital   Medical  College.     Dr. 

T.  Toriyama.     2,750  v.  Japanese,  4,565  v.  foreign. 
Toledo,  Ohio. — Library  of  the  Toledo  Medical  College  (1886). 

1,200  v. 
Tomsk,    Russia. — Library    of    the    Society    of    Naturalists    and 

Physicians  (1889).     1,000  v. 
Topeka,    Kansas. — Stormont   Medical   Library.     Mr.   James  L. 

King.     3,595  v. 
Toronto,  Canada. — Library  of  the  Academy  of  Medicine,  Toronto 

(1907).     Miss  Louise  E.  Mason.     6,000  v. 
University  of  Toronto  Library,   Medical   Department   (1829). 

Mr.  H.  H.  Langton.     15,000  v- 
Tunis,     Africa. — Bibliotheque    de    l'lnstitut    Pasteur     (1894). 

Mme.  G.  Dudouet.     2,000  v,  50  period. 
Turin,     Italy. — Biblioteca    della    R.    Accademia    d6    medicina. 

Prof.  R.  Tusari,  60,000  v. 

University,  North  Dakota. — University  of  North  Dakota 
Library  (18S3).     Mr.  Clarence  Summer.     2,000  v. 

Utica,  New  York. — Utica  State  Hospital  Medical  Library  (1843). 
Mr.  Rees  P.  Pyghe.     6,494  v. 

Vancouver,  British  Columbia. — Library  of  Vancouver  Medical 

Association  (1906).     Miss  Mary  M.  D.  MacCagan.     3,000  v. 
Vermillion,    South    Dakota. — University    of    South    Dakota 

Library  (1S82).     Miss  Mabel  K.  Richardson.     1,200  v. 
Vienna,  Austria. — Bibliothek  der  K.  K.  Gesellschaft  der  Aerzte 

in  Wien.     [Library  of  Medical  Society  of  Vienna.]     Dr.  H 

Paschkis.     45,000  v. 

Washington,  D.  C — Library,  Department  of  Medicine,  George 
Washington  University  (1825).     Emil  Walter.     2,537  v. 
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Library,   Bureau   Public   Health  and    Marine  HoHpital   Service 

(1872).     Dr.  Paul  Preble.     6,000  v. 
Library  of  the  Surgeon   General's  Office   (1865).     Col.   C.  C. 

MeCulIoch.     220,749  v.,  331,802  p. 
Library  of  the  U.  S.  Naval  Medical  School  (1902).      Mr.  C.  R. 

Eagle.     16,200  v. 
Waverly,   Massachusetts. — McLean  Hospital  Medical  Library 

(1887).     Miss  10.  Kathleen  Jones.     5,422  v. 
Wheeling,  West  Virginia. — Library  of  the  Wheeling  Medical 

Library    Association    (1896).     Dr.    Frank    LeMoyne    Hupp. 

3,000  v. 
Wilkes-Barre,  Pennsylvania. — Luzerne  County  Medical  Sociel  v 

Library  (1909).     Dr.  Lewis  H.  Taylor.     5,425  v. 
Wilna,  Russia. — Library  of  the  Imperial  Medical  Society.     [Imp. 

Vilenskoye  Meditsinskoye  obshchestvo]  (1805).     19.0S7  v. 
Winnipeg,     Manitoba,    Canada. — Medical    Library,    College   of 

Physicians   and    Surgeons   of    Manitoba    (1899).     Miss  S.  D. 

Maclntyre.     2,000  v. 
Worcester,    Massachusetts. — Library    of    the    City    Hospital 

(1873).     500  v. 
Worcester     District     Medical     Library     (1822).     Dr.     Merrick 

Lincoln.     9,971  v. 

York,  England. — Library  of  the   York    Medical  Society  (1832). 

Dr.  A.  B.  Northcote.     6,000  v. 
York,  Pennsylvania. — York    County    Medical    Society    Library 

(1900).     Dr.  I.  H.  Betz.     3,000  v. 

Zaragoza,  Spain. — Biblioteca  provincial  y  universitaria.     Seccion 

de  medicina  (1884).     11,000  v. 
Zurich,  Switzerland. —  Medizinish-Chirurgische  Bibliotheksgesell- 

schaft.     [Medico-chirurgical  Library  Society]  (1810).     Dr.  V. 

Wirz.     25,000  v. 

Fielding  H.  Garrison. 


Lice. — Siphunculata.  An  order  of  insects.  The 
proboscis  is  armed  with  recurved  hooklets,  and  con- 
tains a  hollow  extensible  sucker  formed  by  the  man- 
dibles and  maxillae;  eyes  without  facets;  thorax  un- 
segmented;  wings  absent;  legs  with  hook-like  terminal 
joints  suitable  for  clinging.  There  are  two  families: 
the  Pediculidoe  (containing  Pediculis  capitis,  the  head 
louse,  P.  corporis  the  body-louse,  and  Phtldrius  pubis, 
the  pubic  or  crab-louse)  and  the  Ricinidoe. 

A.  S.  Pearse. 

Lichen. — The  term  lichen  from  Xeix^i",  the  Greek 
word  for  moss,  is  conspicuous  in  the  history  of 
cutaneous  medicine.  William,1  writing  in  1814,  could 
not  determine  from  the  works  of  Hippocrates  the  exact 
significance  attached  to  it  by  the  ancients  and  con- 


cludes in  defining  lichen  as:  "An  extensive  eruption 

(if  papula',  affecting  adults,  connected  with  internal 
disorder,  usually  terminating  in  scurf,  recurrent,  not 
contagious — the  varieties  of  this  eruption  are  seven." 
No  condition  has  been  the  subject  of  more  misun- 
derstanding and  controversy  than  lichen  and  its 
supposed  varieties,  and  uhal  we  understand  by  lichen 

to-day  lias  been  achieved  by  the  slow  process  of 
nosological  evolution,  which  is  not  yet  complete.  One 
by  one  the  supposed  varieties  of  lichen  have  been 
relegated  to  other  groups  or  recognized  as  distinct 
affections  as  their  nature  has  become  better  under- 
stood. By  most  clinicians  lichen  is  now  limited  to  one 
well-defined  disease,  which  from  its  flat-top,  papular 
nature,  Wilson  named  lichen  planus.2  The  essential 
features  in  all  eruptions  entitled  to  this  generic  name 
are  the  presence  of  papules  and  their  chronic  course. 
Some  of  these  conditions  in  which  this  papular  feature 
was  formerly  alone  recognized,  have  on  further  ob- 
servation and  histological  study  been  found  to  possess 
additional  distinctive  features,  such  as  their  associa- 
tion with  cutaneous  follicles  or  in  certain  aberrations 
of  the  epidermic  structure.  In  these  cases  a  more 
distinctive  name  has  been  given,  such  for  example  as 
the  pityriasis  pilaris  of  Divergie  which  was  the  lichen 
ruber  of  Hebra  and  the  lichen  acuminatus  of  Kaposi.3 

Lichen  Planus. — The  adjective,  planus,  flat,  was 
first  used  to  designate  a  papular,  flat,  shiny-topped 
eruption,  possessing  well-defined  characteristics  which 
entitled  it  to  the  dignity  of  a  disease  sui  generis,  and 
representative  of  the  lichen  group. 

Symptoms. — The  disease  begins  without  marked 
subjective  symptoms,  and  during  its  whole  course,  aside 
from  local  discomfort,  the  patient  may  not  be  aware 
of  any  constitutional  disturbance.  The  first  symp- 
tom to  attract  attention  is  the  appearance  of  the 
eruption,  which  usually  makes  its  advent  insidiously 
on  the  flexor  surface  of  the  wrists,  in  fact,  it  may  be 
limited  to  this  region ;  more  frequently,  during  a  period 
of  weeks  or  months  it  appears  on  other  parts,  notably 
the  lower  third  of  the  legs,  while  occasionally,  when 
fully  developed  it  covers  nearly  the  entire  cutaneous 
surface.  Sometimes  the  eruption  disappears  on  the 
parts  first  invaded  and  breaks  out  on  remote  areas 
which  in  turn  likewise  subside,  to  be  followed  by 
further  extension.  The  face  is  seldom  involved  and 
the  palms  and  soles  in  like  manner  usually  enjoy  more 


Fig.   3730.— Lichen  Planus.     (Courtesy  of  Dr.  G.  W.  Wende.) 
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or  less  immunity.  Again,  in  some  instances  its 
distribution  is  more  generalized  although  the  wrists, 
forearms,  and  legs  and  finally,  to  a  less  extent,  the 
abdomen  and  back  bear  the  brunt  of  t  lie  attack.  The 
eruption  may  be  continent  or  in  clusters  on  the  forearms 
and  legs  while  discrete  or  very  sparcely  distributed  else- 
where. A  case  now  under  observation,  that  of  a 
young  man,  presented  a  typical  pinkish,  flat-topped 
eruption  well  marked  on  the  forearms  with  a  few 
discrete  patches  on  other  pails  of  the  body,  but  con- 
fluent on  the  lips  where  it  was  last  to  disappear.  The 
mucous  surface  of  the  cheeks  was  likewise  involved  to 
a  moderate  extent.  In  this  case  the  lips  alone  pre- 
sented a  bluish-violet  tint.  The  eruption  seen  at  a 
distance  at  an  early  stage  has  a  more  or  less  uniform 


Fig.  3731.— Lichen  Planus. 

pinkish  or  slightly  purplish  appearance  but  on  close 
inspection  or  with  the  aid  of  a  magnifying  lens  it  is 
seen  to  be  composed  of  flat-topped  papules,  somew-hat 
glistening  when  viewed  at  the  proper  angle.  Later 
the  papules  develop  into  small  pin-head  to  pea-sized 
lesions  with  a  smooth,  whitish  surface  having  abrupt 
or  palisade-like  margins.  The  enlargement  of  the 
individual  papules  takes  place  at  the  periphery;  fre- 
quently several  lesions  merge  to  form  an  elevated 
plaque  of  several  centimeters  in  area  and  of  irregular 
outline  (see  Fig.  3731).  When  large  plaques  are 
formed  the  peripheral  extension  is  caused  by  the 
appearance  of  new  papules  rather  than  by  marginal 
extension  of  the  plaque  itself,  and  the  plaque  is  divided 
by  lines  or  folds  into  small  squares  or  polygonal 
patches,  these  lines  or  fissures  on  the  surface  indi- 
cating the  contiguity  of  papules  of  which  it  is  com- 
posed. Surrounding  these  plaques  there  are  often 
isolated  papules  which  become  more  sparcely  dis- 
tributed as  we  proceed  from  the  margin  of  the  cluster. 
When  fully  developed  the  base  of  the  papules  is  of  a 
pink  or  crimson  color  becoming  purple  on  dependent 
parts  as  on  the  legs  or  there  may  be  a  blending  of  this 
color  with  deep  red.  The  latter  color  induced  Hebra 
to  call  the  disease  lichen  ruber,  in  which  a  compromise 
in  name  was  effected  by  more  recent  German  authors3 
to  lichen  ruber  planus.     The  color  of  the  eruption  not 


only  varies  in  different  cai  e  bul  a]  o  according  to  tin- 
stage   and   distribution    of  the  disease.      Early    iii    ii 

course  the  light  reds  predominate  while  on  dependent 

parts  or  after  the  disease  has  bee., me  chronic  the  deep 

red,  purple,  or  even  sepia-brown  prevails.     On  close 

examination  the  flat,  glistening  surface  will  be  seen 
to    consist    of    a    thin,    parchment-like    yellowish    or 

whit  ish  surface  which  does  not  tend  to  the  formation  of 

easily    detached    scales    and    which    is    sometime 

dented  in  the  central  area.    Wick  ham  called  attention 

to  minute  red  points,  the  size  of  a  pin  point,  on  the 
plane,  or  when  confluent,  near  the  line  of  separation 

between  the  papules,  which  he  considers  characteristic 

Of  the  disease.'  Of  the  mucous  surfaces  the  buccal 
en  ity  seems  to  be  most  frequently  affected,  probabl] 
because  it  is  more  readily  observed;  although  the 
genital  mucosa  in  women  and  the  glan^  peni  in  men, 
together  with  the  anal  region,  may  likewise  be  in- 
volved. It  is  thought  by  some  to  extend  to  the  gas- 
trointestinal tract,  but  on  account  of  the  infrequency 
of   postmortem   examinations   in    this   disease    thi 

difficult  to  prove.  I  have  never  nol  iced  any  symptoms 
pointing  to  such  involvement. 

Itching  is  the  only  subjective  symptom  of  constant 
occurrence  and  this  varies  greatly  in  different  eases. 
At  first  it  is  usually  of  a  mild  nature,  but  later,  espe- 
cially if  the  eruption  be  extensively  distributed  and 
more  especially  in  the  aged,  it  is  usually  severe,  often  of 
a  burning  character  and  preventing  refreshing  sleep. 
Little  disturbance  is  complained  of  in  the  mucous 
membranes.  According  to  the  returns  of  the  Ameri- 
can Dermatological  Association  the  statistical  fre- 
quency of  the  disease  is  0.5566,  for  in  L907  of  30,181 
diseases  of  the  skin  reported  108  were  lichen  planus. 

Varieties. — Under  the  following  names  various 
eruptions,  possibly  representing  allied  diseases,  have 
from  time  to  time  been  described :  Lichen  simplex,  a 
mild  papular  eruption,  is  now  generally  regarded  as  a 
form  of  papular  eczema.  Lichen  verrucosus  vel  hyper- 
trophicus  is  a  form  of  lichen  planus  most  frequently 
seen  on  the  lower  extremities,  and  consists  of  a  hyper- 
trophied  condition  of  the  lesions.  It  usually  indi- 
cates a  more  chronic  course  than  is  commonly  ob- 
served in  lichen  planus  and  may  persist  for  years. 
Lichen  nilidus — under  this  term  Arndt5  described  a 
rare  disease  which  according  to  this  observer  consists 
of  pin-head  sized  rounded  papules  having  a  pale 
red  or  yellowish-brown  color  which  at  times  differs 
little  from  the  general  color  of  the  skin.  The  lesions 
are  but  slightly  raised  above  the  le\  el  of  the  skin  and 
often  present  a  slight  depression  in  the  center.  The 
eruption  sometimes  tends  to  a  linear  distribution 
rather  than  in  clusters  as  in  lichen  planus,  and  the 
lesions  are  more  frequently  discrete.  The  parts  in- 
volved are  the  penis,  umbilical  region,  and  the  flexor 
surface  of  the  elbows  and  wrists.  The  palms  and 
soles  remain  free.  Still  less  frequently  the  eruption 
becomes  more  generalized  when  it  tends  to  a  sym- 
metrical distribution.  It  is  of  slow  evolution  and 
may  remain  for  years.  Unlike  other  forms  of  lichen 
no  itching  or  other  subjective  symptoms  are  present. 
Lichen  obtusus  corneas,  a  name  introduced  by  Brocq6 
in  describing  an  infrequent  disease  of  the  skin  charac- 
terized by  somewhat  large,  hemispherical  papules 
from  three  to  ten  millimeters  in  diameter,  most 
commonly  and  primarily  found  on  the  extremities  both 
upper  and  lower.  At  first  they  are  pinkish  white  in 
color,  later  becoming  brownish  and  accompanied  by 
intense  itching.  The  papules  remain  discreteand  their 
evolution  is  extremely  slow.  (For  a  more  complete 
description  see  C.J.  White,  Jour.  Cut.  Dis.,  Sept.,  l'tf)7, 
p.  3S5;  Hardaway,  Archives  of  Derm.,  1880,  p.  129; 
Schamberg  and  Hirschler,  Jo»<r.  Cut.  Dis.,  1906,  p.  LSI.) 
Lichen  pilaris,  described  by  Crocker  is,  I  think, 
synonymous  with  lichen  spinulosis  of  Devergie. 
Fordyce  considers  it  a  distinct  form  of  lichen,  but 
clinically  it  would  be  difficult  when  unaccompanied 
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by  well-defined  lichenification  to  distinguish  it  from 
pityriasis  rubra  pilaris  and  the  keratosis  follicularis 
of  Brooke.'  Lichenification  is  a  term  used  by 
Brocq  and  Jacquet8  to  differentiate  a  thickened 
and  more  or  less  elevated,  reddish,  dry,  slightly  scaly 
eruption  oftentimes  limited  to  a  single  patch,  fre- 
quently met  with  in  the  axilla  or  again  on  other  parts 
of  tin  cutaneous  surface.  It  is  characterized  by  a 
reddish,  elevated  patch  in  which  the  surface  is  marked 


Fig.  3732. — Lichen  Planus  Hypertrophicus. 

off  into  small  squares,  triangles,  and  quadrilaterals, 
very  itchy  and  of  a  chronic  course.  The  eruption 
has  a  tendency  to  recur  in  the  same  sites.  Clinically, 
it  forms  a  connecting  link  between  eczema  and  lichen 
planus.  Lichen  planus  morphceicus  or  lichen  planus 
atrophicus  (the  white  spot  disease  of  Montgomery 
and  Ormsby')  is  a  form  of  morphoea.  Lichen  scro- 
fulosorum,  formerly  used  to  designate  a  kerato- 
papular  disease  of  the  skin,  often  met  with  on  the 
abdomen,  sides  of  the  chest  and  thighs,  and  occurring 
in  clusters.  The  lesions  run  a  slow-  course  and  finally 
disappear,  leaving  a  slightly  yellowish  pigmentation. 
Little  itching  is  present.  This  condition  is  now  re- 
garded as  a  tuberculide.  A  bullous  or  vesicular  form 
of  lichen  planus  has  been  reported  by  various  observers 
of  which  Whitfield10  has  collected  seventeen  cases. 

The  relation  of  these  eruptions  to  lichen  planus 
must  be  regarded  as  provisional  for  in  many  their 
true  nature  is  still  undetermined. 

Histo pathology. — The  first  changes  noted  by 
Fordyce,  in  a  histological  study  of  the  lichen  group 
of  skin  diseases,11  takes  place  in  the  papillae,  consist- 
ing of  a  dilatation  of  the  vessels  and  lymph  spaces. 
Following  this  increased  nutrition  there  is  a  prolifera- 
tion of  the  connective-tissue  cells  and    the    papilla? 
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•themselves  become  more  prominent.  With  the  fore- 
going changes  the  subpapillary  layer  becomes  in- 
volved in  like  manner  and  a  round-celled  infiltration 
ensues.  The  migration  of  the  leucocytes  from  tin- 
dilated  lymph  spaces  into  the  epidermis  then  takes 
place  together  with  an  intracellular  edema,  resulting 
in  a  flattening  of  the  rete  pegs  and  disorganization  of 
the  basal-cell  layer.  With  the  flattening  of  the 
middle  rete  cells,  to  which  this  marked  edema  gives 
rise,  the  granular  and  corneous  strata  become  hyper- 
trophied,  thus  completing  the  characteristic  changes 
found  in  lichen  planus.  According  to  Sabouraud12 
the  lesions  are  due  to  a  proliferation  of  the  mono- 
nuclear cells  in  the  papillae,  obliterating  the  inter- 
papillary  processes  of  the  epidermis  by  pressure,  fol- 
lowed by  edema  of  the  papilte  sometimes  even  to 
the  degree  of  vesiculation.  This  doubtless  accounts 
for  the  vesicular  or  bullous  lesions  above  cited. 
Acanthosis  then  takes  place  in  the  epidermis  followed 
by  intercellular  edema,  colloid  degeneration  of  the 
prickle-cells  and  hyperkeratosis.  The  central  de- 
pression frequently  observed  in  the  lichen  planus 
lesions  is  thought  by  both  Crocker  and  Fordyce  to 
be  due  to  the  obliteration  of  the  rete  at  the  point 
where  the  hyperkeratosis  is  most  marked,  thus 
forming  a  funnel-like  depression  which  often  corre- 
sponds to  the  orifice  of  a  sweat-duct.  The  degree  of 
hyperkeratosis  largely  determines  the  form  of  lesion 
above  described.  The  appendages  of  the  skin  remain 
intact.  The  histological  findings  of  the  mucous 
membranes  resemble  those  observed  in  the  skin. 

Etiology. — The  exact  cause  of  lichen  is  not  known. 
From  clinical  observation  practical  deductions  have 
been  drawn  which  serve  a  valuable  purpose  in  the 
management  of  the  disease.  It  is  more  common  in 
private  than  in  dispensary  practice,  men  and  women 
are  about  equally  affected  while  it  is  seldom  seen  in 
childhood.  I  have  encountered  the  disease  but 
twice  in  children,  both  in  hospital  practice;  in  adults 
it  has  usually  been  attributed  to  worry,  mental  strain 
or  overwork  and  in  those  of  a  neurasthenic  predis- 
position. This  is  in  accord  with  the  general  opinion 
concerning  this  disease  and  numerous  instances  are 
recorded  of  severe  shock  (Hyde)  or  mental  over-work 
(Stelwagon)  being  followed  by  lichen  planus.  It  has 
also  been  attributed  by  Walters13  and  Jacquet8  to 
traumatism  while  Hallopeau  and  Jomier14  suggest  a 
parasitic  origin. 

Diagnosis. — In  most  cases  the  lesions  of  lichen 
planus  are  characteristic  and  cannot  well  be  mis- 
taken, but  in  aberrant  or  unusual  forms,  or  when 
modified  by  treatment  some  difficulty  might  arise  in 
making  a  diagnosis.  The  dry,  smooth,  flat-topped 
papule  seen  even  at  an  early  stage  and  its  slow  evolu- 
tion are  sufficient  to  direct  attention  to  the  disease. 
Later  it  might  be  necessary  to  differentiate  it  from 
chronic  eczema  or  psoriasis,  but  again,  only  in  aberrant 
forms,  such  as  parapsoriasis,  wTould  difficulty  arise. 
It  is  to  be  remembered  that  the  scales  in  lichen  are 
adherent,  while  in  psoriasis  they  exfoliate.  Extensive 
plaques  of  psoriasis  are  less  liable  to  occur  on  the 
wrists;  the  elbows,  knees,  and  scalp  being  the  region  of 
predilection.  In  psoriasis,  too,  the  lesions  extend 
at  the  periphery  while  in  lichen,  such  extension  is  due 
to  the  appearance  of  new  papules.  Furthermore, 
the  papules  maintain  their  individuality  throughout 
the  course  of  the  disease. 

From  syphilis  with  its  multiform  manifestations  a 
careful  consideration  of  the  history,  course,  and  most 
prominent  features  will  usually  serve  to  differentiate 
between  them.  Fortunately  it  is  only  during  the  most 
active  stage  of  syphilis  that  the  eruption  is  liable 
to  be  mistaken  for  lichen.  In  case  of  doubt  repeated 
Wassermann  tests  might  be  employed. 

Treatment. — If  any  of  the  etiological  factors  men- 
tioned in  the  foregoing  are  found  they  should  as  far  as 
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possible  be  removed,  after  which  the  treatment  be- 
comes more  simple.  In  general,  an  out-of-door  life 
with  a  diet  suitable  to  the  needs  of  the  patient,  which 
must  naturally  vary  but  be  of  a  simple  nat  ure,  should 
be  enjoined.  Freedom  from  care  and  relaxation  from 
mental  labor  are  of  importance  in  many  cases.  Of  in- 
internal  medication,  in  my  experience,  mercury  has 
acted  best.  The  bichloride  is  usually  prescribed  in  doses 
varying  from  em.  0.002  to  0.006,  according  to  tolerance 
and  the  age  of  the  patient.  It  should  not  be  given  to 
its  full  physiological  limit.  Stelwagon  prefers  arsenic 
(sod.  arsen.  sol.  0.165  to  0.2)  given  in  increasing  doses 
(0.33  to  0.4)  to  the  point  of  tolerance  and  continued 
until  the  disease  yields.  I  would  use  the  drug  only  in 
the  chronic  stage  as  it.  may  aggravate  the  eruption 
during  the  active  or  acute  stage.  Quinine  and  str\  ch- 
nine  are  also  well  spoken  of.  There  is  no  infalli.ible 
specific,  however,  and  cases  differ  in  their  response  to 
drugs.  Internal  treatment  should  be  continued  for  a 
month  or  more  after  the  eruption  disappears. 

As  the  itching  is  usually  a  troublesome  symptom, 
external  measures  should  be  adopted  for  its  relief. 
Topical  measures  are  also  of  value  in  causing  the 
eruption  to  disappear.  In  the  acute  stage  or  when 
much  irritation  exists  a  soothing  application  is  called 
for,  such  as  the  glyceride  of  tannin,  one  part,  and 
hamamelis  water,  three  parts,  to  be  applied  con- 
stantly. Lotio  alba  is  likewise  used  and  is  a  more 
agreeable  though  less  efficient  application.  I  have 
found,  however,  that  most  cases  do  better  under  a 
stimulating  ointment  such  as  the  following: 

R,    Liq,  carbon,  deterg 40.0 

Hg,  ammoniati   4.0 

Adip,  lana3  hydr, 75 .  0 

Petrolati q,s,  ad  1SO.0 

M. 

Care  should  be  taken  that  the  mercury  be  finely  tri- 
turated to  an  impalpable  powder,  otherwise  harm  from 
irritation  may  result.  The  strength  of  the  liquor  car- 
bonis  detergens  may  be  varied  according  to  the  stimula- 
tion required,  and  if  necessary,  oil  of  cade  may  be 
added  to  the  above.  In  very  chronic  or  obstinate 
cases  I  have  often  used  Wilkinson's  ointment  with  ex- 
cellent results. 

In  hypertrophic  lichen  planus  of  the  lower  extrem- 
ities recourse  to  the  Rontgen  rays  has  been  had  with 
favorable  results. 

The  high  frequency  spark  has  also  apparently 
favored  involution  in  obstinate  cases. 

The  disease,  wdien  untreated,  shows  little  tendency 
to  involution,  but  under  appropriate  treatment  it 
usually  disappears  in  from  one  to  three  or  more 
months.  Relapses  during  the  first  two  or  three 
months  after  apparent  cure  are  not  uncommon. 

William  Thomas  Corlett. 
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Lichen  Scrofulosorum. — Synonyms:  Acne  cach- 
ecticorum  (Hebra,  Kaposi),  acne  scrofulosorum  (Col- 
cott   Fox),   folliculitis   scrofulosorum    (Unna). 
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Symptomatologi  .11.  I 
on.    of  the  few   ■    i     .  which  ii 

stood  the  lest  ..I'  i in,  follows. 

The   eruption   con   i 

varying  in  size  from  a  poinl  which  is  barely  \ 

mi  object  the  size  of  .'i  |.in'    hi  a.  I       ["hi     an      b 

icd  iii  color  at  first,  fading  gradually  until  they  differ 

very  little  from  the  surrounding  skin  in  tint.     Si: 

pigmentation  i-  iearance. 

A  minute  scale  forms  on  the  each  papule 

during  involution,  the  desquamation  bi  Doming    more 

prominent  as  1  hi  ties,      The  papule-  OCCUT 

in  groups,   circles,  or  segments  of  i  ith   little 

tendency  to  cbalescence.     This  gri  due  to 

their  localization  about  the  lanugo  hail  follicle  .  The 
life  of  each  papule  varies  from  a  •  six 

months,  but  the  tendency  to  relapse  make-  the  dura- 
tion of  the  disease  most  uncertain.     The  site  of  . 
tion  is  the  lower  part  of  the  trunk,  e  along  the 

flanks,  spreading  from   them    in   ran    i  the 

whole  body  on  to  the  neck,  the  thighs,  and  upper 
arms.  As  a  rule,  progress  is  arre  ted  ai  Hie  axilla- 
and  groins.     There  are  no    ubji  cl  ive  symptoms. 

Complications  ma\  change  the  appearance  of  the 
skin  somewhat.  The  papules  show  occasionally  a 
central  comedo,  which  may  becomi  pusl  ular,  as  in  true 

acne.     These   lesions,    which    have    I n    known 

appear  on  the  face,  constitute  whal  has  been  called 
acne  of  cachectic  infants.  The  skin  may  show  evi- 
dence of  malnutrition  in  the  form  of  branny  scaling  be- 
tween the  papules,  punctate  follicular  hemorrhage, 
an  eczematoid  dermatitis,  usually  pustular,  about  the 
genitals.  Not  infrequently  there  is  an  acroasphyxia. 
In  young  children  the  disease  may  occur  on  the  limbs 
without  attacking  the  body.  Involvement  of  the  ex- 
tremities is  much  more  common  than  in  adults,  but 
pustulation,  on  the  other  hand,  is  less  frequent. 

Etiology. — Lichen  scrofulosorum   is   a   disease   of 

youth;  the  youngest    r rded  case  was  in  a  child  of 

eleven  months,  the  oldest  in  a  person  of  thirty  ye 
Males,  at  least  in  German  lands  which  furnish  by  far 
the  largest  number  of  ca.-os,  are  more  subject  to  it  than 
females.  The  chief  point  in  its  etiology  is  the  re- 
lationship to  tuberculosis.  According  t..  Austrian 
statistics,  over  ninety  per  cent,  occur  in  the  tubercu- 
lous. Pulmonary  disease  is  not  so  common  a  com- 
plication as  the  condition  called  scrofulosis,  evidenced 
chiefly  by  lymphadenitis,  bone  disease,  and  tubercu- 
lous ulcerations  of  the  skin  (scrofuloderma).  At  t.' 
no  such  lesion  is  discoverable  and  there  is  no  family 
history  of  tuberculosis 

Of  recent  years  much  has  been  written  of  this  and 
kindred  affections,  such  as  erythema  induratum 
scrofulosorum  and  the  controversy  over  their  etiolog] 
has  been  more  or  less  bitter,  not  to  say  personal.  One 
party  holds  that  the  appearance  of  the  papules  is 
caused  by  circulating  toxins;  the  other,  that  the  tubercle 

bacillus  is  directly  responsible.  No  one  has  the  hardi- 
hood to  deny  the  connection  with  tuberculosis.  Out 
of  a  large  number  of  animal  inoculations  with  the 
tissue,  only  three  have  been  reported  as  successful. 
Jacobi  (Congress  of  German  DermatologicaJ  Soeiel 
1892,  p.  69)  is  the  only  writer  who  has  found  the 
tubercle  bacillus  in  the  lesion;  Darier,  Michelson,  and 
Sack  have  failed  after  diligent  search.  Pelizarri  thinks 
in  spite  of  his  single  success  in  inoculat  the 

positive  findings  indicate  only  a  contamination  in  a 
soil  prepared  by  the  toxins.  Hallopeau  in  1892 
announced  that  "injection  of  tuberculin  produced  a 
perifollicular  lesion  resembling  the  lichen,  and 
Schweninger  and  Buzzi  (Monalshifte  f.  praht.  !)■ 
vol.  xi.,  1890,  p.  581)  have  confirmed  his  observation. 
Jadassohn  and  the  Vienna  school,  Kaposi  at  the  head, 
are  convinced  that  the  disease  is  non-bacillary. 
Opinion  based  on  later  experiments  inclines  to  the 
theory  of  local  inoculation  with  sparsely  scattered 
bacilli  of  feeble  virulence. 
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Hist(jpathology. — The  lesion  is  a  perifollicular,  pro- 
ductive tuberculosis.  The  cutis  shows  an  irregular  for- 
mation of  miliary  tubercle,  consisting  of  exuded 
elements  in  the  shape  of  lymphocytes  and  plasma  cells, 
epithelioid  cells  derived  from  fibroblasts  and  endothe- 
lium, and  giant  cells  of  the  Langhans  type  with  per- 
ipherally arranged  nuclei.  Coagulation  necrosis  and 
caseation  are  common.  The  new  tissue  is  non-vascular. 
There  may  be  made  out,  at  times,  even  in  areas  of 
caseation,  a  delicate  reticulum  formed  of  the  remains 
of  the  elastic  fibers.  Epithelial  changes  are  secondary. 
The  epidermis  loses  its  interpapillary  projections  and 
becomes  flattened.  It  may  be  slightly  thickened  and 
the  horny  layer  may  be  lost  or  be  partly  detached  in 
the  form  of  a  scale. 

Diagnosis. — Kaposi  characteristically  put  this  mat- 
ter in  a  nutshell  when  he  said  that  the  diagnostic 
points  were  Hebra's  original  description  and  its 
occurrence  in  the  tuberculous.  Papular  eczema  is  not 
limited  to  the  trunk,  as  is  often  the  case  in  lichen;  in 
children  the  lesions  are  apt  to  become  vesicular;  they 
arc  of  a  deeper  red  and  larger,  and  itching  is  intense. 
Follicular  syphiloderms  may  be  localized  in  much  the 
same  way  as  lichen  of  the  scrofulous,  but  the  papules 
are  larger  and  involve  the  cutis  more  deeply.  The 
common  type  occurs  early  in  the  course  of  syphilis,  and 
careful  search  will  show  evidence  of  other  "sec- 
ondaries"— lymphadenitis,  generalized  and  indurated, 
mucous  patches,  alopecia,  etc. 

Punctate  psoriasis  is  much  more  generally  distri- 
buted than  the  lichen,  it  occurs  on  the  face  and  head, 
its  tint  is  fiery  red  at  the  time  of  its  first  appearance, 
and  the  scales  are  thick,  white,  glistening,  and  moder- 
ately adherent.  The  papules  of  lichen  do  not  en- 
large; the  guttate  lesions  of  psoriasis  do.  In  lichen  or 
keratosis  pilaris,  while  the  site  may  be  the  same,  the 
extensor  surfaces  of  the  upper  arms  and  thighs  are  al- 
most certain  to  be  affected.  The  hair  is  surrounded 
by  a  horny  plug,  which  is  separated  with  difficulty 

Treatment. — Cod-liver  oil,  internally,  is  the  remedy 
most  relied  upon,  but  it  should  be  remembered  the 
cutaneous  outbreak  will  follow  the  course  of  the  general 
infection.  Cod-liver  oil  was  formerly  used  by  in- 
unction. It  has  been  given  up  because  of  the  ob- 
ject ionable  odor.  Olive  oil  or  oil  of  sweet  almonds  is 
now  used  in  its  place,  combined  with  some  antiseptic 
such  as  one-half  per  cent,  of  menthol  or  thymol. 
The  general  health  requires  close  attention  in  every 
instance. 

Prognosis  is  good  as  regards  the  individual  at- 
tack. Otherwise  the  outlook  is  that  of  the  inter- 
current tuberculosis  which  is  not  influenced  by  the 
cutaneous  outbreak.  If  the  tuberculosis  continues, 
there  is  always  danger  of  relapse. 

James  C.  Johnston. 


Lichenin  or  moss  starch  is  found  in  many  lichens, 
especially  in  Iceland  Moss.  It  is  insoluble  in  water 
but  swells  to  form  a  jelly.  On  the  other  hand  in  hot 
water  it  is  readily  soluble  and  upon  allowing  the  hot 
concentrated  solutions  to  cool  a  jelly  forms.  It  gives 
a  yellow  color  with  iodine  and  yields  dextrose  by  heat- 
ing with  dilute  acids.  Diastatic  enzymes  as  ptyalin 
or  amylopsin  are  without  action  upon  lichenin,  hence 
it  undergoes  but  little  transformation  in  the  alimen- 
tary canal  other  than  that  of  bacterial  digestion. 

F.  P.   U. 


Lieberkuehn,  Johann  Nathaneel. — Born  at 
Berlin,  Prussia,  September  5,  1711.  He  received 
the  degree  of  Doctor  of  Medicine  from  the  University 
of  Leyden  in  1739.  After  spending  some  time  in 
London  and  Paris,  for  the  purpose  of  becoming  better 
acquainted  with  the  practical  side  of  his  profession, 
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I  u  returned  to  Berlin.  From  this  time  onward  he 
appears  to  have  devoted  his  time  and  his  energies 
chiefly  to  the  work  of  perfecting  the  microscope,  and 
in  a  lesser  degree  to  anatomical  research.  "Lieber- 
kuehn's  glands,"  "Lieberkuehn's  ampulla"  are  terms 
which  havo  found  a  permanent  place  in  our  anatom- 
ical text-books.     His  death  occurred  Dec.  7,  1758. 

Of  his  published  writings  the  following  deserve 
to  receive  special  mention:  "De  fabrica  et  actione 
villorum  intestinorum  tenuium,"  Leyden,  1745;  "De- 
scription d'un  microscope  anatomique,"  Mem.  de  1' 
Acad.  Royale  des  Sciences  de  Berlin,  pour  1745; 
"Sur  les  moyens  propres  a  decouvrir  la  construction 
des  visceres,  M6m.  de  1'  Acad.  Roy.  des  Sci.  de  Berlin, 
pour  1748.  A.  H.  B. 


Leibermeister,  Karl. — Born  in  Ronsdorf,  Ger- 
many, February  2,  1833.  He  studied  medicine  in  the 
universities  of  Bonn,  Wiirzburg,  Greifswald,  and 
Berlin,  and  received  his  doctor's  degree  in  1856.  In 
1864  he  was  made  Extraordinary  Professor  of  Patho- 
logical Anatomy  in  Tuebingen;  from  1865  to  1  s~  1 
he  was  Professor  of  Pathology  and  Director  of  the 
Medical  Clinic  in  the  University  of  Basel,  Switzer- 
land; and,  from  1871  to  the  time  when  he  was  ob- 
liged to  resign,  he  held  the  same  positions  in  the 
University  of  Tuebingen.     He  died  in  1901. 

Of  Liebermeister's  more  important  published  writ- 
ings the  following  deserve  to  receive  special  mention: 
"Beitrage  zur  pathologischen  Anatomie  und  Klinik 
der  Leberkrankheiten,"  Tuebingen,  1864;  "Beobach- 
tungen  und  Versuche  ueberdie  Anwendung  deskalten 
Wassers  bei  fieberhaften  Krankheiten"  (in  asso- 
ciation with  Hagenbach),  Leipzig,  1868;  "Handbuch 
der  Pathologie  und  Therapie  des  Fiebers,"  Leipzig, 
1875;  and  Vorlesungen  ueber  espezielle  Pathologie 
und  Therapie,"  five  volumes,  Leipzig,  18S5-1S94. 

A.  H.  B. 


von  Liebig,  Baron  Justus. — Celebrated  German 
chemist,  to  whom  credit  is  due  for  many  important 
modern  discoveries  in  organic  and  inorganic  chem- 
istry. He  was  born  at  Darmstadt  May  12,  1803,  and 
studied  chemistry  first  at  Bonn  and  then  at  Erlan- 
gen,  graduating  from  the  university  of  the  latter 
city  as  Ph.  D.  in  1822.  He  next  went  to  Paris,  where 
he  was  admitted  to  the  privileges  of  the  private 
laboratory  of  Gaulthier  de  Claubry,  who  was  at  that 
time  Professor  of  Chemistry  at  the  School  of  Phar- 
macy. Then,  soon  afterward,  through  the  influence  of 
Alexander  von  Humboldt,  he  was  taken  into  the 
laboratory  of  Gay-Lussac.  In  1824  he  was  appointed 
Professor  Extraordinary  of  Chemistry  at  the  Uni- 
versity of  Giessen,  being  promoted  in  1826  to  the 
position  of  Professor-in-Ordinary.  It  was  in  this 
small  town  that  von  Liebig's  most  important  work 
was  accomplished.  "His  first  care  was  to  persuade 
the  Dramstadt  government  to  provide  a  chemical 
laboratory  in  which  the  students  might  obtain 
a  proper  practical  training.  This  laboratory,  unique 
of  its  kind  at  the  time,  in  conjunction  with  von 
Liebig's  unrivaled  gifts  as  a  teacher,  soon  rendered 
Giessen  the  most  famous  chemical  school  in  the 
world;  men  flocked  from  every  country  to  enjoy  its 
advantages  and  many  of  the  most  accomplished 
chemists  of  the  nineteenth  century  had  to  thank  it  for 
their  early  training."  For  twenty-eight  years  von 
Liebig  remained  at  Giessen,  and  then  he  accepted  an 
invitation  from  the  Bavarian  government  to  occupy 
the  regular  chair  of  chemistry  at  the  L'niversity  of 
Munich.     He  died  in  that  city",  April  10,  1873. 

To  enumerate  here  simply  the  more  important  con- 
tributions made  by  von  Liebig  to  our  knowledge  of 
chemistry,  both  organic  and  inorganic,  and  to  explain 
even  very  briefly  what  great  changes  were  thereby 
effected  in  the  teaching  of  physiology,   in  agrieul- 
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tural  methods,  and  in  the  preparation  Of  food  and 
pharmaceutical  products,  would  occupy  more  space 
than  can  reasonably  be  devoted  to  this  subject. 
Suffice  it  to  say  that  our  indebtedness  to  von  Liebig 
in  these  respects  is  very  great. 

Of  his  published  writ  inns  tin;  following  deserve 
to  receive  special  mention:  "Die  Chemie  in  ihrer 
Anwendung  auf  Agricultur  unci  Physiologie,"  1840 
(translated  into  English  soon  afterward  by  Lyon 
Playf air) ;  "Die  Thier-chemio  oder  die  organische 
Chemie  in  ihror  Anwendung  auf  Physiologie  und 
Pathologie,"  1S42;  "Chemische  Briel'e,"  IMI; 
"Chemische  Untersuchungen  iil >cr  das  Fleisch  und 
seine  Zubereitung  zum  Nahrungsmittel,"  1847: 
"  Uber  Theorie  und  Praxis  in  der  Landu  irthschaft, 
1856;  and  " Naturwissenschaftliche  Briefo  liber  die 
moderne  Landwirthschaft,"  1859.  In  1832  lie 
founded  the  Annalen  der  Pharmazie,  which  later 
(1840)  became  the  Annalen  der  Chemie  and  Pharmazie, 
when  Wohler  became  joint-editor  with  himself. 

A.    II.   B. 


Lientery,  (Xtievrtpia,  Xttos,  smooth;  evrtpov,  intes- 
tine), diarrhea,  or  looseness  of  the  bowels  in  which 
the  food  passes  rapidly  through  the  digestive  tract 
undigested,  and  nearly  in  the  same  com  lit  ion  as  it  «  as 
when  taken  into  the  stomach.  The  disorder  is  so  called 
because  the  food  seems  to  have  slipped  over  a  smooth- 
lined  intestine. 

The  word  lientery  has  been  extended  to  mean  the 
passage  of  unchanged  foods  macroscopically  recogniz- 
able with  the  stool. 

Lientery  is  frequently  encountered  in  the  diarrheas 
of  infants.  It  appears  in  two  varieties,  one  in  which 
the  stool  has  a  yellowish  color,  and  the  other  in  which 
the  feces  are  more  or  less  gray  or  whitish  looking.  In 
the  latter  variety  the  milk  becomes  curdled  by  the  ac- 
tion of  the  gastric  juice,  but  the  casein  fails  to  become 
digested,  and  the  fat  remains  partly  unchanged,  due  to 
functional  disturbances  of  the  liver  and  pancreas. 
The  stool  therefore  appears  to  consist  of  clumps  of 
casein  intermingled  with  fat.  In  the  first  form  the 
stool  is  yellowish  and  sometimes  greenish  on  the  sur- 
face.    The  color  is  due  to  the  bacillus  of  green  diarrhea. 

The  lienteric  stools  have  a  strong  odor  of  fermenta- 
tion and  decomposition.  The  number  of  evacuations 
amounts  to  four,  five,  or  eight  in  twenty-four  hours. 
The  lientery  frequently  exists  without  any  further 
symptoms  of  dyspepsia  or  vomiting  and  is  not  accom- 
panied by  fever.  A  change  in  the  dietary  regime  is 
often  the  cause  of  the  lienteric  attack.  Its  duration 
is  variable;  it  may  at  times  become  chronic  and  is  then 
very  resistant  to  treatment. 

Lientery  in  grown  individuals  occurs  occasionally  in 
severe  attacks  of  acute  enteritis,  but  more  frequently 
in  chronic  affections  of  the  pancreas.  A  few  years  ago 
I  had  under  observation  a  patient  with  cirrhosis  of  I  he 
liver  and  chronic  pancreatitis.  This  patient  showed 
with  the  bead  test  a  return  of  all  the  test  substances 
after  passing  the  alimentary  canal.  Macroscopically 
various  food  articles  were  visible  in  the  stool.  Once 
we  found  in  the  diarrheie  feces  of  this  patient  well 
preserved  raw  oysters,  which  the  patient  had  swal- 
lowed without  mastication,  the  day  before. 

The  diagnosis  of  lientery  is  made  whenever  there  is  a 
diarrheie  movement,  in  which  unchanged  food  particles 
can  be  noticed  in  profusion  with  the  naked  eye. 

The  treatment  of  acute  lientery  is  identical  with  that 
of  an  attack  of  acute  diarrhea  and  consists  in  rest  and 
a  very  scanty  diet  consisting  of  weak  tea,  broths,  rice 
water,  and  a  raw  egg  beaten  up  in  bouillon.  Hot 
applications  over  the  abdomen  and  a  small  dose  of 
codeine  or  opium,  will  also  be  of  benefit. 

In  the  more  chronic  forms  of  lientery  the  principal 
lesion  will  have  to  be  dealt  with  first.  For  the  lientery 
predigested  foods  and  liquid  and  semi-fluid  nourish- 
ment  witli  play  a  part.     Pancreatin  or  pancreon  in 


five-grain  doses  will  often  be  ol  ttdui  i  peciall  -.cases 
of  chronic  pancreat  it  i  [n  into  I  mal  i  epsia  ac- 
companied by  functional  disturbances  "i  the  pancreas 
pancreatin  may  i»-  combined  with  taka  diastase,  also 
in  five-grain  doses.  In  icteric  conditions  the  addition 
of  ox-gall  to  the  above  medicaments  will  prove  useful. 

Max   Bun 


Lieutaud,   Joseph. — Born  at    Aix,   in  Provence, 

France,  Juno  21,    I7it:t.     Be     tudied   medicine  and 

botany  in  his  native  city,  and  in  due  tunc  v 
the  degree  of   Doctor  of   Medicine.     Afterward    he 
visited     MontpeUier    for    the    purpose    of    perfecting 
himself  still    further    in   medical    knowledge.      I  : 
his    return    he   was    appointed    one   of    the    attending 
physicians  at  the    Ilotel-Dieu   of  Aix,  and   from    tl 

time  forward  he  devoted  himselJ  with  untiring  zeal  to 

the  study  of  anatomy  and  the  observation  of  indi- 
viduals affected  with  disease.  In  this  work  lie  con- 
lined  himself  very  strictly  to  tho  evidence  afforded 
by  his  own  observation,  and  was  thus  enabled  uoii  to 
publish  treatises  that  possessed  the  great  merit  of 
being  original.  His  book  on  anatomy,  for  example, 
is  described  by  Haller,  who  flourished  from  about 
1730  to  1770,  as  being  one  of  the  best  treatises  on  this 
subject  that  had  been  written  in  France  up  to  that 
period,  and  indeed  the  only  original  treatise  ^ince 
Winslow's  book  had  been  published  (1732).  In 
1750,  through  the  intervention  of  Senac,  Lieutaud 
was  chosen  Physician  of  the  Royal  Infirmary  at 
Versailles;  and  not  long  afterward  he  received  the 
appointment  of  First  Physician  to  the  King.  He 
died  Dec.  11,  1780. 

Of  his  published  works  the  following  deserve  to 
receive  special  mention:  "Essais  anatomiques  con- 
tenant  l'histoire  exacte  des  parties  qui  composent 
le  corps,  de  l'homme,  avec  la  maniere  de  dissequer," 
Paris,  1742  (3rd  edition  in  177(1-1777);  "Pr6cis  de  la 
m6decine  pratique,  contenant  l'histoire  des  maladies 
dans  un  ordre  tir6  de  Ieur  siege,  avec  des  observa- 
tions, etc.,"  Pans,  175!t;  and  "Observation  sur  un 
polype  en  forme  de  grappe,  situd  immcdiatement 
audessous  du  larynx,"  Memoires  de  1'  Acad,  des 
Sciences,  1754.  A.   H.  B. 


Life    Insurance    Medicine. — The    incorporation 

of  the  "Equitable  Society  for  the  Assurance  of 
Lives  and  Survivorships"  in  England  in  1750  may  be 
regarded  as  the  first  step  of  permanent  and  properly 
managed  organizations  for  the  insurance  of  lives. 
Life  insurance  in  the  true  sense  of  the  word  began 
in  America  in  1843,  and  the  business  was  extended 
during  the  next  three  years  through  the  forma- 
tion of  other  companies  that  have  become  large  and 
financially  strong. 

Forms  of  Life  Insurance.  Strictly  speaking,  all 
insurance  is  mutual,  as  the  claims  arc  payable  out 
of  the  premiums  paid  bj  the  insured. 

Assessment  insurance  represents  the  simplest  form, 
each  member  of  the  association  agreeing  to  paj  an 
assessment  on  the  death  of  a  member,  or  a1  regular 
intervals  in  order  to  keep  up  a  mortuary  fund  to  a 
certain  sum.  A  number  of  the  societies  are  under- 
going a  process  of  readjustment  in  order  to  provide  a 
sufficient  fund  to  meet  deficiencies  and  relieve  the 
cost  at  the  older  ages,  but  without  much  success  so 
far. 

The  level  premium,  regular,  or  "old  line"  life  in- 
surance companies  are  under  the  supervision  of  the 
State  or  National  authorities  and  a  careful  inspection 
ot  their  financial  condition  is  made  annually  to 
insure  and  compel  safety,  honesty  and  good  manage- 
ment. The  level  premium  insurance  exacts  a  definite 
annual  payment  which  is  more  than  sufficient  to 
meet  the  losses  incurred  in  the  earlier  years,  the  ex- 
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cess  being  held  to  take  care  of  the  increasing  death 
rate  during  t  he  later  j  ears. 

Regular  life  insurance  companies  are  classified  as 
Mutual,  Stock,  Mixed,  and  Industrial. 

Mutual. — A  mutual  life  insurance  company  i 
in  which  there  is  no  capital  stock,  all  of  the  gain 
and   savings   belonging   to  and   going   to  the  policy- 
holders.     The    policyholders    elect    the    trustees    and 
in  this  way  control  the  management  of  the  company. 

Stock. — A  stock  company  is  one  having  capital 
stock.  The  shareholders  elect  the  trustees  and  con- 
trol the  company.  All  profits  inure  to  the  benefit  of 
the  shareholders. 

Mixed. — The  so-called  mixed  companies  are  mutual 
in  essential  particulars.  They  have  capital  stock 
owned  by  shareholders  wdio  elect  the  trustees  and 
so  control  the  management.  The  shareholders  are, 
however,  entitled  to  only  a  small  percentage  of 
the  profits  and  the  balance  goes  to  the  benefit  of  the 
policyholders. 

Industrial. — The  industrial  companies  write  both 
industrial  and  ordinary  insurance.  The  essential 
difference  between  the  two  forms  lies  in  the  method 
of  collection  of  the  premiums,  those  of  the  former 
being  payable  weekly  and  collected  by  agents  a1 
the  homes  of  the  insured,  whereas  in  the  latter  the 
premiums  are  payable  quarterly,  semi-annually,  or 
annually  at  an  office  of  the  companies.  Naturally, 
the  premiums  for  industrial  policies  are  higher  than 
those  for  ordinary  policies. 

The  Application. — The  application  blank  is  usu- 
ally divided  into  three  parts;  the  application  for  in- 
surance to  be  signed  by  the  applicant  and  witnessed 
by  the  agent,  the  statements  to  the  medical  examiner 
to  be  signed  by  the  applicant  and  witnessed  by  the 
examiner,  and  the  medical  report  of  the  examiner. 
The  statements  in  the  application  and  to  the  medical 
examiner,  constitute  a  declaration  wThich  forms  the 
basis  for  a  proposed  binding  contract.  It  is  im- 
perative to  avoid  vague  and  ambiguous  terms  and  to 
have  every  question  properly,  completely,  and  truth- 
fully answered  in  order  to  preserve  the  legality  of 
the  document.  The  application  should  not  be  ac- 
cepted by  the  company  if  any  part  of  the  printed 
matter  on  the  blank  has  been  stricken  out.  If  any 
change  in  the  written  answers  is  demanded,  a  line 
with  pen  and  ink  may  be  drawn  through  the  part  to  be 
altered,  but  the  alteration  must  be  attested  by  the 
initials  of  the  applicant  with  the  date  of  attesta- 
tion. Dashes,  ditto  marks,  and  erasures  interfere 
with  the  legal  value  of  the  document. 

Under  the  older  laws,  applicants  for  life  insurance 
were  required  to  warrant  the  truth  of  all  statements. 
Any  misstatement  of  fact,  whether  material  or  not, 
was  held  under  the  law  of  warranty  to  give  the  com- 
pany legal  grounds  upon  which  to  refuse  payment. 
No  reputable  company  took  advantage  of  this  harsh 
ruling,  however,  unless  intolerable  fraud  was  practised. 
Under  the  present  insurance  laws  in  most  States,  all 
statements  made  by  the  applicant,  in  the  absence  of 
fraud,  are  deemed  to  be  representations  and  not 
warranties.  A  warranted  statement  must  be  true 
regardless  of  materiality,  while  a  representation 
need  only  be  true  substantially  in  all  matters  material 
to  the  risk.  Also,  according  to  the  present  law,  no 
statement  can  avert  or  be  used  in  defense  of  a  claim 
unless  it  is  contained  in  the  written  application.- 
If  any  material  statements  therein  are  found  to  be 
untrue,  the  contract,  according  to  its  terms,  may 
become  null  and  void. 

The  Policy. — The  policy  is  the  consummation  of  a 
contract  which  stipulates  the  amount  which  the 
holder  is  to  contribute  to  the  common  fund  and  defines 
his  or  her  rights  and  privileges.  According  to  a 
distinct  provision  in  the  application  blank,  the  policy 
does  not  become  operative  or  binding  until  it  is  de- 
livered, accepted,  and  paid  for  by  the  applicant  during 
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bis  continuation  in  good  health,     '-.  itbia 

provision  occurs  in  the  event   oi   the  issuance  of  a 
binding  receipt  by  the  agent  In  i  xchange  foi  the  pre- 
mium in  cash,  according  to  the  terms  of  which  the 
policy  goes  into  force  as  soon  ;<■  the  risk  is  appro 
bj  i  he  company. 

Laws  have  been  enacted  in  several  of  the  states 
requiring  the  companies  to  attach   to  the   poll 
written  or  photographed  copy  of  the  application  and 
any  other  instrument   referred  to  in  the  policy. 
part  of  the  contraci . 

The  term  "incontestibility"  implies  that  no  ob- 
jection, after  a  certain  period  of  time,  will  be  made 
to  the  payment  of  the  claim  in  any  event  when  it 
becomes  due,  provided  all  the  premiums  have  been 
paid.  Practically  all  policies  now  written  become 
incontestible  in  one  or  two  years  after  the  date  of 
issuance.  If  the  company  finds,  before  the  policy  be- 
comes incontestible,  that  the  insured  has  been  guilty 
of  misrepresentation,  it  may  demand  the  return  of 
the  policy  and  institute  equity  proceedings  to  compel 
its  surrender. 

The  Premium. — The  payment  or  consideration 
which  a  company  receives  for  the  obligations  in- 
curred in  the  policy  contract  is  called  the  premium. 
The  net  premium  is  the  sum  calculated  from  a  com- 
bination of  the  mortality  and  interest  tables,  the 
process  including  the  principle  of  averages  and  the 
theory  of  probabilities.  The  gross  premium,  that 
paid  by  the  policyholders,  is  the  amount  made  up 
by  adding  the  loading  for  expenses  and  contingencies 
to  the  net  premium. 

The  Mortality  Tables. — It  was  discovered  through 
the  studies  of  Price  and  Morgan  about  the  beginning 
of  the  nineteenth  century  that  a  natural  law  governs 
the  mortality  of  the  human  race,  whereby  it  is  possible 
to  determine  approximately,  in  a  large  group  of  per- 
sons, the  number  that  will  die  in  each  year  until  all 
are  dead.  When  this  law  became  established  the 
business  of  life  insurance  was  revolutionized  and 
mathematical  calculations  superseded  crude  and 
primitive  guesses  of  life  and  death.  Various  tables 
were  compiled  and  further  developed  by  the  actuaries 
of  America  and  Great  Britain.  The  American  Ex- 
perience Mortality  Table  was  constructed  by  Sheppard 
Homans  and  is  used  by  practically  all  American  com- 
panies in  computing  their  premiums,  The  Actu- 
aries' or  combined  Experience  Table  of  Mortality  is 
used  in  Great  Britain  and  Canada.  With  the  help 
of  these  tables,  a  company  knows  how  much  money 
it  must  have  on  hand  to  meet  the  payment  of  each  and 
every  policy  it  has  in  force  without  the  necessity  of 
adding  new  members — an  essential  principle  in  the 
construction  of  a  regular  life  insurance  company  and 
the  computation  of  level  premiums,  as  distinguished 
from  assessment  societies. 

The  Interest  Rate. — The  premiums  and  the  in- 
terest earned  on  the  premiums  are  the  only  sources  of 
income  for  the  payments  due  on  policies  for  life  in- 
surance. It  follows  that  in  computing  the  premium 
a  certain  rate  of  interest  must  be  assumed  and  that 
this  rate  must  be  one  which  the  safest  securities  may 
be  depended  upon  to  earn.  The  precise  rate  of 
interest  cannot  be  determined  in  advance  and  should 
be  low,  as  life  insurance  contracts  run  over  a  long 
period  of  years.  In  other  words,  invested  funds 
should  earn  a  higher  rate  than  the  one  assumed  for 
some  time  to  come  so  as  to  create  a  margin  of  safety. 

The  Reserve. — Insurance  could  be  effected  at 
lower  rates  increasing  year  by  year  if  this  plan  were 
convenient  and  practicable.  It  has  been  found,  how- 
ever, eminently  more  convenient  and  satisfactory  to 
charge  a  uniform,  level  premium  throughout  life. 
The  disadvantage  of  insuring  with  increasing  rates  is 
demonstrated  by  the  experience  of  assessment 
societies,  which  "shows  that  men  dislike  the  idea  of 
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rates  which  gradually  bftumc  so  high  as  to  be  pro 
hibitive  in  advanced  age.     Furthermore,  the  chang 

inR  rates  would  upset   the  calculations   based   on    the 

mortality  tables  and  result  in  weakening  f  he  financial 
conditions  of  the  companies. 

In  order  to  carry  out  the  level  premium  plan,  the 
net  premiums  charged  in  the  early  years  must  be 
greater  than  are  necessary  to  cover  the  risks  in  the  i 
years,  and  the  excess  accumulated  in  this  wa\  inu  t 
be  reserved  for  tin-  later  years  when  the  advancing 
ages  of  the  insured  will  bring  a  rate  of  mortality  highei 
than  could  be  met  by  the  net  premiums  at  thai  time 
Technically  speaking,  the  reserve  which  a  companj 
must  have  on  hand  to  meet  future  claims  as  thej 
become  due  is  the  difference  between  t  he  present 
of  the  claims  which,  under  the  existing  policies,  the 
companies  will  have  to  meet  and  the  present  value 
of  the  payments,  under  the  existing  policies,  which 
the  company  is  going  to  receive.  According  to  law, 
this  reserve  fund  must  be  maintained,  so  that  while 
the  fund  increases  during  the  early  years  of  the  policies 
there  will  be  just  sufficient  on  hand  to  pay  each  and 
every  claim  as  it  becomes  due  until  the  last  contract 
will  have  terminated,  without  depending  upon  the 
taking  in  of  new  members. 

The  Loading. — A  company  cannot  be  conducted 
without  certain  expenses  made  up  of  commissions  in 
procuring  new  business,  collection  of  the  premiums 
and  keeping  the  old  policies  in  force,  rents,  salaries, 
medical  fees,  taxes,  and  miscellaneous  items.  Aside 
from  expenses,  all  possible  contingencies  must  be 
provided  for,  such  as  panics,  depression  in  prices, 
fall  in  rate  of  interest,  wars,  pestilence,  and  adverse 
or  oppressive  taxation.  The  allowance  for  these  ex- 
penses and  contingencies  is  the  difference  between 
the  net  and  the  gross  premiums. 

The  Surplus. — An  insurance  company  must  have 
a  healthy  surplus,  so  that  there  can  be  no  question 
as  to  its  ability  to  fulfill  all  contracts,  even  though 
thejr  extend  many  years  into  the  future  and  unex- 
pected emergencies  may  arise.  If,  then,  a  companj 
could  only  show  assests  equal  to  the  legal  reserve,  it 
would  be  on  the  verge  of  bankruptcy  into  which  it 
might  be  plunged  by  excessive  losses.  An  additional 
fund  must  be  maintained  to  prevent  such  a  misfor- 
tune. This  fund  is  variously  termed  surplus,  in- 
divisible surplus,  unassigned  funds,  or  contingency 
reserve.  The  surplus  funds  are  made  up  entirely  of 
gains  and  savings  from  the  following  sources:  (1) 
a  mortality  more  favoralbe  than  that  indicated  by 
the  tabular  rate,  and  attained  only  by  means  of  a 
careful  medical  selection.  (2)  Savings  derived  from 
the  excess  in  the  loading.  (3)  Savings  and  gains 
representing  the  difference  between  the  interest 
assumed  and  the  interest  earned.  (4)  Gains  from 
lapses.  The  amount  saved  from  this  source  is  small, 
if  any.  Nearly  all  policyholders  who  lapse  are  in 
good  health,  whereas  those  whose  health  has  become 
impaired  are  very  apt  to  cling  to  their  policies. 
Furthermore,  most  policies  possess  a  "surrender  value" 
at  the  end  of  the  third  year  and  thereafter,  a  certain 
amount  which  may  be  withdrawn  if  desired.  In  the 
event  of  a  default  of  payment  of  the  premium,  if  the 
policyholder  does  not  elect  to  accept  the  "surrender 
value,"  the  amount  represented  is  applied  automatic- 
ally to  the  purchase  of  a  paid-up  policy  for  extended 
insurance  for  a  period  definitely  stated  in  the  policy. 
The  "surrender  charge"  retained  by  the  companies 
in  these  cases  is  barely  adequate  for  the  initial  ex- 
penses and  to  reimburse  the  companies  for  the  adverse 
selection  practised  in  lapses. 

The  (amount  of  surplus  is  determined  at  the  end 
of  each  year.  If  the  company  is  a  mutual  or  mixed 
one,  that  part  of  the  surplus  not  needed  for  security 
goes  solely  to  the  policyholders  in  the  form  of  the  so- 
called  "dividends  "  and  represents  the  gain  and  savings. 
If  the  company  is  a  stock  corporation,  the  surplus  goes 


to  the  shareholders.     The  stock  companies  make  up 
for  this  different  etoa  large  e  tentb     elling  instil 

11  ;i  lowet  eo  >    and  making  up  the  balance  I 
chances  with  a  small 

and  in  1 1 ji  d  inter 

i  "i     Expei  tation    "i     i.i  i  i      iii         i         table 
should  not  be  regarded  as 

used  to  a  very  limited  extent  in  the  bu  il  life 

insurance.     It  on]     represent  oo1 

tal  e  into  account   the  fad    I 
creases  more  rapidly  than  advancing 
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tion of  a  fixed  number  nor  by  multiplii  ation   b 
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puted from  year  to  year  instead  of  upon  the  m 
basis  of  the  average  tune  m\o 

Poem    o:    Polk  a         \   policj    foi    I in  urance 

is  one  payable  at  death,  provided  thai  death  oi 
within  the  period  specified  in  the  contract.      \, 

end    of    t  he      ta  ted     pel  iod,    the    contract     tl  I  minateE 
without  any    privileges  even   if  the   polii  -till 

lives.     This  cheap  form  of  in  urance  i    -  ten  sought 
by  those  exercising  self-selection,  but  the  mortalif 

kept  vi  it  hin  normal  limits  in  well-regulated  ,-,, 
by  careful  medical  selection. 

The    premiums   for   ordinary  life   policies  are   paid 
during  the  entire  life  of  the  policyholder, 
mortality   is  experienced   at    times    among    holdei 
this    form    of  policy   than   in   the   case   of    term    in 

a  nee.     'rids  is  accounted  for  by  the  fact  that  a  ct  rtain 

proportion   of   applicants    asking    for    term    insui 
were  not  sufficiently  good  risksf  or  that   class  and  were 
granted  ordinary  life  policies  as  a  best  offer. 

The  limited  payment  policy  is  a  favorite  form. 
The  payment  of  all  the  premiums  is  completed  within 
a  stated  number  of  years.  A  person  is  enabled  to 
pay  the  premiums  for  a  policy  of  this  kind  during  bis 
highest  earning  capacity  and  be  free  from  further 
annoyance  in  his  or  her  later  years.  The  mortality 
in  this  class  is  usually  quite  satisfactory. 

Endowment  insuranci  affords  a  means  for  making 
provision  for  the  future  as  well  as  looking  after  the 
welfare  of  dependents.  To  meet  both  these  ends,  t  he 
endowment  policy  is  made  payable  to  insured,  the 
contract  terminating,  if  he  is  living,  at  the  end  of  a 
specified  number  of  years,  or  to  his  beneficiary  in  the 
event  of  his  prior  death.  This  form  of  policy  is  usu- 
ally applied  for  by  those  who  have  ample  means  to  pay 
the  larger  premiums  and  who  are  confident  thai  they 
will  live  throughout  the  stated  period  and  receive  the 
a  mount  named  in  the  contract.  Self-selection,  then, 
is  a  factor  wdiich  may  be  practically  disregarded  in 
this  class.  The  mortality,  however,  is  not  always 
consistently  low,  compared  with  less  costly  poli' 
a  fact  which  may  be  atl  ributed  to  the  custom  of  offer- 
ing endowment  policies  as  a  mild  sort  of  substandard 
insurance  when  there  are  conditions  or  circumstances 
pointing  to  an  increasing  hazard  and  making  it  in- 
advisable to  allow  the  risk  to  remain  on  the  books 
of  the  company  after  a  certain  number  of  years. 

The  Insurable  Interest. — A  contract  for  insur- 
ance should  be  supported  by  a  legal  insurance  in- 
terest which  means  that  the  beneficiary  should  have  a 
lawful  interest  in  the  continuation  of  the  life  of  the 
insured  and  not  merely  a  passing  or  speculative  in- 
terest in  the  event  of  the  death  of  the  insured.  The 
beneficiary  should  be  dependent  on  the  insured 
for  support,  or  the  insured  should  be  indebted  to 
the  beneficiary  for  an  amount  sufficient  to  justify 
the  amount  insured  for,  or  the  beneficiary  should 
have  some  substantial  interest  in  the  life  of  the 
insured. 

A  complete  and  satisfactory  explanation  must  be 
insisted  upon  in  the  case  of  applications  from  married 
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women,  for  joint  insurance  on  husband  and  wile, 
from  dependent  minors,  and  for  insurance  on  parents 
in  favor  of  self-supporting  children. 

Corporation  insurance  is  legitimate  and  profitable 
if  the  medical  examination,  inspection,  and  eom- 
mercial  reports  are  entirely  favorable.  This  insurance 
is  taken  out  on  the  life  of  some  individual  connected 
with  the  corporation,  when  his  ability,  skill,  or  in- 
fluence is  so  valuable  an  asset  that  the  welfare  of  the 
concern  largely  depends  upon  it. 

Medical  Selection. — Failure  to  accomplish  a 
select  inn  favorable  enough  to  the  company  would 
create  an  impairment  of  the  financial  condition 
and  necessitate  a  higher  cost  of  insurance.  On  the 
other  hand,  while  a  low  mortality  is  one  mark  of 
successful  management,  it  has  legitimate  limits  and 
unnecessary  strictness  will  cause  dissatisfaction.  No 
company  should  expect  to  confine  its  business  to 
gilt-edged  risks  and  refuse  the  advantages  of  protec- 
tion to  good  average  lives. 

The  effects  of  the  medical  examination  appear 
during  about  the  first  five  years,  but  the  selection  at 
tin'  home  office  must  take  into  consideration  other 
matters  as  well  as  the  physical  examination,  such  as 
personal  history,  family  history,  habits,  weight,  etc. 
The  entire  duration  of  the  effects  of  medical  selection 
may  be  estimated  as  about  twenty  years. 

It  is  a  simple  matter  to  accept  good  and  reject  bad 
risks,  but  wide  experience  and  good  judgment  are 
requisite  for  the  proper  disposition  of  lives  at  or  near 
the  borderline.  A  certain  proportion  of  rejected 
and  rated-up  risks  live  up  to  an  even  beyond  their 
expectancy.  This  fact,  however,  does  not  necessarily 
indicate  errors  in  judgment,  as  risks  are  treated  in 
classes,  not  as  individuals.  Walter  S.  Nichols 
secured  sufficient  data  to  compare  13,042  lives  de- 
clined by  his  company  with  the  general  death  rate  of 
the  same  company.  During  the  five  years  follow- 
ing the  rejection  there  were  1,440  deaths  among  the 
declined  risks  as  compared  with  443  deaths  accord- 
ing to  the  average  general  death  rate  of  the  company. 

Self-selection. — Self-selection  is  that  exercised 
by  the  applicant  in  his  own  interest  and  adverse  to 
that  of  the  company.  It  is  always  at  work  and  will 
be  to  the  end  of  time.  Some  conception  of  this  sub- 
ject may  be  formed  by  comparing  the  mortalit.y  among 
annuitants  and  insured  lives.  The  purchaser  of  an 
annuity  believes  that  he  is  in  good  health  and  will 
continue  so  for  many  years.  The  applicant  for  in- 
surance, however,  provides  against  the  uncertainties 
of  life.  The  comparison  reveals  a  substantially  lower 
death  among  annuitants  than  insured  lives,  especially 
during  the  first  five  years,  a  fact  which  indicates  that 
i;he  effects  of  self-selection  among  annuitants,  ex- 
ercised in  their  own  favor,  is  as  strong,  if  not  stronger, 
than  that  of  medical  selection  of  applicants  for  life 
insurance. 

Self-selection  is  especially  noticeable  in  the  follow- 
ing groups: 

1.  A  fairly  high  death  rate  is  observed  among 
entrants  of  from  fifteen  to  twenty-five  years  of  age, 
especially  among  dependent  minors.  The  self-selec- 
tion, therefore,  at  these  ages  may  be  exercised  for 
the  applicants  by  other  persons  who  are  the  bene- 
ficiaries or  payers  of  the  premiums,  or  both.  The 
premiums  are  usually  paid  by  one  of  the  parents 
upon  whom  the  insured  must  depend  for  some  time 
to  come  for  support,  protection,  and  care  during  ill- 
ness. Furtheremore,  these  young  people  are  un- 
seasoned, tender,  susceptible  to  disease,  and  subject 
to  a  high  mortality. 

2.  The  death  rate  in  the  advanced  ages,  entrants 
at  ages  sixty  to  seventy,  is  high.  This  is  explained 
to  a  large  extent  by  the  effects  of  previous  strenuous 
business  and  social  life.  These  applicants  may  have 
a  legitimate  reason  for  insuring  their  lives  and  pay- 
ing the  high  premiums  which  must  be  exacted.     On 
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the  other  hand,  they  may  have  some  misgivings  as 
to  their  hold  on  life  and  have  become  anxious  to 
make  some  provision  for  their  families  at  the  ex- 
pense of  other  policyholders.  Moreover,  their  long 
experience  has  made  them  more  sophisticated,  shrewd, 
and  reticent,  and  they  cannot  be  depended  upon  to 
be  frank  and  give  out  information  freely,  if  at  all, 
in  regard  to  their  feelings  and  ailments. 

2.  Other  opportunities  for  self-selection  present 
themselves  in  the  cases  of  men  and  women  between 
fifty-five  and  seventy  years  of  age  who  lend  them- 
selves to  the  designs  of  younger  self-supporting  rela- 
tives, or  relatives-in-law,  for  the  purpose  of  specula- 
tion, the  applicant  giving  signs  of  advancing  age  or 
of  some  disease  in  the  incipient  stage. 

4.  There  is  an  unquestionable  tendency  among 
men  who  feel  shaky  about  their  hold  on  life  to  over 
insure  and  the  investigation,  therefore,  of  applications 
for  large  amounts  should  be  rigid,  especially  when  the 
applicant  has  not  previously  carried  a  reasonable 
amount  of  insurance.  Suspicion  should  be  aroused 
when  the  issuance  of  a  policy  for  a  large  sum  is  soon 
followed  by  application  for  another. 

5.  Experience,  generally,  teaches  that  the  selec- 
tion in  the  cheap  forms  of  policies  is  naturally  adverse 
to  the  interests  of  the  companies,  and  that,  conse- 
quently, the  mortality  varies  inversely  with  tin- 
premium.  This  self-selection  is  a  result  of  the 
natural  tendency  of  human  nature  to  make  the  best 
possible  bargain,  and  some  men,  yielding  to  this  im- 
pulse, present  their  case  in  the  most  favorable  light 
or  even  practise  deliberate  fraud  by  concealing  or 
misrepresenting  important  facts  affecting  them  as 
risks.  The  experience  of  different  companies  varies 
however,  in  regard  to  this  point.  Some  have  adopted 
such  a  stringent  selection  in  connection  with  the  low- 
priced  policies,  notably  term  insurance,  that  it  is 
not  uncommon  to  find  the  death  rate  as  low  as  among 
the  holders  of  the  higher  grade  policies. 

6.  There  is  a  legitimate  field  for  insurance  among 
women,  as  it  includes  many  who  are  independent  in 
financial  matters.  On  the  other  hand,  there  is  a 
powerful  force  of  adverse  selection  among  these  risks 
which  expresses  itself  in  a  high  mortality  in  certain 
classes.  Medical  examiners  are  apt  to  experience 
feelings  of  sentiment  or  timidity  in  examining  women 
for  insurance,  and  fail  to  ply  all  the  pointed  and  direct 
questions  appearing  in  the  application  blanks  or  to 
insist  on  complete  examinations.  There  is,  further, 
the  natural  tendency  of  women  to  avoid  a  discussion 
or  belittle  the  diseases  peculiar  to  their  sex,  and  the 
skill  with  which  they  can  hide  the  state  of  their 
health  must  be  counted  upon.  Still  further,  the  lack 
of  business  training  with  the  failure  to  comprehend 
the  spirit  of  the  terms  of  a  contract,  at  times  may  lead 
to  statements  which  are  not  straightforward,  complete, 
or  unbiased. 

7.  Self-selection  is  frequently  practised  for  women 
by  some  other  interested  person,  such  as  the  husband 
or  some  self-supporting  child,  either  of  whom  appears 
as  a  beneficiary  and  payer  of  the  premium.  The 
mortality  among  spinsters  and  independent  women 
is  notably  lower  than  that  found  among  married 
women  with  the  husband  as  beneficiary,  especially 
when  he  pays  the  premiums  and  there  are  no  children. 

8.  The  policy  should  never  be  delivered  to  the  ap- 
plicant until  he  has  paid  the  first  premium.  A  period 
varying  from  thirty  to  sixty  days  is  allowed  the  agent 
for  placing  the  policy.  An  applicant  who  has  grown 
indifferent  after  the  examination  may  defer  payment 
of  the  premium  until  this  period  has  nearly  expired, 
or  he  may  decide  not  to  take  it.  If,  however,  he  be- 
comes ill  or  injured  during  this  period,  he  may  be 
anxious  to  pay  for  and  secure  the  policy.  This  pro- 
cedure must  be  guarded  against  by  an  appropriate 
clause  in  the  application  blank. 

9.  Under  some  forms  of  policies,  the  holders  are 
entitled  to  certain  options  either  before  or  when  the 
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contract  matures.     The  holder  may  have  the  privilege 

of  taking  cash  or  continue  the  policy  with  the  addition 

of    the    accumulated    reserve,    and    would    be    D 

likely  to  follow  the  former  course  if  in  good  health, 
but  would  probably  favor  the  latter  if  in  poor  health. 
In  this  and  similar  conditions,  self-selection  must  be 
guarded  against  by  having  the  policyholder  give 
notice  of  his  choice  about  two  years  before  the  policy 
matures  or  furnish  a  satisfactory  certificate  of  health 
at  the  time. 

In  order  to  guard  against  self-selection,  it  is  the 
duty  of  the  examiner  and  the  home  office  officials  to 
scrutinize  the  character,  habits,  surroundings,  and 
financial  condition  of  the  applicant.  The  object  ol 
taking  out  the  insurance,  the  means  for  paying  the 
premium,  the  insurable  interest,  and  the  charactei 
of  the  beneficiaries  should  be  inspected  carefully. 

The  Medical  Examination. — The  successful  ex- 
aminer employs  tact  and  judgment  in  bis  relations 
with  the  agent  and  applicant.  Applicants  may  be 
lukewarm  about  undergoing  the  examination,  reti- 
cent in  their  answers,  or  may  display  a  disobliging 
spirit.  The  strong,  able  examiner  controls  his  feel- 
ings and  overcomes  such  obstacles  l>\  diplomacy  bul 
with  veiled  firmness.  A  brusque  demeanor  may  cost 
the  agent  the  loss  of  his  applicant  after  days  or  w 
of  hard  labor.  The  time  and  place  of  appointment 
as  arranged  by  the  agent  should  be  observed,  un- 
less the  place  is  so  noisy  or  public  that  an  examina- 
tion cannot  be  properly  carried  out.  Promptness  is 
important  as  delay  often  affords  the  applicant  an 
opportunity  to  withdraw  from  the  transaction. 
Every  question  without  exception  should  be  asked  and 
a  complete  and  definite  answer  should  be  obtained 
from  the  applicant  and  carefully  recorded  in  the  blank. 
If  one  or  more  of  the  answers  in  the  report  are  in- 
complete or  omitted,  correspondence  with  consequent 
delay  will  ensue.  Vague  and  elastic  terms  like  "fair," 
"average,"  "moderate,"  "childbirth,"  "change  of 
life,"  etc.,  should  be  avoided. 

An  examiner  may  be  reluctant  or  unwilling  to 
incorporate  certain  information  in  his  report  for  the 
reason  that  it  might  hurt  his  own  interests  or  those  of 
a  friend  or  patient  if  the  facts  were  known  in  the 
community.  It  is  his  manifest  duty,  however,  to 
give  the  company  the  benefit  of  his  knowledge  of 
everything  of  an  adverse  nature  affecting  the  risk, 
and  he  can  do  this  without  publicity  by  means  of  a 
confidential  letter  mailed  immediately  to  the  medical 
department  of  the  home  office.  The  examination 
is  of  little  value  unless  it  is  made  under  favorable 
conditions.  Privacy  is  imperative  so  that  there  will 
be  no  incentive  on  the  part  of  the  applicant  to  with- 
hold information  on  account  of  the  presence  of  other 
persons.  Noise  and  bustle  interfere  with  the  con- 
centration of  the  faculties  as  well  as  the  hearing  of 
the  examiner.  The  chest  should  be  bared.  Unless 
there  are  indications  that  the  shirts  should  be  com- 
pletely removed,  however,  the  following  procedure 
may  re  resorted  to  without  the  danger  of  remonstrance 
from  the  applicant:  Having  removed  the  coat  and 
vest,  the  suspenders  are  dropped;  both  shirts  are  then 
rolled  up  to  the  level  of  the  clavicle  and  held  there  by 
the  applicant,  leaving  the  examiner  free  to  proceed 
with  the  examination  of  the  chest  and  abdomen. 
When  examining  the  back,  the  shirts  are  rolled  up 
similarly,  the  applicant  holding  them  by  a  hand  reach- 
ing back  over  each  shoulder. 

The  recommendation  of  the  risk  should  always  be 
couched  in  the  definite  terms  "yes"  or  "no"  unless 
the  company  does  substandard  business,  in  which 
case  a  modified  answer  may  be  required.  The  per- 
sonal and  family  history,  having  been  correctly  and 
fully  recorded,  may  be  left  for  consideration  at  the 
home  office,  but  the  examiner  is  expected  to  recom- 
mend acceptance  or  rejection  on  the  strength  of  his 
physical    examination    unless    he    possesses    certain 


knowledge  in   his  possession   thai    the  habit-   of  th  '' 
applicant  are  unquestionably  bad.     In  the  majoi 
"i  ..I  es,  however,  thi   habil     hould  be  fully  recorded 

and  referred  to  1  he  home  office. 

Medical  exan  u  e  a  feeling  of 
timidity  when  the  applii  to  woman  and  t.>  ap- 
prehend the  in'  urrei I    aei   d    pli  i    ir<    if  all  the 

direct  and  pointed  qui  fa  com- 

plete examinat  ion  i    insisted  upon,      \  tuld 

be  treated  as  if  she  comi  latient,  under 

winch    circum  tanci      a    ph; 

to  put  her  through  a  rigid  cateel andtorequi   I  her 

to  submit  to  a  searching  physical  examination,     ] 
proper  curse  to  pursue  is  to  go  about  thi  work  in  an 
polite,    and    matter-of-fact    way,    courteously 
bul  with  veiled  firmness,  insisting  on  the  fulfiUn 
of   all   the    requirements.     The    rule   forbidding  the 
presence  of  a  third  person  (even  the  I  bile 

the  questions  of  the  blank  are  being  asked.  Bhould  be 

adhered  to  rigidly,  for  undei     u mdil 

may  full  answer  .  without  restraint  or  influence,  be 
obtained.  During  the  physical  examination,  how- 
ever, it  is  proper  to  have  a  friend  or  relative  present. 
The    woman    should    be    previou  i  ructed    to 

arrange  her  clothing  in  a  way  thai  "ill  insure  ease, 
facility,  and  thoroughness  in  the  examination.  \ 
loose  gown  of  light  material  will  not  interfere  with  the 
examination  or  the  taking  of  the  n 
Corsets  should  invariably  be  removed.  The  urine 
should  be  passed  at  the  time  of  the  exa  but 

if  this  is  impossible,  the  examiner  must  obtain  it 
later  himself;  in  m,  case  should  he  accept  it  when 
brought  to  him  by  the  applicant  or  a  messenger. 

examiner  may  easily  assure  himself  thai  the  appli- 
cant passed  the  nunc  by  arranging  to  have  it  voided  in 
his  own  office  or  at  her  own  residence  while  he  ad- 
journs to  the  next  room.  The  urine  should  be 
warm  when  presented  in  the  container  previously 
given  her  for  that  purpo  e 

Environment. — The  hygienic  surroundings  should 
lie  inspected,  but  should  not  be  taken  too  seriously,  as 
human  beings  do  exist  and  thrive  under  unfavorable 
circumstances  provided  the  conditions  are  not  alto- 
gether bad.  A  fairly  large  number  of  applications 
for  insurance  come  from  members  of  the  foreign  ele- 
ments who,  while  thrifty  and  saving,  live  in  more  or 
less  crowded  quarters,  tilth  and  squalor.  These  con- 
ditions, especially  when  the  applicant  works  in  over- 
crowded, badly  ventilated,  damp  and  poorly  lighted 
sweat  or  junk  shops,  may  be  so  unfavorable  as  to 
justify  rejection. 

Occupation. — The  view  in  regard  to  occupation 
differs  among  various  companies.  Generally  speak- 
ing, the  occupation  hazard  may  be  classified  into 
three  groups:  1.  Increased  liability  to  accident, 
such  as  iron  and  tin  workers,  coal  miners,  railway 
laborers,  engineers,  firemen,  workers  in  electricity, 
fishermen,  seamen,  saw-mil]  operators,  etc.  -.  Dis- 
eases which  may  be  occasioned,  such  as  that  found 
among  stone  cutters,  copper  and  lead  miners  and 
workers,  grinders,  file  makers,  potters,  glass  makers, 
plumbers,  painters,  etc.  3.  Occupations  requiring 
the  handling  of  alcohol. 

The  conditions  affecting  workers  are  continually 
undergoing  improvement  and  mechanical  devices 
are  being  adopted  for  reducing  risks. 

/',  rsonal  History. — It  is  the  duty  of  the  examiner 
to  make  a  searching  inquiry  when  there  is  a  history 
of  a  previous  illness  ,>r  accident,  <>r  a  suspicion  of  bad 
habits  in  the  past  or  present.  The  results  of  the  in- 
vestigation should  be  recorded  invariably,  as  the 
home  office  authorities  cannot  deal  intelligently 
with  a  case  without  a  knowledge  of  every  detail. 
In  reporting  a  disease,  the  report  should  always 
include    the    date,    duration,    severity,    cause,    date    of 

last  symptoms,  and  after-effects.  Misrepresentation 
on  the  pari  of  the  applicant  in  giving  sonal 

history    will    justify    a    company    in    cancelling    the 
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policy  within  a  limited  period  of  time,  and  if  the 
omission  or  falsification  has  any  bearing  on  the  cause 
of  death  during  this  period,  the  company  will  have 
I  lie  righl  to  eontei  I  the  claim. 

[t  will  be  stated  frequently  in  the  following  directions 
thai  certain  points  may  l»-  ignored  by  the  approving 
officers  at  the  home  offices.  The  examiners  should 
not  conclude  from  this  thai  the  said  points  maj  be 
omitted  from  their  reports. 

Family  History. — Family  history  is  an  importanl 
feature  in  the  selection  of  risks  and  is  often  the 
crucial  point  on  which  acceptance,  rejection,  or  the 
offer  of  a  special  form  of  policy  is  decided.  Tuber- 
culosis and  other  inheritable  diseases  in  themselves 
do  not  play  so  prominent  a  role  as  formerly,  as  medical 
science  in  regard  to  these  maladies  is  more  commonly 
studied  and  observed  by  the  public.  Indications  of 
a  short  or  long  longevity,  however,  is  an  important 
factor  in  border-line  cases. 

General  Appearance. — The  condition  known  as 
''healthy  appearance"  cannot  be  defined  clearly, 
for  while  it  is  evident  to  all  that  a  strong  vitality  and 
robust  constitution  are  usually  indicated  by  the 
complexion  and  tone  of  the  tissues,  there  are  several 
grades  of  appearance  between  this  aspect  and  the 
earmarks  pointing  to  present  or  future  disease.  An 
applicant  may  be  noticeably  pale  on  account  of  an 
indoor  occupation  or  an  inherited  complexion,  or  to 
anemia  or  some  other  disease.  He  may  have  a  full, 
flushed  face  or  even  dilated  capillaries  due  to  ex- 
posure to  the  weather  without  being  plethoric.  On 
the  other  hand,  the  ruddy  complexion  may  be  the 
result  of  high  living  and  the  excessive  use  of  alcohol. 
Sallowness  may  be  a  natural  characteristic,  but  should 
lead  to  an  inquiry  into  a  possible  history  of  gastro- 
intestinal or  gall-bladder  troubles.  Premature  senility 
is  usually  due  to  business  and  social  stress  with 
attendant  degenerative  change.  While  a  younger  age 
than  the  true  one  may  be  declared  in  order  to  ob- 
tain a  policy  with  a  lower  premium,  the  line  should 
not  be  drawn  too  closely  when  there  is  only  a  slight 
discrepancy,  as  appearance  in  this  respect  is  often 
deceiving. 

Height  and  Weight. — Overweight  seems  to  indicate  a 
certain  hypernutrition  and  robustness  up  to  about 
age  thirty  that  is  favorable  to  subsequent  life.  After 
age  thirty,  the  lives  of  men  and  women  are  shortened 
by  a  condition  of  overweight  to  a  marked  degree. 
Overweights  are  less  able  to  withstand  shock,  opera- 
tions, injuries,  or  disease  and  are  more  apt  to  develop 
Bright's,  heart  disease,  arteriosclerosis,  apoplexy, 
diabetes,  and  cirrhosis  of  the  liver.  Overweights 
with  excessive  abdominal  measurements  give  a  mor- 
tality of  about  ten  to  fifteen  per  cent,  higher  than  those 
without  excessive  abdominal  measurements. 

Underweights  are  better  risks,  as  a  class,  than  over- 
weights. They  have  greater  endurance  and  better 
chances  of  surviving  injuries,  operations,  and  diseases. 
The  combination  of  underweight  and  tuberculosis 
is,  however,  undeniably  serious.  Dyspepsia  and 
underweight  is  another  unfavorable  combination. 

In  selecting  risks,  the  home  office  will  have  to 
consider  the  individual  merits  of  each  case  of  light 
or  heavy  weight,  these  conditions  being  influenced  by 
such  factors  as  a  personal  history  of  gout  or  rheu- 
matism, unfavorable  habits,  occupation,  etc. 

Accuracy  of  the  measurements  is  especially  im- 
portant in  overweights,  and  can  be  secured  only  when 
taken  on  the  bare  skin.  The  chest  should  be  meas- 
ured horizontally  at  the  nipple  line.  When  the  ap- 
plicant is  a  woman,  the  tape  may  be  carried  around 
the  body  just  high  enough  to  avoid  the  thick  part 
of  the  breasts.  Error  in  the  measurement  of  the 
abdomen  is  frequent  but  is  of  small  consequence 
when  the  applicant  is  within  the  limits  of  normal 
weight.  In  the  case  of  overweights,  however,  there 
should  be  no  mistake.  The  abdominal  measurement 
should    always   include   the   umbilicus,    but   is   mis- 
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leading  when  the  tape  is  carried  around  the  crests  of 
the  ilia  or  the  buttocks.  Hence,  the  rule  for  measur- 
ing in  a  horizontal  line  must  be  departed  from  when 
dealing  with  a  pendulous  abdomen,  the  tape  line  be- 
ing carried  obliquely  from  a  point  on  the  back  just 
high  enough  to  escape  the  crests  and  low  enough 
in  front  to  reach  the  navel.  In  other  words,  the  fat 
applicant  with  a  pendulous  abdomen  must  pay  a 
penalty  by  having  the  measurement  taken  in  an 
oblique  line.  When  the  abdominal  measurement  is 
excessive,  the  examiner  should  state  whether  the 
condition  is  due  to  fat,  tumor  or  abdominal  fluid. 

The  weight  should  be  taken  with  the  ordinary 
clothing  on,  including  the  coat  and  vest,  as  the  tables 
are  computed  with  this  extra  weight  in  mind,  just 
as  the   height  includes   the   measurement   with   the 

siloes. 

iliibits. — The  tolerance  of  alcohol  varies  with  the 
individual.  The  total  abstainers  as  a  class,  however, 
give  a  more  favorable  mortality  than  is  found  in 
mi. derate  drinkers,  while  the  death  rate  among  the 
immoderate  drinkers  is  positively  bad.  Further- 
more, the  totalfabstainer  is  less  liable  to  become  in- 
temperate in  the  future  as  he  does  not  expose  him- 
self to  the  temptations  of  the  bar-room,  club,  or 
private  closet  at  his  home.  In  general,  those  who 
have  had  to  resort  to  a  cure  have  undermined  their 
constitutions  to  such  an  extent  that,  even  though 
they  have  abstained  for  a  long  period  since  the  cure, 
they  are  insurable  only  as  substandard  risks  or  for 
an  endowment  policy  which  will  terminate  by  the 
time  they  become  fifty-five  or  sixty  years  of  age. 

Applicants  who  use  or  have  used  alcohol  to  excess 
may  resent  any  inquiry  into  the  matter  or  prevari- 
cate in  regard  to  the  amount  consumed.  Tact, 
diplomacy,  and  persistence  are  required  at  times, 
therefore,  to  draw  out  full  information. 

The  drug  habit  is  more  difficult  to  detect  than 
that  of  the  immoderate  use  of  alcohol.  These  un- 
fortunates lie  without  compunction  in  regard  to 
their  weakness,  and  the  appearance  cannot  be  de- 
pended upon  as  evidence  of  the  habit  except  in  ad- 
vanced cases.  The  shoulders  and  arms  of  all  ap- 
plicants should  be  inspected  for  the  presence  of  scars 
arising  from  the  use  of  the  hypodermic  needle.  Ap- 
plicants who  are  suspected  of  addiction  to  the  habit 
of  using  drugs  in  the  past  or  at  present,  should  be 
rejected. 

Diseases  of  the  Nervous  System. — The  state  of  the 
nervous  system  rece;ves  too  little  attention  in  the 
majority  of  medical  examinations;  hence,  the  early 
signs  of  general  paralysis  of  the  insane,  tabes  or  al- 
coholism are  often  overlooked.  The  facial  aspect 
may  give  indication  of  some  nervous  trouble.  If 
Bell's  paralysis  is  present,  the  examiner  should  as- 
certain if  the  palsy  is  of  peripheral  or  central  origin. 
The  eyes  should  be  examined  for  inequalities  and  di- 
latation or  contraction.  Slight  inequalities  may  be 
congenital.  Changes  in  the  pupil  reflexes  and  the 
Argyll-Robertson  pupil  are  important  signals,  but 
it  must  be  remembered  that  the  degree  of  light  has  a 
great  deal  to  do  with  apparent  activity  or  sluggish- 
ness of  the  pupils.  Ptosis,  associated  with  external 
strabismus  and  dilatation  of  the  pupil,  is  dependent 
upon  parafysis  of  the  third  nerve,  a  condition  usually 
due  to  syphilis.  Moderate  bilateral  ptosis  without 
other  manifestations  may  occur  in  hysteria  and 
neurasthenia.  A  fine  tremor  of  the  protruded  tongue 
is  found  in  the  early  stages  of  paresis  and  in  alco- 
holism. The  applicant  should  be  asked  always  to 
walk  so  that  the  gait  may  be  observed.  Other  signs 
to  be  looked  for  are  tremor  of  the  fingers,  abnormality 
in  the  patellar  reflexes,  Babinski's  reflex,  and  Rom- 
berg's symptom. 

Dizziness  and  vertigo,  should  be  reported  by  the  ex- 
aminer, even  though  they  may  be  ignored  at  the  home 
office  when  due  to  gastric  disturbances,  biliousness, 
or  constipation,  if  not  too  recent  and  the  report  shows 
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that  there  has  been  no  suspicion  of  convulsions  or 
epilepsy.  If  the  applicant  was  over  forty  years  of 
age  at  the  time  of  dizziness  or  vertigo,  however, 
cardiac  weakness,  vascular  changes,  and  nephritis 
must  be  eliminated.  Unconsciousness  and  fainting 
may  have  been  due  to  injury,  shock,  emotion  or  some 
illness,  or  it  may  have  been  due  to  cardiac  weakness, 
vascular  changes  in  the  brain  or  epilepsy.  A  history 
of  epilepsy,  even  if  remote,  should  cause  rejection. 
Furthermore,  a  history  of  convulsions  should  lead 
to  tlie  suspicion  of  epilepsy.  If  the  applicant  has  had 
paralysis,  apoplexy,  or  insanity,  rejection  is  in  order. 
Recent  neurasthenia,  even  if  due  to  "brain-fag"  or 
worry,  should  prompt  postponement.  When  there 
is  a  history  of  headaches,  due  to  gastrointestinal  dis- 
orders, eyestrain,  migraine  or  overwork,  it  may  be 
disregarded  if  the  headaches  are  not  too  severe  or 
frequent.  Occupation  cramps,  such  as  "writer's 
cramp,"  may  be  ignored  by  the  home  ollice  authorities. 
Applicants  who  have  suffered  from  sunstroke  should 
be  postponed  until  they  have  gone  through  the  succeed- 
ing summer  without  any  after-effects. 

Diseases  of  the  Circulatory  System. — The  personal 
history  in  regard  to  diseases  of  the  circulatory  system 
is  usually  meager,  as  in  the  majority  of  applicants 
for  standard  insurance,  they  are  discovered  for  the 
first  time  at  the  examination.  Nevertheless,  it  is 
important  to  ascertain  if  there  is  a  history  of  palpita- 
tion, irregularity,  or  intennittency,  dyspnea,  or  pains 
in  the  region  of  the  heart.  The  mortality  is  high 
among  those  having  irregular  or  intermittent  pulse, 
and  should  cause  postponement  until  the  heart  action 
becomes  quite  normal.  If  these  conditions  are  asso- 
ciated with  overweight,  a  history  of  rheumatism  or 
gout,  a  daily  use  of  alcohol  verging  on  excess,  or  the 
applicant  is  over  middle  age,  the  risk  should  be 
rejected  at  the  home  office. 

The  examination  of  the  heart  is  of  little  value 
unless  the  chest  is  fully  exposed.  Every  murmur  does 
not  point  to  valvular  disease.  True  functional  mur- 
murs are  apt  to  be  associated  with  anemia  or  some 
special  attack  upon  the  resources  of  the  body.  Rapid 
heart  action  in  some  individuals  gives  rise  to  a  tem- 
porary murmur  due  to  imperfect  closure  of  the  valves. 
Dynamic  murmurs  may  be  produced  at  the  base. 
Cardio  respiratory  murmurs  are  frequently  heard  and 
may  be  difficult  to  differentiate  from  organic  murmurs. 
The  position  of  the  applicant  will  often  assist  the 
examiner.  True  cardiac  murmurs  are  usually  affected 
by  the  position  of  the  body  through  a  change  in  the 
blood  pressure.  Some  organic  systolic  murmurs  which 
are  almost  inaudible  during  the  erect  posture,  may  be 
heard  easily  when  the  applicant  lies  down.  Accentua- 
tion and  reduplication  of  both  sounds  are  not  uncom- 
mon, but  do  not  persist  in  health. 

The  pulse  should  not  exceed  ninety.  It  should  be 
counted  for  a  full  minute  so  that  the  frequency, 
quality,  and  rhythm  may  be  determined  accurately. 
In  the  event  of  any  abnormality  at  the  first  examina- 
tion, the  pulse  should  be  taken  again  to  eliminate  any 
element  of  nervousness,  recent  vigorous  exercise,  a 
recent  meal,  loss  of  night's  sleep,  or  the  drinking  of 
strong  tea  or  coffee. 

The  systolic  blood  pressure  is  an  important  indica- 
tion of  disease.  The  diastolic  pressure  will  undoubt- 
edly prove  a  valuable  addition  to  medical  science 
when  it  has  been  studied  and  is  more  completely  under- 
stood. The  limit  of  systolic  pressure  may  be  placed 
at  about  145  to  155  millimeters  for  insurance  purposes. 
All  portable  forms  of  sphygmomanometers  are  more  or 
less  faulty,  hence  the  best  obtainable  should  be 
purchased.  These  instruments,  whether  mercurial 
or  aneroid,  should  be  kept  in  perfect  order  and  fre- 
quently checked  up  with  standard  instruments. 
Unless  this  precaution  is  observed,  the  findings  are 
unreliable.  If  the  pressure  is  above  the  normal  subse- 
quent readings  should  be  taken  on  different  days,  as 
high  blood  pressure  is  significant  only  when  permanent. 


If  the  diastolic  pres  ure  i    n  quired,  the  auscultation 

method  should  be  employeil. 

The  arterial   frails  .should  be  examined  on 
sides  of  the  body,  as  it  i    noi    uncommon   to  find  a 
perceptible  thickening  on  one  side  only. 

l)ixease  of  the  Respiratory  System. — Applicants  who 
have  had  pulmonary  complaints  are  apt  to  acknowledge 
a  history  of  I  he  trouble  with  reservation,  if  at  all,  t 
oially  if  it  was  serious.  Any  admission  or  suspici' 
lung  or  throat  trouble  or  pleurisy  should  prompt 
the  examiner  to  make  an  unusually  searching  inquiry 
and  examination.  If  the  applicant  acknowledges 
chronic  cough  or  hoarseness,  the  examiner  should 
keep  the  possibility  of  tuberculosis  in  mind.  On 
the  other  hand,  an  ordinary  catarrhal  condition  of 
the  nasopharynx  may  be  trivial.  Coughing  orspitting 
of  blood  is  usually  described  as  bleeding  from  the  nose 
or  the  gums  about  the  teeth.  Unless  a  certificate  can 
be  obtained  from  a  physician  who  saw  the  bleeding 
point  at  the  time,  it  is  a  good  practice  to  postpone  the 
applicant  at  least  ten  years.  Pneumonia  should  lead 
to  postponement  of  from  six  months  to  a  year  from 
the  date  of  the  attack.  Pleurisy,  dry  or  with  effusion, 
is  so  often  of  a  tuberculous  nature  or  followed  by 
tuberculosis  later  on,  that  an  applicant  who  has  had 
an  attack  should  not  be  accepted  until  about  five  years 
have  elapsed  unless  all  features  are  exceptionally 
favorable.  Asthmatics  are  not  acceptable  risks  unless 
at  least  a  year  has  gone  by  since  the  last  attack;  if 
the  attacks  were  frequent  or  numerous,  however, 
the  applicant  should  be  declined. 

The  examination  of  the  lungs  should  be  made  under 
the  most  favorable  conditions,  especially  when  there 
is  a  suspicious  personal  history  or  a  tainted  family 
record,  the  chest  being  bared  in  front  and  behind. 
The  examiner  is  liable  to  meet  cases  of  pulmonary 
tuberculosis  in  the  earliest  stages  without  a  history 
of  symptoms  pointing  to  this  condition.  At  the  same 
time,  it  is  well  to  remember  that  every  deviation  in 
the  chest  does  not  necessarily  indicate  the  presence 
of  disease.  The  physiological  difference  in  the 
percussion  note  or  respiratory  sounds  between  the 
two  sides  of  the  chest  may  be  exaggerated  in  healthy 
individuals. 

Diseases  of  the  Digestive  System. — The  diagnosis  in  this 
class  of  diseases  is  often  difficult,  as  grave  disorders 
may  be  masked,  the  symptoms  pointing  to  some  com- 
paratively unimportant  ailment.  Furthermore,  while 
the  trouble  has  apparently  passed  away,  it  may  lie 
dormant  and  be  liable  to  recur.  A  history  of  any  gas- 
trointestinal disorder,  such  as  dyspepsia,  indigestion, 
biliousness,  pain,  colic,  or  diarrhea,  should  prompt 
the  examiner  to  inquire  closely  into  the  possibility 
of  appendicitis,  gallstones  or  some  other  serious 
trouble.  In  addition  to  this,  the  home  office  authori- 
ties will  often  ask  for  a  certificate  from  the  physician 
who  saw  the  applicant  during  the  attack  in  order  to 
ascertain  the  real  nature  of  the  ailment  as  far  as 
possible.  An  applicant  with  a  history  of  hematemesis, 
ulcer  of  the  stomach,  or  a  gastroenterostomy  per- 
formed for  ulcer  of  the  stomach,  should  not  be  con- 
sidered for  atle  ast  ten  years.  A  shorter  period  will 
answer  if  the  operation  was  performed  for  ulcer  of  the 
duodenum. 

Appendicitis,  one  attack  without  operation  may 
be  overlooked  if  there  has  been  no  recurrence  for  at 
least  a  year.  When  there  has  been  an  operation  with 
primary  union  and  no  complications,  it  is  safe  to 
insure  the  applicant  in  three  or  four  months,  but  a 
certificate  from  the  operating  surgeon  should  be 
furnished.  If  there  were  extensive  adhesions,  pus, 
drainage,  or  serious  complications,  the  lapse  of  a 
year  should  be  required. 

Applicants  with  a  history  of  gallstones  should  not  be 
accepted  until  about  five  years  have  gone  by  since  the 
last  manifestations,  but  the  risk  may  be  accepted  in 
two  years  if  the  stones  have  been  taken  out  and  the 
gall-bladder  drained  or  removed. 
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The  physical  examination  of  the  abdominal  organs 
dues  not  always  yield  satisfactory  results.  Never- 
theless, the  viscera  should  be  mapped  out  and  ex- 
amined by  deep  pressure  for  the  detection  of  tender- 
ness or  tumor. 

The  acknowledgement  of  hemorrhoids  calls  for 
further  inquiry.  Many  individuals  with  supposed 
hemorrhoids  have  been  found  to  have  fistula,  tuber- 
culosis, or  malignant  trouble.  An  applicant  over 
forty  years  of  age  should  be  requested  to  furnish  a 
statement  from  the  attending  physician,  giving  the 
exact  nature  of  the  trouble.  It  is  not  wise  for  the 
examiner  to  make  an  instrumental  examination. 

Diseases  of  the  Genitourinary  System. — -Degenerative 
changes  in  the  kidneys  are  responsible  for  a  large 
mortality.  An  applicant  with  a  history  of  acute 
Brights  way  be  considered  if  several  years  have  elapsed 
since  recovery  and  a  careful  chemical  and  micro- 
scopical examination  of  the  urine  at  the  home  office 
in  addition  to  the  regular  urinalysis  by  the  examiner, 
gives  negative  results. 

Renal  colic  may  be  ignored  by  the  home  office 
if  there  has  been  one  attack  only,  provided  the  urine 
is  negative  chemically  and  microscopically,  and  a 
period  of  six  months  has  elapsed.  If  the  applicant  is 
over  forty  years  of  age,  a  year  should  elapse.  No  ap- 
plicant with  a  history  of  renal  colic  and  calculus  should 
be  accepted  if  his  weight  is  more  than  twenty  per  cent, 
above  the  standard.  Hematuria  should  lead  to  rejec- 
tion until  about  five  years  have  elapsed,  unless  it 
was  due  to  the  passage  of  a  renal  calculus.  Mov- 
able kidney  is  sufficient  cause  for  rejection  unless 
the  kidney  has  been  successfully  fixed  and  time  enough 
has  gone  by  to  indicate  that  it  will  remain  in  place. 
Nephrotomy  need  not  bar  the  applicant  from  insur- 
ance if  there  was  no  suspicion  of  tuberculosis  or 
malignancy  and  two  years  have  elapsed.  Removal 
of  a  kidney  warrants  rejection.  The  liability  of  per- 
sons over  fifty  to  enlargement  of  the  prostate  should 
be  kept  in  mind  when  there  is  any  irregularity  in 
micturition.  When  there  is  a  stricture  or  a  suspicion 
thereof,  the  applicant  should  furnish  a  statement 
from  his  physician  giving  the  size  of  sound  that  can 
be  introduced.  For  insurance  purposes  the  size 
should  be  at  least  No.  26  French. 

Albuminuria  and  glycosuria  should  always  be  re- 
garded as  abnormalities.  Fortunately,  the  abnor- 
mality is  of  little  consequence  in  a  large  proportion 
of  the  cases.  The  gravity  of  the  underlying  condition 
is  determined  by  whether  the  albuminuria  or  glycosuria 
is  transient  or  permanent.  If  the  urine  is  found  to 
contain  either  of  the  ingredients,  or  there  is  a  history 
of  their  appearance,  three  normal  consecutive  samples 
and  a  statement  as  to  whether  or  not  the  applicant 
has  been  under  treatment  or  restricted  diet,  will 
usually  be  required. 

Examination  of  the  Urine. — If  the  urine  is  outside 
the  limits  of  specific  gravity  prescribed  by  the  com- 
pany, usually  1,010  and  1,030,  another  sample  should 
be  examined. 

If  the  heat  test  gives  no  reaction,  albumin  is  not 
present.  If  the  reaction  is  positive,  differentiation 
may  be  accomplished  by  the  use  of  Heller's  test, 
letting  the  specimen  stand  at  least  fifteen  minutes  but 
observing  it  every  few  minutes.  If  there  is  no  layer 
of  coagulated  albumin  at  the  line  of  contact,  the  re- 
sult is  negative.  A  diffused  cloudiness  above  a  clear 
layer  of  urine  indicates  the  presence  of  nucleoalbumin. 

If  one  of  the  reduction  tests  gives  no  reaction,  sugar 
is  not  present.  If  the  reaction  is  positive  or  doubt- 
ful, it  should  be  corroborated  by  the  fermentation  test. 

Hyaline  and  granular  casts  are  significant  when  they 
persist.  They  may  appear,  however,  for  a  limited 
time,  in  unimportant  conditions;  consequently  the 
examination  of  several  specimens  should  be  made. 
If  the  casts  persist  the  applicant  should  be  postponed 
or  declined  according  to  the  number  and  kind  of  casts 
and  the  condition  of  the  applicant  in  other  respects. 

922 


Malaria. — The  mortality  among  applicants  with  a 
history  of  recent  seven-  or  frequent  attacks  of  malaria 
Is  high,  especially  in  the  southern  part  of  the  United 
States.  Intermit triil  malaria  should  not  be  ignored 
until  three  or  more  months  have  gone  by  according 
to  the  particulars  of  the  case.  Remittent  malaria 
calls  for  a  postponement  of  about  twelve  months 
When  there  is  a  history  of  hematuria,  rejection  until 
five  years  have  elapsed  is  a  wise  precaution,  especially 
if  the  applicant  still  lives  in  the  locality  where  the 
attack  was  contracted. 

Rheumatism. — A  policy  may  be  granted  on  the  life 
plan  if  there  has  been  but  one  attack  at  least  one  year 
previous.  A  substandard  or  endowment  policy  may 
be  offered  when  two  or  three  attacks  have  occurred, 
provided  cardiac  involvement  did  not  complicate  the 
case.  If  more  than  three  attacks  have  occurred, 
rejection  is  advisable  unless  a  long  period  of  time  has 
gone  by  since  the  last  attack.  An  occasional  twinge 
in  a  joint  without  previous  swelling,  inflammation  or 
actually  severe  pain  is  unimportant.  Muscular  rheu- 
matism  is  of  no  consequence  unless  chronic,  in  which 
case  an  endowment  or  rated-up  policy  is  in  order. 

Gout. — Most  cases  of  gout  should  be  rejected.  If 
there  were  only  one  or  two  attacks,  undoubtedly 
mild,  an  endowment  or  rated-up  policy  may  be  offered 
after  five  years  from  last  manifestations,  provided 
the  heart  blood-vessels,  blood  pressure,  and  urine  are 
unquestionably  normal. 

Syphilis. — The  mortality  among  insured  lives  with 
a  history  of  syphilis  is  excessive.  If  accepted  at  all, 
at  least  four  years  should  have  elapsed  since  the  date 
of  the  last  manifestations  and  treatment.  The  blood 
pressure  should  be  carefully  taken  as  the  vascular 
system  may  have  undergone  changes.  Tertiary 
syphilis  justifies  rejection.  Serology  and  chemo- 
therapy may  make  some  modifications  in  these  sug- 
gestions. It  must  be  remembered,  however,  that  the 
Wassermann  test  in  its  present  standing  is  practically 
useless  in  cases  which  have  gone  one  or  more  years 
without  manifestations.  The  provocative  Wasser- 
mann test  gives  somewhat  better  results,  but  is  still 
far  from  satisfactory.  The  best  means  available  for 
establishing  the  fact  whether  the  spirochetes  of  latent 
or  dormant  syphilis  are  deposited  in  the  spinal  fluid 
and  perivascular  spaces  beyond  the  reach  of  the  blood 
tests,  is  impracticable  in  life  insurance  examinations, 
as  it  necessitates  lumbar  puncture  in  order  that  the 
spinal  fluid  may  be  subjected  to  a  complete  test. 
When  applicants  with  a  history  of  syphilis  are  ac- 
cepted, the  policy  offered  must  be  on  an  endowment 
plan  which  will  terminate  at  about  the  age  of  fifty- 
five  or  a  rated-up  policy. 

Abscess,  Ulcer,  Tumor. — A  history  of  one  of  these 
conditions  should  be  accompanied  by  a  full  account 
of  any  surgical  interference  and  pathological  findings. 
If  there  has  been  no  operation,  the  examiner  should 
endeavor  to  ascertain  the  nature  and  cause,  and  if 
there  was  any  suspicion  of  syphilis,  tuberculosis,  or 
malignancy. 

Diseases  of  the  Skin. — Suspicion  of  syphilis,  tubercu- 
losis or  malignancy  should  be  cleared  up.  When 
a  large  area  of  the  applicant's  body  is  covered  with 
eczema,  psoriasis,  or  other  benign  eruption,  there 
is  apt  to  be  some  constitutional  dyscrasia  which,  in 
the  opinion  of  some,  calls  for  the  offer  of  an  en- 
dowment or  a  rated-up  policy. 

Diseases  of  the  Nose. — The  ordinary  and  simple 
catarrhal  trouble  are  of  no  consequence.  Polypus 
calls  for  postponement  for  six  to  twelve  months  after 
the  date  of  removal,  according  to  the  number  of 
recurrences.  Chronic  sinusitis  should  have  ceased  for 
at  least  a  year  before  acceptance. 

Diseases  of  the  Ear. — When  there  has  been  a  dis- 
charge during  the  past  one  or  two  years,  the  appli- 
cant should  furnish  a  statement  from  a  competent 
aurist  in  regard  to  the  present  condition  of  the  ear, 
and  state  whether  or  not  there  are  any  granulations, 
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polypi,  or  carious  bone.  Applicants  may  be  ac- 
cepted if  the  statement  is  favorable  unless  the  dis- 
charge is  or  has  been  recently  bloody  or  offensive. 

Surgical  Operations. — The  applicant  should  furnish 
a  statement  from  the  operating  surgeon  in  most  in- 
stances, giving  the  dates,  diagnosis  of  the  condition 
for  which  upcration  was  done,  the  nature  of  the 
operation,  the  structures  involved,  the  end  result, 
and  stating  whether  or  not  there  was  any  suspicion  of 
tuberculosis  or  malignancy. 

Deformities  or  Loss  of  Limb. — A  risk  is  not  a  good 
one  if  there  has  been  amputation  at  the  hip-joint,  and, 
according  to  some,  at  the  shoulder-joint.  In  all 
amputations,  the  condition  of  the  stump  should  be 
known.  If  the  applicant  uses  crutches,  he  should  be 
rejected.  In  hip-joint  disease,  it  is  important  to 
know  if  the  original  trouble  was  tuberculous  or  not. 
The  hip  should  be  inspected  for  scars  which  would 
indicate  that  the  process  was  tubercular.  In  spinal 
curvature  it  is  essential  to  know  whether  the  curvature 
is  lateral  or  anteroposterior.  The  former  is  no  bar  to 
insurance  unless  excessive.  The  latter  .should  cause 
rejection. 

Hernia. — When  hernia  is  present  it  should  be  as- 
certained if  trouble  was  ever  experienced  in  reducing 
it  and  if  the  parts  are  well  maintained  in  their  proper 
position  by  a  truss. 

Substandard  Insurance. — A  man  who  is  physically 
impaired  is  in  greater  need  of  insurance  than  a  sound 
one.  This  want  can  be  supplied  up  to  a  certain  point, 
beyond  which  the  cost  becomes  prohibitive.  The 
sources  of  increased  hazard  are  unfavorable  family 
history,  poor  general  appearance,  unhygienic  sur- 
roundings, adverse  habits,  hazardous  occupations, 
previous  disease  with  a  liability  to  recur  or  to  lead  to 
other  disorders,  existing  disease,  or  lack  of  vitality. 
These  hazards  may  be  covered  by  the  following  meth- 
ods: 1.  Simply  increasing  the  premium,  practised  by 
some  companies  in  the  cases  of  women,  complete  deaf- 
ness, and  some  occupations.  2.  Advancing  the  age. 
This  method  is  the  one  commonly  followed  in  this 
country.  3.  Placing  a  lien  upon  the  policy  which  al- 
lows only  a  stated  part  of  the  face  value  to  be  paid  if 
death  occurs  within  a  stated  period  during  the  early 
policy  years,  the  amount  to  be  paid  gradually  ap- 
proaching the  face  value  as  the  policy  becomes  older. 
This  is  substandard  insurance  in  the  true  sense  of 
the  word,  especially  when  the  hazard  is  an  early  one. 


All  companies  transacting  busim  iteof  New 

York,  however,  must  conform  to  the  tatute  of  the  Arm- 
strong law,  which  prescribes  certain  standard  forms  of 

policies.  These  standard  forms  do  not  provide  for  the 
payment  of  less  than  the  face  value  of  the  policy  a1  any 
time  in  the  case  of  death.  4.  The  issuance  oi  endow- 
ment policies  which  mature  al  certain  agi  to  cover 
slight  impairments,  especially  when  the  risk  is  an 
increasing  one.  This  method  throws  a  Inn  den  upon 
the  endowment  class  in  the  form  of  risks  not  good 
enough  for  lower  premium  policies.  The  best  availa- 
ble method,  then,  is  that  in  which  the  age  is  advanced. 

The  companies  which  have  been  writing  sub- 
standard  insurance  long  enough  and  upon  large  enough 
scale  to  perfect  their  methods  show  no  desire  to  im- 
part the  results  of  their  difficult  and  expensive  studies 
to  competitors.  It  is  impossible,  therefore,  to  give 
definite  tables  and  figures  upon  which  a  company 
could  undertake  immediately  the  insuring  of  sub- 
standard lives,  as  there  are  no  fixed  or  universal 
ideas  on  this  subject.  Kacli  company  must  depend 
upon  its  individual  experience  and  start  with  empirical 
methods  until  it  can  reach  the  point  where  the  busi- 
ness becomes  profitable.  A  company,  even  when 
working  on  a  largo  scale,  finds  it  necessary  to  con- 
tinually revise  its  estimates,  lowering  the  rate  on  a 
certain  class  when  it  is  found  that  too  heavy  a  charge 
is  imposed,  or  raising  it  when  a  certain  part  of  the 
business  is  transacted  at  a  loss.  Furthermore,  a 
company  will  find  its  ratings  too  low  for  some  sec- 
tions though  appropriate  for  the  rest  of  its  territory. 
It  must  be  the  constant  endeavor,  then,  to  keep  the 
rates  at  a  fine  point  of  adjustment  so  that  the  com- 
pany will  work  with  a  conservative  margin  of  safety 
and,  at  the  same  time,  offer  fair  and  equitable  terms 
to  the  applicants. 

In  order  to  build  up  a  satisfactory  system  for 
insuring  impaired  lives,  the  medical  directors  and 
actuaries  must  act  in  conjunction,  ascertaining  the 
mortality  in  the  different  classes  from  their  individual 
experience  and  that  of  others.  The  computations 
must  be  made  from  the  death  rates,  year  by  year  and 
not  by  the  total  number  of  deaths  after  a  prolonged 
period.  When  definite  ideas  have  been  formed  after 
these  considerations,  the  actuaries  will  be  in  a  posi- 
tion to  convert  the  percentages  of  mortality  into  the 
number  of  years  to  be  added  to  each  age  in  the  different 
forms  of  policies,  the  premium  charges  being  those  due 
for  the  advanced  ages.  He.vry  II.  Schroeder. 
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